
ECO 2901
EMPIRICAL INDUSTRIAL ORGANIZATION

Lecture 2:
Price competition with differentiated product

Victor Aguirregabiria (University of Toronto)

January 17, 2019

Victor Aguirregabiria () Empirical IO January 17, 2019 1 / 36



Lecture 2

Today’s Lecture

[Topic 2]. Price competition with differentiated product

1. Model

2. Estimating marginal costs based on assumption on the
form of competition

3. Testing for the form of competition [Bertrand vs.
Collusion]

4. Empirical application: Bresnahan (1987) on automobiles

5. Empirical application: Nevo (2001) on cereals
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Model

Model

Consider an industry with J differentiated products (e.g.,
automobiles) indexed by j ∈ J = {1, 2, ..., J}.

Consumer demand for each of these products can be represented
using the demand system:

qj = Dj (p, x) for j ∈ J

p = (p1, p2, ..., pJ ) is the vector of product prices;
x = (x1, x2, ..., xJ ) is a vector of other product attributes.

There are F firms in the industry, indexed by f ∈ {1, 2, ...,F}.

Each firm f owns a subset Jf ⊂ J of the brands.
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Model

Model [2]

The profit of firm f is:

Πf = ∑
j∈Jf

pj qj − Cj (qj )

Firms compete in prices. For the moment, we assume Nash-Bertrand
competition: each firm chooses its own prices to maximize profits

under the conjecture that
∂pk
∂pj

= 0 for j ∈ Jf and k /∈ Jf .

First order conditions for firm f : for j ∈ Jf

qj + ∑
k∈Jf

[pk −MCk (qk )]
∂Dk
∂pj

= 0
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Model

Model [3]

We can write this system in vector form for each firm:

qf + ∆Df
[
pf −MCf

]
= 0

qf = column vector of q′j s for every j ∈ Jf
pf = column vector of p′j s for every j ∈ Jf
MCf = column vector of MC ′j s for every j ∈ Jf
∆Df = matrix of demand-price derivatives

∂Dk
∂pj

for every j , k ∈ Jf
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Model

Model [4]

Solving for price-cost margins in this system:

pf −MCf = −
[
∆Df

]−1
qf

The RHS of this equation depends only on demand parameters, not
costs. Given an estimated demand system, the vector of Price-Cost
Margins under Nash-Bertrand competition (and a particular ownership
structure of brands), −

[
∆Df

]−1 qf , is known to the researcher.
pj −MCj = φj

where φj is known given demand, prices, and quantities.
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Model

Example: Single product firms & Logit model

For single product firms, we have:

pj −MCj = −
[

∂Dj
∂pj

]−1
qj

Logit demand system. qj = H sj , where H is market size, sj is the
market share of product j and:

sj =
exp

{
x ′j β− α pj

}
1+∑J

k=1 exp {x ′k β− α pk}
where β and α are parameters.

This demand system implies that
∂Dj
∂pj

= −α qj (1− sj ). Therefore,

PCMj ≡ pj −MCj =
1

α(1− sj )
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Model

Example: Logit model: Multi-product firm

qj + ∑
k∈Jf

PCMk
∂Dk
∂pj

= 0

In Logit demand system:
∂Dj
∂pj

= −α qj (1− sj ) and
∂Dj
∂pk

= α qj sk .

And this implies:

sj − α PCMj + α sj ∑
k∈Jf

PCMk sk = 0

And, defining PCM f ≡ ∑
k∈Jf

PCMk sk , we have that:

PCMj = PCM f =
1

α
(
1−∑k∈Jf sk

)
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Model

Logit model: Multi-product firm [2]

PCMj =
1

α
(
1−∑k∈Jf sk

) for any j ∈ J

For the Logit demand model, a multi-product firm charges the same
price-cost margin to all its products.

This prediction does not extend to more general/flexible demand
systems.

Note also that a multi-product firm charges higher prices than a
single-product firm:

1
α
(
1−∑k∈Jf sk

) > 1
α (1− sj )

This prediction is robust and it extends to Bertrand competition when
products are substitutes.
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Model

Multiproduct as source of market power

We can write F.O.C. for firm f product j as:

PCMj =

[−∂Dj
∂pj

]−1
qj

+

[−∂Dj
∂pj

]−1 [
∑

k∈Jf ; k 6=j
PCMk

∂Dk
∂pj

]

With substitutes,
∂Dk
∂pj

> 0 for k 6= j , and the second term is positive.

Selling multiple products contribute to increase the price-cost margin
of each of the products.
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Model

Collusion and other ownership structures

Suppose that there is collusion between some of all the firms.

We can represent a "collusion rink" using the following indicator
variables:

ΘR (f )
j =

 1
if product j is owned by firm f
or by other firm in the collusion rink of firm f

0 otherwise

For instance:
- No collusion implies: ΘR (f )

j = 1{j ∈ Jf }
- Collusion of all firms: ΘR (f )

j = 1 for every f and j
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Model

Collusion [2]

Firm f maximizes its collusion rink profit:

J

∑
j=1

ΘR (f )
j [pj qj − Cj (qj )]

The F.O.C.s for firm f : for j ∈ Jf

qj +
J

∑
k=1

[pk −MCk ] ΘR (f )
k

∂Dk
∂pj

= 0

In vector form, using all the products that belong to the collusion rink
R(f )

qR (f ) +
[
∆DR (f )

] [
PCMR (f )

]
= 0

∆DR (f ) = matrix of demand-price derivatives
∂Dk
∂pj

for every j , k in

the collusion rink of firm f .
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Model

Collusion [3]

Such that:
PCMR (f ) = −

[
∆DR (f )

]−1
qR (f )
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Estimating MCs based on assumption on form of competition
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Estimating MCs based on assumption on form of competition

Estimation of MCs: Bertrand competition

The researcher has data from J products over T markets, and knows
the ownership structure:

Data = {pjt , qjt , xjt : j = 1, ..., J; t = 1, 2, ...,T}

Suppose that the demand function has been estimated in a fist step,
such that there is a consistent estimator of the demand system
Dj (pt , xt ).

For every firm f , the research has an estimate of vector −
[
∆Dft

]−1 qft
for every firm f . Therefore, under the assumption of Bertrand
competition she has consistent estimates of the vectors of MCs:

MCft = p
f
t +

[
∆Dft

]−1
qft
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Estimating MCs based on assumption on form of competition

Estimation of MCs: Collusion

Similarly, given an hypothetical collusion rink R(f ) represented by the

indicators ΘR (f )
j , the researcher can construct

[
∆DR (f )

]−1
qR (f ) and

obtain the estimate of marginal costs:

MCR (f )t = pR (f )t +
[
∆DR (f )t

]−1
qR (f )t

Different hypothesis about collusion, or ownership structures of
products (e.g., mergers), imply different Price-Cost margins and
different estimates of marginal costs.
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Estimating MCs based on assumption on form of competition

Estimation the MC function

After estimating the realized values of MCs, we can estimate the
marginal cost function.

Consider the following cost function:

C (qjt ) =
1

γ+ 1
qγ+1
jt exp{x ′jtα+ωjt}

Such that:
MCjt = q

γ
jt exp{x ′jtα+ωjt}

where ωjt is unobservable to the researcher.

The econometric model is:

ln (MCjt ) = γ ln (qjt ) + x ′jtα+ωjt
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Estimating MCs based on assumption on form of competition

Estimation the MC function [2]

ln (MCjt ) = γ ln (qjt ) + x ′jtα+ωjt

We are interested in the estimation of the parameters α and γ.

Endogeneity: The equilibrium model implies that E (ln (qtj )
ωjt ) 6= 0.

Firms/products with larger ωjt are less effi cient in terms of costs (or
products are more costly to produce), and this, all else equal, implies
a smaller amount of output.
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Estimating MCs based on assumption on form of competition

Estimation the MC function [3]

ln (MCjt ) = γ ln (qjt ) + x ′jtα+ωjt

Instrumental variables. Suppose that E (xkt ωjt ) = 0 for any (k , j).

We can use as instruments for ln (qjt ) the characteristics of other
firms/products.

E
([

xjt
∑k 6=j xkt

] [
ln (MCjt )− γ ln (qjt )− x ′jtα

])
= 0

We could also use demand shifters as instruments.
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Testing the nature of competition
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3. Testing the Nature

of Competition
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Testing the nature of competition

Testing the form of competition: With information on MCs

Suppose that the researcher observes the true MCjt . Or more
realistically, observes a measure of costs, SMCobs , e.g., the mean value
of the MCs of all products and firms in the industry; the mean value
of the MC of one particular firm.

Given an estimated demand system and an hypothesis about collusion,
represented by a matrix of collusion rink dummies ˆR = {ΘR (f )

j }, we
can obtain the MCs under this hypothesis: MCj (ˆR ).

Let SMC (ˆR ) the value of the statistic (e.g., mean value of all MCs)
under the hypothesis ˆR .

We can use SMC (ˆR ) and SMCobs to construct a test of the null
hypothesis ˆR . For instance, if SMC is a vector of sample means, we
could use a Chi-square test.

This is the approach in Nevo (2001).
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Testing the nature of competition

Testing form of competition: Without info on MCs

It is possible to consider ΘR (f )
j as parameters to estimate, similarly as

the conjectural variation parameters in the homogeneous product
case.

Using the estimated demand, our specification of the MC function,
and the F.O.C.s of profit maximization, it is possible to jointly
identify ΘR (f )

j and parameters in MCs.

We need similar rotation demand variables as in the homogeneous
demand case (Nevo, 1998).
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Testing the nature of competition

Testing form of competition: Without info on MCs [2]

Instead of estimating ΘR (f )
j some papers have used non-nested

hypothesis tests to test null hypothesis of Collusion against the
alternative of Bertrand (or viceversa).

The most commonly used non-nested tests procedures are: Cox-Test
and Vuong-Test.

Davidson & McKinnon provide an intuitive interpretation of these
tests:

- Obtain residuals from the model under H0
- Run regression of the residuals on variable in the model under

H1
- Under null, #obs × R-square of this regression is Chi-square.
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Bresnahan (1987) on automobiles
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Bresnahan (1987) on automobiles

Bresnahan (1987) : Descriptive Stats
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Bresnahan (1987) on automobiles

Bresnahan (1987): Non-nested tests of conduct

Victor Aguirregabiria () Empirical IO January 17, 2019 27 / 36



Bresnahan (1987) on automobiles

Estimates Demand & MCs: Collusion 1954 & 1956,
Collusion 1955
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Bresnahan (1987) on automobiles

Estimates Demand & MCs: Bertrand 1954, 1955, 1956

The estimated structural model under the maintained assumption of
collusion in years 1954 & 1956 and Bertrand competition in1955
implies very stable coeffi cient estimates over the three years.

That is, the observed changes in quantity and prices in 1955 can be
fully explained by the change in conduct, and not by a change in
demand or costs parameters.

Instead, the models that impose Collusion over the three years, or
Bertrand over the three years imply estimates of structural parameters
with strong and implausible changes in demand and costs in year
1955.
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Nevo (2001) on cereals
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5. Nevo (2001) on cereals
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Nevo (2001) on cereals

Nevo (2001) on Cereals

Ready-to-Eat (RTE) cereal market: highly concentrated; many
apparently similar products, and yet price-cost margins (PCM) are
high.

What are the sources of market power? Product differentiation?
Multi-product firms? Collusion?

Nevo: (1) estimates a demand system of differentiated products for
this industry; (2) recovers PCMs and compare them to
rough/aggregate estimates of PCM at the industry level; (3) based on
this comparison, tests Bertrand vs (full) Collusion [and rejects
collusion]; (4) Under Bertrand, compares estimated PCMs with the
counterfactual with single-product firms.
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Nevo (2001) on cereals

Nevo (2001): Data

A market is a city-quarter. IRI data on market shares and prices.

65 cities x 20 quarters [Q188-Q492] x 25 brands [total share is
43-62%].

Most of the price variation is cross-brand (88.4%), the remainder is
mostly cross-city, and a small amount is cross-quarter.

Relatively poor brand characteristics so model includes brand fixed
effects.
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Nevo (2001) on cereals
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Nevo (2001) on cereals
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Nevo (2001) on cereals
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Nevo (2001) on cereals

Direct measure of mean value of the price-cost margin in the industry:
31%
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