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CHAPTER 4

Static Models of Competition in Prices and Quantities

1. Introduction

In most industries, the decisions of how much to produce and the price to charge are

fundamental determinants of the firm’s profit. These decisions are also main sources of

strategic interactions between firms. In the market for an homogeneous good, the market

price of the product depends on the total quantity produced by all the firms in the industry.

In a differentiated product industry, demand for a firm’s product depends on the prices

of products sold by other firms in the industry. This type of strategic interactions have

first order importance to understand competition and outcomes in most industries. For this

reason, models of competition where firms choose prices or quantities are at the core of

Industrial Organization.

The answer to many economy questions in IO require not only the estimation of demand

and cost functions but also the explicit specification of an equilibrium model of competition.

For instance, evaluating the effects of a merger, or a sales tax, or the entry in the market of

a new product, require the explicit specification of a model of competition.

From an empirical point view, there are several purposes in the estimation of models

of competition in prices or quantities. In many empirical applications, the researcher has

information on firms’prices and quantities sold, but information on firms’costs is not always

available. The researcher may not observe even the amounts of firms’inputs, such that it is

not possible to obtain costs by estimating the production function as described in chapter

3. In this context, empirical models of competition in prices or quantities may provide an

approach to obtain estimates of firms’marginal costs and the structure of the marginal

cost function. Given an assumption about competition (for instance, perfect competition,

Cournot, Bertrand, Stackelberg, collusion), the model predicts that a firm’s marginal cost

should be equal to a particular (model specific) marginal revenue. This is the key condition

that is used to estimate firms’marginal costs in this class of models. Typically, the first step

in the econometric analysis of these models consists in the estimation of the demand function

or demand system. Given the estimated demand, we can construct an estimate of the realized

marginal revenue for every observation in the sample. This measure of marginal revenue

provides, directly, an estimate of the realized marginal cost at each sample observation.
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126 4. STATIC MODELS OF COMPETITION IN PRICES AND QUANTITIES

Finally, we use this sample of realized marginal costs to estimate the marginal cost function,

and in particular how the marginal cost depends on firm’s output of different products

(that is, economies of scale and scope), and possibly on other firm’s characteristics such as

historical cumulative output (that is, learning by doing), installed capacity, or geographic

distance between the firm’s production plants (that is, economies of density).

The value of a firm’s marginal revenue depends on the form of competition in the indus-

try, or the nature of competition. Given the same demand function, the marginal revenue

is different under perfect competition, Cournot, Bertrand, or collusion. The researcher’s

selection of a model of competition typically implies answers the following choices: (a) is

the product homogeneous or differentiated; (b) do firms compete in prices or in quantities?;

(c) is there collusion between some or all the firms in the industry?; and (d) what does a

firm believe about the behavior of other firms in the market? For instance, if the researcher

assumes that the product is homogenous, firms compete in quantities, there is no collusion

in the industry, and firms choose their levels of output under the belief that the other firms

will not change their respective output levels (that is, Nash assumption), then the form of

competition is the one in the Cournot model. In principle, some of these assumptions may

be supported by the researcher’s knowledge of the industry. However, in general, some of

these assumptions are diffi cult to justify. Ideally. we would like to learn from our data

about the nature of competition. Suppose that the researcher has data on firms’marginal

costs (or estimates of these costs based on a production function) and an estimation of the

demand system. Then, given an assumption about the form of competition in this industry

(for instance, perfect competition, Cournot, collusion), the researcher can use the demand to

obtain firms’marginal revenues and check whether they are equal to the observed marginal

costs. That is, the researcher can test if a particular form of competition is consistent with

the data. In this way, it is possible to find the form of competition that is consistent with

the data, for instance, identify if there is evidence of collusive behavior. We will see in this

chapter that, even if the researcher does not have data on firms’costs, it is still possible

to combine the demand system and the equilibrium conditions to jointly identify marginal

costs and the nature of competition in the industry. This is the main purpose of the so called

conjectural variation approach.

In this chapter, we describe the specification and estimation of empirical models of

Cournot competition in an homogenous product industry, Bertrand competition in a dif-

ferentiated product industry, and the conjectural variation approach both in homogenous

and differentiated product industries.
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2. Homogenous product industry

2.1. Estimating marginal costs from equilibrium conditions. First, we consider
the situation where the researcher does not have direct measures of marginal costs and uses

the equilibrium conditions to estimate these costs.

2.1.1. Perfect competition. We first illustrate this approach in the context of a perfectly

competitive industry for an homogeneous product. Suppose that the researcher knows, or is

willing to assume, that the industry under study is perfectly competitive, and she has data on

the market price and on firms’output for T periods of time (or T geographic markets) that

we index by t. The dataset consists of {pt, qit} for i = 1, 2, ..., Nt and t = 1, 2, ..., T , where

Nt is the number of firms active at period t. The variable profit of firm i is pt qit − Ci(qit).
Under perfect competition, the marginal revenue of any firm i is the market price, pt. The

marginal condition of profit maximization for firm i is pt = MCi(qit) where MCi(qit) is the

marginal cost, MCi(qit) ≡ C ′i(qit). Under perfect competition, all the firms should have

the same marginal costs. This is a clear testable restriction of the assumption of perfect

competition with homogeneous product.

Consider a particular specification of the cost function. With a Cobb-Douglas production

function, we have that:

MCi(qit) = qθit W
α1
1it ...W

αJ
Jit exp{εMC

it } (2.1)

Wjit is the price of variable input j for firm i, and α’s are technological parameters in the

Cobb-Douglas production function. εMC
it is an unobservable to the researcher that captures

the cost (in)effi ciency of a firm and that depends on the firm’s total factor productivity,

unobserved input prices and unobserved fixed inputs. The technological parameter θ is

equal to 1
αV
− 1, and αV is the sum of the Cobb-Douglas coeffi cients of all the variable

inputs. Therefore, the equilibrium condition pt = MCi(qit) implies the following regression

model in logarithms:

ln (pt) = θ ln(qit) + α1 ln(W1it) + ...+ αJ ln(WJit) + εMC
it (2.2)

We can distinguish three cases for parameter θ. Constant Returns to Scale (CRS): αV = 1

such that θ = 0 and this implies that the marginal cost function is a constant function.

Decreasing (Increasing) Returns to Scale: αV < 1 (αV > 1) such that θ > 0 (θ < 0) and the

log-marginal cost function is an increasing (decreasing) linear function of log-output. The

Using data on prices and quantities, we can estimate the slope parameter θ in this

regression equation. Given estimates of the parameters θ and α’s we can estimate εMC
it as a

residual from this regression. Therefore, we can estimate the marginal cost function function

of each firm. Since the dependent variable of the regression, ln (pt), is constant over firms,
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then, by construction, firms that produce more are more cost-effi cient according to the term

α1 ln(W1it) + ...+ αJ ln(WJit) + εMC
it .

Estimation of equation (2.2) by OLS suffers of an endogeneity problem. The equilibrium

condition implies that firms with a large value of εMC
it are less cost-effi cient and, and all

else equal, should have a lower level of output. Therefore, the regressor ln(qit) is negatively

correlated with the error term εMC
it . This negative correlation between the regressor and the

error term implies that the OLS estimator provides a downward biased estimate of the true

θ. For instance, the OLS estimate could show increasing returns to scale, θ < 0, when the

true technology has decreasing returns to scale, θ > 0. This endogeneity problem does not

disappear if we consider the model in market means.

We can deal with this endogeneity problem by using instrumental variables. Suppose

that XD
t is an observable variable (or vector of variables) that affects the demand of the

product but not the marginal costs of the firms. The equilibrium of the model implies that

these demand variables should be correlated with firms’outputs, ln(qit). Of course, this

condition is testable. Under the assumption that these observable demand variables XD
t

are not correlated with the unobserved term in the marginal cost, E(XD
t εMC

it ) = 0, we

can use these variables as instruments for log-output in the regression equation (??) for the
consistent estimation of θ.

2.1.2. Cournot competition. Now, suppose that the researcher assumes that the market

is not perfectly competitive and that firms compete a la Nash-Cournot. The demand can

be represented using the inverse demand function pt = P
(
Qt, X

D
t

)
, where Qt ≡

∑N
i=1 qit is

the market total output, and XD
t is a vector of exogenous market characteristic that affect

demand. Each firm chooses its own output qit to maximize profit. Profit maximization

implies the condition of marginal revenue equal to marginal cost, and the marginal revenue

function is:

MRit = pt + P ′Q
(
Qt, X

D
t

) [
1 +

dQ(−i)t

dqit

]
qit (2.3)

P ′Q
(
Qt, X

D
t

)
is the derivative of the inverse demand function with respect to total output.

Variable Q(−i)t is the aggregate output of firms other than i, and the derivative
dQ(−i)t

dqit
repre-

sents the belief or conjecture that firm i has about how other firms will respond by changing

their output when this firm changes marginally its own output. Under the assumption of

Nash-Cournot competition, this belief or conjecture is zero:

Nash− Cournot⇔
dQ(−i)t

dqit
= 0 (2.4)

Firm i takes as fixed the quantity produced by the rest of the firms, Q(−i)t, and chooses

her own output qit to maximize her profit. Therefore, the first order condition of optimality
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under Nash-Cournot competition is:

MRit = pt + P ′Q
(
Qt, X

D
t

)
qit = MCi(qit) (2.5)

We assume that the profit function is globally concave in qit for any positive value of Q(−i)t

such that there is a unique value of qit that maximizes the firm’s profit, and it is fully

characterized by the marginal condition of optimality that establishes that marginal revenue

equals marginal cost.

Consider the same specification of the cost function as before. Suppose that the demand

function has been estimated in a first step such that there is a consistent estimate of the

demand function. Therefore, the researcher can construct consistent estimates of marginal

revenues pt+P ′Q
(
Qt, X

D
t

)
qit for every firm i. Then, the econometric model can be described

in terms of the following linear regression model in logarithms:1

ln (MRit) = θ ln(qit) + α1 ln(W1it) + ...+ αJ ln(WJit) + εMC
it (2.6)

We are interested in the estimation of the parameter θ and α’s and of the firms’relative

effi ciency, εMC
it .

OLS estimation of this regression function suffers of the same endogeneity problem as in

the perfect competition case described above. The model implies that E(ln (qit) ε
MC
it ) 6= 0,

and more specifically there is a negative correlation between a firm’s output and its unob-

served ineffi ciency. To deal with this endogeneity problem, we can use instrumental variables.

As in the case of perfect competition, we can use observable variables that affect demand but

not costs, XD
t , as instruments. With Cournot competition, we may have additional types of

instruments.

Suppose that the researcher observes some exogenous input prices Wit = (W1it, ...,WJit)

and that at least one of these prices has cross-sectional variation over firms. For instance,

suppose that there is information at the firm level on the firm’s wage rate, or its capital

stock, or its installed capacity. Note that, in equilibrium the input price of the competitors

have an effect on the level of output of a firm. That is, given its own input prices Wit,

log-output ln(qit) still depends on the input prices of other firms competing in the market,

Wjt for j 6= i. A firm’s output increases if, all else equal, the wage rates of a competitor

increases. Note that the partial correlation between Wjt and ln(qit) is a testable condition.

Under the assumption that the vector Wjt is exogenous, that is, E(Wjt ε
MC
it ) = 0, a natural

approach to estimate this model is using IV or GMM based on moment conditions that use

the characteristics of other firms as an instrument for output. For instance, the moment

1For notational simplicity, here I omit the estimation error from the estimation of the demand function in
the first step. Note that, in this case, this estimation error only implies measurement error in the dependent
variable and it does not affect the consistency of the instrumental variables estimator described below or the
estimation of robust standard errors.
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conditions can be:

E

([
ln(Wit)∑
j 6=i ln(Wjt)

]
[ln (MRit)− θ ln(qit)−Wit α]

)
= 0 (2.7)

2.2. Identification of the nature of competition: Conjectural variation model.
2.2.1. Model. Consider an industry where, at period t, the inverse demand curve is pt =

P
(
Qt, X

D
t

)
, and firms, indexed by i, have cost functions Ci(qit). Every firm i, chooses its

amount of output, qit, to maximize its profit, pt qit − Ci(qit). Without further assumptions,
the marginal condition for the profit maximization of a firm is marginal revenue equal to

marginal cost, where the marginal revenue of firm i is:

MRit = pt + P ′Q
(
Qt X

D
t

) [
1 +

∂Q(−i)t

∂qit

]
qit (2.8)

As mentioned above, the term
∂Q(−i)t

∂qit
represents the belief that firm i has about how the

other firms in the market will respond if she changes its own amount of output marginally.

We denote this conjecture or belief as the conjectural variation of firm i at period t, and

denote it as CVit ≡
∂Q(−i)t

∂qit
.

As researchers, we can consider different assumptions about firms’beliefs or conjectural

variations. Different assumptions on CVs imply different models of competition with their

corresponding equilibrium outcomes. John Nash (1951) proposed the following conjecture:

when a player constructs her best response, she believes that the other players will not

response to a change in her decision. In the Cournot model, Nash conjecture implies that

CVit = 0. For every firm i, the "perceived" marginal revenue is MRit = pt + P ′Q
(
Qt X

D
t

)
qit, and the condition pt + P ′Q

(
Qt X

D
t

)
qit = MCi(qit) implies the Cournot equilibrium.

There are CVs that generate the perfect competition equilibrium and the collusive or

cartel equilibrium.

Perfect competition. For every firm i, CVit = −1. Note that this conjecture implies

that: MRit = pt + P ′Q
(
Qt X

D
t

)
[1− 1] qit = pt, and the conditions pt = MCi(qit) imply the

perfect competition equilibrium.

Collusion (Cartel). For every firm i, CVit = Nt − 1. This conjecture implies, MRit =

pt + P ′Q
(
Qt X

D
t

)
Nt qit, that generates that equilibrium conditions pt + P ′Q

(
Qt X

D
t

)
Nt

qit = MCi(qit). When firms have constant and homogeneous MCs, this condition implies

pt + P ′Q
(
Qt X

D
t

)
Qt = MCt, which is the equilibrium condition for the Monopoly (collusive

or cartel) outcome.
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The value of the beliefs / CV parameters are related to the nature of competition.

Perfect competition: CVit = −1; MRit = pt

Nash-Cournot: CVit = 0; MRit = pt + P ′Q (Qt) qit

Cartel all firms: CVit = Nt − 1; MRit = pt + P ′Q (Qt) Qt

(2.9)

Given this result, one can argue that CV is closely related to the nature of competition, and

therefore with equilibrium price and quantities. If CV is negative, the degree of competition

is stronger than Cournot. The closer to −1, the more competitive. If CV is positive, the

degree of competition is weaker than Cournot. The closer to Nt − 1, the less competitive.

Interpreting CVit as an exogenous parameter is not correct. Conjectural variations rep-

resent firms’beliefs, and as such they are endogenous outcomes from the model.

2.2.2. Estimation with information on marginal costs. Consider an homogeneous product

industry and a researcher with data on firms’quantities and marginal costs, and market

prices over T periods of time: {pt,MCit, qit} for i = 1, 2, ..., Nt and t = 1, 2, ..., T . Under the

assumption that every firm chooses the amount of output that maximizes its profit given its

belief CVit, we have that the following condition holds:

pt + P ′Q
(
Qt X

D
t

)
[1 + CVit] qit = MCit (2.10)

And solving for the conjectural variation, we have:

CVit =
pt −MCit

−P ′Q (Qt XD
t ) qit

− 1 =

[
pt −MCit

pt

] [
1

qit/Qt

]
|ηt| − 1 (2.11)

where ηt is the demand elasticity. Note that
pt−MCit

pt
is the Lerner index and qit/Qt is the

market share of firm i. This equation shows that, given data on quantities, prices, demand

and marginal costs, we can identify the firms’beliefs that are consistent with these data and

with profit maximization. Let us denote
[
pt−MCit

pt

] [
1

qit/Qt

]
as the Lerner-index-to-market-

share ratio of a firm. If the Lerner-index-to-market-share ratios are close zero, then the

estimated values of CV will be close to −1 unless the absolute demand elasticity is large. In

contrast, if the Lerner-index-to-market-share ratios are large (that is, larger than the inverse

demand elasticity), then estimated CV values will be greater than zero, and can reject the

hypothesis of Cournot competition in favor of collusion.

Under the restriction that all the firms have the same marginal costs and conjectural

variations, equation (2.11) that relates the Lerner index with the conjectural variation be-

comes:
pt −MCt

pt
=

[
1 + CVt
Nt

]
1

|ηt|
(2.12)
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where Nt is the number of firms in the market. This is the equation that we use in the

empirical application that we describe at the end of this section. According to this expres-

sion, market power, as measured by the Lerner Index, depends on the elasticity of demand

(negatively), the number of firms in the market (negatively), and the conjectural variation

(positively).

2.2.3. Estimation without information on marginal costs. So far, we have considered the

estimation of CV parameters when the researcher knows both demand and firms’marginal

costs. We now consider the case where the researcher knows the demand, but it does not

know firms’marginal costs. Identification of CVs requires also de identification of marginal

costs. Under some conditions, we can jointly identify CVs and MCs using the marginal

conditions of optimality and the demand.

The researcher observes data
{
pt, qit, XD

t , X
MC
t : i = 1, ...Nt; t = 1, ..., T

}
, where XD

t

are variables affecting consumer demand, for instance, average income, population, and Wt

are variables affecting marginal costs, for instance, some input prices. Consider the linear

(inverse) demand equation:

pt = α0 + α1 X
D
t − α2 Qt + εDt (2.13)

with α2 ≥ 0, and εDt is unobservable to the researcher. Consider the marginal cost function:

MCit = β0 + β1 Wt + β2 qit + εMC
it (2.14)

with β2 ≥ 0, and εMC
it is unobservable to the researcher. Profit maximization implies pt +

dPt
dQt

[1 + CVit] qit = MCit. Since the demand function is linear and
dPt
dQt

= −α2, we have:

pt = β0 + β1 Wt + [β2 + α2(1 + CVit)] qit + εMC
it (2.15)

This equation describes the marginal condition for profit maximization. We assume now

that CVit = CV for every observation i, t in the data. The structural equations of the model

are the demand equation in (2.13) and the equilibrium condition in (2.15).

Using this model and data, can we identify (that is, estimate consistently) the CV pa-

rameter? For the structural model described by equations (2.13) and (2.15), the answer to

this question is negative. However, we will see that a simple modification of this model im-

plies separate identification of CV and MC parameters. We first describe the identification

problem.

Identification of demand parameters. The estimation of the regression equation for the

demand function needs to deal with the well-known simultaneity problem. In equilibrium,

output Qt is correlated with the error term εDt . The model implies a valid instrument to

estimate demand. In equilibrium, Qt depends on the exogenous cost variable Wt. This

variable does not enter in the demand equation. If Wt is not correlated with εDt , then this
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variable satisfies all the conditions for being a valid instrument. Parameters α0, α1, and α2

are identified using this IV estimator.

Identification of CV and MCs. In the regression equation (2.15) we also need to deal with

a simultaneity problem. In equilibrium, output qit is correlated with the error term εMC
it .

The model implies a valid instrument to estimate this equation. In equilibrium, qit depends

on the exogenous demand shifter XD
t . Note that X

D
t does not enter in the marginal cost

and in the right hand side of the regression equation (2.15). If XD
t is not correlated with

εMC
it , then this variable satisfies all the conditions for being a valid instrument such that the

parameters β0, β1, and γ ≡ β2 + α2(1 + CV ) are identified using this IV estimator.

Note that we can identify the parameter γ ≡ β2 + α2(1 + CV ) and the slope of inverse

demand function, α2. However, knowledge of γ and α2 is not suffi cient to identify separately

CV and the slope of the MC, β2. Given estimated values for γ and α2, equation γ =

β2 + α2(1 + CV ) implies a linear relationship between CV and β2 and there are infinite

values of these parameters that satisfy this restriction. Even we restrict CV to belong to

the values with a clear economic interpretation, such that CV ∈ {−1, 0, N − 1} and β2 to

greater or equal than zero, we do not have identification of these parameters. For instance,

suppose that N = 2, γ = 2, and α2 = 1 such that we have the constraint 2 = β2 + (1 +CV )

or equivalently, β2 + CV = 1. This equation is satisfied by any of the following forms of

competition and values of β2 ≥ 0. Perfect competition: CV = −1 and β2 = 2. Cournot

competition: CV = 0 and β2 = 1. And perfect collusion: CV = N − 1 = 1 and β2 = 0.

Following Bresnahan (1981), we can provide a graphical representation of this identifi-

cation problem. Suppose that we have followed the approach described above to estimate

consistently demand parameters, marginal cost parameters β0 and β1, and the parameter

γ. We can define two hypothetical marginal cost functions: the marginal cost under the

hypothesis of perfect competition (CV = −1 such that β2 = γ), MCc ≡ β0 + β1 W + γ q;

and the marginal cost under the hypothesis of monopoly or perfect collusion (CV = N − 1

such that β2 = γ−α2N),MCm ≡ β0 +β1 W +(γ−α2N) q. That is, MCc andMCm are the

marginal cost functions that rationalize the observed values (pt, qit) under the hypotheses of

perfect competition and monopoly, respectively. Figure 5.1 shows that the observed price

and quantity in market 1, say (p1, q1), can be rationalized either as the point where the

demand function D1 crosses the marginal costMCc, or as the monopoly outcome defined by

the marginal revenue MR1 and the marginal cost MCm.
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Figure 4.1: One data point: No identification of PC vs. collusion

If the model is described by equations (2.13) and (2.15), the observation of prices and

quantities (pt, qt) from multiple markets does not help to solve this identification problem.

Suppose that we keep Wt constant such that the observations (pt, qt) for t = 1, 2, ..., T

are generated by different values of the demand shifters XD
t and εDt . This implies parallel

vertical shifts in the demand curve and in the corresponding marginal revenue curve, as

represented in Figure 5.2. As explained above for observation (p1, q1), all the observations

{pt, qt : t = 1, 2, ..., T} can be rationalized either as perfect competive equilibria that come
from the intersection of demand curves {Dt : t = 1, 2, ..., T} and marginal cost MCc, or as

monopoly outcomes that are determined by the intersection of the marginal revenue curves

{MRt : t = 1, 2, ..., T} and the marginal cost MCm.
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Figure 4.2: Multiple data points: No identification of PC vs. collusion

This graphical analysis provides also an intuitive interpretation of a solution to this

identification problem. This solution involves generalizing demand function so that changes

in exogenous variables do more than just a parallel shift in the demand curve and the

marginal revenue. We introduce additional exogenous variables that are capable of rotating
the demand curve. Consider Figure 5.3. We have two data points as represented by points

E1 and E2. Now, point E2 is associated with a change in the demand curve that consists in

a rotation around point E1. Under perfect competition, this rotation in the demand curve

should not have any effect in equilibrium prices and quantities. Therefore, under perfect

competition the value of (P, q) in market 2 should be the same as in market 1. Since point

E2 is different to E1, we can reject the hypothesis of perfect competition. Changes in the

slope of the demand have and effect on prices and quantities only if firms market power.
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Figure 4.3: Multiple data points: Identification of PC vs. collusion

We now present more formally the identification of the model illustrated in Fugure 5.3.

Consider now the following demand equation:

pt = α0 + α1 X
D
t − α2 Qt − α3 [Rt Qt] + εDt (2.16)

Rt is an observable variable that affects the slope of the demand. Some possible candidates

for these variables are the price of a substitute or complement product, seasonal variables,

or the consumer demographics. The key condition is that the parameter α3 is different to

zero. That is, when Rt varies, there is a rotation in the demand curve, that is, a change

in the slope of the demand curve. Note that this condition is testable. Given this demand

model, we have that dPt
dQt

= −α2−α3 Rt, and the marginal condition for profit maximization

implies the following regression model:

pt = β0 + β1 Wt + γ1 qit + γ2 (Rt qit) + εMC
it (2.17)

with γ1 ≡ β2 + α2 [1 + CV ] and γ2 ≡ α3 [1 + CV ].

Equations (2.16) and (2.17) describe the structural model. Using this model and data,

we can identify separately CV and MC parameters. Demand parameters can be identified

similarly as before, using Wt as an instrument for output. Parameters α0, α1, α2, and

α3 are identified using this IV estimator. The model also implies a valid instrument to

estimate the parameters in the equilibrium equation in (2.17). We can instrument qit using

XD
t . Parameters β0, β1, γ1, and γ2 are identified. Note that γ1 = β2 + α2 [1 + CV ] and

γ2 = α3 [1 + CV ] such that that given γ2 and α3 we identify CV , and given γ1, α2, and CV

we identify β2. The identification of CV is very intuitive: 1 + CV = γ2/α3. It measures
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the ratio between the sensitivity of price with respect to (Rt qit) in the equilibrium equation

relative to the sensitivity of price with respect to (Rt Qt) in the demand equation.

The sample variation in the slope of the inverse demand plays a key role in the identifi-

cation of the CV parameter. An increase in the slope means that the demand becomes less

price sensitive, more inelastic. For a monopolist, when the demand becomes more inelastic,

the optimal price should increase. In general, for a firm with high level of market power

(high CV), we should observe an important increase in prices associated with an increase in

the slope. On the contrary, if the industry is characterized by very low market power (low

CV) the increases in prices should be practically zero. Therefore, the response of prices to

an exogenous change in the slope of the demand contains key information for the estimation

of θ.

2.2.4. An application: The sugar industry. Genesove andMullin (GM) study competition

in the US sugar industry during the period 1890-1914. Why this period? The reason is that

for this period they can collect high quality information on the value of marginal costs. Two

aspects play are important in the collection of information on marginal costs. First, the

production technology of refined sugar during this period was very simple and the marginal

cost function can be characterized in terms of a simple linear function of the cost of raw

sugar, the main intermediate input in the production of refined sugar. Most importantly,

during this period there was an important investigation of the industry by the US anti-

trust authority. As a result of that investigation, there are multiple reports from expert

witnesses that provide estimates about the structure and magnitude of production costs in

this industry.

As we describe below, GM use this information on marginal costs to test the validity of

the standard conjectural variation approach for estimation of price cost margins and marginal

costs. Here I describe briefly the main idea for this approach.

Let pt = P (Qt) be the inverse demand function in the industry. Under the conjectural

variation approach, and under the assumption that all the firms are identical in their marginal

costs and in their conjectural variations, the marginal revenue at period t is:

MRt = pt − [1 + CVt]
Qt

Nt

dP (Qt)

dQt

(2.18)

where dP (Qt)/dQt is the derivative of the inverse demand function. The condition for profit

maximization (marginal revenue equals marginal cost) is pt − [1 + CVt]
Qt
Nt

dP (Qt)
dQt

= MCt,

and it implies the following condition for the Lerner Index:

pt −MCt
pt

=

[
1 + CVt
Nt

]
1

|ηt|
(2.19)
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Therefore, if we observe prices and can estimate the demand elasticity and the marginal cost,

then we have a simple and direct estimate of the conjectural variation. Without information

on MCs, the estimation of the CV should be based: (a) on our estimation of demand, and

in particular, on exclusion restrictions that permit the identification of demand parameters;

and (b) on our estimation of the MC function, on exclusion restrictions that permit the

identification of this function. If assumptions (a) or (b) are not correct, our estimation of

the CV and therefore of the Lerner Index, will be biased. GM evaluate these assumptions by

comparing the estimates of CV using information on MCs and not using that information.

The rest of this section describes the following aspects of this empirical application: (a)

The industry; (b) The data; (c) Estimates of demand parameters; and (d) Estimation of

CV.

The industry. Homogeneous product industry. Highly concentrated during the sample

period, 1890-1914. The industry leader, American Sugar Refining Company (ASRC), had

more than 65% of the market share during most of these years.

Production technology. Refined sugar companies buy "raw sugar" from suppliers in

national or international markets, transformed it into refined sugar, and sell it to grocers.

They sent sugar to grocers in barrels, without any product differentiation. Raw sugar is

96% sucrose and 4% water. Refined sugar is 100% sucrose. The process of transforming raw

sugar into refined sugar is called "melting", and it consists of eliminating the 4% of water

in raw sugar. Industry experts reported that the industry is a "fixed coeffi cient" production

technology:2

Qrefined = λ Qraw

where Qrefined is refined sugar output, Qraw is the input of raw sugar, and λ ∈ (0, 1) is a

technological parameter. That is, 1 ton of raw sugar generates λ tons units of refined sugar.

Marginal cost function. Given this production technology, the marginal cost function
is:

MC = c0 +
1

λ
praw

where praw is the price of the input raw sugar (in dollars per pound), and c0 is a component

of the marginal cost that depends on labor and energy. Industry experts unanimously report

that the value of the parameter λ was close to 0.93, and c0 was around $0.26 per pound.

Therefore, the marginal cost at period (quarter) t, in dollars per pound of sugar, was:

MCt = 0.26 + 1.075 prawt

2Actually, the fixed coeffi cient Leontieffproduction function isQrefined = min {λ Qraw ; f(L,K)} where
f(L,K) is a function of labor and capital inputs. However, cost minimization will generally imply that
Qrefined = λ Qraw = f(L,K).
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The data. Quarterly US data for the period 1890-1914. The dataset contains 97 quarterly

observations on industry output, price, price of raw sugar, imports of raw sugar, and a

seasonal dummy.

Data = { Qt, pt, prawt , IMPt, St : t = 1, 2, ..., 97}

IMPt represents the imports of raw sugar from Cuba. And St is a dummy variable for

the Summer season: St = 1 is observation t is a Summer quarter, and St = 0 otherwise.

The summer was a high demand season for sugar because most the production of canned

fruits was concentrated during that season, and the canned fruit industry accounted for an

important fraction of the demand of sugar.

Based on this data, we can also obtain a measure of marginal cost asMCt = 0.26+1.075

prawt .

Estimates of demand parameters. GM estimate four different models of demand. The

main results are consistent for the four models. Here I concentrate on the linear demand,

Qt = βt (αt − pt), and the inverse demand equation is:

pt = αt −
1

βt
Qt

We can refer to βt to the price sensitivity of demand, which is the inverse of the slope of the

demand curve, that is, higher price sensitivity implies a smaller slope of the demand curve.

GM consider the following specification for αt and βt:

αt = αL (1− St) + αH St + eDt

βt = βL (1− St) + βH St

αL, αH , βL, and βH are parameters. αL and βL are the intercept and the slope of the demand

during the "Low Season" (when St = 0). And αH and βH are the intercept and the slope of

the demand during the "High Season" (when St = 1). eDt is an error term that represents

all the other variables that affect demand and that we do not observe. Therefore, we can

write the following inverse demand equation:

pt = αL + (αH − αL)St +
1

βL
(−Qt) +

(
1

βH
− 1

βL

)
(−StQt) + eDt

This is a regression equation where the explanatory variables are a constant term, St, (−Qt),

and (−StQt), and the parameters are αL, (αH−αL), 1
βL
, and

(
1
βH
− 1

βL

)
. From the estimation

of these parameters, we can recover αL, αH , βL, and βH .

As we have discussed before, Qt is an endogenous regressor in this regression equation.

We need to use IV to deal with this endogeneity problem. In principle, it seems that we

could we prawt as an instrument. However, GM have a reasonable concern about the validity

of this instrument. The demand of raw sugar from the US accounts for a significant fraction
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of the world demand of raw sugar. Therefore, exogenous shocks in the demand of refined

sugar (eDt ) might generate an increase if the world demand of raw sugar and in p
raw
t such that

Cov(eDt , p
raw
t ) 6= 0. Instead they use imports of raw sugar from Cuba as an instrument: al-

most 100% of the production of raw sugar in Cuba was exported to US, and the authors claim

that variations in Cuban production of raw sugar was driven by supply/weather conditions

and not by the demand from US.

These are the parameter estimates.

Table 4.1: Genesove & Mullin: Demand estimates
Demand Estimates
Parameter Estimate Standard Error

αL 5.81 (1.90)
αH 7.90 (1.57)
βL 2.30 (0.48)
βH 1.36 (0.36)

In the high season the demand shifts upwards and becomes less elastic. The estimated

price elasticities of demand in the low and the high season are |ηL| = 2.24 and |ηH | = 1.04,

respectively. According to this, any model of oligopoly competition where firms have some

market power predicts that the price cost margin should increase during the price season

due to the lower price sensitivity of demand.

Before we discuss the estimates of the conjectural variation parameter, it is interesting to

illustrate the errors that researchers can make if in the absence of information about marginal

costs they estimate price cost margins by making an adhoc assumption about the value of

CV in the industry. As mentioned above, the industry was highly concentrated during

this period. Though there were approximately 6 firms active during most of the sample

period, one of the firms accounted for more than two-thirds of total output. Suppose three

different researchers of this industry, that we label as researchers M , C, and S. Researcher

M considers that the industry was basically a Monopoly/Cartel during this period (in fact,

there was anti-trust investigation, so there may be some suspicions of collusive behavior).

Therefore, she assumes that [1 +CV ]/N = 1. Researcher C considers that the industry can

be characterized by Cournot competition between the 6 firms, such that [1 +CV ]/N = 1/6.

Finally, researcher S thinks that this industry can be better described by a Stackelberg model

with 1 leader and 5 Cournot followers, and therefore [1 + CV ]/N = 1/(2 ∗ 6 − 1) = 1/11.

What are the respective predictions of these researchers about market power as measured

by the Lerner index? The following table presents the researchers’predictions and also the

actual value of the Lerner index based on our information on marginal costs (that we assume

is not available for these 3 researchers). Remember that Lerner = p−MC
p

=
[

1+CV
N

]
1
|η| .
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Table 4.2: Genesove & Mullin: Markups under different conduct parameters
Predicted Market Power Based on Different Assumptions on 1+CV

N

Assumed 1+CV
N

Predicted Lerner Actual Lerner Predicted Lerner Actual Lerner

Low season:
[

1+CV
N |ηL|

]
Low season:pL−MC

pL
High season:

[
1+CV
N |ηH |

]
High season:pH−MC

pH

Monopoly: 1+CV
N

= 1 1
2.24

= 44.6% 3.8% 1
1.04

= 96.1% 6.5%

Cournot: 1+CV
N

=1
6

1/6
2.24

= 7.4% 3.8% 1/6
1.04

= 16.0% 6.5%

Stackelberg: 1+CV
N

= 1
11

1/11
2.24

= 4.0% 3.8% 1/11
1.04

= 8.7% 6.5%

This table shows that the researcher M will make a very seriously biased prediction of

market power in the industry. Since the elasticity of demand is quite low in this industry,

especially during the high season, the assumption of Cartel implies a very high Lerner index,

much higher than the actual one. Researcher C also over-estimates the actual Lerner index.

The estimates of researcher S are only slightly upward biased.

Consider the judge of an anti-trust case where there is very little reliable information on

the actual value of MCs. The picture of industry competition that this judge gets from the

three researchers is very different. This judge would be interested in measures of market

power in this industry that do not depend on an adhoc assumption about the value of CV.

Estimation of conjectural variation. Suppose that we do not observe the MC and we

use the approach described Section 2 to estimate the CV and then the lerner index. The

condition marginal revenue equal to marginal cost implies the following equation:

pt = c0 + c1 p
raw
t + θ

Qt

βt
+ eMC

t

with θ ≡ (1 +CV )/N . We treat c0 and c1 (the parameters in the marginal cost function) as

parameter to estimate because we do not know that c0 = 0.26 and c0 = 1.075. We interpret

eMC
t as an error term in the marginal cost. After the estimation of the demand equation, we

have β̂t = 2.30(1− St) + 1.36 St. Therefore, we estimate the equation:

pt = c0 + c1 p
raw
t + θ

Qt

β̂t
+ eMC

t

Since Qt is endogeneously determined, it should be correlated with eMC
t . To deal with

this endogeneity problem, GM use instrumental variables. Again, the use imports from Cuba

as an instrument for Qt. In principle, they might have considered the seasonal dummy St
as an instrument, but they were probably concerned that there may be also seasonality in

the marginal cost such that eMC
t and St might be correlated (for instance, wages of seasonal

workers). The following table presents these IV estimates of c0, c1 and θ, their standard
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errors (in parentheses) and the "true" values of these parameters based on the information

on marginal costs.

Table 4.3: Genesove & Mullin: Estimates of conduct and marginal cost
parameters

Estimates of Marginal Costs and θ
Parameter Estimate (s.e.) "True" value(Note)

1+CV
N

0.038 (0.024) 0.10

c0 0.466 (0.285) 0.26

c1 1.052 (0.085) 1.075

The "true" value of 1+CV
N

using information of MC is obtained using the relationship
1+CV
N

= (p−MC
p

) |η|. The estimates of 1+CV
N
, c0, and c1, are not too far from their "true"

values. This seems a validation of the CV approach for this particular industry. Based

on this estimate of 1+CV
N
, the predicted values for the Lerner index in the low season is[

1+CV
N

]
1
|ηL|

=
0.038

2.24
= 1.7%, and the predicted Lerner Index in high season

[
1+CV
N

]
1
|ηH |

=

0.038

1.04
= 3.6%. Remember that the true values of the Lerner index using information on

marginal costs were 3.8% in the low season and 6.5% in the high season. Therefore, the

estimates using the CV approach under-estimate the actual market power in the industry,

but by a relatively small magnitude.

3. Differentiated product industry

3.1. Model. Consider an industry with J differentiated products (for instance, auto-
mobiles) 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 (3.1)

where p = (p1, p2, ..., pJ) is the vector of product prices, and 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. The profit of firm f is:

Πf =
∑
j∈Jf

pj qj − Cj(qj) (3.2)

where Cj(qj) is the cost of producing a quantity qj of product j. Firms compete in prices.

Bertrand. For the moment, we assume Nash-Bertrand competition: each firm chooses its

own prices to maximize profits and takes the prices of other firms as given. The first order
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conditions of optimality for profit maximization of firm f are: for any j ∈ Jf

qj +
∑
k∈Jf

[pk −MCk]
∂Dk

∂pj
= 0 (3.3)

where MCj is the marginal cost C ′j(qj). We can write this system in vector form. For firm

f :

qf + ∆Df
[
pf −MCf

]
= 0 (3.4)

where qf , pf , and MCf are column vectors with the quantities, prices, and marginal costs,

respectively, for every product j ∈ Jf , and ∆Df is the square matrix with the demand-price

derivatives
∂Dk

∂pj
for every j, k ∈ Jf . Solving for price-cost margins in this system:

pf −MCf = −
[
∆Df

]−1
qf (3.5)

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),is known to the researcher.

EXAMPLE. Single product firms & Logit model. For single product firms, the marginal
condition of optimality is:

pj −MCj = −
[
∂Dj

∂pj

]−1

qj (3.6)

In the logit demand system, we have that:

Dj (p,x) = H
exp

{
x′jβ − α pj

}
1 +

∑J
k=1 exp {x′kβ − α pk}

(3.7)

where H represents market size, and β and α are parameters. This demand system implies

that
∂Dj

∂pj
= −α H sj(1 − sj) where sj is the market share sj ≡ qj/H. Therefore, in this

model:

PCMj ≡ pj −MCj =
1

α(1− sj)
(3.8)

We see that in this model the price-cost margin of a firm declines with the price sensitivity

of demand, α, and increases with the own market share, sj. �

EXAMPLE. Logit model with Multi-product firms. With multiproduct firms we have that,

the F.O.C. is qj +
∑
k∈Jf

PCMk
∂Dk

∂pj
= 0. In Logit demand system:

∂Dj

∂pj
= −α H sj(1− sj)

and for k 6= j,
∂Dj

∂pk
= α H sj sk. And this implies:

PCMj =
1

α
+
∑
k∈Jf

PCMk sk (3.9)
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The RHS is firm specific but it does not vary across products within the same firm. This

condition implies that all the products owned by a firm have the same price-cost margin.

This condition implies that the price-cost margin is:

PCMj = PCM f =
1

α
(

1−
∑

k∈Jf sk

) (3.10)

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)
(3.11)

This prediction is robust and it extends to Bertrand competition when products are substi-

tutes. �

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

 (3.12)

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.

Collusion and other ownership structures. Suppose that there is collusion between
some or all the firms. We can represent a collusive setting as a partition of the set of firms,

into a number R of groups or "rinks". Let F = {1, 2, ..., F} be the set of all the firms,
and let R1, R2, ..., RR be a partition of the set F such that R1∪ R2∪ ...∪ RR = F and

Rr ∩ Rr′ = ∅ for r 6= r′. According to this partition, a firm belongs to one and only one

rink. We also use R(f) to denote the rink the rink to which firm f belongs.

A collusion rink, together with the ownership structure of the products, implies a set of

products from all the firms in the rink. Then, we can define:

JR(f) ≡ {j : j ∈ Jf ′ for some f ′ ∈ R(f)} ≡
⋃

f ′∈R(f)
Jf ′

We also define the dummy variables Θ
R(f)
j ≡ 1{j ∈ JR(f)}. No extreme example are no

collusion and collusion of all the firms. With no collusion we have that the number of rinks

R is equal to the number of firms F , and JR(f) = Jf , and Θ
R(f)
j = 1{j ∈ Jf}. With collusion
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of all firms, we have that there is only one rink, R = 1, R1 = F , JR(1) = J , and all the
indicators ΘRj are equal to one.

Firm f maximizes its collusion rink profit:
J∑
j=1

Θ
R(f)
j [pj qj − Cj(qj)]

The F.O.C.s for firm f : for j ∈ Jf

qj +

J∑
k=1

[pk −MCk] Θ
R(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 . Such that:

PCMR(f) = −
[
∆DR(f)

]−1
qR(f)

3.2. Estimating MCs based on assumption on form of competition. The re-
searcher 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 −
[
∆Df

t

]−1

qft for every firm f . Therefore, under the assumption of

Bertrand competition she has consistent estimates of the vectors of MCs:

MCf
t = pft +

[
∆Df

t

]−1

qft

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

researcher can construct
[
∆DR(f)

]−1
qR(f) and obtain the estimate of marginal costs:

MC
R(f)
t = p

R(f)
t +

[
∆D

R(f)
t

]−1

q
R(f)
t

Different hypothesis about collusion, or ownership structures of products (for instance, merg-

ers), imply different Price-Cost margins and different estimates of marginal costs. 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 = qγjt exp{x′jtα + ωjt}
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where ωjt is unobservable to the researcher. The econometric model is:

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.

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

3.3. Testing the nature of competition. Suppose that the researcher observes the
true MCjt. Or more realistically, observes a measure of costs, SMC

obs , for instance, 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 ΘR = {ΘR(f)
j }, we can obtain the MCs

under this hypothesis: MCj(Θ
R).

Let SMC(ΘR) the value of the statistic (for instance, mean value of all MCs) under the

hypothesis ΘR. We can use SMC(ΘR) and SMC
obs to construct a test of the null hypothesis

ΘR. For instance, if SMC is a vector of sample means, we could use a Chi-square test. This

is the approach in Nevo (2001). It is possible to consider Θ
R(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 Θ
R(f)
j and parameters in MCs. We need

similar rotation demand variables as in the homogeneous demand case (Nevo, 1998).

Testing form of competition: Without info on MCs. Instead of estimating Θ
R(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-squared of this regression is

Chi-square.
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3.3.1. Competition and Collusion in the American Automobile Industry.

Table 4.4: Bresnahan (1987) : Descriptive Statistics

Table 4.5: Bresnahan (1987) : Tests of conduct parameters
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Table 4.6: Bresnahan (1987) Estimates demand & MCs (collusion 1954 & 1956)

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.

3.3.2. Conduct in the Ready-to-eat cereal industry.

Nevo (2001). 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 mar-

ket 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 compari-

son, tests Bertrand vs (full) Collusion [and rejects collusion]; (4) Under Bertrand, compares

estimated PCMs with the counterfactual with single-product firms.

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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Table 4.7: Nevo (2001) : Market shares

Table 4.8: Nevo (2001): Demand estimates
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Direct measure of mean value of the price-cost margin in the industry: 31%

Table 4.9: Nevo (2001): Average markups under different conduct hypotheses

Michel & Weiergraeber (2018). This paper studies competition in the US cereal industry

during 1991-96. Two important events during this period: (1) Merger of Post & Nabisco

in 1993; (2) massive wholesale price reduction in 1996. The paper emphasizes importance

of allowing conduct "parameters" to vary over time and across firms in the same
industry. The authors are also particularly concern with finding powerful instruments to
separately identify conduct and marginal costs. They propose novel instruments that exploit

information on firms’promotional activities.
Data. Consumer level scanner data from the Dominick’s Finer Food (DFF). 58 super-

market stores located in the Chicago metropolitan area. Sample Period: February 1991 to
October 1996. Data aggregated at the monthly level (69 months). Focus on 26 brands of
cereals from the 6 nationwide manufacturers: Kellogg’s, General Mills, Post, Nabisco,
Quaker Oats, and Ralston Purina. Brands classified in 3 groups: adult, family, and kids.

Importantly: dataset contains information on wholesale prices (not only retail prices), and
in-store promotional activities.
Market shares. Very concentrated industry: CR1 ' 45%; CR2 ' 75%. Firms market

shares are more or less stable over the sample period, though with some changes after 1993

merger.

Post & Nabisco merger is 1993. Main concern of antitrust authority was the strong

substitutability in the adult cereal segment between Post’s and Nabisco’s products (price

increase after merger). The merger did not lead to any product entry or exit or any changes

in existing products. Following the merger, Post+Nabisco increased significantly its prices,
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and this price increased was followed by the other firms. In principle, this could be explained

under Bertrand-Nash competition, without any change in conduct.

On April 1996, Post decreased its wholesale prices by 20%. This was followed, a few

weeks later, by significant price cuts by the other firms. Average decrease in the wholesale

price between April and October 1996 of 9.66% (and 7.5% in retail price). Reduced form

regressions for wholesale prices: log(pwjst) = PROMOjst β + δ1 AFTMERt + δ2 Y 96t +

α
(1)
j +α

(2)
s + εjst. 96,512 observations. Rich controls for promotions variables, and store-level

aggregate demand. Estimated effects: after-merger (δ1) 0.0609 (s.e. = 0.0023); year-1996

(δ2) -0.0983 (s.e. = 0.0015).

Structural model.

Demand: Random coeffi cients nested logit model. Random coeffi cients logit model

discrete choice demand model: uijt = xj βi + βPROi PROjt + αi pjt + ξjt + εijt. PROjt

total (aggregated over stores and type of promotion) in-store promotions of product j dur-

ing month t. Similar to Nevo (2001) but, very importantly, including in-store promotional

variables. BLP-Instruments: Characteristics of other products. The authors exploit the

substantial amount of sample variation in Promotion variables. Results: Price coeffi cient
is highly negative; High-income consumers are less price-sensitive; Promotions have a signif-

icant positive effect.

Supply side: Flexible conduct parameter framework that specifies the degree of co-
operation by a matrix of parameters that capture the degree to which firms internalize
their rivals’profits. Manufacturers’marginal costs: Constant, MCjt = Wjt γ+ωjt, and

ωjt follows AR(1) process. Conduct parameters: Parameter λff ′t ∈ [0, 1] represents the

degree to which firm f internalizes the profits of firm f ′ when setting its whole sale price in

month t. Identification of MCs and Conduct. Consider the case of two single-product firms.

Their pricing equations are:

p1 −
(
∂s1

∂p1

)−1

s1 = MC1 + λ12 (p2 −MC2)

(
∂s1

∂p1

)−1
∂s2

∂p1

p2 −
(
∂s2

∂p2

)−1

s2 = MC2 + λ21 (p1 −MC1)

(
∂s2

∂p2

)−1
∂s1

∂p2

We need instruments. The number of instruments needed increases with the number of

firms, because we have more λ parameters. "BLP instruments" = characteristics of other

products. Two issues with this type of instruments: (1) often are weak instruments; (2) if

product characteristics do not vary across markets or time, these instruments are collinear

with brand fixed effects. Instead the authors use promotional variables of other products

as instruments. Demand elasticities are significantly affected by these variables. They have

substantial variation across products, over time, and markets.
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Still, there is the concern that promotional variables are endogenous, that is, correlated

with the unobservable component of the marginal cost. Promotions are chosen by firms:

it is more profitable to make promotions when marginal costs are low. To deal with this

endogeneity, the authors make the following assumptions on the error structure and the
timing of promotion decisions. Error structure: Fixed effects (product, store and
seasonal) and AR(1) shock: ωjt = ρ ωjt−1 + vjt. . The model is estimated using quasi-

differences: (yjt − ρ yjt−1) = (xjt − ρ xjt−1) β + vjt. Timing assumption: Promotions are
negotiated between manufacturers and retailers at least one month in advanced. Therefore,

PROMOjt is not correlated with the i.i.d. shock vjt.

Empirical results. Strong evidence for coordination between 1991-1992. On average the

conduct parameter is 0.277: that is, a firm values $1 of its rivals’profits as much as $0.277 of

its own profits. Because this coordination, pre-merger price-cost margins are 25.6% higher
than under multiproduct Bertrand-Nash pricing. After the Post + Nabisco merger in 1993,

the degree of coordination increased significantly, on average to 0.454. Towards year 1996,

the degree of coordination becomes close to 0, consistent with multiproduct Bertrand-Nash

pricing.

Counterfactuals: if firms had competed ala Bertrand-Nash before 1996: Consumer welfare

would have increased by between $1.6−$2.0 million per year; Median wholesale prices would

have been 9.5% and 16.3% lower during the pre-merger and post-merger periods.

3.4. Conjectural variation model with differentiated products. Consider an in-
dustry with a differentiated product. There are two firms in this industry, firm 1 and firm 2.

Each firm produces and sells only one brand of the differentiated product: brand 1 is pro-

duced by firm 1, and brand 2 is produced by firm 2. The demand system has the structure of

a logit demand model, where consumers choose between three different alternatives: j = 0,

represents the consumer decision of not purchasing any of the two products; and j = 1 and

j = 2 represent the consumer purchase of product 1 and 2, respectively. The utility of no

purchase (j = 0) is zero. The utility of purchasing product j ∈ {1, 2} is β xj−α pj+εj, where
the variables and parameters have the interpretation that we have seen in class. Variable

xj is a measure of the quality of product j, for instance, the number of stars of the product

according to consumer ratings. Therefore, we have that β > 0. The random variables ε1

and ε2 are independently and identically distributed over consumers with a type I extreme

value distribution, that is, Logit model of demand. Let H be the number of consumers in

the market. We define the market shares s0, s1, and s2 such that s0 + s1 + s2 = 1 and sj
represents the proportion of consumers choosing alternative j.
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The logit model implies that the market share of product 1, s1, is:

s1 =
exp {β x1 − α p1}

1 + exp {β x1 − α p1}+ exp {β x2 − α p2}
The profit function of firm j ∈ {0, 1} is πj = pj qj− cj qj, where: qj is the quantity sold by

firm j (that is, qj = H sj); and cj is firm j′s marginal cost, that is assumed constant, that

is, linear cost function.

Suppose that firms take their qualities x1 and x2 as given and compete in prices ala

Bertrand. The F.O.C. implies:

p1 − c1 =
1

α (1− s1)

Now, suppose that the researcher is not willing to impose the assumption of Bertrand com-

petition and considers a conjectural variations model. Define the conjecture parameter CV1

as the belief or conjecture that firm 1 has about how firm 2 will change its price when firm 1

changes marginally its price. That is, CV1 represents the belief or conjecture of firm 1 about
∂p2

∂p1

. Similarly, CV2 represents the belief or conjecture of firm 2 about
∂p2

∂p1

. Then, the f.o.c.

for profit maximization is:

q1 + (p1 − c1)

[
∂q1

∂p1

+
∂q1

∂p2

CV1

]
= 0

Solving for the price-cost margin, we have that:

p1 − c1 =
1

α (1− s1 − s2CV1)

Suppose that the researcher does not know the magnitude of the marginal costs c1 and

c2, but she knows that the two firms use the same production technology, the same type

of variable inputs, and purchase these inputs in the same markets where they are price

takers. Therefore, the researcher knows that c1 = c2 = c, though she does not know the

magnitude of c. The marginal conditions for profit maximization for the two firms, together

with the condition c1 = c2 = c, imply that price difference between these two firms, p1 − p2,

is a particular function of their markets shares and the conjectural variations. The marginal

conditions for firms 1 and 2 are p1−c = 1
α (1−s1−s2CV1)

and p2−c = 1
α (1−s2−s1CV1)

, respectively.

The difference between these two equations implies:

p1 − p2 =
1

α (1− s1 − s2CV1)
− 1

α (1− s2 − s1CV2)

The researcher observes prices p1 = $200 and p2 = $195 and market shares s1 = 0.5 and

s2 = 0.2. Firm 1 has both a larger price and a larger market share because its product has

better quality, that is, x1 > x2. Though not really relevant to answer this question, note

that in this industry the higher quality product does not imply a larger marginal cost but
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only a larger fixed cost. The researcher has estimated the demand system and knows that

α = 0.01. Solving the data into the previous equation, we have:

$200− $195 =
100

1− 0.5− 0.2 CV1

− 100

1− 0.2− 0.5 CV2

This is a condition that the parameters CV1 and CV2 should satisfy. Using this equation we

can show that the hypothesis of Nash-Bertrand competition (that requires CV1 = CV2 = 0)

implies a prediction about the price difference p1 − p2 that is substantially larger than the

price difference that we observe in the data. The hypothesis of Nash-Bertrand competition,

CV1 = CV2 = 0, implies that the right hand side of the equation in Q15(b) is:

100

0.5
− 100

0.8
= 200− 125 = $75

That is, Nash-Bertrand implies a price difference of $75 but the price difference in the data

is only $5. The hypothesis of Collusion, CV1 = CV2 = 1, implies that the right hand side of

the equation in Q15(b) is:
100

0.5− 0.2
− 100

0.8− 0.5
= $0

That is, Collusion implies a price difference of $0, which is close to the price difference of $5

that we observe in the data.

4. Quantity and price competition with incomplete information

In this chapter, we have considered different factors that can affect price and quantity

competition and market power in an industry. Economies of scale and scope, firms’hetero-

geneity in marginal costs, product differentiation, multi-product firms, or conduct/form of

competition are among the most important features that we have considered so far. All the

models that we have considered assume that firms have perfect knowledge about demand,

their own costs, and the costs of their competitors. In game theory, this type of models are

denoted as games of complete information. This assumption can quite unrealistic in some

industries. Firms have uncertainty about current and future realizations of demand, costs,

market regulations, or the behavior of competitors. This uncertainty can have substantial

implications for their decisions and profits, and for the effi ciency of the market. For example,

firms may gather better information and use it in their pricing or production strategies to

improve their profits and the probability of survival in the market.

The assumption of firms’ complete information has been the status quo in empirical

models of Cournot or Bertrand competition. In reality, firms often face significant uncertainty

about demand and about their rivals costs and strategies. Firms are different in their ability

and their costs for collecting and processing information, for similar reasons as they are

heterogeneous in their costs of production or investment. In this section, we study models
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and empirical applications of price and quantity competition that allow for firms’incomplete

and asymmetric information. Our main purpose is to study how limited information affects

competition and market outcomes.

4.1. Cournot competition with private information: Theory. Vives (2002) stud-
ies theoretically the importance of firms’ private information as a determinant of prices,

market power, and consumer welfare. He considers a market in which firms compete ala

Cournot and have private information. Then, he studies the relative weights of private in-

formation and market power in accounting for the welfare losses at the market outcome. He

shows that in large enough markets, abstracting from market power provides a much better

approximation than abstracting from private information. IfM represents market size, then

the effect of market power is of the order of 1/M for prices and 1/M2 on per-capita dead-

weight loss, while the effect of private information is of the order of 1/
√
M for prices and

1/M for per-capita deadweight loss. Numerical simulations of the model show that there

is a critical value for market size M∗ (that depends on the values of structural parameters)

such that the effect of private information dominates the effect of market power if and only

if market size is greater than this threshold value.

Consider the market of an homogeneous product where firms compete a la Cournot and

there is free market entry. A firm’s marginal cost is subject to idiosyncratic shocks that

are private information of the firm. The demand function and the marginal cost functions

are linear such that the model is linear-quadratic. This feature facilitates substantially the

characterization of a Bayesian Nash equilibrium in this model with incomplete information.

There are M consumers in the market and each consumer has an indirect utility function

U(x) = α x− β x2/2− p x, where x is the consumption of the good, p is the market price,
and α > 0 and β > 0 are parameters. This utility function implies the market level inverse

demand function, p = P (Q) = α − (β/M) Q. Firms are indexed by i. If firm i is actively

producing in the market its cost function is C(qi, θi) = θi qi+(γ/2) q2
i such that its marginal

cost is MCi = θi + γ qi. Variable θi represents a random shock that is private information

of firm i. These random shocks are i.i.d. over firms with a distribution with mean µθ and

variance σ2
θ that are common knowledge for all the firms. Every active firm producing in the

market should pay a finxed cost F > 0.

The model is a two-stage game. At the first stage, firms decide whether to enter the

market or not. If a firm decides to enter, it pays a fixed cost F > 0. When a firm makes

its entry decision it does not know yet the realization of it idiosyncratic θi. Therefore, the

entry decision is based on the maximization of expected profits. At the second stage, each

active firm i that has decided to enter observes its own θi but not the θ’s of the other active

firms, and compete according to a Bayesian Nash-Cournot equilibrium.
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We now solve the equilibrium of the model starting at the second stage. Suppose that

there are n firms active in the market. The expected profit of firm i is:

πi(θi) = E [P (Q) | θi] qi − θi qi −
γ

2
q2
i

=

(
α− βM

(
qi + E

[∑
j 6=i

qj

]))
qi − θi qi −

γ

2
q2
i

(4.1)

where βM ≡ β/M , and the expectation E [.] is over the distribution of the variables θj for

j 6= i, which are not known to firm i. A Bayesian Nash Equilibrium (BNE) is an n-tuple of

of strategy functions, [σ1(θ1), σ2(θ1), ...,σn(θn)], such that for every firm i:

σi(θi) = arg max
qi

E [P (Q) | θi, σj for j 6= i] qi − θi qi −
γ

2
q2
i (4.2)

We first order condition of optimality for the best response of firm i implies:

qi = σi(θi) = [γ + 2βM ]−1

[
α− θi − βM

∑
j 6=i

E (σj(θj))

]
(4.3)

Since firms are identical up to the private information θi, it seems reasonable to focus on

symmetric BNE such that σi(θi) = σ(θi) for every firm i. Imposing this restriction in the

best response condition (4.3), taking expectations over the distribution of θi, and solving for

σe ≡ E (σ(θi)), we obtain that:

σe ≡ E (σ(θi)) = [γ + βM (n+ 1)]−1 [α− µθ] (4.4)

And solving this expression in (4.3), we obtain the following closed-form expression for the

equilibrium strategy function under BNE:

qi = σ(θi) =
α− µθ

γ + βM (n+ 1)
− θi − µθ
γ + 2βM

(4.5)

Under this equilibrium, the expected profit of an active firm, before knowing the realization

of θi is:

E [π(θi)] = [βM + γ/2] E
[
σ(θi)

2
]

=
[α− µ2

θ]

[γ + βM (n+ 1)]2
+

σ2
θ

[γ + 2βM ]2
(4.6)

Given this expected profit, we can obtain the the equilibrium number of entrants in the

first stage of the game. Given a market of size M , the free-entry number of firms n∗(M) is

approximated by the solution to E [π(θi)]−F = 0. Given the expression for the equilibrium

profit, it is simple to verify that n∗(M) is of the same order as market size M . That is,

the ratio n∗(M)/M of the firms per consumer is bounded away from zero and infinity. It is

interesting to compare this equilibrium to the Cournot equilibriumwith complete information

(CI). In this full information model, we have that:

qCIi =
α− θ̃n

γ + βM (n+ 1)
− θi − θ̃n
γ + 2βM

(4.7)
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where θ̃n ≡ (n− 1)−1
∑

j 6=i θj.

From the point of view of a social planner, the optimal allocation in this industry can

be achieved if firms share all their information and behave as price takers. Let us label

this equilibrium as CI − PT form complete information with price taking behavior. If p

and W are the price and the total welfare, respectively, under the "true" model (with both

Cournot conduct and private information), then the differences p−pCI−PT andW −WCI−PT

represent the combined effect of incomplete information and Cournot behavior on prices and

on welfare. To measure the specific effects of incomplete information and Cournot behavior,

it is convenient to define two models. A model that considers Cournot competition in the

market but ignores the existence of asymmetric information, that we label as CI for complete

information. And a model that considers incomplete information but assumes that firms are

price takers, that we label as PT for complete information. Consider the decomposition:

p− pCI−PT = [p− pPT ] + [pPT − pCI−PT ]

WCI−PT −W = [WCI−PT −WPT ] + [WPT −W ]
(4.8)

The term p− pPT captures the effect of Cournot behavior (market power) on prices, and the
term pPT − pCI−PT captures the effect of incomplete information. Similarly, WCI−PT −W
is the total deadweight loss, [WCI−PT −WPT ] is the contribution of incomplete information,

and [WPT −W ] is the constribution of Cournot competition. Note that this is one of different

ways we can decompose these effects. For instance, we could also consider the decomposi-

tions, p − pCI−PT = [p− pCI ] + [pCI − pCI−PT ] and WCI−PT − W = [WCI−PT −WCI ] +

[WCI −W ]. The main results are the same using one or the other decomposition.

In this model, as market size M (and therefore n) goes to inifinity, these differences go

to zero: [p− pCI−PT ] −→ 0 and
WCI−PT −W

M
−→ 0. As market size increases, market price

and welfare per capita converge to the optimal allocation. That is, private information and

Cournot behavior have an effect only when the market is not too large. Main result. There
is a critical value for market size, M∗ (that depends on the values of structural parameters),

such that the effect of private information, on prices and consumer welfare, dominates the

effect of market power if and only if market size is greater than this threshold value.
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Policy implications. Antitrust authorities look with suspicion the information exchanges

between firms because they can help collusive agreements. The collusion concern is most

important in the presence of a few players because collusion is easier to be sustained in

this case.(repeated game). This paper shows that with few firms market power (Cournot)

has the most important contribution to the DWL, so it seems reasonable to control these

information exchanges. When market size and the number of firms increase, information

asymmetry becomes a more important factor in the the DWL. In this case, it seems optimal

to allow for some information sharing between firms.

4.2. Cournot competition with private information: Application. Armantier
and Richard (2003) study empirically how firms’asymmetric information on marginal costs

affects competition and outcomes in the US airline industry. They also investigate how

marketing alliances that facilitate information sharing can affect competition.

They investigate American Airlines’(AA) and United Airlines’(UA) duopoly petition

at Chicago O’Hare airport during the third quarter of 1993
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5. Exercises

5.1. Exercise 1. Consider an industry with a differentiated product. There are two
firms in this industry, firms 1 and 2. Each firm produces and sells only one brand of the

differentiated product: brand 1 is produced by firm 1, and brand 2 by firm 2. The demand

system is a logit demand model, where consumers choose between three different alternatives:

j = 0, represents the consumer decision of no purchasing any product; and j = 1 and j = 2

represent the consumer purchase of product 1 and 2, respectively. The utility of no purchase

(j = 0) is zero. The utility of purchasing product j ∈ {1, 2} is β xj − α pj + εj, where

the variables and parameters have the interpretation that we have seen in class. Variable

xj is a measure of the quality of product j, for instance, the number of stars of the product

according to consumer ratings. Therefore, we have that β > 0. The random variables ε1

and ε2 are independently and identically distributed over consumers with a type I extreme

value distribution, that is, Logit model of demand. Let H be the number of consumers in

the market. Let s0, s1, and s2 be the market shares of the three choice alternatives, such

that sj represents the proportion of consumers choosing alternative j and s0 + s1 + s2 = 1.

Question 1.1. Based on this model, write the equation for the market share s1 as a function

of the prices and the qualities x’s of all the products.

Question 1.2. Obtain the expression for the derivatives: (a)
∂s1

∂p1

; (b)
∂s1

∂p2

; (c)
∂s1

∂x1

; and

(d)
∂s1

∂x2

. Write the expression for these derivatives in terms only of the market shares s1

and s2 and the parameters of the model.

The profit function of firm j ∈ {0, 1} is πj = pj qj− cj qj−FC(xj), where: qj is the quantity

sold by firm j (that is, qj = H sj); cj is firm j′s marginal cost, that is assumed constant,

that is, linear cost function; and FC(xj) is a fixed cost that depends on the level of quality

of the firm.

Question 1.3. Suppose that firms take their qualities x1 and x2 as given and compete in

prices ala Bertrand.

(a) Obtain the equation that describes the marginal condition of profit maximization of firm

1 in this Bertrand game. Write this equation taking into account the specific form of
∂s1

∂p1

in

the Logit model.

(b) Given this equation, write the expression for the equilibrium price-cost margin p1 − c1

as a function of s1 and the demand parameter α.

Now, suppose that the researcher is not willing to impose the assumption of Bertrand com-

petition and considers a conjectural variations model. Define the conjecture parameter CV1
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as the belief or conjecture that firm 1 has about how firm 2 will change its price when firm 1

changes marginally its price. That is, CV1 represents the belief or conjecture of firm 1 about
∂p2

∂p1

. Similarly, CV2 represents the belief or conjecture of firm 2 about
∂p2

∂p1

.

Question 1.4. Suppose that firm 1 has a conjectural variation CV1.

(a) Obtain the equation that describes the marginal condition of profit maximization of firm

1 under this conjectural variation. Write this equation taking into account the specific form

of
∂s1

∂p1

in the Logit model. [Hint: Now, we have that:
dq1

dp1

=
∂q1

∂p1

+
∂q1

∂p2

∂p2

∂p1

, where
∂q1

∂p1

and

∂q1

∂p2

are the expressions you have derived in Q1.2].

(b) Given this equation, write the expression for the equilibrium price-cost margin p1 − c1

as a function of the market shares s1 and s2, and the parameters α and CV1.

Question 1.5. Suppose that the researcher does not know the magnitude of the marginal
costs c1 and c2, but she knows that the two firms use the same production technology, they

use the same type of variable inputs, and they purchase these inputs in the same markets

where they are price takers. Under these conditions, the researcher knows that c1 = c2 = c,

though she does not know the magnitude of the marginal cost c.

(a) The marginal conditions for profit maximization in Q1.4(b), for the two firms, together

with the condition c1 = c2 = c, imply that price difference between these two firms, p1 − p2,

is a particular function of their markets shares and their conjectural variations. Derive the

equation that represents this condition.

(b) The researcher observes prices p1 = $200 and p2 = $195 and market shares s1 = 0.5 and

s2 = 0.2. Firm 1 has both a larger price and a larger market share because its product has

better quality, that is, x1 > x2. The researcher has estimated the demand system and knows

that α = 0.01. Plug in these data into the equation in Q1.5(a) to obtain a condition that

the parameters CV1 and CV2 should satisfy in this market.

(c) Using the equation in Q1.5(b), show that the hypothesis of Nash-Bertrand competition

(that requires CV1 = CV2 = 0) implies a prediction about the price difference p1 − p2 that

is substantially larger than the price difference that we observe in the data.

(d) Using the equation in Q1.5(b), show that the hypothesis of Collusion (that requires

CV1 = CV2 = 1) implies a prediction about the price difference p1 − p2 that is much closer

to the price difference that we observe in the data.

5.2. Exercise 2. To answer the questions in this part of the problem set you need to

use the dataset verboven_cars.dta Use this dataset to implement the estimations describe

below. Please, provide the STATA code that you use to obtain the results. For all the models

that you estimate below, impose the following conditions:



5. EXERCISES 161

- For market size (number of consumers), use Population/4, that is, pop/4

- Use prices measured in euros (eurpr).

- For the product characteristics in the demand system, include the characteristics: hp,

li, wi, cy, le, and he.

- Include also as explanatory variables the market characteristics: ln(pop) and log(gdp).

- In all the OLS estimations include fixed effects for market (ma), year (ye), and brand

(brd).

- Include the price in logarithms, that is, ln(eurpr).

- Allow the coeffi cient for log-price to be different for different markets (countries). That

is, include as explanatory variables the log price, but also the log price interacting (multi-

plying) each of the market (country) dummies except one country dummy (say the dummy

for Germany) that you use as a benchmark.

Question 2.1.
(a) Obtain the OLS-Fixed effects estimator of the Standard logit model. Interpret the results.

(b) Test the null hypothesis that all countries have the same price coeffi cient.

(c) Based on the estimated model, obtain the average price elasticity of demand for each

country evaluated at the mean values of prices and market shares for that country.

Question 2.2. Consider the equilibrium condition (first order conditions of profit maxi-

mization) under the assumption that each product is produced by only one firm.

(a) Write the equation for this equilibrium condition. Write this equilibrium condition as an

equation for the Lerner Index,
pj −MCj

pj
.

(b) Using the previous equation in Q2.2(a) and the estimated demand in Q2.1, calculate the

Lerner index for every car-market-year observation in the data.

(c) Report the mean values of the Lerner Index for each of the counties/markets. Comment

the results.

(d) Report the mean values of the Lerner Index for each of the top five car manufacturers

(that is, the five car manufacturers with largest total aggregate sales over these markets and

sample period). Comment the results.

Question 2.3.
(a) Using the equilibrium condition and the estimated demand, obtain an estimate of the

marginal cost for every car-market-year observation in the data.

(b) Run an OLS-Fixed effects regression where the dependent variable is the estimated value

of the marginal cost, and the explanatory variables (regressors) are the product characteris-

tics hp, li, wi, cy, le, and he. Interpret the results.
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