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Abstract
Since Telser (1960), there is a well-established argument that a competitive market will not provide service due to free-riding. We show that
with search frictions, the market may well provide service if the cost of
doing so is not too large. Any market equilibrium with service provision
has two or more firms providing service, implying over-provision of service
as the social optimum mandates at most one service provider. Firms that
provide service and those that do not can co-exist, where consumers direct
their search to service providers first to obtain service, and to non-service
providers later to enjoy lower prices.
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Introduction

Why do firms provide pre-sale service, advising potential customers, who can
take this information elsewhere and buy at a low-price firm that does not provide
service? Indeed, since Telser (1960) it is a well-established argument in the
economics profession that retailers in competitive markets can free ride on the
pre-sale service provided by competitors, economize on their retail cost and
undercut their service providing competitors.1 If consumers buy at lower prices
elsewhere, even if they first visit a service providing firm, then indeed there is no
incentive for the firm to provide service. This potential for free-riding behavior
has recently attracted renewed attention in the context of “showrooming”, where
consumers first visit an (old-fashioned) brick-and-mortar store to subsequently
buy at a cheaper online retailer. The obvious question is then why, in some
markets, service providing firms still exist?
The traditional answer is that in a vertical supply chain, the manufacturer
may impose retail price maintenance (RPM), preventing retailers to compete on
price. In such a world, knowing that they make a positive margin when selling,
retailers may compete in service provision as they cannot compete on price
(Mathewson and Winter 1984 and Winter 1993 and Rey and Vergé 2010). More
generally, Marvel and McCafferty (1984) have argued that to prevent retailers
from free-riding, manufacturers may impose RPM in any market where the
actions of retailers have features of a public good. They mention for example
that consumers may infer the quality of a certain brand from the fact that a
retailer with a good reputation carries the brand even if they purchase the goods
elsewhere. A similar issue arises with fashion in the market for apparel.
We show that the free-riding argument crucially depends on consumers being
able to compare prices and products at no cost. In the presence of search costs,
firms may have an incentive to provide pre-sale service, or any of the other
public good services, even in the absence of RPM and independent of vertical
supply chain arguments.2 In fact, the market may over-provide service from a
social welfare point of view. The core of our explanation is that by providing
service, firms may affect consumer search behaviors in two important ways.
First, consumers may direct their first visits to firms that are expected to provide
1 The argument on post-sale service is very different as a firm can target its service to
customers that have bought its product.
2 In a recent paper, Asker and Bar-Isaac (2016) analyze the impact of minimum adverised
price (MAP) policies. In search markets, MAPs are different from RPMs as by imposing limits
on what firms may advertise, they affect the information consumers have before searching.
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service even if they expect them to charge higher prices. Second, by cheating on
their reputation and not providing service, firms will lose a large part of their
first-time visitors when these consumers have the chance to visit another service
providing firm, and they may find a better match and never come back. We
show that for any level of consumers’ valuation of service provision, when the
cost of service provision is small enough, service provision can be sustained as
an equilibrium outcome. We also show how search frictions play a crucial role
for the existence of service provision equilibria.
We consider a search environment developed by Wolinsky (1986) and Anderson and Renault (1999), where consumers have a firm-specific match value
and pay a positive search cost for any additional firm they visit. We extend
this framework by allowing firms to choose whether or not to provide pre-sale
service. Service provision comes at an additional cost to the service providing
firms (and only to them). Consumers obtain additional utility from receiving
such service. Importantly, once they have received this service at one firm, consumers may carry this knowledge with them to another firm. Thus, in line with
the classic literature on pre-sale service, consumers enjoy this additional benefit
of service provision at all firms they visit after they have visited a service providing firm, independent of whether or not future firms that a consumer visits
provide service themselves.
There are two different ways one may model the provision of pre-sale service:
one where firms have the ability to commit to pre-sale service, and one where
they have not. With commitment, consumers observe whether or not firms
provide service before they decide on their search behavior, whereas without
commitment consumers do not. If consumers buy frequently enough, one may
think that future consumer behavior may depend on whether or not a firm
provides service today, and that this reputation effect disciplines firms to the
extent that the firm effectively has the power to commit to provide pre-sale
service. Alternatively, if firms can credibly advertise that they do provide presale service, they could also effectively commit to providing pre-sale service.
On the other hand, there are also many markets where service provision is an
important feature, but consumers do not make purchases frequently. Buying
a new car, high-value electronics products, or some financial products such as
mortgages are events where consumers become active market participants only
once every so many years. These are markets where products are developing
over time and consumers may need to get advice on how to select and use the
product. In addition, consumers may regard an ad claiming excellent pre-sale
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service are provided as cheap talk as it is not easily verifiable. Our paper mainly
focuses on these latter markets, where firms cannot commit to providing pre-sale
services. In the discussion section at the end, we will explain how our results
would differ if firms could commit to service provision and demonstrate that
with commitment it is actually easier to sustain equilibria where firms provide
service.
We characterize asymmetric market equilibria where some firms provide service, while others do not. Service providers charge higher prices than firms that
do not provide service as their cost is higher. Importantly, this price difference
affects the way consumers search among the firms and therefore firms’ incentives to provide service. In particular, consumers first randomly visit one of
the service providing firms and after that, if their firm-specific match value is
relatively low, they continue to search and only sample among the firms that do
not provide service, as they charge lower prices. Thus, some consumers “showroom” in equilibrium, but, importantly, other consumers that have obtained
a relatively high match value will not continue to search even if they expect
non-service providers to charge lower prices. This provides firms with sufficient
incentives to provide service. When search frictions become arbitrary small, the
equilibrium condition becomes impossible to satisfy as firms have an incentive
to free ride. Thus, search frictions are important in providing incentives for
firms to provide service. By example, using ideas on search order pioneered
by Armstrong et al. (2009), we also show that in oligopolistic markets where
consumers may find it optimal to return to previously sampled firms, service
providing firms may have lower prices than firms that do not provide service
despite their higher cost.
On the other hand, an equilibrium where no firm provides service always
exists. Whether or not consumers direct their search attention to firms that
provide service, depends on their expectations, not realizations, as consumers
will only find out whether a firm provides service once they are at the store.
Thus, if consumers expect no firm to provide service and randomly search among
existing firms, an individual firm cannot attract more consumers by providing
service. Also, by providing service a firm cannot affect consumers’ decisions on
whether or not to continue to search, as they take the information obtained with
them. Thus, service provision only adds to a firm’s production cost and therefore
cannot be optimal if (consistent with the equilibrium) consumers expect no firm
to provide service.
For similar reasons, an equilibrium with only one firm providing pre-sale
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service does not exist, because after a consumer visits the service providing
firm, his decision on whether to continue to search is independent of whether
or not this firm provides service. It is always profitable for the firm to deviate
by not providing service, given there is no competing service providers in the
market. Thus, one implication of our search perspective is that in industries
where firms cannot commit to service provision, we will never observe a single
service providing firm. Service provision is an equilibrium phenomenon that
requires at least two firms to provide service. However, in the first-best outcome,
we have at most one firm providing service, if there is a fixed cost of service
provision. This implies that service provision is either over-provided (when
service is provided by the market) or underprovided. Hence, overprovision is
possible despite the public good nature of pre-sale service.
The papers that are closest in spirit to ours are Shin (2007) and Wu et al.
(2004). Shin (2007) analyzes a setting where firms commit to prices and service
levels and consumers travel between shops, knowing the prices and service levels
before they visit a firm. Firms may provide service in this set-up if it is too
costly for consumers to travel to another firm. Thus, Shin (2007) does not
provide a search explanation for service provision. In addition, he address the
easier problem where firms can commit, preventing firms from deviating from
the expectations held by consumers. Assuming that consumers have to treat
all service and non-service providers symmetrically ex ante and cannot direct
their search efforts to firms that are expected to provide service, Wu et al.
(2004) construct an equilibrium where firms randomize their service decision.
Consumers stop searching until they, by accident, enter a service providing firm,
and then may return (costlessly) to a non-service providing firm if they have
a lower price. Depending on the parameters, their construction only works if
the consumer benefit of service provision is very large. In contrast to these
papers, our paper makes the point that consumers direct their search activity
to those firms that are expected to provide service, which may still free-ride and
choose not to provide service. In equilibrium we show that firms do not have
an incentive to deceive consumers and will provide service if consumers expect
them to do so.
There is also recent literature dealing with showrooming: the practice that
consumers first visit one firm to subsequently buy the product cheaper elsewhere. Both Kuksov and Liao (2016) and Miklós-Thal and Shaffer (2015) focus
on a vertical industry structure and the incentives of the manufacturer to keep
brick-and-mortar stores that provide service active. Wang and Wright (2017)
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and Parakhonyak (2017) are mainly concerned with the effects of adopting price
parity clauses to prevent the possibility of undercutting on price. In contrast,
our paper shows that service provision may be an equilibrium phenomenon in
markets without vertical restraints, because of natural information restrictions
that are due to search costs. In the concluding remarks, we discuss in more
details how our results may be applied to showrooming.
The rest of the paper is organized as follows. The next section describes
the model, while Section 3 states some preliminary results, including a characterization of the optimal search rule. The main results on equilibria with
service provision are stated in Section 4 where we also provide some numerical
examples, dealing with oligopolistic markets. Section 5 analyzes one extension
to the model where the pre-sale service is partially transferrable among firms,
and Section 6 concludes with a discussion. More technical proofs that are not
crucial for the overall argument are provided in the Appendix.

2

Model

Consider a market with M firms competing with each other by choosing price
and whether or not to provide pre-sale service. In the main model, we focus
on monopolistic competition markets with infinitely many firms. An example
of oligopoly is presented later. A firm’s marginal production cost is normalized
to zero. A representative consumer has a match value vj with firm j, which is
distributed independently over firms in [v, v], with v possibly infinite, according
to the distribution function G(·). We assume that G(v) is differentiable with
g(v) ≡ G0 (v) > 0 for v ∈ [v, v], and 1 − G(v) is log-concave. Log-concavity
guarantees equilibrium existence under monopolistic competition (see Anderson and Renault 1999). Given firm j ’s price pj , the consumer’s utility from
purchasing the product from the firm equals uj = µvj − pj , if he has not yet
received any pre-sale service at any firm visited, where µ measures the degree
of product differentiation (Anderson and Renault 1999). For now, and without loss of generality, we normalize µ = 1, while we will discuss the impact of
product differentiation in Section 4.3 for some specific distributions G.
We model service provision in the following straightforward way. Once a
consumer has visited a firm that provides pre-sale service, his utility of buying
increases by vS ≥ 0, the value of service. One way to think about this is that the
salesperson provides information about how to use the product that enhances
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the utility of buying it at either this firm or at any other firm he buys from
afterwards.3 Thus, if he has received pre-sale service at firm j or at a previously
visited firm, his utility from purchasing the product from firm j equals,
uj = vj + vS − pj .
The difference between vj and vS can be interpreted along the following lines:
vS captures all elements of information provision that are common among different firms, whereas vj captures all idiosyncratic aspects. This general distinction
covers two important instances. First, firms products use essentially the same
technology, but differ in terms of other features consumers may care about.
Here, vS represents a consumer’s utility from better understanding how to use
the technology, while vj represents a consumer’s utility from a specific product
design. The second case is where firms sell identical products, but differ in terms
of retail environment.
There is a unit mass of consumers who do not know their match utility with
firms, nor do they observe the firms’ prices or service decisions. Consumers
conduct sequential search with perfect recall before making purchase decisions
and have a search cost cN > 0 for each non-service providing firm they visit
and a search cost cS for each service providing firm. Typically, receiving service
implies a consumer has to spend time to get informed about how to use the
product, so it is assumed that cS ≥ cN .4 To have a nontrivial analysis we
require that vS > cS − cN ; otherwise consumers do not find it optimal to search
for service. We simplify our analysis by considering the case where the market
is fully covered and consumers do not have an outside option.
Service provision may have both a fixed-cost and a variable-cost component.
The fixed cost F consists of the cost setting up the infrastructure for service
provision and the cost of serving each consumer that visits the store, who may
or may not make a purchase eventually. Note that as the cost of serving these
consumers does not depend on the number of consumers who make a purchase,
this cost can also be treated as fixed.5 The variable cost of providing service is,
3 In Section 5 we deal with an extension where only a fraction of the additional utility of
service provision can be transferred to other firms.
4 It is obvious that service provision is easier to sustain as an equilibrium if c < c . It is
S
N
also worthwhile to note that there is an important element of expectation in the definition of
search costs. In particular, when deciding which firm to search first, a consumer does not yet
know whether the firm indeed provides service. If upon visiting, it turns out that the firm has
deviated and does not provide service, then the realized search cost is cN instead of cS .
5 Specifically, the total fixed cost per firm F = f + f V , where f ≥ 0 denotes the cost of
0
1
0
setting up the infrastructure for service provision, f1 denotes the marginal cost of providing
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for example, related to the sales personnel who spends more time with consumers
that eventually make a purchase than those who only visit. We denote the
marginal cost of providing service to a buyer by δ ≥ 0, where depending on the
market δ ≥ 0 may be small.
The game is a simultaneous move game, where firms decide on prices and
service provisions, while consumers search sequentially. Service provision of
firm j is modeled as a binary choice sj ∈ {0, 1}. At every stage, a sequential
search strategy consists of two decisions: (i) after visiting a firm, a consumer
has to decide whether to accept the offer from this firm or a previously visited
firm, conditional on the service that the consumer has obtained so far and his
best offer until that moment, and (ii) when deciding to continue searching, the
strategy should specify whether or not to visit a firm that is expected to provide
service. We analyze perfect Bayesian equilibria of this game, where consumers
hold passive beliefs, implying that if they observe a firm’s deviation from the
equilibrium behavior, they continue to believe that other firms stick to their
equilibrium decisions.6
Note that the above description of the markets we study do not favor service
provision—there are both fixed and variable costs of service provision, and it is
also more costly for consumers to search a service providing firm. Nevertheless,
we show that service provision may arise naturally in equilibrium.

3

Preliminary Analysis

Before we analyze service provision in the next section, we provide some preliminary results explaining why search costs are important in explaining service
provision and that even with search, equilibria without service provision exist.
To this end, we first analyze consumers’ optimal search strategies. Consider a
consumer who has not visited any service providing firm before. When she visits
a service providing firm for the first time, she obtains the benefit of service, vS ,
not only for the firm she visits, but also for all other firms that she has already
service to one visitor who comes to the firm for the first time, and V denotes the number of
first-time visitors for each firm, which only depends on consumers’ equilibrium expectations.
6 Passive beliefs is the standard assumption in the consumer search literature, but there
is no particular formal game theoretic reason to assume passive beliefs. Janssen and Shelegia (forthcoming) study the implications of different belief assumptions in consumer search
markets with a vertical industry structure when price is the only strategic choice variable. In
our framework, however, beliefs have to be formed with respect to both service provision and
price and in this case it is not easy to specify a convincing alternative for passive beliefs. For
these reasons we have decided not to analyze the issue of alternative beliefs.
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visited or not visited yet, regardless of whether these firms themselves provide
service or not. The common value of pre-sale service implies that consumers’
utility updates are correlated among firms in their search process. Consequently,
our setting departs from the typical setup of independent utility draws in the
sequential search literature a la Weitzman (1979). Nevertheless, we show that
in our setting the correlation is of a particular kind, which permits a simple
characterization of the optimal search strategy in the form of an index policy.7
In particular, we note that when a consumer visits a service providing firm
for the first time, it is as if she pockets the benefit of service, vS , immediately
from the visit. The reason is that in the basic model the value of service does not
get diluted (there is no time discounting or other ways service gets less valuable
with search continuing) and even though at this point in the search process, the
consumer is still uncertain of which firm to purchase from eventually, she will
definitely purchase from one firm and get the benefit of service eventually. In
other words, the search cost of a service providing firm that is visited first is as
if equal to cS − vS instead of cS . The Appendix contains a formal statement in
a lemma and a proof.
Given the search cost cN , define a consumer’s reservation value w(cN ) for
searching among non-service providing firms by the following equation:
Z

v

(v − w(cN )) g(v)dv = cN ,

(1)

w(cN )

where the left-hand side of the equation is the expected benefit from continuing
to search one more firm given w(cN ) as the reservation option, and the righthand side of the equation is the cost of search. By definition, a consumer will
be indifferent between continuing to search and taking the reservation option
at the value of w(cN ). It is easy to show that w(cN ) is a decreasing function of
cN . To ensure that w(cN ) > v, we require cN < E[vj ] − v; otherwise, the search
cost is too high such that consumers are not interested in searching any firm.
Combining the intuition of the search rule above and Weitzman’s Pandora
rule, we know that before visiting any service providing firm, a consumer prefers
7 Ke and Lin (2018) considers a model where consumers search between two firms that
share a common uncertain attribute. Our setting differs from theirs in two important aspects.
First, the correlation in our setting emerges endogenously from the firms’ decisions on presale service, and as a result, only the utility levels of firms that provide service are correlated.
Second, our setting allows a simple index policy for consumer search strategy, while Ke and
Lin (2018)’s main finding is based on the consumers’ optimal search strategy not being an
index policy.
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to visit a service providing firm to visiting a non-service providing firm, if and
only if,
w(cS − vS ) − p∗S ≥ w(cN ) − p∗N ,

(2)

where p∗S and p∗N denote the service providing and non-service providing firms’
equilibrium prices respectively. Note that cS − vS could be zero or negative,
in which case we define w(cS − vS ) = +∞. As vS > cS − cN , it is clear that
w(cS −vS ) > w(cN ). This means that, before visiting any service providing firm,
a consumer prefers to visit a service providing firm to a non-service providing
firm, ceteris paribus. On the other hand, after visiting a service providing firm,
a consumer prefers to visit a non-service providing firm next, if and only if,
w(cS ) − p∗S < w(cN ) − p∗N .

(3)

It is clear that if cS = cN = 0, the only equilibrium is for firms to not
provide service, because consumers will always want to see all firms’ specific
match values before purchase, and a firm’s service provision does not bring in
more demand but only cost. Thus, we have the classic result of Telser (1960),
that service provision cannot be part of a Nash equilibrium if there are no search
frictions and it is costly to provide.
We next show that even if cS ≥ cN > 0, equilibria without service provision
always exist.
Proposition 1 An equilibrium where no firm provides service always exists.
This result is easily understood. A deviation by a firm to not providing service
is not observable by consumers and thus they cannot direct their search to this
firm. The deviating firm can also not retain more consumers after their visit
because they can take the extra utility of service provision with them to the
next firm. Specifically, after visiting firm i who does not provide service and
charges price p, a consumer stops searching and makes a purchase from the firm
if and only if vi − p ≥ w(cN ) − p∗N ; on the other hand, if firm i deviates and
provides service, the consumer stops searching and purchases from the firm if
and only if vi + vS − p ≥ w(cN ) + vS − p∗N , which, after canceling out vS on
both sides, is exactly the same condition as before. Therefore, given consumers’
expectations, a firm’s demand does not depend on whether or not he provides
service and it is therefore not profitable to deviate.
Finally, in equilibrium it cannot be the case that only one firm provides
service.
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Proposition 2 An equilibrium where only one firm provides service does not
exist.
Even though consumers may direct their search to the service providing firm, the
service providing firm’s demand does not depend on whether or not he provides
service as consumers’ benefit from service provision can be taken to the next
firm in the search order. Therefore, the firm that consumers expect to provide
service will deviate to not provide service. This implies that the existence of
competition is crucial to incentivize firms to provide service.

4

Equilibria with Service Provision

We now show that service providers can co-exist with non-service providers in
the market. We are interested in the equilibrium where consumers may first visit
one of the service providing firms to obtain service, and after that, if their firmspecific match value is relatively low, they continue to search only among the
non-service providing firms who are expected to charge lower prices. It is optimal
for consumers to follow this search strategy, if and only if, equations (2) and (3)
hold.8 The main questions are whether firms have sufficient incentives to provide
service and whether consumers have incentives to choose the indicated search
strategy. We analyze the conditions under which an asymmetric equilibrium
exists, where MS = 2, 3, · · · firms provide service and an infinite number of
firms do not provide service. We use αS ≡ 1/MS to denote the average number
of consumers per service providing firm.
The following proposition shows our main result.
Proposition 3 If 0 < cN < E[vj ] − v, cN ≤ cS < cN + vS and F is small
b N , cS , vS , F/αS ) > 0 such that for all
enough, then there exists a threshold δ(c
b N , cS , vS , F/αS ), an equilibrium with service and non-service provid0 < δ ≤ δ(c
ing firms exist under monopolistic competition. Service providers’ equilibrium
8 In the Online Appendix, we examine whether alternative consumer search strategies can
be supported as an equilibrium in a monopolistic market. In particular, if p∗S − p∗N ≤
w(cS ) − w(cN ), the service providers’ price is so low that after visiting one service provider,
consumers prefer to continue to visit other service providers. We prove that this cannot arise
in equilibrium for any δ > 0. In Section 4.4, we revisit this case and find it can be supported
as an equilibrium in an oligopolistic market. If p∗S − p∗N > w(cS − vS ) − w(cN ), the service
providers’ price is so high that consumers prefer to visit non-service providers first. We prove
that if F > 0 or the number of non-service providers is sufficiently large, this this cannot arise
in equilibrium either.
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price, p∗S satisfies the following equation,
p∗S = δ +

1 − G(w(cN ) − p∗N + p∗S )
,
g(w(cN ) − p∗N + p∗S )

(4)

while non-service providers choose a lower price,
p∗N =

1 − G(w(cN ))
< p∗S .
g(w(cN ))

(5)

In equilibrium, consumers first search a service provider, and if they decide to
continue to search, they will only search among non-service providers. Alternatively, if δ = 0, the equilibrium still exists as long as cS > cN but with p∗N = p∗S .
b N , cS , vS , F/αS ) increases with vS and decreases with cS and
Moreover, δ(c
F/αS .
Note that there exist multiple equilibria as the fraction of service providing
firms is not pinned down in equilibrium. Despite this multiplicity, note that the
equilibrium prices p∗S and p∗N are fully determined and do not depend on the
share of service to non-service providers in the market. Equilibrium multiplicity
essentially originates from the fact that consumers and firms can coordinate
their beliefs in multiple ways: if consumers believe a firm provides service, the
firm may indeed have an incentive to provide service if the cost of doing so is
not prohibitively high; on the other hand, if consumers believe a firm does not
provide service, the firm has no incentive to provide service as it cannot attract
more consumers by providing service.9 In the concluding section, we discuss in
more detail how, in the relationship between online and brick-and-mortar shops,
one can use the commitment of “going online” to partially pin down the number
of service-providing firms.
To understand the main forces behind Proposition 3, we first consider a
service provider’s pricing and service providing decision, given other firms’ and
consumers’ equilibrium strategies. If firm i, who is expected to provide service,
indeed provides service and charges price p, its demand stems from consumers
with vi − p ≥ w(cN ) − p∗N :
DS (p) = αS [1 − G(w(cN ) + p − p∗N )] .
e S (p) the demand function for firm i if it deviates by not proDenote by D
9 As indicated by Armstrong et al. 2009, there also exist multiple equilibria in the original
setting of Wolinsky (1986).
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viding service and charging the same price p. We have that,
e S (p) = αS [1 − G(w(cS − vS ) + p − p∗S )]
D
Z w(cS −vS )+p−p∗S
+ αS
G(v − p + p∗S )dG(v).
w(cN )+p−p∗
N

The first term on the right-hand side of the above equation represents consumers
with vi −p ≥ w(cS −vS )−p∗S , who will purchase from firm i right away despite the
firm not providing service; the second term represents demand from consumers
with w(cN ) − p∗N < vi − p < w(cS − vS ) − p∗S , who will continue to search.
Upon visiting another firm (let us call it firm k) and getting the service, they
will return to buy from firm i if vk − p∗S < vi − p; otherwise, they will buy from
firm k immediately. Note that these consumers will not continue to visit a third
firm, because w(cN ) − p∗N < vi − p.
It is then easy to see that,
Z
e S (p) = αS
DS (p) − D

w(cS −vS )+p−p∗
S

w(cN )+p−p∗
N

[1 − G(v − p + p∗S )]dG(v) ≥ 0. (6)

Figure 1 helps to visualize the above inequality. In particular, the entire
shaded area, independent of the type of shading used, represents DS (p); the
dotted and horizontally shaded areas represent the first and second terms in the
e S (p) respectively. Therefore, DS (p) − D
e S (p) is represented by
expression of D
the filled area. From the Figure, it is clear that for any vS > 0 this area has a
positive size if w(cS − vS ) − p∗S ≥ w(cN ) − p∗N , which is exactly the condition in
equation (2). (A formal proof is provided in the Appendix.)
The inequality in equation (6) implies that a deviating firm faces a lower
demand, because some consumers will continue to search for service and may
find a better match with another firm and never come back. It is then clear
that for small enough values of δ and F , the best possible deviating payoff for
a service provider is smaller than the equilibrium payoff.
Next, we consider a non-service provider’s pricing and service providing decision, given other firms’ and consumers’ equilibrium strategies. The demand for
non-service providing firms stems from consumers who have visited one service
providing firm and decided to continue to search. Their demand function is
DN (p) = αN G(w(cN ) − p∗N + p∗S )
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1 − G(w(cN ) − p∗N + p)
,
1 − G(w(cN ))

Figure 1: Consumer demand analysis.
where αN ≡ 1/(M − MS ) is the average number of consumers per non-service
providing firm; G(w(cN ) − p∗N + p∗S ) is the probability that a consumer decides
to continue to search after visiting a service providing firm; 1/[1 − G(w(cN ))] =
P∞
n
n=0 G(w(cN )) is the sum of probabilities that a consumer has visited n nonservice providing firms before visiting the current service providing firm; and
lastly, 1 − G(w(cN ) − p∗N + p) is the probability that a consumer decides to stop
searching and make a purchase from the current non-service providing firm.
Note that DS (p)/DN (p) is a constant that does not depend on p, which implies
that the demand elasticities for service providing and non-service providing
firms are identical. Therefore, the differences between p∗S and p∗N in equations
(4) and (5) are solely due to the difference δ in marginal costs between service
and non-service providers.
Moreover, note that the non-service providing firm has no incentive to deviate and provide service. As consumers do not observe this deviation and
the non-service providers only expect consumers to visit after having visited a
service-provider, the deviation does not result in more demand and only leads
to extra cost.
Lastly, taking firms’ pricing and service provision strategies in equations
(4) and (5) as given, the optimality of the consumer search strategy hinges on
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equations (2) and (3). That is,
w(cS ) − w(cN ) < p∗S − p∗N ≤ w(cS − vS ) − w(cN ).
Define ∆p∗ (δ) ≡ p∗S − p∗N . By taking derivatives of equations (4) and (5), it is
not difficult to see that
d∆p∗ (δ)
=
dδ

−1

[1 − G(w(cN ) + ∆p∗ (δ))]G00 (w(cN ) + ∆p∗ (δ))
> 0,
2+
g(w(cN ) + ∆p∗ (δ))2

where the inequality is due to the log-concavity of 1 − G(·). Therefore, ∆p∗ (δ)
strictly increases with δ. Furthermore, we notice that ∆p∗ (0) = 0. Thus,
for δ = 0, we have that p∗S = p∗N , and for any δ > 0 we have that p∗S −
p∗N > 0 ≥ w(cS ) − w(cN ). Also, ∆p∗ (δ) ≤ w(cS − vS ) − w(cN ) as long as
δ ≤ ∆p∗ −1 (w(cS − vS ) − w(cN )), which is positive as cS − vS < cN < E[vj ] − v.
Intuitively, when δ is not too high and thus p∗S is not prohibitively higher than
p∗N , consumes will optimally search a service providing firm first. Moreover, note
that this condition also guarantees that in case a service provider deviates by
not providing service, the consumer will prefer to visit another service provider,
if she decides to continue to search.
Finally, we analyze the comparative statics of the cost threshold, δb (a shortb N , cS , vS , F/αS )) in Proposition 3. It is intuitive that
hand notation for δ(c
δb increases with vS : as the benefit of service increases, the firms have more
incentive to provide service and thus are willing to bear a greater cost. The
decreasing relationship between δb and cS implies that a higher search cost among
service providers makes service provision less likely. To understand this, note
that the equilibrium prices p∗N and p∗S do not depend on cS . An increase in cS
makes it less attractive to search for another service provider if the first firm
visited deviated (see Figure 1), making the deviation more attractive for the
same δ. The relationship between δb and cN is more subtle. On one hand, for
a firm that provides service, an increase in cN makes consumers less likely to
leave it to continue to search non-service providers, which make service provision
more attractive; on the other hand, for a firm that deviates to not provide
service, an increase in cN makes consumers more likely to come back to make
a purchase after continuing to search a service provider, which makes deviation
more attractive. Moreover, an increase in cN will also increase both p∗N and
p∗S , which influence consumers’ search behaviors and thus also influence firms’
incentives to provide service. We will examine the relationship between δb and
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cN for specific distributions of G in Section 4.3. Lastly, δb decreases with F/αS
and thus decreases with MS . This is important as it implies that, given δ > 0
and F > 0, the equilibrium existence condition δ ≤ δb imposes an upper bound
on the number of service providers in the market. Intuitively, in equilibrium,
by providing service, a firm directs consumers to visit it first; however, with
more firms providing service, each firm enjoys a smaller share of consumers’
first visits, making it more difficult for each firm to make up for the fixed cost
of service provision.

4.1

Symmetric Equilibrium with Service Provision

Besides the asymmetric equilibrium characterized by Proposition 3, there also
exists a symmetric equilibrium where all firms provide service, when the cost of
service provision δ and F are not too high. We characterize the equilibrium by
the following proposition, the proof of which is omitted as it is similar to that
of Proposition 3.
Proposition 4 If 0 < cS < E[vj ] − v and F is small enough, then there exists
b S , vS , F ) > 0 such that for all δ ≤ δ(c
b S , vS , F ), an equilibrium
a threshold δ(c
exists where all firms provide service and charge a price equal to
p∗ = δ +

1 − G(w(cS ))
.
g(w(cS ))

Compared with consumers’ directed search under the asymmetric equilibrium
in Propsosition 3, here under the symmetric equilibrium in Proposition 4, consumers search randomly as there is only one kind of firms in the market–service
providers. Nonetheless, when the cost of service provision is not very high, each
individual firm still has incentives to provide service, because by deviating to
not provide service, there is a demand loss from those consumers who continue
to search for service and never come back. There are two differences between p∗
and p∗S in equation (4) in the asymmetric equilibrium. First, instead of cN , it is
now cS that is the relevant search cost as consumers expect that the next firm
they may visit is also a service provider. Second, the price difference p∗S − p∗N is
not relevant as after visiting a service providing firm, consumer expect the next
firm to set p∗S instead of p∗N .
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4.2

Welfare Analysis

To maximize social welfare, a social planner will let at most one firm provide
service, because it is unnecessary from a social point of view to duplicate the
fixed cost of service provision. Note that it is socially optimal to set the same
price pN for all firms that do not provide service, because with the same price,
consumers and the social planner face the same tradeoff between search costs and
match utility (Armstrong et al. 2009). Because there is no outside option, the
absolute price level only influences the welfare distribution between firms and
consumers and do not influence the total welfare. Therefore, we can normalize
pN = 0, and calculate the socially optimal price for the service provider, pS .
If service is provided by one firm with price pS and consumers first visit that
firm, social welfare can be calculated as
Z

v

vg(v)dv + G(w(cN ) + pS )w(cN ) − cS

W (pS ) =
w(cN )+pS

+ vS − [F + δ (1 − G(w(cN ) + pS ))] .

(7)

The first line is the total expected match value created after deducting the
expected search cost. After discovering the match value with the service providing firm, consumers either stop searching and make a purchase right away,
or if v − pS < w(cN ), they will continue to search and their expected utility is
w(cN ). In the second line, we have the social benefit of service provision as vS ,
while the remaining part is the social cost of service provision.
It is straightforward to show that the socially optimal price for the service
provider pS = arg maxpS W (pS ) = δ, or more precisely, pS −pN = δ. This is very
intuitive—by setting pS − pN = δ, the social planner lets consumers internalize
the variable cost of service provision when trading off between search costs and
match utilities in the search process.
If no service is provided, the social welfare is w(cN ). It is socially optimal to
provide service, if and only if, W (δ) ≥ w(cN ). As ∂W (δ)/∂δ = −(1 − G(w(cN +
δ))) ≤ 0, we have that W (δ) ≥ w(cN ) is equivalent to δ ≤ δ ∗ , where δ ∗ solves
W (δ) = w(cN ).
Proposition 5 For given exogenous parameters, there exists a threshold δ ∗
such that it is socially optimal to have one firm providing service if δ ≤ δ ∗ ,
and to have no firm providing service if δ > δ ∗ .
When it is socially optimal to provide service (i.e., when δ ≤ δ ∗ ), the mar17

ket never provides the socially efficient level of service—there is either underprovision when no service is provided, or over-provision if an equilibrium with
two or more service providing firms arises.
We also compare the consumer surplus across different equilibria. Under
the asymmetric equilibrium in Proposition 3, we can write down a consumer’s
surplus as
Z

v

CSS = −cS + vS +
∗
w(cN )−p∗
N +pS

(v − p∗S )g(v)dv

+ G(w(cN ) − p∗N + p∗S )(w(cN ) − p∗N ).
Under the equilibrium with no firm providing service, we have a consumer’s
surplus as CSN = w(cN ) − p∗N . This implies that,
Z

v

CSS − CSN = −cS + vS +
∗
w(cN )−p∗
N +pS

Z

[v − (w(cN ) − p∗N + p∗S )]g(v)dv

v

[v − (w(cS − vS ))]g(v)dv = 0,

≥ −cS + vS +
w(cS −vS )

where the inequality above is due to equation (2) under the asymmetric equilibrium, and the last equation is by the definition of w(·). This implies that the
consumer surplus is always higher when service is provided in the asymmetric
equilibrium, compared with the case without service provision.
Under the symmetric equilibrium of Proposition 4, consumer surplus is equal
to w(cS ) − p∗ , which is always higher than CSN if cS = cN but not necessarily
higher than CSN in the general case with cS ≥ cN .

4.3

Examples

We will show that our model is particularly tractable by providing closed form
solutions for key examples of match value distributions, such as the uniform and
exponential distribution. This also allow us to obtain more comparative statics
results, such as those with respect to cN and µ. To get simple expressions,
we focus on the case where F = 0. Table 1 presents the equilibrium outcome
for the asymmetric equilibrium of Proposition 3, where pe∗S denotes the optimal
deviating price for a service provider conditional on not providing service.
Consistent with the comparative statics results in Proposition 3, we can
b N , cS , vS , 0) increases with vS and decreases with cS . We also
verify that δ(c
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Table 1: Asymmetric equilibrium characterization under example distributions.
G follows a uniform distribution on [−v, v]
√
p∗N
2 vcN
√
δ
p∗S
2 + 2 vcN
√
√
δ(8 vcN −δ)
pe∗S
+ 2 vcN − c2N + max{cS2−vS ,0}
 32v

q
p cN
p cN
max{cS −vS ,0}
b
δ(cN , cS , vS , 0) 4 2 − 4 + 4 v +
v
+
v
v
 √ √

√
2√v cN − cS − vS , if cS > vS ,
δ∗
2 vcN − (cS − vS ) ,
otherwise.
G follows an exponential distribution with mean v0
p∗N

v0

p∗S
pe∗S

δ + v0
v0


b N , cS , vS , 0)
δ(c

ln

cN +2v0
r


v
v0 + v02 + 1+2 c 0 max{cS −vS ,0}2


v0

N

δ∗



v0 [ln(cN ) − ln (cS − vS )] ,
∞,

if cS > vS ,
otherwise.

b N , cS , vS , 0) increases with cN . For these distributions, an increase
find that δ(c
in cN affects p∗N and p∗S in the same way so that there is no relative price effect
favoring service provision over no service provision (or vice versa). The effect
of an increase in cN on δb is then mainly determined by the fact that consumers
are less likely to leave a service provider and search for non-service providers,
which make service provision more attractive.
The example distributions also allow us to examine the role of product differentiation in firms’ incentives to provide service by analyzing the comparative
b N , cS , vS , 0) with respect to µ. An increase in µ is equivalent to
statics of δ(c
an increase in v for the uniform distribution and to an increase in v0 for the
exponential distribution. It is clear from Table 1 that in both cases an increase
b N , cS , vS , 0). This implies that service is more
in µ leads to an increase in δ(c
likely to be provided under a more differentiated market. Again, as for these
distributions p∗N and p∗S are affected in the same way, there is no relative price
effect because of an increase in product differentiation. In this case, if products
become more differentiated, consumers are more inclined to search and firms are
more inclined to provide service in order to counteract this increased incentive
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to search.
To consider the overall implications of search frictions, we consider in Figure
b c, vS , 0) first
2 the case where cS = cN = c. Starting from 0 we find that δ(c,
increases in c and then decreases. The non-monotonic relationship between
b c, vS , 0) and c can be understood as compounding the effect of cS and cN
δ(c,
b N , cS , vS , 0). From Table 1, it is clear that the impact of cS is only felt
on δ(c
when it is large enough, so that the impact of cN dominates for small values of
c. Thus, as the search friction in the market gets higher, it is possible that an
asymmetric equilibrium with some firms providing service is less likely to exist.
Exponential Distribution

cost of service δ

cost of service δ

Uniform Distribution

vS

δ

δ(c
=

,0
S
,v
c
,

)
Asymmetric
Equilibrium
Exists

0
0

vS

c,
δ(c,
=
δ

v
search cost c

,0
vS

)

Asymmetric
Equilibrium
Exists

0
0

v0
search cost c

Figure 2: Asymmetric equilibrium: existence and welfare, under vS = 0.5v (for
the left panel), vS = 0.5v0 (for the right panel), and F = 0.
In Figure 2, the filled (respecively, white) area represents the area where in
the social optimum one (no) firm provides service. The figure illustrates that
when the asymmetric equilibrium exists and materializes (in the meshed area),
there is over-provision of service, although when δ is small and MS is not too
large, the equilibrium with service provision is still better from a social welfare
point of view than the equilibrium without service provision. There is also a
parameter region that is filled but not meshed, where service is under-provided
in the market from a social planner’s standpoint of view.
As a comparison to the asymmetric equilibrium above, we also present symmetric equilibrium outcomes under the two example distributions in Table 2,
where pe∗ denotes a firm’s optimal deviating price conditional on not providing
service.
Figure 3 illustrates the symmetric equilibrium outcomes under the same
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Table 2: Symmetric equilibrium characterization under example distributions.
G follows a uniform distribution on [−v, v]
√
p∗
δ + 2 vcS
p
√
cS
1
δ
pe∗
2 + 2 vcS − 2
v min{vS , cS }
p cS
b S , vS , 0)
δ(c
min{cS , vS }
v

G follows an exponential distribution with mean v0
p∗

δ + v0

pe∗

v0

b S , vS , 0)
δ(c

ln



2v02
2v02 −c2S +max{cS −vS ,0}2



v0

parameter setting as in Figure 2. Figure 3 look similar to Figure 2 except for
b S , vS , 0) increases
one difference—the cost threshold for service provision, δ(c
with the search cost cS . With all firms providing service in the symmetric
equilibrium, after visiting a service providing firm, consumers will pay cS to visit
other service providing firms; by contrast, in the asymmetric equilibrium, after
visiting a service providing firm, consumers pay cN to continue to search among
b N , cS , vS , 0)
non-service providing firms. Therefore, for the same reason that δ(c
b S , vS , 0) increases with the search cost cS .
increases with cN , we have that δ(c

vS
δ=

δ(c S, v S

Exponential Distribution

cost of service δ

cost of service δ

Uniform Distribution

, 0)

Symmetric
Equilibrium
Exists

0
0

vS

δ(c
δ=

v
search cost cS

,v
S

,0

)

S

Symmetric
Equilibrium
Exists

0
0

v0
search cost cS

Figure 3: Symmetric equilibrium: existence and welfare, under vS = 0.5v (for
the left panel), vS = 0.5v0 (for the right panel), and F = 0.
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4.4

Oligopolistic Markets

Oligopolistic markets are different from the markets with monopolistic competition we have studied so far as consumers may come back to previously visited
firms. Together with the fact that consumers may direct their first search activities to firms that provide service, this creates a novel feature in oligopolistic
markets, namely that service providing firms may charge lower prices despite
of their higher cost. It is known from the directed search literature that firms
that are visited first may charge lower prices as they face more elastic demand
(see, e.g., Armstrong et al. 2009, Haan and Moraga-González 2011). Moreover,
if service providers have lower prices, consumers have a reason to visit them
before visiting non-service providers, even if they already have received service
from a service providing firm.
This effect is starkest in markets with a few firms, and we therefore concentrate in this subsection on the case where M = 3 and an equilibrium where two
firms provide service and one does not. Consumers randomly search between
the two service providers first, and only visit the non-service provider at the
end. It is clear that this requires that p∗S − p∗N ≤ w(cS ) − w(cN ).10 To simplify
the exposition further, we will focus on the case where cS = cN = c and G is
uniformly distributed.11

equilibrium prices

cost of service δ

1.8v

vS

The Equilibrium
Exists under Oligopoly
0
0

1.6v

p *N

1.4v

p *S
1.2v

v
v

0.1v

0.2v

0.3v

0.4v

0.5v

0.6v

0.7v

search cost c

search cost c

Figure 4: Equilibrium existence under oligopoly, under vS = 0.5v and F = 0
(left panel), and equilibrium prices (right panel). For the right panel, δ = 0.1v.
The derivation of the equilibrium prices p∗S and p∗N in implicit forms as
10 The other two cases that could arise are that first, the non-service provider is visited first,
which could happen if and only if p∗S − p∗N > w(cS − vS ) − w(cN ), or that the non-service
provider is visited second in equilibrium, which happens if and only if w(cS − vS ) − w(cN ) ≥
p∗S − p∗N > w(cS ) − w(cN ).
11 For the exponential distribution one can show that an equilibrium with p∗ ≤ p∗ never
S
N
exists if δ > 0.
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well as the equilibrium condition are provided in the Appendix. As there is no
closed-form solution for p∗N and p∗S , Figure 4 presents the result of our numerical
analysis in terms of equilibrium conditions and equilibrium prices. We can see
that, as before, the equilibrium exists, if and only if, δ and F are not too high.
0.8Nv

D*S

0.4N

equilibrium profits

equilibrium demands

0.5N

0.3N
0.2N

D*N

0.1N
0
0.1v

0.2v

0.3v

0.4v

0.5v

0.6v

0.6Nv

πN*

0.2Nv

0
0.1v

0.7v

πS*

0.4Nv

0.2v

search cost c

0.3v

0.4v

0.5v

0.6v

0.7v

search cost c

Figure 5: Equilibrium sales and profits under oligopoly, for vS = 0.5v, F = 0
and δ = 0.1v.
Interestingly, because of the search order, service providers have more sales
and higher profits despite of the lower margins, as shown by Figure 5. More
sales translate into firms of bigger size, and this may also provide another way
to interpret consumers’ search order: if consumers expect larger firms to provide
service, they may first visit a larger firm to get service and this reinforces the
fact that service providing firms are indeed larger.

5

Partially Transferable Service

In our main model, we have assumed that the benefit of the service provided by
a firm can be fully carried over when consumers eventually buy from another
firm. We can generalize our model by allowing the service benefit to depreciate
if a consumer switches to buy from a non-service providing firm. In particular,
we can modify our model so that a consumer gains additional utility vS if she
buys from a firm who provides service, but only (1 − )vS if she switches to
buy from another firm that does not provide service, where  ∈ [0, 1] and vS
represents the idiosyncratic part of the service benefit:  = 0 corresponds to our
main model without depreciation of service benefit; while  = 1 corresponds to
the other extreme case where service provision is entirely idiosyncratic to the
firm. In markets with product differentiation, one may argue that there is at
least some idiosyncratic element to the service that is provided. Interestingly,
the case where  = 1 can also be interpreted as a case where firms can decide
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whether or not to produce high quality at an additional cost. Of course, the
product in question should be an inspection good (and not an experience or
credence good) as consumers should be able to observe quality before buying.
The following proposition shows that the results from our main model still
hold if the idiosyncratic part of the service benefit, vS , is less than the marginal
cost of service provision, δ. The proof is provided in the Appendix.
Proposition 6 If vS < δ, Proposition 1, 2, 3, and 4 still hold.
To understand why Proposition 6 continues to hold, first recall that Proposition
1 and 2 show that with perfectly transferrable service, given that other firms
do not provide service, an individual firm has no incentive to provide service.
Now, with partially transferrable service, a single firm may have the incentive to
provide service so as to use vS , the idiosyncratic part of the service, to attract
consumers to stop searching and make a purchase. Proposition 6 implies that
if vS < δ, the idiosyncratic part of the service benefit is less than the marginal
cost of service provision, and consequently, a single firm has no incentive to
provide service even if the service is partially transferrable.
To understand why Proposition 3 continues to hold in the context of partially transferrable service, note that for a similar reason as above, non-service
providers have no incentive to deviate by providing service when vS < δ; moreover, service providers have more incentive to provide service compared with
the case of perfectly transferrable service, because  fraction of service benefit is
now idiosyncratic and not subject to free-riding anymore. Lastly, the consumer
prefers to visit a service provider first and subsequently visit only non-service
providers if and only if
vS + w(cS ) − w(cN ) < p∗S − p∗N ≤ vS + w(cS − (1 − )vS ) − w(cN ).
In the Appendix, we show that the first inequality above is satisfied given vS <
b similar
δ and the second inequality is satisfied when δ is below a threshold of δ,
to what happens in Proposition 3.
Lastly, it is intuitive that Proposition 4 still holds in the context of partially
transferrable service, because for the symmetric equilibrium described in Proposition 4 to exist, we only need that service providing firms have no incentive to
deviate by not providing service, which is guaranteed when δ is small, regardless
of the value of .
Proposition 6 shows the robustness of our main findings when vS < δ.
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On the other hand, when vS > δ, it is straightforward to prove the following
proposition.12
Proposition 7 If vS > δ and F = 0, all firms provide service in equilibrium.
If vS > δ and F = 0, each firm has an incentive to provide service regardless
of whether other firms provide service, because the firm can always more than
recoup its service provision cost, δ by raising its price by vS . By doing so, the
firm’s demand does not decrease compared to the case where the firm does not
provide service, because from a consumer’s perspective, the benefit of service
provision is at least vS . Proposition 7 shows that Proposition 1 and 3 do not
hold any more when vS > δ; however, Proposition 2 and 4 continues to hold.
To summarize, for relatively low values of , both the asymmetric and symmetric equilibria exist, whereas for relatively high values of , only the symmetric
equilibrium exists.

6

Discussion and Conclusion

In this paper we have shown that the traditional free-riding argument does not
hold in consumer search markets as firms may have an incentive to provide
pre-sale service, or take other actions that have a public good feature, as the
expectation that a firm provides this kind of service attracts consumers to visit
them first. These consumers may then actually also buy if their firm-specific
match value is not too low. We have shown that service may still be underprovided as in the original contribution of Telser (1960), especially when the
search cost is small. However, when the search cost is larger, pre-sale service
can be provided in equilibrium and may actually be over-provided compared to
the first-best.
We have focussed on markets where firms cannot commit to provide pre-sale
service and, hence, consumers do not observe whether a firm provides service
before they visit the firm. In markets where firms are able to commit to providing pre-sale service, it is much easier to sustain equilibria where firms provide
service, for two reasons. First, an equilibrium without service provision may
not exist as a firm’s decision to deviate and provide service is observed by consumers, and therefore a firm can attract more consumers by providing service if
12 v = δ corresponds to the case where firms are indifferent between deviating from the
S
equilibrium and not. We avoid this knife-edge case to have a clean presentation of our results
in Proposition 6 and 7. It is easy to incorporate this case into the analysis.
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this increased demand effect is strong enough. Second, an equilibrium where one
firm provides service may exist as the firm will lose the advantage of consumers
first coming to visit if it deviates and does not provide service. Still, even if
firms have commitment power, equilibria with service provision do not exist if
consumers can freely compare products and prices without incurring a search
cost. Thus, the general point of our paper, namely that market equilibria with
service provision exist, if and only if, search costs are positive, remains true.
Thus, one lesson of our paper is that in markets where consumers have search
costs, RPM may not be necessary to provide incentives for service provision.
This is important as there are other less favorable rationales why firms may want
to impose RPM, including collusion (see, e.g. Jullien and Rey 2007). Under
RPM, equilibria without service provision continue to exist and equilibria with
one service provider continue to not exist. As RPM enlarges the set of parameter
values where service provision is a possible equilibrium outcome, RPM may be
socially undesirable when they lead to pre-sale service being over-provided.
Finally, we want to discuss in a little more detail how, within the context
of our model, one may interpret “showrooming”, where consumers first visit a
brick-and-mortar firm to acquire service and subsequently buy online at a nonservice providing firm. Using our model, one may interpret having an online
shop as a commitment to not providing service and offering low prices—in many
markets it is simply difficult to organize the type of service provision online that
may be at work in a brick-and-mortar shop. Even if we equate online shops with
the absence of service provision, this does not mean that a brick-and mortar shop
will provide service. In an asymmetric world, where online implies no service
provision and offline may entail service provision, our model is still relevant
as the question whether firms have an incentive to provide service if consumers
expect them to do so is still important. The main change to our model is that, in
principle, there now can be two types of stores that are not expected to provide
service: offline and online stores. Allowing for a cost of “going online”, if the
online shops have lower production cost (and thus are expected to charge lower
prices), they will drive out the brick-and-mortar stores that are expected not to
provide service in a monopolistic competitive market. This will leave us, in any
candidate equilibrium, with at most two types of firms: brick-and-mortar firms
that do provide service and online shops that do not. The question addressed in
this paper, namely why brick-and-mortar firms provide service, is still relevant
in this context as they may “secretely” deviate.
There is, however, one additional element that is relevant in this context,
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which is not addressed in the paper so far, which is that before visiting a shop,
consumers observe whether a firm is selling online or in a brick-and-mortar
shop. In this case, a deviation to “going online” (and thus not paying the cost
of service provision) is not “secret” as consumers know whether they search
online or offline and thus observe the deviation before they visit the shop. Firms
may then effectively change their position in the search order by “going online”.
What this effectively means is that there is an additional constraint that needs
to be satisfied for equilibria in our model, namely that online shops cannot make
more profits than brick-and-mortar firms as the latter would like to deviate and
“go online”. This implies that there is a lower bound on the fraction of online
shops that can be supported in any equilibrium. In a dynamic context, where
the market starts off without online shops and brick-and-mortar shops gradually
move online, this may imply that we are able to determine the equilibrium
fraction of online shops.

Appendix
Optimal Search Strategy
Lemma 1 Consider a consumer who searches among a finite or an infinite
number of service providing firms that are ex ante the same, and a finite or
infinite number of non-service providing firms that are ex ante the same.
• Before visiting any service providing firm, the consumer’s optimal search
problem is equivalent to one where the search cost of one service providing
firm is cS − vS and all other firms do not provide service, ceteris paribus.
• After visiting a service providing firm, the consumer’s optimal search problem is equivalent to the one where no firm provides service, ceteris paribus.
Proof. Let us first introduce some notation. Consider a general setting with
a set of non-service providing firms, where a consumer’s utility of each firm i
follows distribution function Fi (·), and the search cost of firm i is ci . The consumer searches sequentially over these firms. Under this general setting, we can
introduce a consumer’s value function at any time point as Ψ(M, u), where M
is the set of firms that the consumer has not visited yet, and u is the maximum
utilities among all the firms that the consumer has visited already. Ψ(M, u)
is the consumer’s maximum expected utility from the search process. By definition, we have the following Bellman equation (see equation (2) in Weitzman
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1979),




Ψ(M, u) = max u, max − ci + Fi (u)Ψ(M − {i}, u)
i∈M

Z ∞
+
Ψ(M − {i}, xi )dFi (xi ) , (8)
u

with the boundary condition that
Ψ(∅, u) = u.
Now, we consider our original setting with MS service providing firms and
MN non-service providing firms. Given a consumer’s maximum utility among
visited firms, u, let’s define the value function of the consumer before visiting
a service providing firm as Ψ0 (MS , MN , u), and that after visiting a service
providing firm as Ψ1 (MS , MN , u).
Let us further introduce the notation of {MS }+{MN } as the set of MS nonservice providing firms with price p∗S and search costs cS and MN non-service
providing firms with price p∗N and search costs cN , where consumers’ match
values with all firms follow the distribution of G(·).
After visiting a service provider, a consumer gains the value of service, vS for
all firms, and other firms’ service provisions do not influence consumers’ utility
any more. This means that, for any MS ≥ 0 and MN ≥ 0, we have that
Ψ1 (MS , MN , u + vS ) = Ψ({MS } + {MN }, u) + vS .

(9)

Before visiting any service provider, a consumer’s optimal search problem
can be formulated by the following Bellman equation, for any MS ≥ 1 and
MN ≥ 1.

Ψ0 (MS , MN , u) = max u, −cN + G(u + p∗N )Ψ0 (MS , MN − 1, u)
Z

v

+
u+p∗
N

Ψ0 (MS , MN − 1, v − p∗N )dG(v),

− cS + G(u + p∗S )Ψ1 (MS − 1, MN , u + vS )

Z v
+
Ψ1 (MS − 1, MN , v + vS − p∗S )dG(v)
u+p∗
S
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= max u, −cN + G(u + p∗N )Ψ0 (MS , MN − 1, u)
Z

v

+
u+p∗
N

Ψ0 (MS , MN − 1, v − p∗N )dG(v),

− (cS − vS ) + G(u + p∗S )Ψ({MS − 1} + {MN }, u)

Z v
+
Ψ({MS − 1} + {MN }, v − p∗S )dG(v) ,

(10)

u+p∗
S

where the second equality comes from equation (9). By comparing equation
(10) with equation (8), we can see that Ψ0 (MS , MN , u) = Ψ(M, u) is a solution
to the Bellman equation (10), if we define M as the set of non-service providing
firms that consist of 1 firm with search cost cS − vS and price p∗S , MS − 1 firms
with search cost cS and price p∗S , and MN firms with search cost cN and price
p∗N , and that all firms have the match value distribution G(·). This means that,
before visiting a service providing firm, a consumer’s optimal search problem
among MS service providing firms with search cost cS and price p∗S and MN
non-service providing firms with search cost cN and price p∗N is equivalent to
the one among 1 firm with search cost cS − vS and price p∗S , MS − 1 firms with
search cost cS and price p∗S , and MN firms with search cost cN and price p∗N ,
where no firm provides service.

Proof of Proposition 3
Proof. We prove the proposition by supplementing the argument in the main
text.
• First, for firms’ pricing strategy, notice that the service providers and
non-service providers’ profit functions are: πN (p) = DN (p)p and πS (p) = (p −
δ)DS (p)−F respectively. The expressions of p∗S and p∗N in equations (4) and (5)
can be obtained by p∗N = arg maxp πN (p) and p∗S = arg maxp πS (p), where the
second-order optimality condition is satisfied due to log-concavity of 1 − G(·).
• Second, we present a formal proof that given δ is sufficiently small, the service provider has no incentive to deviate by not providing service. Particularly,
when δ < ∆p∗−1 (w(cS −vS )−w(cN )), we have that w(cS −vS )−p∗ > w(cN )−p∗N ,
which implies that,
DS (p∗S )

e S (p∗S ) = αS
−D

Z

w(cS −vS )

[1 − G(v)]dG(v) > 0.
∗
w(cN )−p∗
N +pS
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e S (p) is continuous in p, so there must exist η > 0 and
Note that DS (p) − D
e S (p) > ε for any p ∈ (p∗ − η, p∗ + η) and any
ε > 0 such that DS (p) − D
S
S
0 ≤ δ < ∆p∗−1 (w(cS − vS ) − w(cN )).
Next, by taking derivatives, it is easy to show that (p − δ)DS (p) is strictly
concave in p, as g(v) > 0 for v ∈ [v, v] and 1 − G(v) is log-concave. This implies
that there exists ε0 > 0 such that [(p∗S − δ)DS (p∗S ) − F ] − [(p − δ)DS (p) − F ] > ε0
for any p ∈
/ (p∗S − η, p∗S + η).
e S (p) as the optimal price when a service
Finally, denote pe∗S ≡ arg maxp pD
provider deviates to not provide service. There are two cases.
In the first case with pe∗S ∈ (p∗S − η, p∗S + η), we have that,
e S (e
pe∗S D
p∗S ) < pe∗S (DS (e
p∗S ) − ε)
= (e
p∗S − δ) DS (e
p∗S ) − F + δDS (e
p∗S ) + F − pe∗S ε
≤ (p∗S − δ) DS (p∗S ) − F + δDS (e
p∗S ) + F − pe∗S ε
≤ (p∗S − δ) DS (p∗S ) − F, if δ ≤

pe∗S ε − F
.
DS (e
p∗S )

In the second case with pe∗S ∈
/ (p∗S − η, p∗S + η), we have that,
e S (e
pe∗S D
p∗S ) ≤ pe∗S DS (e
p∗S )
= (e
p∗S − δ) DS (e
p∗S ) − F + δDS (e
p∗S ) + F
< (p∗S − δ) DS (p∗S ) − F + δDS (e
p∗S ) + F − ε0
≤ (p∗S − δ) DS (p∗S ) − F, if δ ≤

ε0 − F
.
DS (e
p∗S )

e S (e
p∗S ) ≤
Therefore, we have proved that if δ and F are small enough, pe∗S D
(p∗S − δ) DS (p∗S ) − F , and thus no service provider has incentive to deviate by
not providing service.
• Third, we prove that the threshold δb is determined by the following equation, which will help us calculate the comparative statics of δb next.
bD
b p∗ (δ))
b = (p∗ − δ)D
b S (p∗ (δ))
b − F,
e S (e
pe∗S (δ)
p∗S (δ);
S
S
S

(11)

b so we write them as p∗ (δ),
b pe∗ (δ)
b
where notice that p∗S and pe∗S depend on δ,
S
S
∗
e
to explicitly signify the dependence relationship; DS (p) depend on pS and thus
b so we write it as D
b
e S (p; p∗ (δ)).
also depend on δ,
S

Recall, in the main text, we have shown that the equilibrium exists if and
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only if the following two conditions are satisfied:
p∗S − p∗N ≤ w(cS − vS ) − w(cN ),

(12)

e S (e
pe∗S D
p∗S )

(13)

≤

(p∗S

−

δ) DS (p∗S )

− F,

where the first equation (12) comes from the optimality of consumers’ search
strategy and equation (13) comes from service provider’s non-deviation condition. Now we are going to prove that given equation (13), equation (12) is
always satisfied. We prove by contradiction. Suppose condition (12) is violated,
e S (p) ≤ 0 by
i.e., p∗ − p∗ > w(cS − vS ) − w(cN ). Then, we have that DS (p) − D
S

N

e S (e
e S (p∗ ) > (p∗ − δ) DS (p∗ ) − F ,
equation (6). This implies that pe∗S D
p∗S ) ≥ p∗S D
S
S
S
which is a contradiction to condition (13). Therefore, we have proved that the
equilibrium exists if and only if the condition in equation (13) holds.
b we only need to
Finally, to show that equation (13) is equivalent to δ ≤ δ,
∗
∗
∗
∗
∗
e
p (δ); p (δ)) − (p (δ) − δ) DS (p (δ)) + F increases with δ.
show that pe (δ)DS (e
S

S

S

S

S

First notice that,

e S (e
∂D
p∗S ; p∗S )
= αS (1 − G(w(cS − vS )))g(w(cS − vS ) + pe∗S − p∗S )
∂p∗S

Z w(cS −vS )+ep∗S −p∗S
+
g(v − pe∗S + p∗S )g(v)dv ≥ 0.
∗
w(cN )+e
p∗
S −pN

e S (e
p∗S (δ); p∗S (δ))−
Using the envelop theorem, we can calculate the derivative of pe∗S (δ)D
(p∗S (δ) − δ) DS (p∗S (δ)) + F with respect to δ as,
pe∗S

e S (e
∂D
p∗S ; p∗S ) ∗ 0
pS (δ) + DS (p∗S (δ)) > 0,
∂p∗S

b > 0. Therefore, we have proved that the
where we have utilized that p∗S 0 (δ)
b where δb is defined by equation (11).
equilibrium exists if and only if δ ≤ δ,
b Instead of calculating the
• Lastly, we prove the comparative statics of δ.
derivative of δb with respect to exogenous parameters directly based on equation
(11), we examine whether an increase in the exogenous parameters makes the
equilibrium condition in equation (13) easier or harder to be satisfied, given any
δ. Particularly, equation (13) can be written as,
"
pe∗S

[1 − G(w(cS − vS ) +

pe∗S

−

p∗S )]

Z

∗
w(cS −vS )+e
p∗
S −pS

#
G(v −

+
∗
w(cN )+e
p∗
S −pN
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pe∗S

+

p∗S )dG(v)

− (p∗S − δ) [1 − G(w(cN ) + p∗S − p∗N )] +

F
≤ 0.
αS

(14)

Notice that p∗S and p∗N do not depend on cS , vS , F , or αS . Also notice that F
and αS appear equation (14) via F/αS as a whole. It is easy to see that the
lefthand side of equation (14) increases in F/αS and cS and decreases with vS ,
so δb decreases with F/αS and cS and increases with vS .

Equilibrium Analysis of The Oligopolistic Market
Let us consider the case where the non-service provider is visited lastly in
equilibrium. This happens when p∗S ≤ p∗N . We denote a representative consumer’s match value with the non-service provider as v0 and with the two service
providers as v1 and v2 respectively.
Non-Service Provider’ Decision: Consider the non-service provider
charging price pN . Only consumers with vi < w(c), vj − p∗S < w(c) − p∗N ,
v0 − pN ≥ v1 − p∗S and v0 − pN ≥ v2 − p∗S (i 6= j = 1, 2) will eventually buy from
the non-service provider. Therefore, the non-service provider’s profit function
is,


πN (pN ) =pN G(w(c))G(w(c) − p∗N + p∗S ) [1 − G(w(c) − p∗S + pN )]
+ G(w(c) − p∗N + p∗S )
Z
+

w(c)−p∗
N +pN

Z

w(c)−p∗
S +pN

w(c)−p∗
N +pN

G(v − pN + p∗S )g(v)dv


G(v − pN + p∗S )2 g(v)dv .

v

By the first- and second- order conditions of optimality, one can determine
p∗N = arg maxpN πN (pN ) given p∗S .
Because all consumers visit service providers first before visiting the nonservice provider, the non-service provider has no incentive to deviate to provide
service.
Service Providers’ Decisions: Consider service provider 1’s demand
given his price pS . One half of consumers will visit service provider 1 first, and
will buy immediately if v1 − pS ≥ w(c) − p∗S . For those with v1 − pS < w(c) − p∗S ,
they will continue to visit the other service provider. There are two possibilities.
Either v2 − p∗S ≥ w(c) − p∗N , in which case, the consumers will come back to
buy from service provider 1 first if v1 − pS > v2 − p∗S ; or v2 − p∗S < w(c) − p∗N ,
in which case, the consumers will continue to search the non-service provider,
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and will come back to buy from service provider 1 first if v1 − pS > v2 − p∗S and
v1 − pS > v0 − p∗N . The other half of consumers will visit service provider 2 first,
and they will continue to visit service provider 1 if v2 < w(c). After visiting
service provider 1, there are two possibilities. Either v1 − pS ≥ w(c) − p∗N , in
which case, the consumer will buy from service provider 1 if v1 − pS ≥ v2 − p∗S ;
or v1 − pS < w(c) − p∗N , in which case, the consumer will continue to search
the non-service provider and will eventually buy from service provider 1 if
v1 − pS > v2 − p∗S and v1 − pS > v0 − p∗N . Therefore, the service provider’s profit
function is,

1 + G(w(c))
πS (pS ) =(pS − δ)
[1 − G(w(c) − p∗S + pS )]
2
Z w(c)−p∗S +pS
+
G(v − pS + p∗S )g(v)dv
w(c)−p∗
N +pS

∗
Z
G(w(c) − p∗N + p∗S ) w(c)−pS +pS
−
[1 − G(v − pS + p∗N )] g(v)dv
2
w(c)−p∗
+p
S
N

Z w(c)−p∗N +pS
∗
∗
G(v − pS + pN )G(v − pS + pS )g(v)dv − F.
+

v

By the first- and second- order conditions of optimality, one can determine p∗S =
arg maxpS πS (pS ) given p∗N . By combining equations of p∗N = arg maxpN πN (pN )
and p∗S = arg maxpS πS (pS ) together, we can solve p∗N and p∗S .
Now, consider the service provider deviating to not provide service and
charging price peS . For the half of consumers who visit the service provider
first, they will buy immediately if v1 − peS ≥ w(c − vS ) − p∗S . For those with
v1 − peS < w(c − vS ) − p∗S , they will continue to visit the other service provider.
There are two possibilities. Either v2 − p∗S ≥ w(c) − p∗N , in which case, the consumers will come back to buy from service provider 1 first if v1 − peS > v2 − p∗S ;
or v2 − p∗S < w(c) − p∗N , in which case, the consumers will continue to search the
non-service provider, and will come back to buy from service provider 1 first if
v1 − peS > v2 − p∗S and v1 − peS > v0 − p∗N . The other half of consumers will
visit service provider 2 first, and their purchase behavior is not influenced by
service provider 1’s deviation on service.Therefore, the service provider’s profit
upon deviation is,
π
eS (e
pS ) =

peS
2



[1 − G(w(c − vS ) − p∗S + peS )]
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Z

w(c−vS )−p∗
pS
S +e

+
w(c)−p∗
pS
N +e

− G(w(c) −
Z

p∗N

p∗S )

+

w(c)−p∗
pS
N +e

+2
v

G(v − peS + p∗S )g(v)dv
Z

w(c−vS )−p∗
pS
S +e

w(c)−p∗
pS
N +e

[1 − G(v − peS + p∗N )] g(v)dv

G(v − peS + p∗S )G(v − peS + p∗N )g(v)dv

+ G(w(c)) [1 − G(w(c) − p∗S + peS )]

Z w(c)−p∗S +epS
+
G(v − peS + p∗S )g(v)dv .
w(c)−p∗
pS
N +e

eS (e
pS ) can be determined by the
The optimal deviating price pe∗S = arg maxpeS π
first- and second- order optimality conditions given p∗N and p∗S . To guarantee
that the service provider has no incentive to deviate, we need to ensure that
π
eS (e
p∗S ) ≤ πS (p∗S ).
To summarize, the condition for the equilibrium to exist is that p∗S ≤ p∗N
and π
eS (e
p∗S ) ≤ πS (p∗S ).

Proof of Proposition 6
We prove the four claims in Proposition 6 that correspond to Proposition 1, 2,
3, and 4, one by one.
Proof of the First Claim
Proof. Suppose no firm providers service in the market. Consider one firm,
whose demand function is,
D(p) = α

1 − G(w(cN ) − p∗N + p)
,
1 − G(w(cN ))

where α is the number of consumers per firm. If the firm deviates by providing
service, its demand function is,
1 − G(w(cN ) − vS − p∗N + p)
e
D(p)
=α
= D(p − vS ).
1 − G(w(cN ))
Given vS < δ, we have that,
e p∗ ) − F = (e
(e
p∗ − δ)D(e
p∗ − δ)D(e
p∗ − vS ) − F < (e
p∗ − vS )D(e
p∗ − vS ),
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e
where pe∗ is the optimal deviating price that maximizes (p − δ)D(p).
Notice that
pe∗ − vS > δ − vS > 0. This implies that by charging price of pe∗ − vS , the
firm always earns higher profit than the maximum deviating profit. Therefore,
the firm has no incentive to deviate by providing service.
Proof of the Second Claim
Proof. Consider only one firm that provides service and has the demand function as D(p). If the firm deviates by not providing service, it is easy to show
e
that its demand function becomes D(p)
= D(p + vS ).
Given vS < δ, we have that,
e ∗ − vS ) − F < (p∗ − vS )D(p
e ∗ − vS ),
(p∗ − δ)D(p∗ ) − F = (p∗ − δ)D(p
where p∗ is the equilibrium price that maximizes (p − δ)D(p). This means that
by deviating to not provide service and charging price of p∗ − vS > δ − vS > 0,
the firm can earn higher profit. Therefore, the firm has an incentive to deviate,
and it is not an equilibrium for this single firm to provide service.
Proof of the Third Claim
Proof. Before visiting any service provider, a consumer prefers to visit a service
provider first if and only if
w(cS − (1 − )vS ) + vS − p∗S ≥ w(cN ) − p∗N .
After visiting a service provider, the consumer prefers to visit a non-service
provider if and only if,
w(cS ) + vS − p∗S < w(cN ) − p∗N .
To summarize, the consumer search strategy requires that,
vS + w(cS ) − w(cN ) < p∗S − p∗N ≤ vS + w(cS − (1 − )vS ) − w(cN ).
• A service provider’s demand function is,
DS (p) = αS [1 − G(w(cN ) − vS − p∗N + p)] .
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(15)

The equilibrium price p∗S satisfies that,
p∗S = δ +

1 − G(w(cN ) − vS − p∗N + p∗S )
.
g(w(cN ) − vS − p∗N + p∗S )

(16)

If the firm deviates to not provide service and charge price p. We have that,
e S (p) = αS [1 − G(w(cS − (1 − )vS ) + vS + p − p∗S )]
D
Z w(cS −(1−)vS )+vS +p−p∗S
+ αS
G(v − vS − p + p∗S )dG(v).
w(cN )+p−p∗
N

Then, we have that
Z
e S (p) = αS
DS (p) − D

w(cS −(1−)vS )+vS +p−p∗
S

w(cN )+p−p∗
N

[1 − G(v − vS − p + p∗S )]dG(v)

+ αS [G(w(cN ) + p − p∗N ) − G(w(cN ) − vS + p − p∗N )] ≥ 0.
Therefore, by deviating to not provide service, a service provider suffers from
a demand loss. Following the same line of proof in Proposition 3, we can show
that when δ is below a threshold, it is not profitable for a service provider to
deviate by not providing service.
• Now, consider a non-service provider. Its demand function is,
DN (p) = αN G(w(cN ) − vS − p∗N + p∗S )

1 − G(w(cN ) − p∗N + p)
.
1 − G(w(cN ))

The equilibrium price is then,
p∗N =

1 − G(w(cN ))
.
g(w(cN ))

(17)

If the non-service provider deviates by providing service, its demand function
e N (p) = DN (p − vS ). Following the same proof of the first claim, we can
is D
show that given δ > vS , the non-service provider has no incentive to deviate
by providing service.
• Lastly, we examine consumers’ search strategy. Similarly to the proof
of Proposition 3, we define ∆p(δ) ≡ p∗S − p∗N , where p∗S and p∗N are given by
equations (16) and (17). By taking derivative, it is easy to show that ∆p(δ)
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strictly increasing with δ. Moreover,
∆p(vS ) = vS .
Given δ > vS , we have that ∆p(δ) > vS ≥ vS + w(cS ) − w(cN ), and thus the
first inequality in equation (15) is satisfied. The second inequality in equation
(15) imposes an upper bound on δ.
To summarize, when δ is below a threshold and vS < δ, the equilibrium
exists.
Proof of the Fourth Claim
Proof. The proof is similar to the one that shows the service providers have no
incentive to deviate for sufficiently low δ in the proof of the third claim above.
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Online Appendix of Searching for Service
Analysis of Alternative Consumer Search Strategies
To simplify the exposition, we assume that cS = cN = c. We consider the case
with p∗S − p∗N > w(c − vS ) − w(c) first, and the case with p∗S − p∗N ≤ 0 next.
First Case with p∗S − p∗N > w(c − vS ) − w(c)
First notice that under monopolistic competition with infinite number of nonservice providers, if initially, a consumer prefers to visit a non-service provider
than a service provider, the consumer will never visit a service provider, and
thus this is not an equilibrium.
Next, consider the potential equilibrium with MN non-service providers and
infinite number of service providers. Given infinite number of service providers,
we need to impose F = 0; otherwise, an individual service provider has no
incentive to provide service.
Under p∗S − p∗N > w(c − vS ) − w(c), consumers will search among non-service
providers first and only after they have visited all non-service providers they
will visit service providers if they decide to continue to search. We are going to
prove the following claims:
1. The equilibrium requirement that non-service providers have no incentive
to deviate by providing service imposes a lower bound on δ. As MN
is sufficiently large, the lower bound goes to zero. This means that for
sufficiently large MN , given any δ > 0, non-service providers have no
incentive to deviate by providing service.
2. The equilibrium requirement that service providers have no incentive to
deviate by providing service imposes an upper bound on δ. As MN is
sufficiently large, the upper bound goes to zero. This means that for
sufficiently large MN , given any δ > 0, service providers always have
incentives to deviate by not providing service.
3. The consumer search strategy imposes a lower bound on δ. As MN is
sufficiently large, the lower bound is finite and positive.
Proof. • First consider a non-service provider i who does not provide service

i

and charges price p. Its demand function is,
DN (p) = αN
Z

MX
N −1

G(w(c))n [1 − G(w(c) − p∗N + p)]

n=0
w(c)−p∗
N +p

+
w(c−vS )−p∗
S +p

Z

G(v + p∗N − p)MN −1 g(v)dv

w(c−vS )−p∗
S +p

+
w(c)−p∗
S +p

G(v + p∗N − p)MN −1 G(v + p∗S − p)g(v)dv,

where the first term on the righthand side of the equation above represents the
sum of probabilities that a consumer who, after visiting n non-service providers,
visits firm i, discovers vi − p ≥ w(c) − p∗N , and decides to stop searching and
make a purchase; the second term represents a consumer who has visited all MN
non-service providers and decides not to continue to search service providers and
return to make a purchase from firm i; the third term represents a consumer
who has visited all MN non-service providers as well as one service provider and
decides to stop searching and return to make a purchase from firm i.
If the non-service provider deviates by providing service and charges price
p, its demand function is,
e N (p) = αN
D
Z

MX
N −1

G(w(c))n [1 − G(w(c) − p∗N + p)]

n=0
w(c)−p∗
N +p

+
w(c)−p∗
S +p

G(v + p∗N − p)MN −1 g(v)dv.

Notice that,
Z
e N (p) − DN (p) =
D

w(c−vS )−p∗
S +p

w(c)−p∗
S +p

G(v + p∗N − p)MN −1 [1 − G(v + p∗S − p)] g(v)dv

≥ 0.
This implies that by deviating to provide service, a non-service provider can
increase demand. Therefore, the cost of service provision, δ has to be sufficiently
large to ensure the non-service provider has no incentive to deviate.
It is easy to show that as MN → ∞, DN (p) → αN [1−G(w(c)−p∗N +p)]/[1−
e N (p) − DN (p) → 0 and (D
e N (p) − DN (p))/DN (p) → 0. This implies
G(w(c))], D

ii

that given any δ > 0, as MN is sufficiently large, for any p,
δ>

e N (p) − DN (p)
D
e N (p).
p, or equivalently, pD(p) > (p − δ)D
e N (p)
D

Therefore, for MN sufficiently large, it is not profitable for a non-service provider
to deviate by providing service.
Moreover, as MN → ∞, DN (p) → αN [1 − G(w(c) − p∗N + p)]/[1 − G(w(c))],
we have that the non-service provider’s equilibrium price,
p∗N →

1 − G(w(c))
, as MN → ∞.
g(w(c))

• Next, consider a service provider who provides service and charges price
p. Its demand function is,
Z

w(c−vS )−p∗
S +p

DS (p) = αS
w(c)−p∗
S +p

G(v − p + p∗N )MN g(v)dv

+ αS G(w(c − vS ) − p∗S + p∗N )MN [1 − G(w(c − vS ) − p∗S + p)]
+ αS G(w(c) − p∗S + p∗N )MN

∞
X

G(w(c))n [1 − G(w(c) − p∗S + p)] ,

n=1

where the first and second terms on the righthand side of the equation above
come from consumers who visit the service provider and make a purchase right
after visiting all non-service providers; the third terms represents the sum of
probabilities that a consumer who, after visiting all non-service providers as
well as n service providers, visits the service provider and make a purchase.
If the service provider deviates by not providing service and charges price p,
its demand function is,
Z
e S (p) = αS
D

w(c−vS )−p∗
S +p

w(c)−p∗
S +p

G(v − p + p∗N )MN G(v − p + p∗S )g(v)dv

+ αS G(w(c − vS ) − p∗S + p∗N )MN [1 − G(w(c − vS ) − p∗S + p)]
+ αS G(w(c) − p∗S + p∗N )MN

∞
X
n=1

iii

G(w(c))n [1 − G(w(c) − p∗S + p)] .

Notice that,
Z
e S (p) = αS
DS (p) − D

w(c−vS )−p∗
S +p

w(c)−p∗
S +p

G(v − p + p∗N )MN [1 − G(v − p + p∗S )] g(v)dv

≥ 0.
This implies that by deviating to not provide service, a service provider’s demand decreases. The cost of service provision, δ has to be sufficiently small
enough to ensure the service provider has no incentive to deviate.
e S (p) go to
It is easy to show that as MN → ∞, both DS (p) and DS (p) − D
e S (p)]/DS (p) → 0. Following the same argument
0, and furthermore, [DS (p) − D
above, we can show that given any δ > 0, as MN is sufficiently large, we
e S (p). Therefore, for MN sufficiently large, it is always
have (p − δ)DS (p) < pD
profitable for a service provider to deviate by not providing service.
Moreover, by solving the first-order optimality condition, (p − δ)DS0 (p) +
DS (p) = 0, we can show that the service provider’s equilibrium price
p∗S → δ +

1 − G(w(c − vS ))
, as MN → ∞.
g(w(c − vS ))

• Lastly, the consumer’s search strategy implies that,
p∗S − p∗N > w(c − vS ) − w(c).
Based on the expressions of p∗N and p∗S , the above inequality implies that,

δ>

w(c − vS ) −

1 − G(w(c − vS ))
g(w(c − vS ))





1 − G(w(c))
− w(c) −
.
g(w(c))

Notice that w(·) is a decreasing function, and [1 − G(·)]/g(·) is a decreasing
function due to logconcavity of 1 − G(·). This implies that for vS > 0, the
righthand side of the inequality above is positive. That is, the consumer search
strategy imposes a lower bound on δ.
Second Case with p∗S − p∗N ≤ 0
We consider the potential equilibrium with MS service providers and infinite
number of non-service providers. Under p∗S − p∗N ≤ 0, consumers will search
among service providers first and only after they have visited all service providers
they will visit non-service providers if they decide to continue to search. We are
iv

going to prove that for any δ > 0, this is not an equilibrium.
Proof. • A service provider’s demand function is,
DS (p) = αS

MX
S −1

G(w(c))n [1 − G(w(c) − p∗S + p)]

n=0
w(c)−p∗
S +p

Z
+

w(c)−p∗
N +p

G(v − p + p∗S )MS −1 g(v)dv.

(OA1)

The equilibrium price p∗S satisfies that,
p∗S = δ −

DS (p∗S )
.
DS0 (p∗S )

(OA2)

If the firm deviates to not providing service and charging price p. We have that,
e S (p) = αS [1 − G(w(c − vS ) − p∗S + p)]
D
Z w(c−vS )−p∗S +p
+ αS
G(v − p + p∗S )g(v)dv
w(c)−p∗
S +p

+ αS
Z

MX
S −1

G(w(c))n [1 − G(w(c) − p∗S + p)]

n=1
w(c)−p∗
S +p

+
w(c)−p∗
N +p

G(v − p + p∗S )MS −1 g(v)dv.

Then, we have that
Z
e S (p) = αS
DS (p) − D

w(c−vS )−p∗
S +p

w(c)−p∗
S +p

[1 − G(v − p + p∗S )] g(v)dv ≥ 0.

Therefore, by deviating to not provide service, a service provider suffers from
a demand loss. Following the same line of proof in Proposition 3, we can show
that when δ is below a threshold, it is not profitable for a service provider to
deviate by not providing service.
• Now, consider a non-service provider. Its demand function is,
DN (p) = αN G(w(c) − p∗N + p∗S )MS

v

1 − G(w(c) − p∗N + p)
.
1 − G(w(c))

The equilibrium price is then,
p∗N =

1 − G(w(c))
.
g(w(c))

(OA3)

It is straightforward to show that the non-service provider has no incentive to
deviate by providing service.
• Lastly, we examine consumers’ search strategy. Let’s first prove that DS (p)
in equation (OA1) is a log-concave function. In fact,

DS (p) = αS
Z

MX
S −1

G(w(c))n [1 − G(w(c) − p∗S + p)]

n=0
w(c)

+
∗
w(c)−p∗
N +pS

= αS

MX
S −1

G(v)MS −1 g(v + p − p∗S )dv

G(w(c))n [1 − G(w(c) − p∗S + p)]

n=0

+ G(w(c))MS −1 G(w(c) + p − p∗S )
− G(w(c) + p∗S − p∗N )MS −1 G(w(c) + p − p∗N )
Z w(c)
− (MS − 1)
G(v + p − p∗S )G(v)MS −2 dv
∗
w(c)−p∗
N +pS

=

1
MS

MX
S −1

!
n

G(w(c)) − G(w(c))

MS −1

[1 − G(w(c) − p∗S + p)]

n=0

+ G(w(c) + p∗S − p∗N )MS −1 [1 − G(w(c) + p − p∗N )]
Z w(c)
+ (MS − 1)
G(v)MS −2 [1 − G(v + p − p∗S )]dv
∗
w(c)−p∗
N +pS

+ G(w(c))MS −1 − G(w(c) + p∗S − p∗N )MS −1
Z w(c)
− (MS − 1)
G(v)MS −2 dv,
∗
w(c)−p∗
N +pS

where the first equation is due to the change of argument and the second equation is due to integration by parts. Notice that 1 − G(·) is log-concave, and thus
1 − G(w(c) − p∗S + p), 1 − G(w(c) + p − p∗N ), and 1 − G(v + p − p∗S ) are all logconcave in p. By Prekopa-Leindler inequality, DS (p), as a linear combination
of these log-concave functions, is also log-concave (Lynch 1999).
Similarly to the proof of Proposition 3, we define ∆p(δ) ≡ p∗S − p∗N , where
p∗S

and p∗N are given by equations (OA2) and (OA3). By taking derivatives, we
vi

have that,
∆p0 (δ) =


−1
DS (p∗S )DS00 (p∗S )
> 0.
2−
DS0 (p∗S )2

where the inequality above is due to log-concavity of DS (p). Therefore, ∆p(δ)
strictly increasing with δ. Moreover, one can verify that,
∆p(0) = 0.
This implies that the consumer search strategy requirement that p∗S − p∗N ≤ 0
is equivalent to δ ≤ 0. This implies that for any δ > 0, the equilibrium does no
exist.
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