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Abstract

We focus on markets with frictions, such as transaction costs, asymmetric informa-
tion, search and matching frictions. We discuss how such frictions affect allocations,
favor the emergence of intermediaries or dealers, and potentially create market power.
Our focus is mostly on markets with many participants rather than on transactions that
are bilateral or involve a small number of players.
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1 Introduction

Frictions such as transaction costs feature prominently in Ronald Coase’s examina-
tion of the nature of the firm (Coase, 1937). In Coase’s view, organizations are struc-
tured so as to minimize transaction costs. This view is also fundamental in Coase’s
exploration of the role of property rights (Coase, 1960). The so-called Coase theorem
characterizes an important feature of a benchmark frictionless environment in which
property rights do not matter, but much of the discussion in Coase (1960) shows that
the structure of property rights is essential when efficient transactions are impeded
by frictions.! In a similar vein, Williamson (1989), following in Coase’s footsteps,
coined the term “Transaction cost economics” to denote the analysis of institutions
via a contractual framework (see previous Handbook chapter by Williamson, 1989).
Some frictions are essential for such institutions to play a role; a classic example of
Williamson’s (1985) is asset specificity.

This chapter studies several types of frictions that have been analyzed in more
detail since the work of Coase and Williamson. Our focus is on market frictions rather
than those within a firm. We discuss how allocations are affected by such frictions, but
we will also show that these frictions can affect the structure of the market by favoring
the emergence of intermediaries or dealers. Our focus is mostly on markets with many
participants rather than on transactions that are bilateral or involve a small number of
players, which are the focus in much of the literature following Williamson.

We begin our review by considering transaction costs, which can be viewed as a
reduced-form friction that impedes exchange. It is sometimes convenient to be rela-
tively agnostic about the form of these impediments to trade; many studies assume
the presence of a generic transaction cost. In Section 2, we first introduce the most
commonly used model of secondary market transactions and discuss how transac-
tion costs affect allocations and incentives in secondary markets for durable goods.

1 For a historical discussion of Coase (1960), see Medema (2020).
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We emphasize durable goods because we discuss transactions among consumers and,
unless the goods are durable, such transactions would not be possible.” We then inves-
tigate a more specific form of an impediment to trade—asymmetric information—in
Section 3. We continue our focus on durable goods because other chapters in this
Handbook examine asymmetric information in markets such as those for credit or
insurance (Einav et al., 2021). We next consider markets with search and matching
frictions in Sections 4 and 5, respectively.

Much of industrial organization studies the sources and consequences of market
power, which often only exists if there are few firms. This chapter focuses mostly
on frictions in environments in which there are many participants, but some of the
frictions we consider generate endogenous market power or can exacerbate existing
market power. For instance, search costs generate some pricing power even if there
are many competing firms. Furthermore, in the presence of information asymmetries,
sellers have unique access to knowledge of the quality of their own goods. Even if
there are many other competing sellers, such a monopoly over information can create
inefficiencies. Some of the frictions we discuss negatively affect allocations, even in
purely competitive environments.

In each section, we begin by discussing how a specific friction affects alloca-
tions and consumer behavior. We then discuss the effects of these frictions on the
incentives of producers or sellers to manipulate product design. We also discuss the
incentives of such producers to manipulate such frictions. We also consider how the
presence of these frictions gives scope for third parties, such as intermediaries, to play
an important role in some markets. Two types of intermediaries often help consumers
and/or sellers: In some markets, intermediaries acquire ownership of the goods (i.e.,
dealers or retailers); in other markets, they act as information intermediaries (i.e.,
price-comparison websites, brokers, or professional advisors). Although, as Spulber
(1996, 1999) emphasizes, the emergence of market intermediaries is in response to
underlying market frictions and their main role is to identify how to clear the mar-
ket, the literature shows that the welfare effect of such intermediaries is not always
positive.

There are other potentially important frictions that we do not cover. For instance,
switching costs can have substantial effects on market power and allocations. The
chapter by Farrell and Klemperer (2007) in Volume 3 of this Handbook surveys the
literature on switching costs.

2 Transaction costs

In this section, we mostly consider the literature that has examined the consequences
of transaction costs in secondary markets for durable goods. Transaction costs also

2 Waldman (2003) also surveys durable goods markets. One area he discusses and we do not is time
inconsistency for sellers. In addition, there is some overlap with our Section 3.
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feature prominently in financial markets; in particular, by limiting arbitrage (Con-
stantinides, 1986). Our focus here is on secondary markets for durable goods. Such
markets play an important allocative role for some durable goods. For instance, in the
U.S., the number of used-car transactions is approximately three times larger than
the number of new-car transactions. Furthermore, the dispersion of used-car prices
(measured by the coefficient of variation, calculated from the National Automobile
Dealers Association Car Price Guide) is approximately five times larger than the dis-
persion of new-car prices, which suggests that secondary markets play an important
role in broadening the spectrum of goods available to consumers. Several markets for
used capital equipment are also very active. For example, more than half of the trucks
traded in the U.S. in 1977 sold in secondary markets (Bond, 1983). Active markets
also exist for used medical equipment, construction equipment, aircraft, and other
goods. Since the mid-1980s, trade in the secondary market for commercial aircraft
has grown steadily, and the number of transactions in used markets today is about
three times the number of purchases of new aircraft (Gavazza, 2011a). Business air-
craft also have active secondary markets (Gavazza, 2016).

The amount of activity in secondary markets varies dramatically across goods,
with some markets extremely active (e.g., cars, aircraft) and others much less so (e.g.,
household appliances, computers). The amount of activity also varies substantially
across different countries for the same goods. For instance, as highlighted by Gavazza
et al. (2014), the U.S. used-car market is more active than the French one. What
forces are responsible for these differences? What are the consequences for prices and
allocations, producers’ profits and consumers’ welfare? How do these differences in
activity affect the extent of variety available to consumers? Can some of the observed
differences in the primary markets across goods and countries be due, in part, to the
underlying causes of the differences in activity in the secondary markets?’

2.1 Vertical differentiation

Some degree of heterogeneity is essential to explain substantial volumes of trade in
secondary markets. At the same time, some type of friction must be present in most of
these secondary markets; otherwise, trade would likely be much higher than what is
observed. Understanding the volume and patterns of such trade requires a model that
takes into account the nature of the gains from trade. In some cases, the gains from
trade are due to changes in preferences that could be deterministic or due to shocks.
For instance, industrial machinery could be available for sale on the secondary mar-
ket because of bankruptcy. In other cases, secondary market transactions are due to
systematic forces related to some more primitive heterogeneity. For instance, in car

3 Empirical studies of secondary markets include the following markets: cars (Porter and Sattler, 1999;
Adda and Cooper, 2000; Stolyarov, 2002; Esteban and Shum, 2007; Chen et al., 2013; Schiraldi, 2011);
truck tractors (Bond, 1983); commercial aircraft (Pulvino, 1998; Gavazza, 2011a,b); business aircraft
(Gilligan, 2004; Gavazza, 2016); and capital equipment (Eisfeldt and Rampini, 2006).
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markets, new goods are typically purchased by higher-income consumers, who sell
their used goods when they wish to upgrade to the newer models.

The literature has modeled this type of heterogeneity and the corresponding mo-
tives for trade as follows. Consumers are infinitely lived and characterized by a
persistent taste parameter 6 distributed according to some distribution F(6). The flow
utility from consuming a good of quality g for a consumer of type & who pays a (pos-
sibly implicit) rental price r is given by 8g — r. The parameter 6 is therefore the
marginal value of quality for this consumer. There can be many interpretations of
the source of heterogeneity underlying this 6. A common interpretation is that 6 is
related to the inverse of the marginal utility of wealth, so that wealthier people have
higher valuation for quality. More generally, as in Gavazza et al. (2014), this taste
parameter can be decomposed into a component related to income or wealth and an
idiosyncratic component.

Durable goods are then modeled as effectively exhibiting a potential menu of
qualities (g1, . - -, qn), each associated with the vintage of the good. Goods of quality
q1 are new goods that are the highest quality; the good then gradually depreciates,
either deterministically or stochastically, and quality deteriorates over time. Quality
qn, the worst quality, requires special interpretation because it may be determined
endogenously by consumers’ scrappage decisions, which in turn depend on market
frictions.

In a static competitive market in which such a menu of qualities is exogenously
given, and consumers exhibit such vertically differentiated preferences, consumers
and qualities would be matched assortatively so that higher valuation consumers
choose higher qualities. In the case of durable goods, such a menu of qualities can
emerge endogenously in steady state due to the depreciation of a good that is newly
produced at a constant flow rate y. In this case, sorting requires trade in the sec-
ondary market. In particular, all goods of qualities g < ¢ (all used goods) are only
available if they are sold on the secondary market. If such markets are frictionless,
then allocations are efficient, and trading whenever a good depreciates replicates the
assortative matching described above for the static case: Consumers are matched to
a vintage of the good, they sell the good the moment it depreciates, and they again
buy the appropriate vintage to maintain the “correct” lifetime quality consumption.
This frictionless case features 100 percent trade of every vintage; allocations are then
pinned down by the assortativeness condition, so that the mass of the highest types
matches the mass of available quality g; goods, and so on.

Prices can easily be characterized in this setting by a chain of indifference condi-
tions and resale values implied by the price of the next vintage, beginning with the
indifference of the lowest type between consuming a car of quality ¢, good and not
having a car (the value of this outside option is typically normalized to zero). Specif-
ically, the price p; of vintage i is obtained recursively as follows: The price of the
vintage n good is such that

Ongn — pn =0,
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where 6, is the lowest type that consumes a car, so they are indifferent between
consuming and not consuming a car. Then, given prices of vintagesi + 1, ..., n, the
price of vintage i is determined so that the marginal type 6;, which is the lowest
type that consumes vintage i, is indifferent between consuming vintage i and vintage
i+1:

0iqi — pi +8piv1 =0iqi+1 — pi+1 +0pit2,

where § is the discount factor. This indifference takes into account the relative at-
tractiveness of the substitute vintage as well as the resale values of both vintages. An
equivalent formulation is to define the rental price r; for holding a vintage i for one
period; the indifference conditions would be standard sorting equations as follows:

0igi —ri =0iqiv1 — riy1 (D

and, of course, the relationship between rental prices and ownership prices is r; =
Di — 8piy1-

An important feature of secondary markets, therefore, is that the menu of available
qualities is dictated by the durability of the good as measured by its speed of deprecia-
tion. In this frictionless case, therefore, finding the equilibrium allocations and prices
is straightforward, because the first-best assortative matching solution is also an
equilibrium. If there are frictions such as transaction costs, some welfare-improving
trades are impeded and matching between quality and consumers is imperfect.

Unfortunately, in the case of transaction costs, finding equilibrium allocations and
computing equilibrium prices is much more difficult, and proceeding from a planning
problem does not help: We do not have an easy conjecture about the equilibrium al-
location such as the first-best outcome described above; the equilibrium allocation
will depend in a complicated way on the distribution of types and the level of trans-
action costs. Therefore, we must solve a full general equilibrium problem of n — 1
interrelated markets. In the case of frictions, the menu of qualities that are actually
consumed is coarser than in the first best, and the degree of coarseness depends on
the level of transaction costs. For instance, if transaction costs are prohibitive, so that
secondary markets completely shut down, effectively the only available quality is
the bundle achieved by buying a new good and holding it until scrappage. However,
this bundle may be different for consumers with different valuations, because those
with higher valuations may choose to scrap earlier. Suppose that a consumer scrap-
page decision is to scrap all goods of quality inferior to g,. Then the lifetime quality
consumed on average is the “discounted” average quality of the good of conditional
quality determined by the truncation determining the support {g1, ..., gx}. More gen-
erally, for an intermediate range of transaction costs, different consumers optimally
choose different trading strategies, with some consumers potentially keeping only
one quality and others keeping a range of qualities.

We will now show that this type of model of a durable good market with sec-
ondary markets subject to frictions is useful for exploring a number of interesting
issues, including the feedback between the functioning of the secondary market and
the market for new goods.
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2.2 Market power and secondary markets

In the vertical differentiation framework described above, several papers have
adopted what is essentially a price discrimination or market segmentation approach
to an old problem: How a monopolist interacts with secondary markets. In this dis-
cussion, we will assume that the monopolist can commit to the sequence of policies.”*

An older literature associated with Swan (1970), Swan (1971), and Sieper and
Swan (1973) discusses the optimal choice of durability under what turns out to be a
very special technology governing the relationship between the output of new goods
and durability. The prototypical example in this literature is the light bulb. In this
case, durability is simply the lifetime of the good that maintains constant quality
until it dies. An alternative assumption that leads to similar results is that additional
units of services can restore the quality of the depreciated good. If either of these
assumptions is satisfied—which amounts to assuming that quantity and quality are
perfect substitutes—then the choice of the optimal speed of depreciation of the good
yields a target level of flow of services of the good at the lowest possible cost. But
then, as Swan (1970) points out, under constant returns to scale, the cost-minimizing
durability is independent of the particular target level of these flows of services, and
therefore a monopolist provides socially optimal durability. For instance, if two light
bulbs that last one year are completely equivalent in the minds of consumers to one
light bulb that lasts two years, a monopolistic industry provides less light than socially
optimal, but light bulbs will last just as long as the ones chosen by the social planner.
The monopoly distortion takes the form of reducing output, not durability.

In contrast, when quantity is not a perfect substitute for quality (an extreme exam-
ple is when there is unit demand and heterogeneous valuation of the unit, as above),
then there is no reason to expect that monopoly durability is efficient.” Waldman
(1996) explores a model with two types of consumers and a durable good that lasts
two periods. Under an additional assumption on the relative frequency of the two
types, he shows that durability is underprovided by a monopolist. Hendel and Lizzeri
(1999b) allow for richer distributions of valuations, and show that, when holding out-
put constant, durability is underprovided by a monopolist, thereby generalizing the
case studied by Waldman (1996). However, in general, beyond the case of two types,
monopoly output of a new good and its durability are simultaneously determined—
and, of course, monopoly output is typically lower than socially optimal. Hendel and
Lizzeri (1999b) show that optimal durability is the result of a trade-off between a
resale value effect that makes consumers willing to pay more for the new good be-
cause it reduces the effective rental price (pushing toward increased durability) and a

4 Inthe setting of a durable good monopoly, an important issue was first highlighted informally by Coase
(1972), and is therefore known as the Coase conjecture: The fact that, absent commitment, a monopolist
provides its own competition because of the temptation to lower prices in the future. See Gul et al. (1986)
for a rigorous analysis of this phenomenon; see Waldman (2003) for a survey.

5 In this model, the choice of durability is the choice of quality of the used good. Therefore, the logic
driving the choice of durability is similar to the one driving the choice of quality for nondurable goods, as
first outlined by Spence (1975).



440 CHAPTER 6 Frictions in product markets

substitution effect that threatens the market for new goods (pushing toward reduced
durability). Hence, it is possible for monopoly durability to be higher than the amount
that would be chosen by a social planner.’®

Another way for a producer to affect the menu of qualities effectively avail-
able to consumers is to change transaction costs. An old intuition going back to
the Alcoa case (see the discussion by Swan, 1980) is that, because the used good
is a cheap substitute for the new good, increasing transaction costs—or even induc-
ing the used-good market to shut down—may in principle be a profitable decision
for a monopolist. However, there are many examples in which manufacturers seem
to intervene in the opposite direction. For instance, many manufacturers allow the
transfer of warranty coverage across owners. Car manufacturers encourage dealers
to accept trade-ins, and they design inspection programs and warranties for “pre-
owned” vehicles of their brand. Anderson and Ginsburgh (1994) show that, under
certain conditions, a monopolist may indeed wish to shut down the secondary mar-
ket. Hendel and Lizzeri (1999b) in contrast, show that if durability were endogenous,
a monopolist would prefer to reduce durability rather than shut down the secondary
market.

2.3 Empirical research

We now move on to contributions that discuss empirical patterns in secondary mar-
kets.

Porter and Sattler (1999) use data from title transfers for cars in Illinois to test
the predictions of a model of trade in durables as a result of quality decline over
time, similar to those discussed above. They exploit differences across model/years
in price declines over time. They find that the rate of decline of car prices over time
is negatively and significantly correlated with the length of ownership tenure, or with
the likelihood that the original owner does not sell the vehicle before the end of the
sample period.

Stolyarov (2002) numerically solves a model of secondary markets with transac-
tion costs in line with the model described above. He investigates resale rates across
car vintages. Specifically, he is interested in understanding why these resale rates in
the U.S. used-car market feature a “double-hump” shape: Young vehicles have low
resale rates; the probability of resale subsequently rises, peaks at around 3 to 5 years,
then it falls; it rises then again for vehicles approximately 10 years old. The model
is capable of replicating these “waves” in resale rates due to consumers’ equilibrium
responses to transaction costs. Young vintages do not get traded because they are rel-
atively close substitutes for new goods, so it is not worth incurring transaction costs to
upgrade. Once goods depreciate enough, trade rises. However, this applies mostly to

6 Rust (1986) assumes that depreciation is stochastic. Despite having homogeneous consumers, he finds
that the monopolist distorts durability. This is because the scrappage decision made by optimizing con-
sumers is different from the one preferred by the monopolist. If the monopoly were to rent the good instead
of selling, the monopoly solution would be socially optimal in his environment.
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the resale of goods that were purchased new. New goods are special because, by con-
struction, they are a vintage that gets fully traded for any level of transaction costs. In
contrast, resale for slightly older vintages would mostly appeal to those who bought
relatively young used goods—but we observe that very few of those were available
for purchase, so trade then falls as an echo of the low level of trade in these earlier
vintages. The next wave of high trade volume also takes place as an echo of the first
wave, and this requires time in order to justify bearing the transaction costs.

Schiraldi (2011) obtains an estimate of the level of transaction costs in the used-
car market based on 11 years of data on sales dates for individual cars over time
from a small province in Italy (Isernia). He estimates a demand model with random
coefficients. By comparing the share of consumers who choose to hold a given car
type each period with the share of consumers who choose to purchase the same car
type in that period, Schiraldi is able to identify time-varying transaction costs that are
conditioned on the car model. He finds sizable levels of transaction costs that have
been falling over time: The average transaction cost was €2700 in 1994, and dropped
to €1700 in 2004. He attributes this drop to a reduction in taxes and interest rates.
Schiraldi also finds that transaction costs are fairly disperse; for instance, in 2004 the
minimum is approximately €800 and the maximum is €4700. Schiraldi then uses his
structural model to study the effect of scrappage subsidies.

Chen et al. (2013) consider a similar model, but focus on the effects of the
secondary market on the primary market: They consider an oligopoly model with
forward-looking firms and compare the effects of secondary markets for both the
case of commitment and the case in which manufacturers lack commitment. They
show that smoother transactions in secondary markets harm firms’ market power by
as much as 35 percent. Interestingly, they also show, via a counterfactual, that, when
goods become less durable, the harm of secondary markets for producers is reduced.

Gavazza et al. (2014) consider a model that is related to Chen et al. (2013) and
Stolyarov (2002), but they focus on different issues. They allow for richer secondary
markets in part because they want to study how the extent of trade depends on the
degree of heterogeneity in preferences. The paper quantitatively investigates how the
distribution of non-durable consumption contributes to this heterogeneity by cali-
brating the model to match the aggregate volume of trade in the used-car market.
Specifically, they enrich the model to incorporate some features that are important in
the data, such as multiple cars per household and the combination of exogenous and
endogenous scrappage.

Gavazza et al. (2014) perform several counterfactuals to understand the func-
tioning of secondary markets and their impact on the market for new goods. They
examine the effects of transaction costs by comparing the baseline calibrated model
with two polar cases: frictionless secondary markets with zero transaction costs and
the complete shutdown of secondary markets with prohibitive transaction costs. We
naturally expect any changes in secondary markets to affect primary markets. Thus,
the supply response of new-goods producers is an important element in determin-
ing the welfare consequences of secondary markets’ frictions. They consider two
extreme supply scenarios that help highlight how primary markets adjust: (1) a per-
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fectly elastic supply—i.e., the price of new cars does not respond to changes in
transaction costs, but the quantity does; and (2) a perfectly inelastic supply—i.e., the
quantity of new cars does not respond to changes in transaction costs, but the price
does. These counterfactuals are useful for understanding the importance of transac-
tion costs for manufacturers, since they indicate that either output or prices change
when transaction costs change, even in an oligopolistic market for new cars. In these
counterfactuals, Gavazza et al. find that the impact of transaction costs on allocations
in both the secondary market and the market for new goods is large. In contrast, the
effects on aggregate welfare are small, although the distribution of these effects is
uneven, with low-valuation households suffering large losses from increases in trans-
action costs.

Barahona et al. (2020) examine the consequences of vintage-specific vehicle re-
strictions as a tool to reduce pollution caused by vehicle traffic. Driving restrictions
are a common (often temporary) policy response to heavy pollution in cities. Some
policies give drivers the incentive to buy a second, cheaper car that is therefore older
and potentially more polluting than the first one. Vintage restrictions that allow freer
access to less-polluting models generate the opposite incentive, by giving drivers the
incentive to switch to a cleaner car. Barahona et al. build on Gavazza et al. (2014),
discussed above, by incorporating an intensive margin of how much to drive. They
study a wide range of environmental policies similar to those implemented in a vari-
ety of countries and analyze the transitional dynamics following the introduction of
each policy (instead of focusing only on steady-state comparisons). They argue that
the most efficient policies are those that target the types of cars people drive—and
thus the composition of the fleet that will eventually obtain—rather than the number
of miles people drive.

Gavazza and Lanteri (2021) study the equilibrium dynamics that arise in con-
sumer durable goods markets in response to aggregate credit supply shocks. They em-
bed the vertical structure of durable goods discussed above into a general-equilibrium
model with heterogeneous households that face idiosyncratic income risk and bor-
rowing constraints. Their model successfully matches several empirical patterns of
U.S. car markets around the Great Recession. Specifically, after a negative credit
shock, debt-constrained households postpone the decision to scrap and upgrade their
cars. The economy experiences a period of low resale prices for used cars, which
reduces wealthier unconstrained households’ incentives to replace their cars, thereby
decreasing new-car sales.

One important limitation of the main model that has been used as a reference
point for the empirical contributions discussed so far is that it abstracts from features
such as horizontal differentiation among car models, as in Berry et al. (1995). It is in
principle straightforward to allow for additional vertical differentiation in the market
for new goods that is potentially preserved by used vintages—e.g., a 3-year-old Mer-
cedes would be equivalent to a new Toyota. However, it is difficult to integrate both
secondary markets with vertical differentiation and rich horizontal differentiation of
new (and used) car models. The focus of our discussion has been on the replacement
patterns that emerge from gains from trade due to vertical differentiation among dif-
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ferent ages of a given model of a durable good. Integrating both important aspects
of durable goods markets is still an important, largely open, question. The work of
Gillingham et al. (2019) is a recent exception. As in the literature discussed above,
they allow for transaction costs and vertically differentiated preferences. They add
multiple brands and individual choice-specific heterogeneity and show how to com-
pute such a model. They then calibrate it to Danish car data and evaluate two policy
counterfactuals: a registration tax and the merger of two car sellers.

2.4 Role of intermediaries in overcoming transaction costs

We saw above that sometimes manufacturers have both the incentive and the means
to affect transaction costs in secondary markets. We now discuss the role of third
parties such as intermediaries. Examples are pervasive: automobile dealers, aircraft
lessors, various used equipment brokers, and real estate agents.

Spulber (1999) builds on Coase’s fundamental insights regarding firms’ role in
reducing transaction costs. He provides a book-length treatment of firms’ role as
intermediaries between customers and suppliers.

Gavazza (201 1a) discusses the role of lessors in reducing frictions in secondary
markets for aircraft. He reports that, as of 2010, approximately one-third of all aircraft
operated by major carriers were under an operating lease—i.e., a rental contract be-
tween a lessor and an airline for use of the aircraft for a period of 4 to 8 years. Lessors
are active buyers on the primary market, and their acquisitions have increased over
time. Moreover, lessors are also active participants in secondary markets, since they
frequently buy used aircraft and, more importantly, lease out each aircraft several
times during their useful lifetime. Gavazza develops a model of aircraft transactions
to understand the role of lessors when secondary market trading is subject to frictions.
The model combines five ingredients: (1) Carriers have heterogeneous stochastic pro-
ductivity; (2) carriers have heterogeneous volatility in sales, and therefore need for
aircraft; (3) aircraft can be bought or leased; (4) carriers incur costs to sell aircraft;
and (5) lessors incur per-period costs to monitor their assets. Secondary markets allow
carriers to adjust their productive capacity in response to shocks. In this environment
Gavazza shows that leased aircraft change carriers more frequently and have higher
utilization. These phenomena are due to two effects. First, for any given carrier char-
acteristics, trading is less frequent for airlines that buy because transaction costs are
higher; second, there is a selection effect due to higher-volatility carriers who choose
to lease because they anticipate transacting more.

Gavazza (201 1a) uses a rich dataset on commercial aircraft to provide evidence on
the model’s qualitative implications. He finds that leased aircraft have: (1) holding du-
rations 38 percent shorter than owned aircraft and (2) flying hours 6.5 percent higher
than owned aircraft. The empirical analysis shows that leased aircraft are parked inac-
tive less frequently than owned aircraft, and that, conditional on being in use, leased
aircraft have a higher capacity utilization than owned aircraft. Moreover, he finds ev-
idence in favor of both effects highlighted by the model, but their empirical relevance
is lopsided: Most of the differential patterns in trading and utilization arise because
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ownership’s larger transaction costs widen owners’ inaction bands relative to lessees’,
and carriers’ self-selection into leasing plays a minor role. Finally, Gavazza calibrates
the model to investigate whether it is quantitatively consistent with the data. Interest-
ingly, the calibration shows that small differences in carriers’ volatilities can lead to
the observed larger differences in trading and utilization between leased and owned
aircraft, and confirms that self-selection of carriers does not play a dominant role.

3 Asymmetric information
3.1 Theory

3.1.1 Static adverse selection, exogenous ownership

It is natural to think that the current owner of a durable good has information about
its quality superior to that of potential buyers. This logic is presumably what led
Akerlof (1970) to prominently feature a used car in a leading role in his seminal
paper on adverse selection. Asymmetric information is one of the main sources of
potential impediments to trade. Akerlof’s model can partially fit within the model
outlined above in Section 2. One important difference is that in Akerlof’s model,
there is only a market for used goods and only one age of used goods; there is no
interplay between the used-good market and the market for new goods. He assumes
that the world begins with an owner of a used good who has valuation 6, for quality
and a potential buyer who has valuation 8y > 61 (more specifically in his example,
0L =1, g = 3/2). Therefore, it is common knowledge that there are gains from
trade: In an efficient allocation, the used good should be sold regardless of its quality.
Akerlof assumes that quality ¢ is distributed uniformly on [0, 1], and that the owner
knows g and the buyer does not. The key insight is that the sellers’ willingness to sell
a car at a particular price is a signal about the quality of the car.

The equilibrium for this example can be easily characterized. First, we need to
work out buyers’ beliefs about quality conditional on a car being for sale at a par-
ticular price. At a price P, a seller is willing to sell if and only if ¢ < P. Therefore,
expected quality conditional on availability is given by

P
E@©0<P)= ) (because of uniform distribution).
The utility of buying at price P is given by

éE(€|9§P)—P=§P—P=—1P§OforP§1.
2 4 4

Therefore, it is never optimal to buy. The only equilibrium is one in which there

is no trade: i.e., a complete market breakdown. This complete market breakdown

is a special case; in particular, it depends on the fact that valuations of the lowest

quality are the same for the buyer and the seller (in this case, because this quality is

zero). However, the idea of adverse selection as an impediment to desirable trades
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is general. Note that information asymmetry is essential to this outcome. If sellers
and buyers were equally informed, then trade for quality g could take place at some
price P (g) suchthatg < P (q¢) < %q. If, in contrast, sellers and buyers were equally
ignorant—with both having a uniform prior over unknown quality—then trade in all
qualities could take place at some price P! such that % <Pl < %. In either case, the
final allocation is efficient.

Adbverse selection has become an important source of potential market inefficien-
cies. Sometimes such inefficiencies are viewed as sufficient to warrant government
intervention. However, it is important to examine the tools a potential government
authority has that may ameliorate allocations in this environment. In the example
described above, it turns out that no improvement is possible if we expect budget
balance (no subsidies) and respect agents’ ability to walk away from an undesirable
transaction.

Of course, an equilibrium under adverse selection requires a potentially unreal-
istic amount of sophistication on the part of consumers. It is tempting to expect that
consumer naivete could improve outcomes by increasing consumers’ willingness to
pay for quality. However, this expectation is not necessarily warranted. For instance,
Esponda (2008) offers an equilibrium notion for economies with adverse selection
and a specific form of naivete on the part of consumers. He shows that in Akerlof-
type environments the adverse selection problem is exacerbated if the buyer is naive.

3.1.2 Dynamic trading with exogenous initial ownership

Akerlof’s (1970) model is static and considers a single opportunity to transact. In
many possible applications, if goods are actually durable—as in the case of used
cars—it is natural to think that nothing prevents market participants from attempting
to trade again after an initial period. Thus buyers whose initial offer is rejected could,
for instance, make additional, and potentially higher, offers. We could also consider
competitive equilibria with multiple periods and changing prices over time.

Janssen and Roy (2002) and Janssen and Roy (2004) extend Akerlof’s model
by allowing for trade to take place in a possibly indeterminate number of subse-
quent periods. Akerlof’s specific example with no trade survives such an extension.
However, this feature is a special case. Janssen and Roy (2002) consider competitive
equilibria and show that, when used-goods markets are open on many dates, more ad-
ditional trades are possible over time. Prices and traded qualities increase over time,
and the time to trade acts as a screening device because owners of high-quality cars
are relatively more willing to wait to obtain high prices compared with owners of
low-quality cars. However, a delay in trade for high-quality cars is necessary to in-
duce incentive-compatible trade, and this leads to a welfare loss. This welfare loss
does not disappear as the discount factor goes to one, or as the time between oppor-
tunities to trade shrinks to zero, because the welfare loss is intrinsic to the screening
process.

Horner and Vieille (2009) explicitly model the bargaining process in an environ-
ment similar to that of Janssen and Roy (2002) and compare equilibrium outcomes in
the case in which offers are private with the case in which offers are publicly observ-
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able. With public offers, in the unique equilibrium, trade is limited by the fact that
only the first offer is a “serious offer” at which trade may take place. If this offer is
rejected, no further serious offer is submitted on the equilibrium path. This equilib-
rium is somewhat paradoxical: At each time period, a buyer would submit a serious
offer if he were assured to be the last to bid. Thus it is precisely the competition from
future buyers that deters him from making such an offer. However, on the equilib-
rium path, all subsequent buyers also submit losing offers. In contrast, if offers are
secret, agreement is always eventually reached, albeit with delay as in Janssen and
Roy (2002).

Daley and Green (2012) extend the idea of dynamic trading by incorporating the
natural possibility that public information about the quality of the good arrives over
time. Specifically, they assume that the good is one of two possible qualities, and
model the news process as Brownian motion with a drift that depends on the quality
of the good. They then characterize the Markov equilibria of this model. The most in-
triguing aspect of their characterization is that equilibrium can feature the following
behavior. As information about quality becomes more favorable, and beliefs about
quality lie in some intermediate range, trade dries up and participants wait for news
in order to resume trade. When beliefs are very optimistic, equilibrium trade is im-
mediate and efficient. When beliefs are very pessimistic, trade is partial because the
high type rejects equilibrium offers, whereas the low type randomizes, and beliefs
evolve both endogenously, due to the improved selection of types, and exogenously
in response to the public news.

The literature on trading in asset market has also incorporated adverse selection
as an important ingredient at least since the work of Kyle (1985) and Glosten and
Milgrom (1985). The 2008 financial crisis has spurred a new wave of research on
potential market failures in secondary markets for financial assets and on the role of
government intervention in such markets. Particularly related to the material in this
chapter are Tirole (2012), Philippon and Skreta (2012), and Guerrieri and Shimer
(2014). Fuchs and Skrzypacz (2015), for instance, examine whether government in-
tervention can be beneficial in such dynamic markets. They show that restricting
trading opportunities after an initial round of trade is always optimal, because this
induces earlier trading.

3.1.3 Endogenous initial ownership

Let us now temporarily return to an environment in which there is a single opportu-
nity to trade a used good, and examine the interactions between the market for used
goods and the market for new goods. The same logic that suggests that owners of
a used good have private information about its quality suggests that the current po-
tential seller presumably bought the good when it was new. A natural question to ask
about the ownership arrangement assumed in Akerlof (1970) is how the low-valuation
consumer came to own the used car: In a model with vertical differentiation in which
consumers choose whether to buy new or used cars, as we saw in Section 2.1, only
high-valuation consumers would be used-car sellers. Thus, in such a model, the own-
ership arrangement Akerlof depicts would not arise. For instance, if new cars are
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produced only once, the equilibrium would involve higher types buying new goods
and holding on to used goods. Thus the equilibrium of this alternative model would
also feature zero trade in the secondary market. However, this allocation would be
efficient: The high-valuation consumer already owns the used good. These consid-
erations suggest that it is important to simultaneously model new and used goods
markets, and to incorporate the motives for trade—such as quality upgrading—in or-
der to understand the impact of adverse selection in durable goods markets such as
cars. Furthermore, it is of interest to understand the consequences for the new-car
market of potential adverse selection in the used market.

Hendel and Lizzeri (1999a) consider a model of the car market that is related to
the model of transaction costs discussed above. They consider a steady-state market
for durable goods, and assume that there is a constant flow of new cars produced
every period. New goods depreciate, and used goods have a distribution of possible
qualities. Consumers are infinitely lived and have per-period valuations for quality
denoted by 6, as in the model described in Section 2.1. These consumers self-select
into becoming new- or used-car buyers, depending on their valuation and the en-
dogenously determined average quality of used units. Ownership of used cars is thus
endogenous. Consumers who buy new goods decide whether to sell the used units,
and there is asymmetric information about quality.

Hendel and Lizzeri (1999a) find that, in contrast to the example in Akerlof (1970)
described above, the used market never shuts down and the volume of trade can be
quite substantial, even in cases of severe information asymmetries. The main reason
for the high volume of trade is that the source of gains from trade differs from that
postulated by Akerlof (1970). In this model, as in many markets for durable goods,
an important reason to sell a used good is to enjoy the higher quality offered by a
new one. Used-good sellers are also new-good buyers—i.e., they are the consumers
most sensitive to quality and who therefore have a high opportunity cost of holding
on to a lemon. Regarding welfare, the equilibrium allocation under adverse selection
is generally inefficient. However, Hendel and Lizzeri give an example in which the
equilibrium under adverse selection results in the first-best allocation; they also show
that increasing incentives to trade used units can lead to a less efficient allocation.
The reason for this finding is that, although increasing the volume of trade raises
the quality of traded used units, this increase is not necessarily welfare improving
because in this model (in contrast to Akerlof, 1970) the used-car buyers have lower
valuations than sellers of the used cars. They conclude that taking into account the
interactions between the new and used market lessens the impact of adverse selection.
Hendel and Lizzeri then show that their model predicts a different relation between
turnover and reliability across car brands, depending on whether the trade friction is
a transaction cost or asymmetric information.

In this type of dynamic environment, at the time of purchase of the new good,
there is no information asymmetry. Hence, there is interesting scope for contrac-
tual arrangements that could ameliorate the adverse selection problem. Hendel and
Lizzeri (2002) and Johnson and Waldman (2003) consider the role of leasing con-
tracts in the context of durable goods markets with adverse selection. Leasing con-
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tracts specify a rental price for an initial period—say, 36 months—and an option
price at which the lessee can choose to purchase the car at the end of the lease pe-
riod. Because this option price is set at the initiation of the lease, before the lessee
observes the quality of the used good, it can generate a degree of commitment to
trade regardless of the quality the lessee will later observe. Therefore, such contracts
can in principle ameliorate the adverse selection problem. Hendel and Lizzeri (2002)
show that it is typically not optimal, for either a monopolist or a social planner, to
set a prohibitively high option price that would lead to full trade. They also show
that leasing contracts can be used to profitably segment the market. They also argue
that optimal leasing contracts match some of the empirical patterns observed in the
contrast between leased and purchased cars in the U.S. car market.

Although consumers are infinitely lived in Hendel and Lizzeri (1999a), the papers
mentioned so far assume that goods last two periods. This assumption implies that,
as in Akerlof (1970), there is only one period in which trade in a specific used good
is potentially subject to adverse selection.

Hendel et al. (2005) combine the insights of Hendel and Lizzeri (1999a) and those
from the literature on dynamic trading, such as Janssen and Roy (2002). As in Hendel
and Lizzeri (1999a), Hendel et al. (2005) consider a model in which there is a flow
of new goods every period. In contrast to those papers, they allow markets for used
goods to be open at any relevant instant. In the simplest environment they consider
(called the simple depreciation model), goods are born with a deterministic quality.
Goods last an indeterminate amount of time and depreciate stochastically one step
at a time. Therefore, after a sufficiently long time, a good can in principle be any of
a large number of possible qualities. Hendel et al. consider the possibility that the
number of previous owners of a good, or the number of times the good has been
traded (they call this the vinfage of the good), can serve as an accurate signal of
the quality of the good. They show that this vintage pricing mechanism generically
leads to inefficient allocations with sales contracts, in which all vintages are owned
by a consumer. However, they show that there exist rental contracts (of indeterminate
termination) that lead to first-best allocations. Furthermore, such efficient contracts
are part of an equilibrium choice by competitive producers of the goods. The prices
in these rental contracts are the same as the equivalent full-information ones defined
in Eq. (1). Hendel et al. then extend the analysis to richer depreciation patterns and
show that similar mechanisms achieve approximate efficiency. This paper highlights
the fact that, in the case of durable goods, distortions due to adverse selection are
a result of the combination of asymmetric information and some other friction that
either does not allow markets to be open frequently enough or does not allow some
simple efficient contracts to be written.

3.2 Empirics

There have been several attempts to document the effects of adverse selection in the
used-car market. Some of the evidence is also discussed in the next subsection on the
emergence of intermediaries.
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The evidence is mixed. A general challenge of empirical tests of asymmetric in-
formation models is that the parties’ information may not be perfectly observed by
the researchers. An additional challenge faced by empirical studies on durable good
markets is that the transaction prices of used goods are frequently unreported in the
data or, if reported, may vary depending on parties’ bargaining power (rather than
quality), in contrast to menu prices in insurance or credit markets that are set by
insurers or lenders (Einav et al., 2021).

Among these studies, Bond (1982) and Bond (1984) compare the frequency of
maintenance of otherwise similar (age, mileage) pickup trucks purchased new and
trucks purchased used. He found no significant difference for younger vehicles, but he
found evidence of more frequent maintenance of older vehicles that were purchased
used. He interprets the latter as evidence of adverse selection. This interpretation
is reasonable, but there may be other interpretations; such patterns could in princi-
ple also arise if quality were observable. Lacko (1986) compares the owner-reported
quality of cars purchased from friends or relatives with that of cars purchased through
newspaper ads; his hypothesis is that friends are less likely to sell a lemon. He also
finds a difference only for older vehicles.

Gilligan (2004) uses data from the used business aircraft market to test the pre-
dictions made of Hendel and Lizzeri (1999a), Porter and Sattler (1999), and Hendel
and Lizzeri (2002). Gilligan finds an inverse relationship between depreciation and
trading volume for less reliable brands of used business aircraft, which suggests evi-
dence of adverse selection (according to the model of by Hendel and Lizzeri, 1999a).
He also finds an increase in the direct relationship between depreciation and trading
volume for aircraft models with relatively high lease rates, which is in line with the
logic of Hendel and Lizzeri (2002) discussed above.

Lewis (2011) examines the consequences of opportunities for quality disclosure
in the used car market. He uses data from eBay motors, which is a large used-car
marketplace in which sellers are able to post photos of their vehicles. He finds evi-
dence that the photos and text posted by the seller on the auction website positively
influence demand and transaction prices. He then shows that disclosure costs affect
how much information the seller decides to post, and these costs in turn lead to lower
average transaction prices.

3.3 Role of intermediaries in overcoming asymmetric information

The presence of distortions due to information asymmetries can lead to the emergence
of third-party institutions that have the technology to discover at least part of the in-
formation of privately informed agents and can then partially reveal it to uninformed
agents. These are known as certification intermediaries. There are many examples
of institutions that play this role: laboratories in markets for industrial products (a
famous example is Underwriters Laboratory) auditors, credit rating agencies, etc.
Biglaiser (1993) studies a model that considers whether, in a dynamic adverse
selection matching model, intermediaries can improve welfare. In his model the
middleman endogenously decides whether to become an expert who can discover
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information.” Lizzeri (1999) explicitly models the incentive for such intermediaries
to use their power and ability to manipulate their information revelation policy to ex-
tract surplus from both sides of the market. He studies a model in which two initially
uninformed buyers bid simultaneously to buy a product from an informed seller. In
the baseline case, in a market without an intermediary, transactions would occur at a
price equal to the expected value of the product. The intermediary is assumed to be
in a position to commit to a certification price and a disclosure rule. Lizzeri (1999)
shows that, if sellers pay to be certified, under an assumption about the density of
the quality distribution, the unique equilibrium involves the intermediary capturing
all of the surplus while revealing no information. This is therefore a model of a para-
sitic intermediary. Lizzeri then studies alternative scenarios, such as the case in which
buyers pay for the information, and the case in which there are multiple intermedi-
aries. In these cases more information is typically revealed. Dranove and Jin (2010)
survey some of the theoretical and empirical literature on this topic.

Genesove (1993) empirically studies the role of dealers in markets with asymmet-
ric information. He argues that different types of car dealers should have different
willingness to sell used cars in wholesale markets. In particular, Genesove distin-
guishes between dealers who exclusively sell used cars and dealers who also sell new
cars. He argues that the latter should be more eager to sell older used cars wholesale.
He finds evidence from used-car auctions that is consistent with this prediction.

Biglaiser et al. (2020) provide a model of used-car dealers as intermediaries who
ameliorate an adverse selection problem. In the model, dealers have a superior test-
ing technology and offer perfect warranties; they only sell cars that pass the test. The
main predictions of the model are: (1) there is a dealer premium for all ages; (2) the
dealer share declines in the age of the car; (3) the Dealer premium is hump-shaped
in dollar terms; (4) the dealer premium is increasing over time in percentage terms;
and (5) The dealer premium is higher for unreliable cars. Biglaiser et al. then provide
simple tests of these predictions by using rich data from Virginia and Pennsylvania.
The tests are successful in all dimensions. They also perform a separate supplemen-
tary test of asymmetric information from additional Pennsylvania data, and find that
cars sold privately are resold earlier.

4 Search frictions

A large literature has studied the role of search frictions in markets, with a wide range
of influential applications, such as labor markets (e.g., Mortensen and Pissarides,
1994; Rogerson et al., 2005); housing markets (e.g., Wheaton, 1990); and financial
markets (e.g., Duffie et al., 2005). Moreover, the theoretical and empirical literatures
on markets with search frictions have developed in a tightly connected manner, partly

7 Biglaiser and Friedman (1994) addresses similar issues in a moral hazard model with experience goods.
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because structural analyses have a strong tradition in this area, most notably in models
of the labor market (for a survey, see Eckstein and Van den Berg, 2007).

In this section, we survey some of the key theoretical models and empirical con-
tributions in the literature on consumer product markets. This literature has been
successful in accounting for a wide range of market outcomes that are at odds with
benchmark models with full information: price dispersion for identical goods, trad-
ing delays and unsold inventories, and the vertical structure of industries with retailers
and intermediaries. We refer the reader to Baye et al. (2006) and Anderson and Re-
nault (2018) for more thorough surveys of the literature on consumer search markets,
with a focus on theoretical contributions.

We should point out that the literature on consumer search is related to the litera-
ture on consideration sets. These two literatures share an interest in understanding the
details of the process that leads consumers to purchase a specific good, although they
emphasize slightly different aspects. For instance, the literature on consideration sets
originated in marketing, focuses mostly on consumers, and has a relatively stronger
empirical bent. In contrast, the literature on consumer search started in economics,
studies mostly equilibrium (i.e., demand and supply) models, and has a stronger theo-
retical input. Recently, the overlaps and common themes of these two literatures have
increased, partly because of greater data availability and the related increasing shift
toward empirical research. Honka et al. (2019) provide an insightful survey of the
relationships between these related literatures, and reviews several empirical papers.

4.1 Theoretical models

The starting point of the search literature is the observation that price dispersion is
ubiquitous even in homogeneous product markets, as noted in Stigler’s (1961) sem-
inal paper. The earliest contributions, including that of Stigler, focused on buyers’
search behavior in the face of a distribution of prices, but they did not explain how
sellers set these prices and what forces led to such price dispersion. Later contribu-
tions developed equilibrium models with a nondegenerate distribution of prices in
which buyers’ and sellers’ actions are mutually consistent, and emphasized the het-
erogeneity of buyers’ information as the key determinant of price dispersion.

The literature has since incorporated additional market features. Some of the main
features are (1) explanations for why ex ante identical consumers may endogenously
obtain heterogeneous levels of information in equilibrium; (2) an analysis of the pro-
cess by which consumers gather price quotes (e.g., the contrast between simultaneous
and sequential search); (3) the enrichment of seller strategies by allowing for price
advertising or obfuscation; and (4) incorporation of product differentiation, thereby
expanding consumers’ motives from simple search for the lowest price to a search
for the highest idiosyncratic match value. We group these theoretical models in five
main strands, though of course the boundaries between strands may not be sharp.

4.1.1 Information clearinghouse

In the first group of models, goods are homogeneous and consumers gather informa-
tion about prices through a clearinghouse, such as a newspaper or a price-comparison
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website (Salop and Stiglitz, 1977; Varian, 1980). In most models in this group, equi-
librium price dispersion arises from some ex ante heterogeneity across consumers or
firms. Specifically, in Salop and Stiglitz (1977) and Varian (1980), some consumers
are informed about all prices and buy from the lowest price seller, whereas other con-
sumers are uninformed and buy from a random seller. Given this heterogeneity, sellers
can choose to either set a high price and only sell to some uninformed consumers,
or set a lower price to also attract informed consumers; in equilibrium, sellers must
be indifferent between these alternative pricing strategies, and thus price dispersion
arises.

More formally, consider Varian’s (1980) model. N firms produce a homoge-
neous good at zero marginal costs. A continuum of consumers of measure one each
have unit demand and homogeneous valuation v.® An exogenous fraction 1 — A of
consumers is informed about all prices and buys at the lowest available price; the
complementary fraction A is uninformed and buys from a random supplier.

In this setting, there can be no pure-strategy equilibrium. In order to see this,
assume by way of contradiction that such an equilibrium exists. At any positive price,
the traditional Bertrand logic applies and each firm has an incentive to undercut rivals
and attract informed consumers. If price equals zero, then each firm makes zero profit.
But a deviation could then earn strictly positive profits by increasing the price to some
level p < v: at such a price, the firm will serve some uninformed customers. Thus, the
only possibility for an equilibrium is one in which some firms use mixed strategies,
and thereby feature price dispersion.”

In a symmetric mixed-strategy equilibrium, each firm chooses prices according to
the cumulative distribution function F (p). This distribution F'(p) has some important
properties: (1) it does not have any step, otherwise a firm could strictly increase its
profits by pricing slightly below the price with a mass point; and (2) the upper bound
of its support equals the monopoly price v, because only uninformed consumers buy
at the highest possible price, and thus sellers can extract all surplus from those buyers.
Moreover, because firms are indifferent between any price p in the support of the
equilibrium distribution F (p), the following indifference condition applies:

pO(p)=v0(v),
where
A N-1
Q(P)=N~I—(1—k)(1—F(P)) 2

is each seller’s demand function at price p. The first term in (2) is the demand of
uninformed consumers who buy at random from one of the N sellers; the second term

8 To simplify exposition, we assume throughout this section that buyers have unit demand, but if the profit
function is increasing in price up to the monopoly price, the results generalize to the case in which buyers
have a downward-sloping demand function.

9 Baye et al. (1992) study symmetric and asymmetric equilibria in Varian’s (1980) model, and show that
there is a continuum of asymmetric equilibria in which some (but not all) firms place a mass point at the
monopoly price.
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is the demand of informed consumers who buy at the lowest available price, because
in equilibrium a firm setting p is the cheapest seller with probability (1 — F(p))N 1.
Using F'(v) = 1, the equilibrium pricing strategy equals

F(p)=1 ~ Y1 = 3
@=1- (a5 ;1)) ®

for p € [p, v], where the lower bound p solves F(p) =0.

It is interesting to explore the comparative statics of the equilibrium price dis-
tribution. The distribution in (3) changes in an intuitive way when the fraction A of
uninformed consumers rises; specifically, prices are higher (in a first-order stochastic
dominance sense), and thus both types of consumers pay higher prices. The compar-
ative statics when the number of sellers increases are quite subtle. In this case, firms’
incentives to charge extreme prices increase, since a larger number of competitors
forces each seller to set lower prices in order to attract informed consumers. However,
a larger number of competitors also makes it relatively more profitable to target un-
informed consumers only, and thus sellers charge high prices more frequently. These
stronger incentives to set extreme prices imply that in equilibrium informed con-
sumers pay lower expected prices and uninformed consumers pay higher expected
prices when the number of sellers increases from N to N + 1.

4.1.2 Simultaneous search

In the second group of models, sellers and goods are still homogeneous, consumers
are also homogeneous ex ante, and consumers search simultaneously by choosing at
the beginning of the game the number of quotes to obtain from sellers, paying a per-
quote cost.'” Many simultaneous-search models require that consumers obtain their
first price quote for free in order to participate in the market and obtain non-negative
surplus.

Burdett and Judd (1983) develop one of the most noteworthy models with simul-
taneous search. We simplify its exposition in order to connect it to Varian’s (1980)
model described above by assuming that all consumers are ex ante uninformed, but
they can decide to become informed by paying a search costs s, which is common
across consumers. The connection between Varian (1980) and Burdett and Judd
(1983) makes it clear that clearinghouse models and simultaneous-search models
share many features, with the main difference being that consumers pay one cost
to observe all (or most) prices in clearinghouse models, whereas the cost is often per
quote in simultaneous-search models.

The ex ante homogeneity of consumers enlarges the set of possible equilibria.
Most notably, a monopoly equilibrium always exists in which consumers do not be-
come informed because they expect all firms to charge the monopoly price, and all

10 The literature on consideration sets described above is particularly close to the literature on simulta-
neous search, as it focuses on the first-stage process of selecting the number of sellers/products before
choosing one from among them.
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firms charge the monopoly price because firms expect consumers to not become in-
formed and therefore not compare prices. However, there is no equilibrium in which
all consumers become informed. If that were the case, all firms would set identi-
cal prices equal to the marginal cost, undermining consumer incentives to become
informed.

Burdett and Judd (1983) show that, if the search cost s is not too large, symmetric
mixed-strategy equilibria exist that display features similar to those in Varian (1980):
Sellers are indifferent between a range of prices chosen according to distribution (3),
and consumers are indifferent between becoming informed or not, with a fraction A
choosing not to become informed and the complementary fraction 1 — A choosing to
become informed. The critical fraction A satisfies

pu) —pr(d) =s, “4)

where py(A) and pj(X) are the expected prices uninformed and informed consumers
pay, respectively. The difference py (A) — pr(X) satisfies py(A =0) — p;(A =0) =
pu(A=1) — py(A=1) =0, and it is strictly increasing and then strictly decreasing
as A increases from O to 1. Thus, if s is not too large, up to two symmetric mixed-
equilibria exist, with the one with the lower A being a stable equilibrium and the one
with the higher X unstable.

Janssen and Moraga-Gonzalez (2004) build on Burdett and Judd (1983) to study
the interactions between consumers’ endogenous incentives to search (i.e., the num-
ber of sellers they sample) and oligopolistic pricing. This paper shows that there are
at most three equilibria with price dispersion, characterized by low, moderate, and
high search intensity. It further studies the effects of an increase in the number of
firms on consumers’ search behavior and expected prices, and notably determines
the conditions under which the equilibrium expected price increases in the number of
firms.

Armstrong and Vickers (2021) provide a general treatment of simultaneous-
search models by studying oligopolistic pricing in markets in which consumers may
differ in their consideration sets. They take as given the distribution of considera-
tion sets among consumers and study how the nature of this distribution affects the
nature of competitive interactions. A key object in their model is the degree of over-
lap among consideration sets, because this overlap affects the extent of competition
among firms. Armstrong and Vickers show that an important measure of the overlap
between any particular set of firms is the ratio of the reach of the set—i.e., the frac-
tion of consumers who consider all firms in the set—to the product of reaches of the
individual firms within the set.

4.1.3 Sequential search

Models with simultaneous, fixed-sample-size search suffer from the potential draw-
back that in some cases it may not be optimal for a consumer to obtain a fixed number
of quotes, as Rothschild (1973) recognized. If a consumer finds a low price, the ad-
ditional expected benefits of further quotes may be lower than the costs of gathering
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them. Hence, the literature has developed models in which consumers search sequen-
tially. Morgan and Manning (1985) provide conditions for either simultaneous or
sequential search to be optimal, and emphasize that simultaneous search allows the
decision maker to gather information more quickly than sequential search, but may
result in overinvestment in information.

Diamond (1971) is one of the first papers to consider sequential search in a market
with homogeneous buyers and homogeneous sellers. This paper obtains a result that
is known as the Diamond paradox: Regardless of the number of firms, the only equi-
librium features all sellers setting the monopoly price and consumers not searching at
all. The logic of this result is simple. Assume that consumers observe one price quote
for free, but they have to pay a search cost to learn each additional price. If firms
charge prices below the monopoly price, each firm setting the lowest available price
could increase its profits by increasing its price by a small amount—Ilower than the
search cost—because this increase would not trigger further consumer search. The
monopoly price is the only one without such incentives, and thus the only equilib-
rium. This outcome features no price dispersion and no consumer search.

The literature has attempted to overcome the Diamond paradox by introducing
heterogeneity among sellers and/or buyers. A critical step in these models, devel-
oped first by Kohn and Shavell (1974), is a characterization of consumers’ optimal
decisions in sequential search, later generalized by Weitzman (1979) as discussed
below. Consider n symmetric options, with associated utility u; distributed indepen-
dently and identically according to the cumulative distribution function F(-) with
support [g , ﬁ] Consumers have an outside option of uy and sample each new option
at cost s, but can recall a previously sampled option for free. In this sequential-search
environment, we can use backward induction to show that consumer behavior is char-
acterized by a stationary reservation utility a:

E (max{u —a,0}) = /u(u —a)dF(u)=s (®)]

that equates the benefit of an additional search to its search cost s. This reservation
utility determines the optimal stopping rule: If a < ug, consumers do not search; if
a > uo, they search until they find an option with utility of at least a, or, if they do not
find an option with utility greater than a, they pick the option with the highest utility
if it is greater than uy.

Stahl (1989) embeds this optimal decision in an equilibrium search model with
search cost heterogeneity among buyers. Stahl shows that a fraction of consumers
with zero search cost can account for both price dispersion and search in equilibrium.
More precisely, consumers with zero search costs visit all sellers and buy from the
cheapest one, whereas consumers with positive search costs follow the optimal se-
quential search (5) with reservation price r. Hence, the reservation price r becomes
the upper bound of sellers’ pricing strategy, because consumers with positive search
costs are the only consumers who purchase at the highest price. Therefore, sellers
face the same trade-off as that in Varian’s (1980) model between serving all con-
sumers with a low price and targeting consumers with positive search costs with a
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high price. In equilibrium, sellers are indifferent between a range of prices and the
mixed-strategy equilibrium equals the price distribution (3) with upper bound r. In
equilibrium, consumers with positive search costs search one seller only and buy
from it.

4.1.4 Sellers’ non-price behavior

A further strand of the literature considers the consequences of allowing sellers to
expand the scope of their activities. Starting with Butters (1977), some authors have
developed models in which sellers convey price information to consumers; for ex-
ample through advertisements. Consumers then choose from the set of firms they
become aware of. More recently, several papers go in the opposite direction and argue
that sellers strategically make their prices complex for consumers, thereby increas-
ing consumers’ costs of evaluating different products and firms’ market power (e.g.,
Carlin, 2009; Wilson, 2010; Ellison and Wolitzky, 2012).

To understand the role of price advertising, we discuss Stahl’s (1994) generaliza-
tion of Butters’s (1977) seminal model. N symmetric firms produce a homogeneous
good and can each send independent price ads to a fraction « of homogeneous con-
sumers with valuation v at a convex cost c¢(«). Firms simultaneously choose their ad
intensity « and price p.'!

In a symmetric equilibrium, all firms choose a pure strategy with the same ad-
vertising intensity o and a mixed strategy for prices, selecting them according to the
cumulative distribution function F(p). Firm revenues equal

pa(l—a+a(l—Fp)'=pa(d—aF(p)HV'. (6)

This expression combines effects from the by now familiar two groups of customers:
uninformed consumers, who receive ads from one firm only, and informed customers,
who receive at least one other ad from a rival firm at a price higher than p. Evaluating
firm revenues/profits (6) at the monopoly price v and exploiting indifference between
a generic equilibrium price p and the monopoly price v, the equilibrium distribution

of prices equals
1 v v
F(p)=—<1—(1—a)<—> ) (7
o p

In turn, the optimal ad intensity «; of firm i maximizes its profits, given the ad
intensity « of other firms:

maxve; (1 — o)V~ = c(o).
o

Thus, in a symmetric equilibrium o; = o satisfies:

v(1 =)V =( (). (8)

11 McAfee (1994) and Ireland (1993) develop models in which firms choose ad intensity in a first stage
and prices in a second stage.
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The equilibrium has some intuitive comparative statics. As the cost of advertising
drops, buyers become better informed through more ads, and thus equilibrium prices
also drop and converge to the Bertrand outcome; as advertising becomes more expen-
sive, fewer buyers become informed, prices rise, and the support of the distribution
of prices shrinks toward the monopoly price. More nuanced are the effects of a larger
number of firms on the equilibrium, which depend on advertising costs: Eq. (8) im-
plies that, when the marginal cost of advertising increases slowly, a larger number of
firms decreases both firm and industry advertising; thus, more consumers remain un-
informed and out of the market, and high prices are more likely, with lower expected
consumer surplus.

Robert and Stahl (1993) extend the above setting by allowing consumers to en-
gage in sequential search if they do not receive an ad with a suitably low price. The
equilibrium exhibits price dispersion as firms randomize between charging lower ad-
vertising prices and a high unadvertised price. A noteworthy result of their model
is that lowering the costs of the two information channels (i.e., firm advertising and
consumer search) has different effects on firm pricing: When advertising costs tend
to zero, consumers become informed almost surely and prices tend to marginal costs;
however, when search costs tend to zero, consumers remain uninformed and prices
are above marginal costs.

In contrast to these papers, in which sellers use ads to inform consumers, Carlin
(2009), Wilson (2010) and Ellison and Wolitzky (2012), among others, develop mod-
els in which sellers practice obfuscation by increasing consumers’ search costs, and
thus making it more difficult for consumers to evaluate different products.'” Specif-
ically, Ellison and Wolitzky (2012) modifies Stahl’s (1989) sequential search model
(reviewed above) so that search costs are convex rather than linear in search time;
hence, when a firm raises its search cost, it makes a consumer less willing to search
further. More precisely, they assume that a fraction 1 — A of consumers have zero
search costs and sample all sellers, whereas the other fraction A incur costs g(¢) to
spend total time ¢ searching, with g(-) increasing and weakly convex. Evaluation of
firm i’s price requires time T + f;, where 7 is exogeneous and #; is the obfuscation
level chosen by firm i. If obfuscation is costless to firms and t is not too large, they
show that it is individually rational for firms to obfuscate to and unilaterally raise
consumer search costs such that consumers sample one firm only, and the equilib-
rium price distribution equals (3) with upper bound v (the monopoly price).

4.1.5 Product differentiation

The last group of models we discuss introduces product differentiation and consumer
taste heterogeneity, thus changing the gains from trade and the search motives rela-
tive to the models described above. In homogeneous goods markets, consumers only
motive to search is to find low prices. When goods are differentiated, they search for
high match values, sometimes in addition to low prices. This group of models has

12 Fisher Ellison (2016) surveys many theoretical and empirical papers on obfuscation.
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developed in several directions by incorporating an increasingly rich set of features.
An important distinction among these models is the type of assumption they make
about consumers’ ex ante knowledge (i.e., before they search) regarding sellers’ dif-
ferentiation.

In the simplest cases, consumers view sellers as ex ante identical, search sequen-
tially, and thus sample sellers in random order. Wolinsky (1986) and Anderson and
Renault (1999) develop workhorse equilibrium sequential-search models with hori-
zontally differentiated products and ex ante identical sellers. They adapt the consumer
sequential search behavior we discuss above to the case with horizontally differen-
tiated products. They show that, although in equilibrium firms set identical prices,
consumer search behavior disciplines sellers’ prices. Consumers search to find a high
match value, and this search behavior disciplines firms’ pricing choices and reduces
equilibrium prices. Moreover, an increase in product differentiation increases con-
sumer search, which in turn increases competition among sellers, and thus may lower
prices. This interesting result is in stark contrast to an influential literature that shows
that, without search costs, an increase in product differentiation unambiguously in-
creases prices (Perloff and Salop, 1985).

Several papers build on the framework of Wolinsky (1986) and Anderson and
Renault (1999). Bar-Isaac et al. (2012) study sellers’ product design, and thereby
endogenize product differentiation. They find that a reduction in search costs can si-
multaneously explain the increase in superstar products with very broad appeal and
fringe goods in the “long tail.” Zhou (2014) introduces multiproduct firms and shows
that in an environment with consumer search, reducing the price of one product can
increase demand for a firm’s other products, thereby causing products to be com-
plements even when valuations are independent. When search costs decrease, this
complementarity becomes weaker, and thus prices may increase in equilibrium.

Alternatively, consumers may be aware of some ex ante differences among sell-
ers, because of different distributions of prices or match values, in which case their
sequential search depends on this ex ante differentiation, and therefore their search is
ordered or directed.'® Weitzman’s (1979) seminal paper analyzes consumers’ optimal
sequential search behavior with ex ante differences in the distributions of differenti-
ated products, thereby generalizing Kohn and Shavell’s (1974) case of identically
distributed products described above. Specifically, consumers know in advance the
distribution F;(-) of the utility of product i. Thus, generalization of the reservation
value a; (5) becomes

/ " (4= and Fiuw) = 5. ©)

Weitzman (1979) shows that consumers’ optimal behavior is to search these prod-
ucts in decreasing order of values a;, stop when the next product has a reservation

13 Wright et al. (2021) provide a thorough survey of the directed search literature, with a focus on mar-
kets with congestion and applications mostly outside IO (e.g., labor, housing, and monetary economics).
Armstrong (2017) also surveys ordered search models in consumer product markets.
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value below the best realization so far, and purchase the product with the highest real-
ized utility. An important effect is that consumers may choose not to start their search
with the product that has the highest expected value. This is because the option value
of a high realization also matters, which implies that higher variance is beneficial.
Moreover, consumers may optimally recall and purchase a product they evaluated in
previous searches if subsequent searches prove disappointing.

Studying sellers’ pricing and market equilibrium in Weitzman’s (1979) general
setting is complicated by the fact that many search paths could lead to purchase of the
same good, and thus describing the demand of each seller becomes cumbersome. The
literature has made progress by starting from simplified cases. Armstrong et al. (2009)
study product prices in a market with a prominent seller that all consumers sample
first before choosing to search other sellers randomly. They show that a prominent
firm charges lower prices than rivals because it faces more elastic demand, and thus
it is optimal for consumers to search this prominent seller first. Nevertheless, promi-
nence decreases consumer surplus and welfare relative to a market with completely
random search, because consumers search less when a firm is prominent, which in-
creases non-prominent firms’ prices and lowers aggregate output. Armstrong (2017)
shows that often models with ordered search exhibit multiple equilibria: The con-
sumer search order depends on which sellers choose lower prices, and the prices
sellers choose depend on their position in the search order; moreover, random con-
sumer search and symmetric prices, as in Wolinsky (1986) and Anderson and Renault
(1999), is one equilibrium.

Armstrong and Vickers (2015) are able to characterize sellers’ demand in a
duopoly market in which consumers observe prices ex ante and search sequentially
to discover match values by reformulating it as a discrete choice problem without
search frictions. Armstrong (2017) and Choi et al. (2018) generalize this insight in the
same setting, and thereby provide a powerful analytical tool that greatly improves the
tractability of the general ordered-search model. This general reformulation removes
the need to keep track of different purchase paths described above, and thus allows
researchers to apply existing results on equilibrium in markets with a discrete-choice
demand. Moreover, Choi et al. (2018) provide sufficient conditions that guarantee
the existence and uniqueness of the market equilibrium, and show that sufficient con-
sumer heterogeneity is crucial for the existence of a pure-strategy equilibrium. An
interesting result of these models with observable prices is that equilibrium prices are
usually lower when search costs are higher, because firms have greater incentives to
be sampled first when search costs are higher.

Haan et al. (2018) emphasize that price observability has important consequences
for market outcomes. They build a directed consumer search model in which con-
sumers partially observe firm attributes, and show that prices and profits are lower
when consumers observe prices before search than when they do not.

While the above papers consider sequential search models with differentiated
products, Chade and Smith (2006) characterize the optimal portfolio choice in a
simultaneous-search model with ranked stochastic options. Moraga-Gonzalez et al.
(2021) develop an equilibrium model with simultaneous search and differentiated
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oligopolists; they show that, although prominent firms charge higher prices than
non-prominent firms, both prices are below the symmetric equilibrium prices. Thus
prominence increases consumer surplus, in contrast to Armstrong et al.’s (2009) re-
sults (reviewed above) in a sequential-search setting.

4.2 Empirical contributions

A large series of papers empirically study consumer search. Development of the inter-
net and online markets, with the associated wealth of new data on the search process,
has increased the attention economists have devoted to these topics. There is also a
large number of contributions by researchers in information systems and marketing.

An important challenge the empirical search literature faces is distinguishing
heterogeneous consumer information and/or search costs from unobserved hetero-
geneity in consumer preferences for differentiated sellers (for example, because of
their different locations or reputations), even when they sell homogeneous items.
This challenge is common to the literature on state dependence, inertia, and switch-
ing costs, as recognized at least since Heckman (1981) and Heckman and Singer
(1984). The theoretical restrictions implied by sellers’ optimality conditions or the
institutional features of some markets have often been crucial in separately identify-
ing consumer information and consumer preferences, as some papers reviewed below
illustrate.

4.2.1 Descriptive papers

Analogous to the theoretical literature, price dispersion has been a central focus of
many early empirical papers. These papers document price dispersion and examine
how it varies with consumer, seller, and product characteristics. Sorensen (2000) doc-
uments large price dispersion in retail markets for prescription drugs. Interestingly,
he shows that the degree of dispersion decreases for drugs that consumers purchase
more frequently—a reasonable proxy for consumers’ incentives to become informed.
Calem and Mester (1995) present empirical evidence of consumers’ limited search in
the credit card market and argue that they account for the high interest rates, high
profits, and imperfect competition in the industry that Ausubel (1991) previously
documented. Similarly, Stango and Zinman (2016) find that heterogeneous shop-
ping/search behavior across consumers drives the large cross-individual dispersion
of interest rates among borrowers with similar observable characteristics in their
credit card data. Lach (2002) analyzes the persistence of price dispersion across
stores over time for four homogeneous products in Israel. He documents a large intra-
distribution mobility of stores in the distribution, which is broadly consistent with the
mixed-strategy equilibria of the search models discussed above. Chandra and Tappata
(2011) use gasoline price data to show that retail price dispersion decreases as whole-
sale costs increase, which consistent with the fact that consumers search more when
prices are high, as reported by Lewis and Marvel (2011). Kaplan and Menzio (2015)
use the Kilts-Nielsen Consumer Panel dataset to study the shape and structure of the
distribution of prices of identical goods sold in a given market and time period; they
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find that consumers who pay lower prices visit a larger number of stores instead of
shopping more frequently at the same store.

Other papers test the implications of search theory for the behavior of searching
agents. Among these, Genesove (1995) uses data on both accepted and rejected offers
received by car sellers to study their decisions to accept or reject an offer as the
outcome of a search reservation strategy, as described by Eq. (5) above.

4.2.2 Estimation of simultaneous-search models

After some of the early descriptive studies on price dispersion, several researchers
have attempted to estimate search models to infer search costs, and often find rela-
tively high monetary values of these costs. As in the theoretical literature, the earliest
contributions focused on the simplest cases with homogeneous goods, and later con-
tributions incorporated richer features, such as product differentiation and/or price
advertising.

Homogeneous goods/sellers—Hong and Shum (2006) recover the distribution of
search costs by estimating simultaneous- and sequential-search models with homo-
geneous goods. One important contribution is showing that the distribution of search
costs can be recovered from price data only by exploiting the theoretical restriction
whereby the observed price distribution F,(p) is the mixed strategy played by ho-
mogeneous sellers. Specifically, in their simultaneous-search model based on Burdett
and Judd (1983), sellers’ profits equal

~+00
(P—0) Y a1 = Fp(p))* ",

k=1

for all prices p observed in the data, where c is the marginal cost and the g are the
proportions of consumers with & price quotes. Critically, indifference requires that all

n sample prices p; fori =1, ..., n of the empirical distribution F p(pi) satisfy
K
P—oq=pi—c) Y aq(l—Fp(p)", (10)
k=1

where p is the highest sample price and K is the maximum number of firms from
which a consumer obtains a price quote. The indifference condition (10) holds at
each sample price p; < p, thereby yielding a system of n — 1 equations that can be
solved to estimate the K <n — 1 unknowns {r, q1,...,qx—1}.

In turn, the proportions g satisfy

q=1-Fs(Ay),
qr = Fy (Ak—1) — Fs (Ag) fork > 1,

where Fj(-) is the distribution of search costs and Ay equates the search cost with the
expected savings of an additional search:

Ay =Ep1k — Ep1 k41, (11)
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where Ep; i denotes the lowest price out of k draws from the equilibrium price dis-
tribution F,(p). Eq. (11) generalizes Eq. (4) to the case of heterogeneous search
costs: Consumers with search costs above A; obtain only one quote, and consumers
with search costs between A;_; and Ay obtain exactly k quotes. Hence, the distri-
bution F;(-) can be nonparametrically estimated by using the estimated values of
{a1.....qx1}."

Hong and Shum (2006) illustrate their methodology by estimating the model us-
ing online prices for popular textbooks, and find that, for several textbooks, more than
60 percent of consumers search one seller only, and thus have nontrivial search costs.

Heterogeneous goods/sellers—Wildenbeest (201 1) extends the simultaneous-search
framework by introducing vertically differentiated sellers, and shows that the model
is identified from price data only. The model is estimated on U.K. data from grocery
items. The estimates suggest that seller heterogeneity accounts for approximately 60
percent the observed price variation in these data, and search frictions account for the
remaining 40 percent.

De los Santos et al. (2012) exploit data on web browsing and consumer purchases
to argue that simultaneous, fixed-sample-size search provides a more accurate de-
scription of search behavior than sequential search, based on two patterns in their
data: (1) consumers frequently recall a product that they previously sampled; and (2)
consumers’ decision to continue searching does not depend on the realized prices of
their previous searches, whereas consumers searching sequentially should continue
searching when they sample a relatively high price. Hence, they use the simultaneous,
fixed-sample-size search model with heterogeneous sellers to the estimate demand
elasticities of online bookstores, and find larger elasticities than in standard models
that assume consumers consider all firms.

Woodward and Hall (2012) document a large price dispersion in broker fees in
the U.S. mortgage market. They consider a framework in which each borrower seeks
initial quotes from N brokers with heterogeneous costs and uses these quotes to nego-
tiate until the process ends with one quote no other broker is willing to beat, similar to
a second-price auction. They argue that most borrowers overpay for brokers’ services
because they seek only a few quotes.

Honka (2014) estimates a simultaneous-search model of the auto insurance indus-
try by exploiting data on individual-specific consideration sets, and finds that large
search costs account for the high retention rate in the industry.

Sellers’ non-pricing behavior—Ellison and Ellison (2009) provide extensive em-
pirical evidence on obfuscation among online retailers. They show that although the
internet generally facilitates search, it also allows firms to make consumer search
more difficult. They argue that this sellers’ practice is a main reason for why the
internet had a smaller effect on the reduction of transaction prices and of their disper-
sion than initially predicted.

14 Moraga-Gonzilez et al. (2013) and Sanches et al. (2018) extend this methodology.
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Galenianos and Gavazza (2020) develop and calibrate a nonsequential search
model of the credit card market with differentiated products that incorporates the
main feature of Butters’s (1977) seminal contribution (reviewed above)—i.e., sellers
sending price offers to prospective buyers. They document that many households re-
ceive many preapproved credit card offers, but nevertheless borrow at high and very
dispersed interest rates. Their calibration suggests that most borrowers examine few
of the offers they receive, thereby forgoing cards with low interest rates and high
non-price benefits, and account for an inelastic demand and high lender profits.

4.2.3 Estimation of sequential-search models

Random search—Sirri and Tufano (1998) argue that search costs are an important
determinant of investors’ mutual fund choice. Hortagsu and Syverson (2004) build
on this insight and estimate a sequential, random-search model with vertically differ-
entiated goods using data on S&P 500 index mutual funds. They document large fee
dispersion across seemingly homogeneous financial products such as index funds.
They aim to understand the sources of this dispersion, distinguishing between het-
erogeneous search costs and vertical differences among funds.

In their model, all consumers combine fees p; and fund characteristics W, which
are observable to consumers and the econometrician, and fund characteristics £},
which are observable to consumers but not to the econometrician, of mutual fund j
according to the following utility function:

uj=W;p—p;+5§j, (12)

where the parameters 8 are common across all consumers.

The heterogeneity across consumers lies in their search costs ¢, distributed ac-
cording to the cumulative distribution function G(-). Consumers search funds se-
quentially, sampling fund k with probability p; on each search. In the typical random
search model, funds have equal sampling probabilities, px = %, but Hortagsu and
Syverson also consider the case in which these probabilities can vary across funds,
depending on some observable fund characteristics Zj, according to the functional

z . .
form pr = N—kz‘* Hence, consumers stop searching when they find a fund yield-
j=1%j
ing utility that exceeds their reservation utility, as in (5). This search rule yields the
lowest search costs ¢; of any consumer who purchases fund j:

N
ci=> pjux—uj). (13)
k=j

where funds are ordered according to their utilities, u; < ... < uy, and consumers
know the empirical cumulative distribution function of utilities 4 >~ T[u; <u].
Based on these cutoff values (13), fund market shares can be defined recursively:

q1=p1 (1 = G(c1), (14)
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To understand the market share ¢ in (14), notice that the only consumers who buy the
lowest-utility fund u; are those who draw it first, which happens with probability p,
and have search costs higher than c|. The market share g; of good j in (15) follows
a similar, though slightly more complex, intuition.

Hortagsu and Syverson further specify a supply side with optimal pricing. Given
market size S, fund j profits equal:

I; =S8q;(p, W)(p; —mc;).
Hence, optimal fund fees satisfy:

51](17’ W)

=0. (16)
ap;

q;(p. W)+ (pj —mc;)

Hortagsu and Syverson estimate several versions of their model, depending on
whether sampling probabilities p; vary across funds and whether funds’ nonfinan-
cial characteristics affect consumers’ utility—a model with both unequal sampling
probabilities and fund nonfinancial characteristics is not identified with their data.

In the version with heterogeneous sampling probabilities and without nonfinancial
characteristics, funds can be ranked based on their prices. With parametric assump-
tions on the search cost distribution G (-), the N — 1 market share equations (15) and
the N pricing equations (16) can be combined to estimate the parameters of the sam-
pling probabilities and of the search cost distribution, as well as marginal costs, using
nonlinear least squares. The estimation of this version fits the data very well, and
reveal that substantial asymmetries in funds’ sampling probabilities are necessary to
explain the data and that search costs are small: The median search cost equals $5 per
$10,000 invested.

In the version with equal sampling probabilities and with fund nonfinancial char-
acteristics, funds can be ranked based on their market shares. Assuming that marginal
costs are known, the market share equations (15) and the pricing equations (16) non-
parametrically identify the distribution of search costs and fund utilities. In turn, using
(12), consumers’ preference parameters about fund nonfinancial characteristics can
be estimated. Estimation of this version reveals that these nonfinancial characteristics
of funds are quite important for consumers, and search costs are again small.

Ordered search—Several empirical papers use an ordered-search framework to
study markets for consumer products. Some of these papers focus only on the con-
sumer side by exploiting data on internet searches. Among these, Kim et al. (2010)
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and Kim et al. (2017) map Amazon.com’s view rank data—which contain infor-
mation on which other products consumers viewed in the same session—onto a
sequential-search model. Jolivet and Turon (2019) exploit inequalities in Weitzman’s
(1979) search-and-purchase problem to set-identify preferences and search costs us-
ing data from CDs sold on a French internet platform; their estimates imply quite
heterogeneous and sometimes large search costs.

Ellison and Ellison (2018) focus on sellers’ pricing in markets in which match
value is important, without rationalizing the consumer search process. They develop
and estimate a model in which sellers with heterogeneous customer arrival rates set
prices to sell to high match-value customers. They show that improvements in inter-
net search technologies may increase price dispersion, seller profits, and consumer
surplus in the market for used books.

Other papers consider markets in equilibrium (i.e., demand and supply). Allen et
al. (2019) develop and estimate a sequential, ordered-search model of the Canadian
mortgage market. They document that most mortgage borrowers exhibit loyalty to
the bank with which they have an established relationship through a deposit account,
and they incorporate this relevant starting condition in their sequential-search model.
They estimate substantial consumer search costs and brand loyalty, which confer to
banks a quasi-monopoly over their customers, with sizable effects on their profits.
Using similar Canadian mortgage data, Allen et al. (2014) document that bank merg-
ers reduce the dispersion of prices because they reduce the bargaining leverage of
consumers with the lowest search costs.

Moraga-Gonzalez et al. (2018) exploit the theoretical insights of Armstrong
(2017) and Choi et al. (2018), which reformulate the optimal sequential consumer
search as a discrete-choice demand, to study market equilibrium in the Dutch au-
tomobile industry. Their estimates of search costs are quite large and indicate that
consumers consider a few sellers only. Moreover, they show that own-price elastici-
ties are lower and markups are higher than if they assume that consumers have full
information.

Models with additional features—Galenianos and Gavazza (2017) estimate a dy-
namic equilibrium search model of the retail market for illicit drugs that builds on
Galenianos et al. (2012) to understand how the observability of quality at the time of
the transaction, as well as repeat purchases, account for the dispersion of gains from
trade across transactions. Buyers search for high-quality drugs, but they determine
drugs’ quality/purity only after consuming them (i.e., they are experience goods).
Hence, sellers cheat first-time buyers or offer higher-quality drugs to induce buyers
to purchase from them again. In equilibrium, a distribution of qualities persists, be-
cause of traditional search frictions and the imperfect observability of drug quality.
Their estimated model implies that if drug quality/purity were observable, the aver-
age purity of drugs would increase and the dispersion would decrease substantially,
which implies that imperfect observability of quality is the main reason for its dis-
persion.

Coey et al. (2020) build a model of consumer search in which consumers are
willing to pay more as a deadline approaches, which demonstrates that buyers’ reser-
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vation prices increase over time, and thereby account for price dispersion and the
coexistence of different selling mechanisms, such as auctions and posted prices. They
estimate their model using data on online retail sales from eBay and show how, in the
presence of deadlines, an increase in platform fees can increase the share of listings
with posted prices relative to those with auctions, consistent with the trend docu-
mented by Einav et al. (2018).

4.3 The role of intermediaries in search markets

As in the case of other frictions discussed previously, the presence of search frictions
allows for the possibility that third-party agents intermediate transactions between
buyers and sellers. Such intermediaries may provide value to consumers by reduc-
ing search costs. Intermediaries may take several different forms, depending on the
exact type of frictions and the precise nature of the gains from trade—i.e., whether
consumers are searching for prices or for high match values. Nevertheless, an im-
portant distinction is whether intermediaries take ownership of the goods and build
inventories—Ilike dealers and retailers—or serve as information intermediaries that
help consumers in their search process—e.g., brokers, real estate agents, financial
advisors, platforms, or recommender systems. 15

In some markets, the distinction between the two types of intermediaries is often
not clear cut. For example, in the case of over-the-counter bond markets, most dealers
perform both principal trades and agency trades, with no obvious difference between
the two types of trades for buyers and sellers. In other markets, information interme-
diaries may have greater experience and knowledge than some buyers about specific
characteristics of different products and/or sellers, in which case intermediation is
frequently bundled with some advice, which may lead to conflicts of interest.

Our review of intermediaries in search markets is selective, and we refer interested
readers to the chapter by Jullien et al. (2021) in this Handbook for an insightful
discussion of the literature on platform intermediaries.

4.3.1 Theoretical contributions

Physical intermediaries—Rubinstein and Wolinsky (1987) provide a framework to
analyze the activity of intermediaries in search markets by building a dynamic two-
sided search model in which intermediaries shorten the time agents have to wait to
find a trading counterparty. The paper is noteworthy because, among other reasons,
it highlights that intermediation may not benefit buyers and sellers, even if the inter-
mediaries have a trading technology superior to that of buyers and sellers.
Specifically, consider a market for an indivisible homogeneous good, with three
groups of agents: buyers with valuation one, sellers with valuation zero, and interme-

15 Hagiu and Wright (2015b) and Hagiu and Wright (2015a) analyze intermediaries’ organizational
choice. Similarly, Rust and Hall (2003) develop a model in which the microstructure of trade in an as-
set is endogenously determined, and Spulber (2002) studies how the organization of the intermediation
market affects buyers’ and sellers’ incentives to invest.
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diaries with valuation zero. Trades take place over time, with all agents discounting
the future at the common rate §. A constant flow of e buyers and e sellers enter the
market in every period, and leave the market after they trade; intermediaries stay in
the market forever and, for simplicity, each intermediary can have at most one unit of
inventory.

A steady-state equilibrium features constant measures Lp of buyers, Lg of sell-
ers, Ly of intermediaries with the good, and Lj; of intermediaries without the
good. In each period, the pairwise meeting process between agents is described by
probabilities ap (L, Ls), as(Ls, Lp), B (Lp,Lum), Bs(Ls,Ln), yn (Ln, Ls),
and yy (Ly, Lp), where, for example, ap is the probability that an individual
buyer directly meets a seller, and similarly for the other probabilities. In a symmet-
ric case, Lp = Lg = L and Ly, = Ly = K, and the above probabilities simplify
o =us=up, B=Pp=Ps,and y = yy = yn; in steady state, these matching prob-
abilities require

a(L,L)L+y(K,L)K =e,
where a(L, L)L is the aggregate number of direct trades between buyers and sellers,
y (K, L)K is the aggregate number of intermediated trades, and the equality follows
from the steady-state requirement that the number of buyers or sellers exiting the
market must equal the number of entrants e.
When agents meet, they trade at the price P;;, paid by agent j to agent i, deter-

mined by the Nash (1950) bargaining solution with equal weights.
Two possible cases arise in equilibrium:

1. If intermediaries are not active, i.e., K =0, then y(K, L) < a(L, L) and Psp =
1/2.
2. If intermediaries are active, i.e., K > 0, then y (K, L) > a(L, L) and
Psp=(1+Vs—Vp)/2,
Psy = (Vi + Vs — Vn) /2,
Pyp=0-Vy—=Vp+Vy)/2,

where the values V; are the nonnegative solutions to the system:

Vs=8@@(1+Vs—=Vp)24+B(Vy+Vs—VNn)/24+ A —a—p)Vs), (17)
Vp=8((1—=Vs+Vp)/24+B0+VN+Vg—Vy)/24+ (1 —a—pB)Vs),

(18)
Vu=38(y (1+VNn—-Ve+Vy) 24+ —-y)Vn), 19)
V=38 (Vu—-Vs+Vn)/2+0—-y)VN). (20)

To understand these equations, consider that the value of an unmatched seller in
(17) equals the expected discounted value of meeting a buyer, which happens with
probability «, and trading at price Psp; or meeting with an intermediary, which hap-
pens with probability 8, and trading at price Psy; or remaining unmatched, which
will happen with probability 1 — o — B. Similarly for the other Egs. (18)—(20).
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The two possible cases characterized above make it clear that a market with active
intermediation requires that intermediaries are at least as efficient as regular buyers
and sellers in meeting counterparties. This is intuitive, since the intermediaries can
profit only if they reduce the trading delays of buyers and sellers, which is the only
friction/inefficiency in the model.

The equilibrium with intermediaries displays some interesting features. First, the
presence of intermediaries does not necessarily benefit buyers and sellers. Specifi-
cally, the difference between Vp + Vs in a steady-state equilibrium with intermedi-
aries and its value in a state-state equilibrium without intermediaries depends on the
specifics of the meeting probabilities, and thus intermediaries may reduce buyers’
and sellers’ joint welfare.

Second, an asymmetry between buyers and sellers arises when prices are deter-
mined by the Nash bargaining solution, as in the above case; notably Vs < Vp and
Psp = 1/2—i.e., the equilibrium outcome favors buyers. Moreover, the difference
Vs — Vp grows larger as B, the probability that buyers or sellers trade with an inter-
mediary, grows. The reason for this asymmetry is that the price the intermediary paid
to the seller is sunk when the intermediary resells the good to the buyer, and thus
buyers can extract a share of the whole surplus larger than that of sellers in the bar-
gaining. This effect is stronger the larger the share of intermediated trades. Of course,
different pricing protocols may restore symmetry between buyers and sellers.

Information intermediaries—Baye and Morgan (2001) extend Varian’s (1980)
framework to study the interaction between the information clearinghouse’s fee-
setting decision and the competitiveness of the homogeneous product market it
serves. The clearinghouse charges fees to firms to post prices on its site, and to
consumers to access the list of posted prices. The paper shows that introducing this
market for information may not increase welfare.

Several other papers analyze how platforms and recommender systems, such as
price-comparison websites, affect the ease of consumer search on the platform and
market efficiency, and highlight several reasons these intermediaries may not offer the
best matches (e.g., Hagiu and Jullien, 2011; De Corniere, 2016; Wang and Wright,
2020). More generally, a related literature considers the effects of advisors who have
information superior to that of buyers and/or sellers. A common theme is that con-
flicts of interest, often because of commissions, may distort brokers’ advice away
from the first-best. These conflicts have been analyzed extensively in the case of fi-
nancial advice, but they arise in many other professional services, such as real estate
brokers, doctors and health care specialists, and legal services, among others. Inderst
and Ottaviani (2012) provide an insightful overview of the main economic issues
emphasized by the literature, as well as related policy interventions.

4.3.2 Empirical contributions

The empirical literature has considered many markets, each with its own regulatory
and institutional characteristics. The richness of these studies enables useful com-
parisons. Several empirical studies support the theoretical finding that intermediaries
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do not always increase overall welfare, because they may exploit their expertise to
capture surplus.

Physical intermediaries—Gavazza (2016) develops a search-and-bargaining model
of a decentralized market that builds on Rubinstein and Wolinsky’s (1987) framework
described above, and estimates it using business-aircraft data. The estimates imply
that trading frictions create large welfare losses and that dealers play an important
role in reducing frictions. However, dealers reduce aggregate welfare because they
extract almost all surplus that they create, and they impose a negative externality on
buyers and sellers by decreasing the number of direct transactions among them.
Similarly, Farboodi et al. (2019) argue that rent-extraction motives may account
for intermediation in asset/durable goods markets, and thereby lower social welfare.

Information intermediaries— Several papers document the positive effects of in-
formation intermediaries such as price-comparison websites. Brown and Goolsbee
(2002) show that the emergence of internet comparison shopping sites reduced the
transaction prices of life insurance policies by reducing search costs for consumers.
Baye et al. (2004) document that price dispersion is greater when few sellers list
products on a price comparison site than when many sellers do. Grennan and Swan-
son (2020) find that hospitals pay lower prices for medical devices after joining a
price-benchmarking database. Brown (2019) exploits the introduction of a price-
transparency website that informed a subset of consumers of medical imaging ser-
vices. He builds an empirical model of demand and supply that incorporates con-
sumers’ limited information about prices, and finds that equilibrium prices would be
lower if all consumers were fully informed.

Salz (2021) finds positive effects of search brokers in business-to-business trans-
actions. He develops a search model in which intermediaries affect buyer welfare
both directly, by reducing the expenses of buyers with high search cost, and indi-
rectly, through a search externality that affects the prices paid by buyers who do not
use intermediaries, consistent with Varian’s (1980) model reviewed above. He es-
timates the model using data from New York City’s trade waste market, in which
buyers can either search by themselves or through brokers, and shows that interme-
diaries benefit buyers in both the brokered market and the search market.

Donna et al. (2021) develop an equilibrium model with costly consumer
search and two distribution channels—vertically integrated manufacturers and
intermediaries—in which intermediaries reduce search frictions and provide con-
sulting services. They estimate their model using data from the outdoor advertising
industry and find that intermediaries increase welfare.

In contrast to the previous papers that document the positive effects of interme-
diaries, several papers demonstrate that differential expertise between brokers and
consumers, as well as brokers’ commissions, generate conflicts of interest that reduce
consumers’ benefits from intermediaries. For example, Levitt and Syverson (2008)
find that real estate agents convince their clients to sell their houses too quickly,
which leads them to accept low prices. Bergstresser et al. (2008) analyze the role
of financial advisers in the mutual fund industry and find that they do not deliver
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substantial tangible benefits to their clients. Egan (2019) studies how brokers distort
household investment decisions in the convertible bond market. He documents that
households often purchase expensive bonds when otherwise identical cheap bonds
are also available, and that brokers earn greater commissions on more expensive
bonds. He develops and estimates a search model with intermediaries, and finds that
costly search is a key friction whose effects are compounded by brokers’ incentives
to recommend high-fee inferior products to consumers. Robles-Garcia (2019) pro-
vides a more nuanced analysis of the effects of brokers in the U.K. mortgage market:
She documents that, although the commissions lenders pay to brokers distort brokers’
advice to borrowers, brokers do increase the sales of lower-cost lenders, and thereby
increase the overall competitiveness of the market.

Finally, a few papers study platforms’ and information intermediaries’ trade-offs
in helping consumers. Dinerstein et al. (2018) examine the design of e-commerce
platforms that guide consumers who search for products with both high match values
and low prices. They exploit a change in eBay’s marketplace design that narrowed the
number of listings displayed to consumers and prioritized low-price sellers. They find
that the impact of the platform design varies considerably across product categories,
depending on their differentiation, with more homogeneous products experiencing
the largest declines in posted and transaction prices.

Bar-Isaac and Gavazza (2015) studies how parties design contracts to provide
intermediaries with incentives in markets in which match values are important by
empirically analyzing contractual agreements between landlords and real estate bro-
kers in the Manhattan residential rental market.

5 Matching frictions

Closely connected to search frictions are matching frictions that potentially make it
difficult or altogether prevent profitable meetings between partners who would other-
wise be able to exploit gains from trade. The chapter by Agarwal and Budish (2021)
in Volume 5 of the Handbook discusses studies that explore the role of centralized
matching processes, as in education or residency programs. There is a large litera-
ture in the labor/macro field that considers how matching frictions in decentralized
markets may affect allocations, and then discusses how such frictions should inform
labor market policies (for a survey, see Petrongolo and Pissarides, 2001). Most of this
literature focuses on macro aggregates for the labor market and assumes a reduced-
form process that is encoded in an aggregate matching function that specifies how
the number of matches depends on the number of participants on both sides of the
market. In the labor application, the matching function relates the flow of new hires to
the stocks of vacancies and unemployment (the number of searching workers). The
matching function is therefore a central ingredient of search and matching models
(Mortensen and Pissarides, 1994). Such matching functions are typically assumed to
be homogeneous of degree one—i.e., constant returns to scale. There have been con-
ceptual micro foundations of specific matching functions (e.g., Butters, 1977; Burdett
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et al., 2001). However, matching frictions remain a somewhat abstract concept in
much of this literature. Petrongolo and Pissarides (2001) justifies the reduced-form
representation in matching functions as follows:

Frictions derive from information imperfections about potential trading partners,
heterogeneities, the absence of perfect insurance markets, slow mobility, conges-
tion from large numbers, and other similar factors. Modeling each one of these
explicitly would introduce intractable complexities in macroeconomic models.

We focus on a recent literature that has attempted to make progress in such explicit
modeling by focusing on specific markets and spatial frictions in order to understand
in more detail the role of matching frictions. This literature also seeks to understand
how matching frictions affect the organization of these markets and the emergence
of platforms or intermediaries. Although the markets studied are quite specific, it
is valuable to have instances of more microfounded matching processes that can be
useful starting points for analyses with broader scope. Lagos (2000), for instance,
states that

The results of policy experiments based on models that assume an exogenous meet-
ing process are likely to be misleading if the random search assumption is not a
good characterization of the agents’ underlying search behavior. If agents are able
to direct their search, then the matching function is an equilibrium object and is
sensitive to policy.

Furthermore, as we will see below, there are policy experiments that explicitly tar-
get the matching process to attempt to reduce frictions that are hard to conceptualize
through an aggregate exogenous matching function.

Specifically, this literature focuses on spatial search frictions. The need to coor-
dinate trade in a physical space is a major source of search frictions. In equilibrium,
the organization of the market reflects the nature of spatial frictions. The literature at-
tempts to answer the following questions. How are supply and demand determined in
spatial search markets? What are the welfare consequences of search frictions? What
can be done to reduce these frictions?

Taxi and ride-hailing markets (and other transportation markets) are interesting
prototypes in which one can study the importance of these frictions, partly because
they feature many independent “contractors” and few natural entry barriers.

Because of regulations, the taxi market traditionally features limited time varia-
tion in supply and no spatial flexibility. This inflexibility, together with the limited
supply of medallions and the presence of matching (search) frictions, implies that
regular (and predictable) patterns of variation in demand for rides during the day
(e.g., rush hours) lead to large fluctuations in costly delays for matches between pas-
sengers and taxis. Drivers’ earnings and the number of active taxis vary during the
day depending on how long drivers need to spend searching for passengers. Fréchette
etal. (2019) report that in New York City, the fraction of time taxis drive empty while
searching for passengers ranges between 30 percent and 70 percent of active time, de-
pending on time of day. Passengers also wait to obtain a taxi, and this wait time varies

I
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during the day. Although in textbook markets, prices serve to balance demand and
supply, in the taxi market this balancing process is a function of passenger wait times
and taxi search times. In contrast to prices (which are a transfer), these service delays
are wasteful. Part of taxis’ idle time is due to drivers’ uncertainty about where they
might find a waiting passenger. Determination of the matching process between taxis
and passengers is, therefore, a key feature of the analysis. Fréchette et al. also report
direct evidence of search frictions. They examine the degree of predictability of the
order in which empty taxis find passengers in a given area: Absent search frictions,
one would expect the pickup order of taxis in a specific area to be highly correlated
with their drop-off order. In other words, focusing on a narrow enough area with
uniform demand conditions, the i-th cab to drop off a passenger in this area should
also be the i-th to subsequently pick up the next passenger. Although the drop-off
sequence and pickup sequence are positively correlated (the correlation coefficient is
0.51), a large amount of dispersion is still present. Fréchette et al. also compare the
time empty taxis spent traveling between a drop-off point and their subsequent pickup
location with the time reported on Google maps for the same time/day. They find that
taxis spend on average 220 percent more time traveling between these points, which
suggest that part of the travel time is wasted in searching for customers.

Lagos (2000) develops a model of a taxi-like market that provides a micro foun-
dation for a (constant returns) matching function. In his model there are n geographic
locations. In each location an exogenous number of passengers who wish to travel
to other locations. Revenues for travel between locations are heterogeneous, distin-
guishing them in terms of their inherent desirability to taxis. Fares are fixed do not
respond to the extent of excess demand/supply. Taxis choose where to locate depend-
ing on exogenous revenues and on endogenous matching probabilities. If d; is the
number of potential passengers in location i and c¢; is the number of taxis in that

location, Lagos assumes that the matching probability is min { 1, % } This match-

ing process therefore assumes that there is no friction in matching within a location.
The aggregate matching process can generate frictions, in the sense that there are un-
realized matches. The degree of frictions depends on the aggregate tightness of the
market and becomes larger, roughly, the larger the degree of excess demand for taxis.
The reason for this asymmetry between demand and supply is that, in this model,
taxis are the active searching agents, whereas passengers are passive.

Lagos (2003) calibrates a model based on Lagos (2000) to data from taxicabs
in New York City. He uses the model to empirically analyze the effect of taxi fares
and medallion counts on matching rates and medallion prices in Manhattan. Using
the model, he quantifies the impact of policies that increase fares and the number of
medallions. Partly because of data limitations, he assumes that all medallions are ac-
tive throughout the day, and thus does not model the labor-supply decision or allows
demand respond to wait time.

Lagos (2003) does not have data on hourly or daily decisions by taxi drivers, and
instead relies on some aggregate statistics that were available at the time. Detailed
data on the New York City taxi market became publicly available in 2013 following
a Freedom of Information Act request to the Taxi and Limousine Commission. These
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data include every trip of the yellow cab fleet in this time span. The data entry of a
trip includes the fare, tip, distance, and duration, as well as the geospatial start and
end points of the trip. These data have triggered a burst of attention to this market for
a variety of applications. Many interesting papers focus on individual decisions by
taxi drivers (e.g., Thakral and T6, 2021). Our focus here is on the market equilibrium.

Buchholz (2021) draws elements from Lagos’s (2003) search model, but makes
several changes to reflect the real-world search and matching process. Specifically, he
adds nonstationary dynamics, a more realistic and flexible spatial structure, stochastic
and price-sensitive demand, and heterogeneity in the matching process across differ-
ent locations. Regarding the matching process, in contrast to Lagos (2003), Buchholz
also allows for frictions at the neighborhood level. He divides Manhattan (plus air-
ports) into 39 locations that together cover 94 percent of all rides. He considers the
day shift between 7 am and 4 pm and divides it into 5-minute intervals. In every loca-
tion i and time ¢, there is a Poisson arrival rate of customers A!. Empty taxis choose
locations by taking into account the possibly different continuation values of those
locations. He specifies a location-specific matching process using Butters’s (1977)
urn-ball matching function (see also Burdett et al., 2001) as follows: In a location i,
given a number of passengers u;, and vacant taxis v;, the number of matches is given

u;
by v; (1 - (1 - vi) ) This matching function generates approximately constant

returns except for low levels of inputs. Therefore, Buchholz specifies a matching pro-
cess that is random within a neighborhood, but directed across neighborhoods. The
key counterfactual Buchholz considers is designed to quantify the degree to which
allocations can be improved by more flexible fares that condition on locations and
time of day and are allowed to be nonlinear in distance. Note that such fares would
fully restore efficiency in Lagos’s (2003) model. He finds that such flexible fares lead
to an increase in surplus. These flexible fares do not respond to unpredicted changes
in demand. Therefore, they are not equivalent to fully flexible pricing that also allows
for surge pricing to cope with unexpected demand. However, they capture many of
the benefits from such surge pricing, partly because, in this market, supply cannot
respond very quickly to fully unexpected demand shocks.

Fréchette et al. (2019) build a model of the supply side (taxi activity), the demand
side (passengers), and the matching process between passengers and taxis in order
to evaluate a number of frictions in this market. Most taxi markets, before the en-
try of companies such as Uber and Lyft, entailed heavy regulations on entry. Given
such restrictions, if no other frictions were present, one might therefore expect all
taxis to be active at least during the daytime. However, in New York City, activity
is often well below capacity, which highlights the importance of understanding the
labor-supply decisions of taxi drivers. Labor supply cannot instantaneously adjust to
market conditions, because drivers operate on a two-shift system, which leads to shift
indivisibilities in labor supply.

In the model, drivers make daily entry (starting) and hourly stopping decisions.
Licenses to operate a taxi (medallions) are scarce, so entry is only possible for in-
active medallions. Hourly profits are determined by the number of matches between
searching taxis and waiting passengers. Ceteris paribus, increasing the number of
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taxis increases the search time for a driver to find the next passenger and reduces
expected hourly earnings. The number of active taxis is determined endogenously as
part of the competitive equilibrium in this market.

The model delivers responses to earnings shocks that strongly depend on their
timing during the day. Specifically, Fréchette et al. compare the response to a uniform
shock throughout the day with the response to an hour-specific shock for each hour.
The former results in an elasticity estimate of 1.8, and the latter results in estimates
that vary from 0.9 to 2.6 depending on the hour, with beginning- and end-of-shift
elasticities that are lower than those for the middle of the shift.

On the demand side, Fréchette et al. face a challenge. Although they observe the
number of matches, neither passengers’ wait time nor the number of hailing pas-
sengers is directly observable in the data. However, they are able to recover these
variables by using information on other observables and the nature of the matching
process. An innovation of this study is its development of an explicit microfounded
model of the matching process. They build a description of the geographical nature
of the matching process and then recover, via simulation, a numerical representation
of the matching function. They use this information to deduce both the number of
passengers and the wait time. They allow for heterogeneity among neighborhoods by
dividing Manhattan into eight areas that differ (mostly exogenously) according to the
arrival rate of passengers and the desired destinations that determine cab transitions
across areas. Therefore, although their approach allows them to account for some of
the heterogeneity in locations, they do not consider directed search, as in Buchholz
(2021). Interestingly, the matching process obtained by Fréchette et al. displays in-
creasing returns to scale: If the number of passengers and the number of taxis double,
the number of matches more than doubles, and search time and wait time both drop.
They also find that these returns depend on the level of activity. At low levels of
activity, such as during the nighttime, returns to scale are substantial. However, for
daytime levels of activity, returns to scale become essentially constant. As we dis-
cuss below, this feature of the matching process is important for understanding the
consequences of entry by platforms such as Uber.

Brancaccio et al. (2020a) examine the shipping market, which constitutes 80
percent of global trade by volume. They argue that bulk shipping displays some
characteristics that turn out to be surprisingly similar to those of the taxi market.
One important difference is that prices are flexible and largely determined through
bilateral agreements. They document large price differentials across space—e.g. the
shipping price from Australia to China is about 30 percent more expensive than vice
versa. Similar to the taxi market, a large number of ships is “unemployed” while
searching for their next cargo. In particular, they find that 42 percent of ships cur-
rently in transit are without cargo. In their model, spatial equilibrium determines
world trade, and trade costs are endogenous and determined jointly with trade flows.
In contrast, standard trade models assume that trade costs are exogenous and deter-
mine trade flows. Brancaccio et al. nonparametrically estimate a matching function
that is assumed to be constant returns. They key counterfactual they study in the pa-
per is the opening of the Northwest Passage. They find that the primary beneficiary
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is North America, whereas East Asian countries are mostly unaffected. Interestingly,
other distant countries that are not directly affected can suffer from such a change be-
cause of an endogenous rebalancing of shipping and a resulting endogenous increase
in shipping costs.

Brancaccio et al. (2020b) develop this framework further and obtain theoretical
results regarding the nature of inefficiencies in this type of market. They argue that in
this environment with dynamic spatial frictions, there are two types of inefficiencies.
The first has to do with market thickness and is a familiar aspect of the matching liter-
ature that led to the Hosios (1990) condition for efficiency: When choosing whether to
search, agents do not take into account the fact that their presence affects the match-
ing probabilities faced by other agents, in both the same and opposite sides of the
market. The second friction is a pooling friction: When customers and ships match
and move on to a new destination, customers may not take into account the impact
of their destination choice on the distribution of carriers over space.'® They use the
same data as Brancaccio et al. (2020a) to quantify these frictions. The equilibrium
allocation leads to a loss of 6 percent relative to the constrained-efficient benchmark
(in which the planner faces the same frictions but resolves the misallocations due to
externalities), and 14 percent relative to the frictionless benchmark.

5.1 The role of intermediaries in matching markets

As described above, many matching markets, such as education, are characterized
by centralized processes, in which the matching algorithms can be thought of as in-
termediaries. Such centralized approaches are meant to remedy market failures in
decentralized matching that have been the focus of some previous work. The chapter
by Agarwal and Budish (2021) in Volume 5 of the Handbook further discusses these
issues.

Some of the work on spatial matching discussed above also focuses on the role of
intermediaries or platforms in these markets. Fréchette et al. (2019) (discussed above)
evaluate counterfactuals that concern the magnitude of matching frictions and possi-
ble ways to reduce them. They consider an alternative matching technology in line
with the dispatch system of the Uber platform and other ride-hailing services. The
first extreme case they consider is one in which there is a centralized dispatcher for
the entire fleet. They show large gains for both sides of the market due to reductions
in wait times for both passengers and taxis. They then move on to the case in which
the dispatch platform covers only part of the market, with the rest functioning ac-
cording to the traditional street-hailing system. They show that market segmentation
on different platforms creates an inefficiency due to a reduction in market thickness
for both platforms. Partial coverage by a dispatcher has two effects compared with a
market with no dispatcher: On the one hand, as in the first counterfactual, the partial
dispatcher is a more effective platform for the taxis and passengers served by it; on the

16 This type of friction arises also in labor markets with heterogeneous jobs, as Acemoglu (2001) high-
lights.
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other hand, segmentation of the market makes both segments thinner, with the conse-
quence of longer average distances between a random taxi and a random passenger. In
the case in which there is an equal number of potential taxis divided between central-
ized dispatch and decentralized platforms, they find that the second effect dominates
and therefore aggregate outcomes are worse than in the baseline case. Interestingly,
the effects are quite different during the daytime relative to nighttime hours, which
reflects the importance of the initial thickness of the baseline market environment.
Finally, an advantage of their framework is that space is meaningful. They use this
aspect to study the effects of density. They simulate a city that is otherwise identical
to Manhattan, but one-third as dense; that is, the same number of potential passen-
gers is spread over a larger territory covered by the same number of potential taxis.
They find dramatic losses in efficiency due to lower density. However, these inef-
ficiencies are substantially alleviated by a dispatch platform whose performance is
(comparatively) much better in a less dense environment.

Castillo et al. (2018) build on earlier work by Arnott (1996) to argue that surge
pricing has the virtue of solving a potential matching failure that they call the wild
goose chase. Castillo et al. state:

Absent surge pricing, when drivers are scarce relative to demand, drivers are
quickly occupied and thus idle drivers are spread thinly throughout a geographic
region, forcing matches between drivers and passengers that are on average far
away from each other. Cars are thus sent on a wild goose chase [...] to pick up dis-
tant customers, wasting drivers’ time and reducing earnings. This decreases the
number of available cars both directly by occupying cars and indirectly as cars
exit in the face of reduced earnings, exacerbating the problem.

Castillo et al. also argue that this failure is more likely to plague ride-hailing plat-
forms than taxis. This phenomenon is particularly interesting, because it depends on
a combination of the absence of dynamic pricing and the matching process specific
to ride-hailing taxis (i.e., not street-hailing).

Castillo (2020) develops an empirical model of ride hailing to evaluate the distri-
butional effects of surge pricing. As in Fréchette et al. (2019), the model incorporates
a demand side that responds to (expected) wait times and prices, a supply side that
responds to expected earnings, and a matching process that is specific to the ride-hail
platforms and that, given the number of passengers and drivers, determines the wait
time for pickup. Castillo estimates the model using 2017 data from Houston when
Uber was the only ride-hailing platform. He finds that surge pricing increases overall
surplus by a modest amount relative to uniform pricing. However, these gains reflect
a combination of a sizable gain for riders and small losses for both drivers and Uber
itself. These changes partly reflect the estimated asymmetry in the value of time be-
tween riders and drivers, especially at times of high demand. They are also partly due
to the assumption that Uber maximizes rider surplus, as Castillo comprehensively
discusses.

Rosaia (2021) builds on Castillo (2020), but considers data from New York City
where, in contrast to the previous study, multiple platforms (e.g., Uber and Lyft) com-
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pete. His model tackles the challenge of incorporating dynamic competition between
the two platforms. Two important externalities these competitors face is their effects
on traffic volumes, as well as the missed economies of density from platform compe-
tition (as in Fréchette et al., 2019). Rosaia uses the estimated model to simulate the
effects of a merger. He finds that a merger would lead to improvements in efficiency
that are captured by the monopolist, leaving both drivers and passengers worse off.
A merger would also substantially reduce the number of vehicles on the street, partly
because of a reduction in matching frictions due to an improvement in platform den-
Sity.
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