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Introduction

In IO, search models are used mostly to explain:
I Deviations from the law of one price: Existence of price dispersion for

(nearly) homogenous goods (Stigler (1961))
I Misallocation of products: Why consumers choose inferior products

The presence of search frictions is a source of market power (like
differentiation)

I Diamond paradox: If every consumer must incur search cost ε > 0 to
learn the price of other goods, the unique Nash equilibrium is the
monopoly price.

Search Frictions 2 / 50



Introduction

Much of the early theory literature has focussed on deriving game
theory models that produce equilibrium price dispersion.

Two important frameworks:
I Varian (1980)/Stahl (1989): Temporal dispersion and sequential search
I Burdett and Judd (1983): Price dispersion and simultaneous search

Both models generate dispersion by incorporating a positive mass of
fully informed consumers in the market, and allowing for
mixed-strategy equilibrium.

I The Burdett and Judd model is the workhorse model in macro-labor
(see Burdett and Mortensen (1998))
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Varian (1980): “A Model of Sales”

Notation:
I r : Reservation price of consumers (common)
I I : Mass of informed consumers
I M: Mass of uninformed consumers
I n: Number of stores (endogenous)
I C (q) = F + cq: Cost function (common)

Timing:
1 Entry: n such that E (π|n) = 0
2 Pricing: Density function f (p)
3 Demand: (i) Informed buyers choose from the lowest price store, and

(ii) uninformed buyers are randomly assigned to each store (i.e.
U = M/n)

Note: With free entry, U is an endogenous outcome of the model
(i.e. contact rate)
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Part 1: Properties the Equilibrium Price Distribution
1 Range of the distribution: (p∗, r)

I Maximum: Reservation price (r)
I Minimum: Lowest average cost when serving the entire market

p∗ =
F + c

I + U

2 Existence of price dispersion:
I Suppose all stores where posting p: r ≥ p > p∗ (i.e. positive profits)
I Undercutting by ε is a profitable deviation: Capture informed

consumers.
I If p = p∗ (zero profits): Increasing prices by ε allow firms to catch 1/n

uninformed consumers
I Therefore, if n − 1 firms post a single price, firm i always has a

profitable deviation.
3 No mass point in f ∗(p):

I Suppose again f (·) has a mass at price p
I This implies that firms can tie at the minimum with positive probability

(i.e. split I )
I Profitable deviation: Lower price by ε to eliminate the probability of ties
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Part 2: Mixed-Strategy Equilibrium

Given n, the three properties above implies that firms will play a
mixed-strategy by randomizing prices over the range [p∗, r ].

I Key Implication: Expected profits are equal for all p in [p∗, r ].

Expected profit: Two components
I Profits from selling to informed buyers: πs(p)(1− F (p))n−1

I Profits from selling to uninformed buyers: πf (p)
[
1− (1− F (p))n−1

]
I Where πs(p) = (p − c)(U + I )− F (i.e. sales) and
πf (p) = (p − c)U − F (i.e. full price).

For a fixed number of stores, mixed-strategy equilibrium condition
implies that firms are indifferent between posting any price in the
support:

πs(p)(1− F (p))n−1 + πf (p)
[
1− (1− F (p))n−1

]
= πs(p′)(1−F (p′))n−1 +πf (p′)

[
1− (1− F (p′))n−1

]
∀p′, p ∈ [p∗, r ]
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Part 3: Solution Method

Note: By definition F (r) = 1.

Therefore, comparing p and r gives us:

πs(p)(1− F (p))n−1 + πf (p)
[
1− (1− F (p))n−1

]
= πs(r)(1− F (r))n−1 + πf (r)

[
1− (1− F (r))n−1

]
= πf (r)

⇒ πf (r)− πf (p)

πs(p)− πf (p)
= (1− F (p))n−1

⇒ F (p) = 1−
(
πf (r)− πf (p)

πs(p)− πf (p)

)1/n−1

The density function is obtained by differentiating F (p) wrt p
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Part 4: Free Entry and Lower Bound

With free entry, expected profit is zero

Example: C (q) = F and MC = 0
I Zero profit condition: πf (r) = r M

n − F = 0→ n∗ = rM/F
I Endogenous contact rate of the uninformed: U∗ = M/n = F/r
I Lower bound: πs(p∗) = p∗(I + U∗)− F = 0→ p∗ = F

I+F/r

Density of prices with free entry:
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Extensions

Simultaneous search: Burdett and Judd (1983)
I Uninformed consumers choose to exert effort ex-ante
I Search effort = Number of price quotes (fixed)

Sequential search: Stahl (1989)
I Uninformed consumers endogenously decide to search using a

reservation price strategy
I If search cost is common, and initial quote is “free” the equilibrium

prediction is very similar.

Informative advertising: Robert and Stahl (1993)
I The number of informed consumers is function of the advertising

investment of firms
I Two-stage game: (i) advertising, and (ii) pricing.

Many others...
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The Empirical Content of Equilibrium Search Models

Question: What can we learn about the importance of search costs
by looking at the dispersion of prices?

Two approaches:

I Reduced-form tests: Sorensen (2000) [frequent vs infrequent
purchases], Brown and Goolsbeem (2002) [online shopping], Chandra
and Tappata (2011) [test for mixed-stragegy hypothesis], Allen, Clark,
and Houde (2014) [distributional effects of mergers]

I Equilibrium restrictions: Hong and Shum (2006), Hortacsu and
Syverson (2004), Wildenbeest (2011), Gavazza (2016), Allen, Clark,
and Houde (2017), Salz (2017).
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Hong and Shum (2006): Using price distributions to
estimate search costs

Notation:
I Fp: Observed price distribution (equilibrium)
I Fc(·): Search cost distribution (per store)
I r : Common retailers’ selling cost

Assumption: There is a continuum of firms and consumers.

Two search protocol (given Fp(·)):
1 Simultaneous:

l(c) = argmin
l

c(l−1)+

∫ p̄

p

p l(1− Fp(p))
l−1fp(p)︸ ︷︷ ︸

Density of the lowest price

dp = argmin
l

c(l−1)+Epmin,l

2 Sequential:

c =

∫ z(c)

p

(z − p)fp(p)dp =

∫ z(c)

p

Fp(p)dp [integration by part]

where z(c) is the reservation price of a consumer with search cost c .
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Identification: Simultaneous Search

Since consumers sample prices at random, consumers with lower
search costs pay will lower prices on average.

I The simultaneous search model is therefore equivalent to a vertical
differentiation model (i.e. ordered)

I For each number price quote n, there exists a consumer indifferent
between searching n and n + 1.

Observation 1: The marginal expected savings can be computed
directly from the price data F̂p

∆1 = Epmin,1 − Epmin,2

∆2 = Epmin,2 − Epmin,3

. . .

Observations 2: Consumers with c ∈ (∆n+1,∆n) obtain n quotes,
and ∆0 = +∞
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Identification: Simultaneous Search (continued)

Let q̃n denotes the proportion of consumers searching n prices in
equilibrium.

The expected profit of a firm charging p is given by:

Π(p) = (p − r)

[∑
k

q̃k(1− Fp(p))k−1

]

Since Fp(p) is obtained by firms playing a mixed-strategy equilibrium,
the following indifference condition holds:

(p̄ − r)q̃1 = (p − r)

[∑
k

q̃k(1− Fp(p))k−1

]
, ∀p ∈ [p, p̄]

Data:
I IID sample of n prices: p̂ = p1 < p2 < p3 < · · · < pn = ˆ̄p.
I Consumers cannot search more than K < n − 1 prices (assumption)
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Identification: Simultaneous Search (continued)

The equilibrium condition implies a system of n − 1 linear equations
with K unknowns:

(ˆ̄p − r)q̃1 = (pi − r)

[
K∑

k=1

q̃k(1− F̂p(pi ))k−1

]
, ∀i = 1, . . . , n − 1

where F̂p(·) is the estimated CDF of prices.

From this system we can estimate: {r , q̃1, . . . , q̃K−1}
This allow us to estimate CDF of the search cost distribution at K
percentiles:

q̃k = Fc(∆k−1)−Fc(∆k) = Proportion of consumers searching k prices

A parametric search cost distribution is then fitted to match the K
percentiles.
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Identification: Sequential Search

Recall that z(c) is the reservation price of consumers of type c :

c =

∫ z(c)

p
Fp(p)dp [fixed-point]

I By definition, consumers will not buy from stores with prices above
their reservation price.

Note: Since z(c) can be above p̄, some consumers will not search in
equilibrium: p̄(ci ) = min{z(ci ), p̄}.
Let G (p) denotes the distribution of reservation prices, p̄(c), among
consumers

I This distribution can be computed from Fp(·) and Fc(·).

Important: The demand function facing a store with price p, is the
fraction of consumers with reservation price above p.

D(p) = 1− G (p)
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Identification: Sequential Search

Indifference condition (similar to Varian):

(p̄ − r)(1− G (p̄)) = (p − r)(1− G (p)), ∀p ∈ [p, p̄]

As before we can evaluate this condition at the observed prices:
p1 < p2 < · · · < pn. This gives us n − 1 equations, with n unknowns!

Therefore, the model cannot be estimated non-parametrically as
before.

Instead, Hong-Shum propose estimate a parametric search cost
distribution fc(ci |θ). This distribution is identified by the following
equilibrium conditions (see likelihood in paper):

(ˆ̄p − r)(1− G (ˆ̄p)) = (pi − r)(1− G (pi )), ∀i = 1, . . . , n.

G (pi ) = Fc(z(c) < pi |θ) and c =

∫ z(c)

p
F̂p(p)dp
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Summary Statistics
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Estimation Results: Simultaneous Search Model

Search Frictions 18 / 50



Estimation Results: Sequential Search Model
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Hortacsu and Syverson (2004): Product Differentiation,
Search Costs, and Competition

One important limitation of the search models considered by Hong
and Shum is that consumers sample stores randomly

In particular sampling probabilities are independent of store
characteristics and past purchase decisions

The goal of Hortacsu and Syverson is to quantify the importance of
search frictions, while accounting for cost and quality differences
across products.

I Differentiation and search cost affects both the distribution of prices,
and the sampling (or matching) probability

I More complicated identification problem...
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Two Facts: Proliferation of Funds and Dispersion in Fees
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Model Overview

Consumers have homogenous preferences over funds (vertical):

uj = xjβ − pj + ξj

Assumptions:
1 Matching probability for fund j : ρj = ρ(Zj)
2 Consumers know the distribution of utility: H(u) = 1

n

∑
j 1(uj < u)

3 Search costs are linear and distributed according to a log-normal: Fc(·)
4 Each fund has a different marginal cost (common knowledge): mcj

Notes:
I As in Varian, search frictions imply that inferior products have positive

market shares
I Price dispersion arises as a pure strategy Nash equilibrium because

firms have different marginal cost.
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Optimal Search Decision
Assumption: Consumers search sequentially with replacement, and
are allowed to“revisit” previously searched funds.

I There are always n options to search at any point in time.
I Ranking of options: u1 < u2 < · · · < un.

Optimal search: Continue searching if best alternative, u∗, is such
that,

ci ≤
∫ ū

u∗
(u − u∗)dH(u) = Marginal benefit

Since the “search urn” is discrete, the optimal search problem yields n
cutoffs.
Consider a consumer with best alternative uj who is indifferent
between stopping and continuing:

cj =
N∑
k=j

ρk(uk − uj)

In other words, cj is the lowest possible search cost of any investor
who purchases fund j in equilibrium.
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Demand

The model implies fixed cutoffs: High search cost consumers search
more funds.

However, since cutoffs differ across products, consumers will have
different search histories depending of which fund they are matched
with first.

In particular, higher quality products (i.e. uk > uk−1) are associated
with lower search cutoffs

u1 < u2 < · · · < un → cn < · · · < c2 < c1

This implies that low quality products are purchased only by high c
consumers.

We recursively construct market shares starting with the lowest
quality product:

I Only consumers with c > c1 buy fund 1
I This happens if those consumers are matched with the lowest-quality

product first:
q1 = ρ1(1− Fc(c1))
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Demand (continued)

Similarly, the market share of product 2 includes consumers with
c > c1 who got “lucky” and sampled product 2 first (prob. ρ2), and
consumers with search cost c2 < c < c1 who sampled fund 2 first or
second (prob. ρ2/1− ρ1). This produces a demand curve:

q2 = ρ2(1− G (c1)) +
ρ2

1− ρ1
[G(c1)− G (c2)]

Analogous linear equations can be constructed for the other products
as function of G (ck).

Takeaway: Given an assumption on the matching function ρ(Zj), the
distribution of market shares allows us to recover the distribution of
search-costs at n percentiles.
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Price Competition

Bertrand-Nash: Firms simultaneously choose prices to maximize
profits,

max
pj

(pj −mcj)qj(pj , p−j)

FOC:
∂qj(pj , p−j)

∂pj
(pj −mcj) + qj = 0

Note: This FOC is very similar to the one used in pricing games with
horizontal differential (e.g. Logit).

I Market-power originates from information frictions and
random-matching, instead of horizontal taste differences.
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Mutual Fund Fees and Market Shares

The fact the relationship between prices and market shares is
non-monotonic rejects a simple model with homogenous funds (i.e.
shares = search cost CDF)
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Result: Decline in Average Search Costs
Assumption: Uniform matching probability
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Gavazza (2016): Decentralized Asset Markets

The previous models focussed on explaining the dispersion of prices

Another important motivation to study search frictions is to measure
the importance of misallocation

I How long does it take for buyers to find sellers?
I Are assets allocated efficiently based on valuations?
I What is the role of intermediaries in alleviating trading/search frictions?

Case study: Business aircrafts market
I Thin market: Assets are differentiated, and only 5.8% are traded per

year (2003)
I Intermediaries: 60% of transactions involve a dealer
I Price dispersion: Large absolute deviation from Bluebook prices (17%)

Modeling strategy:
I Matching friction: Buyers are randomly matched with sellers (⊥ age)
I Bargaining: Nash-Bargaining
I Intermediaries: Dealers have more bargaining power, but have a higher

matching probability
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Preliminaries: Competitive Pricing with Search and
Matching Frictions

Baseline model: Mortensen and Wright (IER, 2002)

Model setup:
I Buyers: WTP = x ∼ F (x)
I Sellers: Cost = y ∼ G (y)
I Buyers/sellers leave the market after transaction
I Inflow of new buyers and sellers: (b, s)
I Stock of buyers and sellers (endogenous): (B,S)
I Number of matches: λBS (i.e. λ = poisson meeting probability)

Steady-state competitive equilibrium (Walrasian):

b[1− F (p∗)] = sG (p∗) = q∗

In a decentralized market, prices in general will differ from p∗ due to
search frictions.
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Pricing: Bargaining with Complete Information

Consider a bilateral negotiation between (x , y), s.t. x > y

If negotiation fails, the outside option of the buyer (seller) is the
pesent value of searching for another seller (buyer): Vb(x) and Vs(y)

The continuation values determine the surplus of the transaction:
I The buyer rejects offers if: x − p < Vb(x) or p > Vb(x)− x
I The seller rejects offers if: p − y < Vs(y) or p < Vs(y) + y
I Total surplus (gain from trade): S(x , y) = x − y − Vb(x)− Vs(y)

Nash-Bargaining: Opportunity cost + Split of surplus

p(x , y) = y + Vs(y) + βS(x , y)

where β is the bargaining power of the seller.
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Value Functions

The value of becoming a buyer is given by:

rVb(x) = λS

∫
max{x − p(x , y)− Vb(x), 0}dΓ(y)− cs

= (1− β)λS

∫
max{S(x , y), 0}dΓ(y)− cs

The value of becoming a seller is given by:

rVs(y) = λB

∫
max{p(x , y)− y − Vs(y), 0}dΦ(x)− cs

= βλB

∫
max{S(x , y), 0}dΦ(y)− cs
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Entry and steady state

Entry/exit decisions:
I Buyer x enter if rVb(x) > 0, or x > rb
I Seller y enter if rVs(y) > 0, or y < rs

The reservation value are implicitly defined by two indifference
conditions:

cs = (1− β)λS

∫
max{rb − y − Vs(y), 0}dΓ(y)

cs = βλB

∫
max{x − rs − Vb(x), 0}Φ(x)

The search equilibrium is defined by imposing additional steady-state
conditions: The inflow and outflow of buyers/sellers are equalized
(given thresholds (rb, rs)).

The efficiency of the equilibrium (relative to Walrasian) depends on:
I Thickness of the market: B/S
I Matching and search frictions: (λ, cs)
I Patience of buyers and sellers: r
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Gavazza (2011): Empirical Evidence of Trading Frictions

Before we extend the model to study the aircraft market, it is useful
to look at the data see if trading frictions explain prices and trading
patterns
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Gavazza (2011): Empirical Evidence of Trading Frictions
Aircraft Price Dispersion
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Gavazza (2011): Empirical Evidence of Trading Frictions
Market Thickness and Trading Probability
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Gavazza (2011): Empirical Evidence of Trading Frictions
Market Thickness and Capacity Utilization
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Gavazza (2011): Empirical Evidence of Trading Frictions
Market Thickness and Dispersion in Utilization
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Gavazza (2011): Empirical Evidence of Trading Frictions
Market Thickness and Price Dispersion
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Gavazza (2016): An empirical equilibrium model of a
decentralized asset market

Model setup: (abstracting away from dealers)
I Two productivity types: zh > zl
I µ new agents enter with type zh
I Transition probability: Pr(zt+1 = zl |zh) = λ (absorbing)
I Aircraft are differentiated based on age:

F Depreciation: ∂π(z , a)/∂a < 0
F Complementarity: ∂π(zh, a)/∂a < ∂π(zl , a)/∂a

Matching:
I Poisson probability of a match: γ
I Buyers and sellers are randomly matched:

F Arrival rate of a seller of type a for buyers: γb(a) = γµs(a)
F Arrival rate of a buyer for a seller is: γs = γµb

I Number of matches of type a (increasing return): γµbµs(a)
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Value Functions

The value of owning/using an aircraft of age a is given by:

rUo(a, zh) = π(zh, a) + λ(Vo(a, zl)− Uo(a, zh)) + U ′o(a, zh)

rUo(a, zl) = π(zl , a) + U ′o(a, zh)

where Vo(a, zl) = max{Uo(a, zl),So(a, zl)}.

The value of agent of type zh trying to sell an asset a is:

rSo(a, zh) = π(zh, a)− cs + λ(Vo(a, zl)− So(a, zh))

+γs max{p(a) + Vn(zh)− So(a), 0}+ S ′o(a)

where p(a) is the NB price, and Vn(z) = max{Un(z),Sn(z)}.
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Value Functions (continued)

The value of agents with no aircraft who are actively trying to buy is:

rSn(zh) = −cs + λ(Vn(zl)− Sn(zh))

+

∫
γb(a){Vo(a, zh)− p(a)− Sn(zh), 0}da

rSn(zl) = −cs +

∫
γb(a){Vo(a, zl)− p(a)− Sn(zl), 0}da

Transaction surplus and price between seller (zl , a) and buyer zh:

Surplus(a) = (Uo(a, zh)− Sn(zh))︸ ︷︷ ︸
WTP

− (So(a, zl)− Vn(zl))︸ ︷︷ ︸
Opportunity cost

⇒ p(a) = So(a, zl)− Vn(zl) + θSurplus(a)

Notes:
I Since firms are symmetric, trade will take place only between zl

(sellers) and zh (buyers)
I Because of depreciation, the gains from trade are larger for younger

assets: older aircrafts will be scrapped or sold
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Policy functions
High-types:

I Non-owners are always on the market looking to buy:

Surplus(a) ≥ 0 if a ≤ a∗hn

Vn(zh) = Sn(zh)

I Owners either keep their asset, or scrap it when it is too old:

Vo(a, zh) =

{
Uo(a, zh) If a < a∗ho
Sn(zh) If a ≥ a∗ho

I Trade frictions imply that agents keep their asset too long: a∗ho > a∗hn.

Low-types: Sell younger assets to realize gains from trade and scrap
older assets (exit)

Vo(a, zl) =


So(a, zl) If a < a∗l
Uo(a, zl) If a ≤ a∗l < T

Vn(zl) = 0 If a = T

where a∗l ≤ a∗hn (i.e. sellers sell assets that buyers are willing to buy).
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Distribution of Agents
Distribution of high-types owners:

I Initial condition: µho(0) = x
I Transition:

µ̇ho(a) = γb(a)µhn − λµho(a) if a < a∗ho
I Terminal condition: µho(a) = 0 if a∗ho ≤ a ≤ T .

Distribution of low-types owners:
I Initial condition: µlo(0) = 0
I Transition:

µ̇ho(a) = λµho(a)1(a < a∗h0)− γsµlo(a)1(a < a∗l )

Distribution of non-owners:
I Transition of high-types:

µ̇hn = (µ− x) + µho(a∗ho)− λµhn − µhn

∫ a∗l

0

γb(a)da

I Stock of low-types:

µln = λµhn + γs

∫ a∗l

0

µlo(a)da + µlo(T )
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Steady-state equilibrium conditions

1 Constant mass of owners and non-owners:

µhn and

∫ T

0
µi (a)da, ∀i = ho, lo

2 Mass of exiters equals the mass of new entrants: µln = µ

3 Number of high-value agents: µhn +
∫ T

0 µho(a)da = µ
λ .

4 Number of active asset: x = µho(a) + µlo(a) if a ≤ a∗ho .

These conditions are used to solve for the endogenous mass of agents
in each state as a function of the parameters:

µ, x ,T , λ, γ, π(·)
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Incorporating Dealers

Dealers make the model more ugly looking, but does not change the
fundamental forces at play.

Modelling assumptions:
I Free entry: Dealers incur fixed-cost k per period, and do not earn a

profit from using the asset.
I Unit inventory: As before, dealers cannot store more than one asset
I Matching technology: Poisson intensity parameter γd > γ (↑ surplus)
I Bargaining: Dealer have a different bargaining power (θd)

Policy function:
I Sellers: Dealer-Owners sell assets younger than a∗do (scrap older)
I Buyers: Non-owners try to buy assets younger than a∗dn
I Due to frictions: a∗dn < a∗do
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Estimation: GMM

Calibrated parameters: ρ (discount) and T = 160 quarter

Parameters to estimate: ψ = {λ, γs , γsd , αds , zh, zl , δ, cs , θs , θd}
I Note: γs and γsd are endogenous parameters that are recovered from

data on the fraction of retail-to-retail transactions, and detail-to-retail
transaction.

Moments:
I Fraction of aircraft for sale
I Fraction of aircraft for sale by dealers
I Fraction of retail-to-retail transactions
I Fraction of dealer-to-retail transactions
I Average age of aircraft for sale
I Hedonic price coefficients (indirect-inference moments):

p(a) = β0 + β1 exp(−β2a)

pB(a) = β3 + β4 exp(−β5a)
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Estimation Results
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Counterfactual Analysis: Zero search cost
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Counterfactual Analysis: The role of dealers
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