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Abstract Although research on industry structure, conduct, and performance has
been important, there are concerns that empirical applications inappropriately pool
data from different industries and ignore the contributions of game theory. We avoid
these concerns by investigating a single industry, U.S. brewing, in a simultaneous sys-
tem derived from a game theoretic model. In spite of rising concentration in brewing,
profits remained low because of a continuing war of attrition. We develop a measure
of the likelihood of “war” and find that the type of game being played, as well as
structure and conduct variables, is an important determinant of industry performance.
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264 N. Iwasaki et al.

1 Introduction

Empirical analysis of industry structure, conduct, and performance has been an impor-
tant area of research in industrial organization. Most early studies used cross-sectional
data from different industries to estimate a single equation of industry concentration or
profitability. Martin (1979) popularized the system-wide approach, where structural
models of concentration, advertising, and profits are simultaneously estimated. More
recently, Geroski et al. (1987) and Jeong and Masson (2003) extend this approach by
specifying a more general model of the dynamics of industry concentration.

There is renewed interest in such research, but two main criticisms remain.1 First,
there are concerns with pooling data from different industries (Slade 2004). For exam-
ple, Sutton (1991) argues that it may be inappropriate to pool data from industries with
and without endogenous sunk costs. Second, prior studies generally ignore the type of
game being played by firms in an industry and its effect on the intensity of competition
among them.

We avoid the pooling problem by analyzing industry seller concentration, advertis-
ing, and price-cost margins for one industry, U.S. beer brewing, from 1950 to 2004.
This industry is ideal for our study because advertising has been an important stra-
tegic variable and because industry concentration has risen dramatically in the last
half century. Despite rising concentration, however, competition has remained fierce.
Tremblay and Tremblay (2005, 2007) speculate that technological change forced
brewers into a generalized war of attrition where N = N∗ + K firms compete in a
market that can profitably support only N∗ firms. Existing firms must then fight to
avoid being one of the K firms that will exit the industry in the long run.2 In this study,
we incorporate a war-of-attrition variable in our empirical model and test for the effect
of this variable on price-cost margins. Following Jeong and Masson (2003), we also
analyze the dynamic nature of market structure by allowing the convergence rate of
concentration to vary with the economic environment.

Several important results emerge from our study: First, we find empirical support
for the hypothesis that the war of attrition contributed to low price-cost margins even
though industry concentration was high and increasing. Second, we find that the speed
of convergence of industry concentration was not constant but varies with financial
stress in the industry. Finally, the evidence suggests that both advertising and rising
scale economies led to increases in the steady-state concentration level in brewing.

2 The Evolution of the U.S. Brewing Industry

The most striking feature in U.S. brewing has been the continued rise in indus-
try concentration. Since the end of Prohibition in 1933, the number of macro or

1 See Schmalensee (1989) and Martin (2002) for a more complete review of previous work and methodo-
logical concerns.
2 Early references to two-player games include Riley (1980) and Fudenberg and Tirole (1986). We follow
Bulow and Klemperer (1999), who model an N -player or generalized war of attrition. Fudenberg and Tirole
(1986) cite Smith (1974) as the first to analyze an attrition war; Smith refers to them as “tournaments,”
“displays,” or “contests.”
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Beer Wars 265

Fig. 1 The Herfindahl-Hirschman Index (HHI) and the Advertising-to-Sales Ratio (AS) in U.S. Brewing,
1950–2004

mass-producing beer companies declined dramatically, and the survivors gained
considerable market share. There were 350 mass-producers in 1950 and only about
20 today. Survivors include Anheuser-Busch, Coors, and Miller: companies that pro-
duce large quantities of relatively light lager beer. In the last several decades, there
has been a proliferation of new micro or specialty brewers: firms that brew craft or
European style beer, ale, porter, and stout. Although the number of domestic specialty
brewers rose dramatically, from 1 firm in 1965 to over 1,500 in 2004, their total share
of domestic sales was only about 3 percent in 2004. The gain in share of the leading
mass-producers had the dominant effect on industry concentration.3

Changes in brewing concentration, measured by the Herfindahl-Hirschman
index (HHI), are documented in Tremblay et al. (2005) and summarized in Fig. 1 for
1950–2004.4 The figure illustrates the impressive rise in concentration over time, with
its steepest ascent from the mid 1960s through 1991.5

Rising concentration in brewing is not unique to the U.S. From 1964 to 1990,
Gourvish (1994) estimates that the five-firm concentration ratio in brewing rose by 67
percent in the U.K., 115 percent in Germany, and 136 percent in the U.S. By 1990, con-
centration was relatively high in the U.S. at 92 percent, compared to 70 percent in the
U.K. and 28 percent in Germany. Adams (2006) argues that concentration continues

3 We ignore imports in subsequent analysis for several reasons: Imported beer is a poor substitute for regular
domestic lager, as it is heartier and has a higher alcohol and calorie content. When imports are included as
a demand determinant in our empirical analysis, its effect is never significant, and the main conclusions of
our analysis are unaffected.
4 See the Data Appendix for data sources and a discussion of measurement issues.
5 See Tremblay et al. (2005) and Tremblay and Tremblay (2005, 2007) for a more complete discussion of
concentration, profits, the “beer wars”, firm strategy, and the microbrewery movement in the U.S. brewing
industry.
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266 N. Iwasaki et al.

to rise in Germany due to technological change but remains below that of the U.S. due
to differences in consumer preferences and institutions, such as television advertising
restrictions and consumer acceptance of tied houses, which favor smaller brewers in
Germany.6

There has been continued debate over the main causes of rising concentration in
U.S. brewing.7 One hypothesis is that technological change increased plant and multi-
plant scale economies, which caused firm-level minimum efficient scale (MES) to
increase relative to market demand. This increased the market share needed to reach
MES and eventually led to higher levels of concentration.

The best available evidence indicates that a firm would need a market share of
about 0.1 percent in 1950, 6 percent in 1970, and 12.5 percent in 2004 to reach MES
(see the Data Appendix for sources). This suggests that the industry could efficiently
support up to 1000 mass-oriented firms in 1950, 15 in 1970, and 8 in 2004. It also
explains the capacity expansion programs of the leading brewers during the 1970s.
Anheuser-Busch increased its brewing capacity by almost 100 percent from 1970 to
1979, Miller by almost 500 percent, and Coors by more than 150 percent.

Another explanation for rising concentration in brewing is escalating advertising
spending. According to Porter (1976), the diffusion of television in the 1950s and 1960s
gave a marketing advantage to large national producers. In accord with Doraszelski and
Markovich (2007), once one or more firms gain a strategic advantage through a string
of successful advertising campaigns, winners gain share at the expense of losers, and
concentration increases. This was especially important in brewing, because it enabled
successful advertisers to grow and reach MES. Resulting increases in advertising can
also increase concentration by increasing sunk costs or entry barriers (Sutton 1991).

Advertising has been strategically important in brewing. Figure 1 plots the adver-
tising-to-sales ratio (AS) and HHI in brewing from 1950 to 2004. There has been
considerable variation in advertising over time, but there is no apparent simple causal
relationship between advertising and concentration. Several possible reasons exist.
First, forces other than advertising undoubtedly caused concentration to rise, such
as increases in MES as proposed above. Second, even though advertising spending
raises sunk costs and induces marginal firms to exit the industry, the exit process may
take several years in brewing (Tremblay and Tremblay 2005). Given continued shocks
to technology and lags involved with firm exit, industry concentration appears to be
in a constant state of disequilibrium, with actual concentration adjusting slowly to
its new long-run equilibrium level. Third, concentration levels may affect the degree
of advertising competition (Greer 1971). The relationship between advertising and
concentration may become more apparent once these factors are taken into account.

6 Muller and Schwalbach (1980) find that the four-firm concentration ratio also grew substantially in
Belgium, France, Germany, and the U.K. from 1960 to 1975. A notable exception is Japan, where the
four-firm concentration ratio was over 98 percent for 1975–2004 (Japan Fair Trade Commission, www.jftc.
go.jp/katudo/ruiseki/ruisekidate.html).
7 Early studies by Keithahn (1978) and Gisser (1999) emphasize the role of technological change, while
studies by Greer (1971, 1981) and Mueller (1978) emphasize the role of advertising. Others argue that both
have been important (Elzinga 1973; Scherer et al. 1975; Sutton 1991; Nelson 2005). For a review of this
literature, see Tremblay and Tremblay (2005, Chapter 3).
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Despite the pronounced increase in concentration in brewing, market power and
industry profits do not appear to have risen as predicted by many static models of
oligopoly. In addressing this issue, an important concern is the measurement of prof-
itability. Accounting data are readily available, but accounting profits can be a poor
proxy for economic profits (Fisher and McGowan 1983; Fisher 1987). As a result,
we measure market power by the price-cost margin (PCM), defined as total revenue
minus total variable cost, all divided by total revenue. Martin (1984, 2002) argues
that measurement issues are less problematic with this measure.8 In addition, there
are fewer measurement issues when analyzing a single industry, because accounting
methods are more likely to be consistent (Martin 1984; Fisher 1987).

With this caveat in mind, we proceed by investigating the PCM in brewing. Figure 2
plots the industry’s PCM and HHI for 1950–2004 but reveals no simple relationship
between concentration and profitability. PCM was generally well below average dur-
ing the 1970s and 1980s, a period of intense competition that has come to be called
the “beer wars.”9 This period is aptly described in Newsweek (September 4, 1978, 60):
“After generations of stuffy, family-dominated management, when brewers competed
against each other with camaraderie and forbearance, they are now frankly at war. Mar-
keting and advertising, not the art of brewing, are the weapons.” Thus, even though our
measure of profitability is not ideal, the PCM appears to reflect accurately the beer-wars
era, a period of intense competition when many macro brewers exited the industry.

Tremblay and Tremblay (2005, 2007) speculate that the beer wars ensued
because brewers were forced into a generalized war of attrition. Following Bulow
and Klemperer (1999), such a war exists when N = N∗ + K firms compete in a
market that can profitably support only N∗ firms; thus, K firms must exit to achieve
long-run equilibrium. This can lead to intense price wars, but Bulow and Klemperer
show that equilibrium may be reached very slowly when there is considerable variabil-
ity in the fitness of competitors. This appears to describe accurately the beer wars era.
Tremblay et al. (2005) show that technological change caused MES to grow relative
to market demand, creating a natural oligopoly where K > 0. This made it impossible
for all existing brewers to reach MES. Brewers that reached MES survived, while most
others exited the market.10 Because sunk costs are high in brewing, firms were slow
to exit, and competition increased as an excess of firms fought to gain market share
and reach MES.

8 This requires that a PCM regression equation includes the asset-to-sales ratio and other important entry
barriers (e.g., advertising-to-sales) as explanatory variables.
9 Price wars intensified with the 1970 purchase of Miller Brewing Company by Philip Morris Tobacco and
the market extension to the national level by Coors in the 1980s. The stated goal of Philip Morris was to
move Miller from the seventh largest brewer to number one by 1980. It succeeded in moving Miller to num-
ber two by the late 1970s through increased advertising, quintupling its brewing capacity, and introducing
the successful Miller Lite brand in 1975. Miller has maintained that position since. To reach MES, Coors
began a new advertising campaign and a national distribution network in the 1980s and has sold beer in
every state since 1991 (Tremblay and Tremblay 2005).
10 A small number of brewers, such as Genesee, Steven’s Point, and Yuengling, retreated to a niche market
by brewing domestic craft-style beer. Even though they could not reach MES, they survived by differen-
tiating their products, which reduced direct competition with the major macro brewers. Only a handful of
firms could profitably pursue this strategy, however, because demand for domestic craft style beer is limited.
Even by 2004, its share of domestic consumption was only 3.2 percent.
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Fig. 2 The Herfindahl-Hirschman Index (HHI) and the Price-Cost Margin (PCM) in U.S. Brewing, 1950–
2004

To investigate the impact of the war of attrition on PCM, we develop a variable that
measures the likelihood of war. This variable is the actual number of mass-oriented
firms (N ) divided by the number of firms that would exist in the industry if every
firm produced at MES (N∗).11 A war of attrition is more likely when N/N∗ > 1 and
increases. One can see from Fig. 3 that our estimates of N/N∗ exceeded 1 by the mid
1950s and exceeded 3 from the mid 1960s through the mid 1980s: the beer war era
when concentration rose most dramatically and PCM fell or was below the long-run
industry average.

The key features of the industry guide the development of our empirical model in the
next section. There are important endogenous variables in this industry: concentration,
profits, and advertising. Concentration appears to adjust slowly to changes in expected
future profits that may have resulted from escalating advertising and scale-augmenting
technological change. Finally, price-cost margins may have been suppressed as a war
of attrition played out.

3 Theoretical Framework

Consistent with the behavior of the mass-producing beer companies, we consider a
market where N firms compete in price and advertising messages.12 If these decisions
are made simultaneously, for example, firm i’s problem is to

11 See the Data Appendix for a discussion of how we measure MES and N∗.
12 As one anonymous referee points out, real firms have more than just price and advertising strategic
options. The introduction of a new brand is just one example. In brewing, however, firms have competed
most intensively on price and advertising. Thus, for empirical tractability, we focus on these primary strategic
variables.
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Fig. 3 The Price-Cost Margin (PCM) and the War of Attrition (N/N*) in U.S. Brewing,1950–2004

max
pi ,ai

πi = Pi qi (Pi , P−i , ai , a−i )− C[qi (·)] − PAai (1)

where πi is the firm’s profit, qi (·) is the firm’s demand function, P is output price,
a is the number of advertising messages, PA is the price of an advertising message,
and C[·] is the firm’s production cost function.13 Subscript i designates firm i , and
subscript −i firm i’s rivals. Because the structure of the first-order condition in price
depends on the appropriate equilibrium assumption, we write it in general form as

∂πi

∂Pi
= qi + Piγ1 − MCγ1 = 0, (2)

where MC is marginal cost and γ1 is a behavioral parameter that will be discussed
below. Solving for price, Eq. (2) becomes

Pi = MC − ∂Pi

∂qi
θ1qi , (3)

where θ1 equals (∂qi/∂Pi )/γ1. This structure nests a range of equilibria. For exam-
ple, a competitive equilibrium implies that θ1 = 0 and P = MC; in a perfect cartel,
θ1 = 1/si , where si is the firm’s market share (Waterson, 1984, 18–23).14 Intermediate
levels of competition exist when θ1 ∈ (0, 1/si ), and the intensity of competition falls
with θ1.

13 There is substantial evidence that advertising depreciates rapidly, certainly within a year (Ashley et al.
1980; Boyd and Seldon 1990). Because we use annual data we do not include lagged advertising as a
determinant of demand.
14 When all firms are of equal size, note that si = 1/N = HHI and that N = 1/HHI = N∗(N/N∗).
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For homogeneous goods and symmetric firms, Eq. (3) can be written as a Lerner
index or price-cost margin:

P − MC

P
= 1

εQP
θ1HHI (4)

where εQP is the absolute value of the price elasticity of demand and HHI is the
Herfindahl-Hirschman index. Equation (4) indicates that the price-cost markup
increases as demand becomes more inelastic, concentration increases, and the inten-
sity of competition decreases. If firms are forced into a war of attrition, as appears to
be the case in brewing, both θ1 and the price-cost margin will fall.

Similarly, we differentiate Eq. (1) with respect to ai . Again, because the appropriate
equilibrium assumption is unknown, we write this in general form as

∂πi

∂ai
= Piγ2 − MCγ2 − PA = 0, (5)

where γ2 is a behavioral parameter. In the case of a monopoly, for example, γ2 =
∂qi/∂ai . In an oligopoly market, γ2 < ∂qi/∂ai when there are advertising spillovers.
By aggregating over all firms and rearranging terms, Eq. (5) can be written as an
advertising-to-sales ratio (Schmalensee 1972, 34),

P A A

PQ
=

(
P − MC

P

)
θ2, (6)

where A is total industry advertising messages, Q is total industry output, and θ2
equals γ2(A/Q). Equation (6), a Dorfman–Steiner (1954) condition in an oligopoly
setting, indicates that advertising-to-sales increases with the Lerner Index and with
the effectiveness of advertising to increase demand (through γ2), ceteris paribus.

Theoretical research by Baumol and Fischer (1978), Sutton (1991), and Doraszelski
and Markovich (2007) implies that industry concentration is endogenous and is influ-
enced by MES relative to the size of the market and by the strategic actions of firms that
affect entry/exit conditions. The adjustment process can be slow, however, because
firms that will exit the industry may survive in the short-run, a period that lasts for
many years in capital-intensive industries like brewing.

To account for this adjustment process, we adopt a model popularized by Martin
(1979) and extended by Geroski et al. (1987) and Jeong and Masson (2003). In this
specification, observed concentration, HHI, approaches its steady-state or long-run
equilibrium, HHI∗, at a convergence rate of λ, so that

HHIt − HHIt−1 = λt (HHI∗
t − HHIt−1), (7)

where 0 < λt < 1. The adjustment process varies over time, and is assumed to be a
function of the degree of financial distress within the industry.

The equilibrium level of concentration is unobservable but will rise with higher sunk
costs and as MES increases relative to total market demand. The speed of adjustment
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parameter, λt , is also unobservable and is assumed to be a function of the difference
between current profits and steady-state or long-run profits, where steady-state profits
depend upon sunk costs and MES relative to total market demand. An increase in the
difference between current and long-run profits should produce faster convergence.
That is, firms are expected to exit more quickly as current profits fall ever farther below
long-run equilibrium profits.

4 The Empirical Model and Results

Our empirical model is based on the theoretical framework discussed in the previous
section and on the important features of the brewing industry. Our sample includes
annual observations of industry data,1950–2004. The variables are listed in Table 1,
and are more completely described in the Data Appendix. The regression equations
for the price-cost margin, advertising intensity, and concentration are

PCMt = α0 + α1HHIt + α2 ASt + α3 K St + α4 DE Mt

+α5 N/N∗
t + ePCM

t , (8a)

ASt = β0 + β1HHIt + β2HHI2
t + β3PCM + β4T Vt

+β5 ASNt + eAS
t , (8b)

HHIt = λt (HHI∗
t − HHIt−1)+ HHIt−1 + eHHI

t , (8c)

where the α’s and β’s are parameters and the e’s are error terms.
Equation (8a) models the industry’s price-cost margin in period t (PCMt ). From

Eq. (4), PCM is a function of industry concentration (HHI), the price elasticity of
demand, and the degree of competition. The proportion of the young adult popula-
tion is an important determinant of the price elasticity of demand for beer, which we
control for with a demographics variable (DEM).15 Forces that reduce competition
by increasing sunk costs typically include the advertising-to-sales ratio (AS) and the
capital-to-sales ratio (KS). To test the hypothesis that beer companies were forced into
a war of attrition, we include our measure of the likelihood that a war will take place
(N/N∗). A war is more likely, and PCM should fall, as this variable increases.16

Equation (8b) models advertising intensity. From Eq. (6), the advertising-to-sales
ratio will be a function of the price-cost margin. Several scholars hypothesize that there
is a quadratic relationship between advertising and concentration (e.g., Greer 1971;
Martin 1979). As a result, our model includes HHI and HHI2. Variables expected to
influence the effectiveness of beer advertising include the percent of households with

15 Following Tremblay and Tremblay (2005), this is defined as the proportion of consumers aged 18 to 44.
16 One might believe that the capital-to-sales ratio and the war-of-attrition variables are endogenous. How-
ever, a Hausman (1978) test applied to our three-equation system (and discussed below) upholds our
specification. As Spencer and Berk (1981) note, the Hausman test has a diffuse alternative hypothesis and
would reject the null hypothesis that the system of regressions is correctly specified for a variety of reasons,
including simultaneity bias. Therefore, we do not endogenize these two variables. This is consistent with
Tremblay and Tremblay (2005), who find that it takes several years for brewers to change their brewing
capacity and for failing firms to exit the industry.
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Table 1 U.S. Brewing Industry Data: Variable Definitions, Minimum (Min), Mean, Maximum (Max), and
Standard Deviations (Std. Dev.), 1950–2004

Variable name Definition Min Mean (Std. Dev.) Max

AS Advertising-to-Sales Ratio in the U.S.
Brewing Industry

0.026 0.053(0.012) 0.075

ASN National Advertising Variable – The ratio of
national advertising expenditures to
disposable personal income in the U.S.

0.003 0.029(0.004) 0.034

DEM Demographic Variable – Proportion of the
U.S. population aged 18-44.

0.340 0.390(0.031) 0.433

GR Annual Growth Rate of Beer Consumption −0.032 0.017(0.019) 0.053
HHI Hirfindahl-Hirschman Index 0.021 0.150(0.108) 0.305
KS Capital-to-Sales Ratio 0.498 0.792(0.251) 1.470
N/N∗ War of Attrition Variable – The ratio of the

observed number (N ) to the scale efficient
number (N∗) of macro brewers. N∗ is
defined as the market share needed to
reach MES, which is measured as total
beer demand divided by MES.

0.417 3.211(1.408) 5.682

PCM Price-Cost Margin 0.394 0.525(0.075) 0.623
SE Scale Efficiency Estimate – Minimum

efficient scale divided by total beer
consumption.

0.001 0.065(0.036) 0.114

TV Percent of U.S. Households with a
Television Set

0.009 0.886(0.206) 0.986

a television set (TV) and the aggregate advertising-to-sales ratio for the overall U.S.
economy (ASN). Porter (1976) argues that television is a more effective media for mar-
keting consumer products, and Färe et al. (2004) find that television is the preferred
advertising medium in brewing.17 Ackoff and Emshoff (1975a, b) find that Anheuser-
Busch improved its marketing efficiency in the 1960s by shifting advertising dollars
into television. This led to an increase in sales and a reduction in advertising-to-sales
at Anheuser-Busch.

Equation (8c) includes two latent variables, which complicates the analysis. Fol-
lowing Geroski et al. (1987) and Jeong and Masson (2003), long-run equilibrium
concentration (HHI∗) is specified as a linear function of the advertising-to-sales ratio,
scale efficiency (SE), and the growth rate in total market demand (GR).18 We measure
scale efficiency as the share of total demand that must be produced by a firm in order to
reach MES. The speed of adjustment parameter (λt ) is assumed to be a function of the
difference between the lagged price-cost margin (PCMt−1 ) and the long-run price-
cost margin (PCM∗

t ). Because we expect the speed of adjustment to increase with
this difference, it is modeled as a quadratic equation: λt = ψ(PCMt−1 − PCM∗

t )
2,

whereψ is a parameter. Following Geroski et al. (1987) and Jeong and Masson (2003),

17 We also tested to see if the war of attrition affected advertising, but the parameter on N/N∗ was never
significantly different from zero. This is not surprising, because Tremblay and Tremblay (2005) find that
many marginal brewers used a devolution strategy before exiting the market. These firms slashed overhead
expenses and engaged in tough price competition before exiting the market. Thus, price was the important
strategic weapon during this time.
18 SE also equals 1/N∗.
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the latent variable PCM∗ is assumed to be a linear function of advertising-to-sales and
scale efficiency, such that

λt = (φ0 + φ1PCMt−1 + φ2 ASt + φ3SEt )
2. (8d)

Note that the signs of parameters φ2 and φ3 should be the reverse of the sign of the
parameter φ1. If this is the case, the speed of adjustment will increase with the squared
difference between PCM and PCM∗.

The system includes Eqs. (8a)–(8d). Given non-linearity, three endogenous vari-
ables, and the likelihood that there is correlation across equations, we estimate the
system using nonlinear three-stage least squares (NL3SLS).19 Because we use time
series data, we also test for autocorrelation and find no evidence that autocorrela-
tion is present in each equation.20 Our empirical estimates are (with t-statistics in
parentheses):

PCMt = 1.113+ 0.340HHIt+ 2.834ASt+ 0.011KSt− 0.025N/N∗
t − 1.850DEMt

(11.385) (5.146) (7.602) (0.642) (6.811) (7.975)

(9a)

ASt = −0.147+ 0.625HHIt− 1.909HHI2
t + 0.341PCM− 0.013TVt+ 1.169ASNt

(3.616) (3.286) (3.403) (5.512) (1.167) (0.642)

(9b)

HHIt = λt [(−2.371+ 50.162ASt+ 15.829SEt− 5.432GRt )− HHIt−1]+ HHIt−1
(0.635) (0.632) (0.688) (0.594)

(9c)

λt = (−0.963− 2.668PCMt+ 35.415ASt+ 1.991SEt )
2

(1.068) (1.093) (1.143) (0.816)
(9d)

All parameter estimates have the expected signs, and the key parameters are signif-
icantly different from zero at conventional levels of significance. McElroy’s (1977)
goodness-of-fit measure for the system is 0.987.

In Eq. (9a), we find that PCM increases with concentration, a finding consistent
with numerous studies of imperfect competition.21 PCM rises with advertising and

19 We also estimated the model using non-linear two-stage least squares (NL2SLS) as well as NL3SLS. A
Hausman (1978) test supports our use of NL3SLS.
20 Given the lagged endogenous variable in Eq. (8c) , we test for an AR (1) process by assuming that
eHHI

t = ρet−1
HHI +ut where ut is a non-autocorrelated error term and et−1

HHI is the difference between
lagged values of the right-hand side and the left-hand side of Eq. (8c). If ρ̂ is significantly different from
zero, there is an AR (1) process, and estimates are corrected for an AR (1). If ρ̂ is insignificant, the null
hypothesis of no AR (1) process is accepted. We found ρ̂ to be insignificant. Some of the variables are
non-stationary. The equations are co-integrated and simultaneity is an issue. In this case, Hsiao (1997)
shows that a 2SLS/3SLS estimator outperforms the co-integration approach.
21 This result alone, however, does not imply that concentration generates market power. As Demsetz
(1973) has argued, the positive coefficient on HHI may be due to the superior efficiency of large brewers.
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capital intensity, although the effect of capital-to-sales is insignificant. This suggests
that advertising expenditures may contribute to barriers to entry in brewing. PCM also
falls with the demographics variable, suggesting that the price elasticity of demand
increases with a higher percentage of consumers aged 18 to 44. Consistent with the
hypothesis that brewers fought a war of attrition, the evidence indicates that compe-
tition increases with our measure of the likelihood of war. Thus, the relatively low
PCM during the beer wars of the 1970s and 1980s can be explained by the intense
competition that arose when N /N∗ was highest.

Advertising and the attrition war have an important effect on PCM. Based on the
coefficient estimates, the model predicts that a 1 percent increase in AS causes PCM
to increase by 0.796 percent. A 1 percent increase in N /N∗ causes PCM to decrease
by 0.785 percent. The effect of HHI is 0.0787 percent. These results also suggest that
the recently approved merger between Miller and Coors, which will increase HHI by
approximately 31 percent, will cause PCM to increase by approximately 2.44 percent,
ceteris paribus.22

Equation (9b) indicates that the effect of concentration on advertising intensity
takes an inverted U shape. Consistent with Greer’s (1971) conjecture for brewing,
the coefficient on HHI is positive and the coefficient on HHI2 is negative. The model
predicts that advertising intensity reaches a maximum when HHI equals 0.164. Inter-
estingly, the Department of Justice classifies an industry as highly concentrated when
HHI> 0.18 (Department of Justice, Horizontal Merger Guidelines, 1997). Consistent
with Dorfman–Steiner (1954), advertising intensity increases with PCM. The coeffi-
cients on TV and ASN are positive but insignificant. The positive coefficient on TV
suggests that the widespread use of television increased the effectiveness of advertis-
ing, leading to greater sales and a reduction in the advertising-to-sales ratio. Ackoff
and Emshoff (1975a, b) found a similar outcome at Anheuser-Busch. The positive
coefficient estimate on ASN suggests that growing advertising spending from other
industries caused brewers to increase their advertising intensity, implying that they are
strategic complements in competing for consumers’ disposable income.

Estimates of the equations that explain industry concentration and the speed of
adjustment are shown in (9c) and (9d). Although insignificant, parameter estimates
indicate that concentration increases with advertising and scale efficiency. In addition,
the negative coefficient on demand growth is consistent with Gaskins (1971) model
of dynamic limit pricing and Baumol and Fischer’s (1978) efficiency argument. Esti-
mates of the forces that determine the speed of adjustment of industry concentration
to long-run equilibrium are also insignificant, but the signs of the parameter estimates
are consistent with theory. They suggest that the speed of adjustment increases with
the squared difference between actual PCM and PCM∗, with PCM∗ modeled as a
function of scale efficiency and advertising intensity.

Footnote 21 continued
This is certainly possible in brewing, as survivors are generally scale efficient (e.g., Anheuser-Busch,
Coors, and Miller), while many failing firms made strategic blunders and were inefficiently small. For
further discussion of the reasons for firm failure, see Tremblay and Tremblay (2005, Chapters 3 and 4).
22 This result should be interpreted with caution, however, given the superior efficiency argument of
Demsetz (1973) and the fact that our predictions are likely to be more reliable for small changes in regressors.
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To further investigate the validity of parameter estimates in Eqs. (9c) and (9d), we
next compare PCM withPCM∗ and HHI with HHI∗. As expected, our mean estimate
of PCM∗ exceeds the actual mean of PCM (0.786 compared to 0.525), and our mean
estimate of HHI∗ exceeds the actual mean of HHI (0.215 compared to 0.155). Also,
we find that the speed of adjustment parameter was highest in the 1970s, averaging
0.130 from 1950 to 1969, 0.533 from 1970 to 1981, and 0.182 from 1982 on.23

These estimates align with our understanding of the industry. Consistent with the
views of Elzinga (1973), Keithahn (1978), Gisser (1999), Greer (1971, 1981), and
Mueller (1978), advertising and MES have a positive effect on concentration. Actual
concentration was below its long-run equilibrium level during much of the sample
period as firms fought a war of attrition. Competition was toughest during the most
intense phase of the war (1970s and early 1980s), causing current profit to fall below
its long-run equilibrium level (see Fig. 3). Finally, concentration adjusted slowly, and
the speed of adjustment in concentration was greatest during the 1970s.

Our empirical model builds on previous theoretical work and the important fea-
tures of the brewing industry. Because other specifications may also be reasonable,
several alternatives were investigated to examine the robustness of our results. First,
we estimate the same model with an alternative measure of total revenue (see the Data
Appendix). Second, to account better for the impact of the dominant firm, Anheus-
er-Busch (A-B), we redefined N∗ to equal total production minus A-B’s production,
divided by MES. This defines the market share needed to reach MES, given A-B’s
presence, and implies that the likelihood of war increases as A-B gains share. Finally,
we tried various dummy variables instead of N /N∗ to control for the beer wars, we
deleted HHI2 in the advertising equation, and we constrained λ to be a constant.

Our main conclusions are insensitive to these alternative specifications. The war-
of-attrition variable (with and without A-B’s production) continues to have a negative
and significant effect on PCM. The war dummy variable had a negative but insignifi-
cant effect on PCM, suggesting that our continuous estimate of the likelihood of war
may be a more appropriate measure. Advertising and concentration continue to have a
positive and significant effect on PCM, and PCM has a positive effect on advertising
intensity.

5 Conclusion

In the structure-conduct-performance tradition, we estimate a system of equations
designed to explain industry concentration, advertising intensity, and profitability. We
avoid concerns about pooling data across industries by investigating a single industry,
U.S. brewing. We also allow the speed of adjustment in concentration to be variable
rather than constant. Finally, we develop a measure of the likelihood that a war of

23 The difference in means using a t test was significant at the 0.01 level of significance when comparing
means for 1970–1981 with the means for the earlier and the later periods. As Fig. 2 indicates, the 1970s
correspond to a time of intense competition, with low profit rates and an excess number of firms needed
to reach scale efficiency. In 1970, Philip Morris purchased Miller and began investing in new brands (e.g.,
Miller Lite) and advertising. Coors made a conscious effort to go national during this era, distributing to
11 states in 1976 and 44 states by 1985.
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attrition took place in order to capture the game-theoretic features of the brewing
industry.

Several important results emerge from our empirical investigation. First, we find
that advertising competition was most intense when the industry approached the highly
concentrated threshold as defined by the Department of Justice. Second, advertising
and scale-augmenting technological change had a positive although insignificant effect
on concentration in brewing. Third, we find that concentration adjusts more quickly as
the difference between current and long-run price-cost margins increases. Parameter
estimates suggest that concentration changed more rapidly: (1) as the war of attri-
tion intensified, lowering current profits, and (2) as minimum scale efficiency and
advertising increased, raising long-run profits.

Finally, the results show that our war-of-attrition variable plays a critical role in
explaining the intensity of competition. Our empirical work supports the hypothesis
that the mass-producing brewers jointly forced themselves into a war of attrition, which
led to especially fierce battles and low price-cost margins during the 1970s and 1980s.

Data Appendix

Our sample includes 54 annual observations from the U.S. brewing industry,
1950–2004. The Herfindahl-Hirschman index is calculated from the market share
of domestic consumption for the largest 100 brewers in the U.S. and is rescaled to
range from 0 to 1.24 All output data are obtained from The Office of R.S. Weinberg,
St. Louis.

The price-cost margin is defined as total revenue minus total variable cost divided
by total revenue. Total revenue data are unavailable for 1996–2004. In our primary
specification, we estimate average revenue for 1951 as the average revenue for 1950
adjusted by the 1951 PPI for malt beverages. The estimated average revenue for 1952
equals the estimated average revenue for 1951 adjusted by the 1952 PPI for malt
beverages, and so on for 1953–2004. Total revenue equals average revenue multiplied
by total production. This appears to provide an accurate estimate of total revenue for
the series, as the correlation coefficient between estimated total revenue and actual
total revenue from 1950 to 1995 is 0.998. In the alternative model discussed at the
end of section 4, we use the actual total revenue from 1950 to 1995 and estimated
total revenue from 1996 to 2004 using the technique described above. PPI data are
obtained from the Statistical Abstract of the United States (U.S. Bureau of the Census,
various issues). Total variable cost is the sum of material and labor costs obtained from
Brewers Almanac (various issues).

The growth rate is the annual growth rate of total beer consumption. The demo-
graphic variable equals the proportion of the U.S. population who are 18 to 44 years
of age. Population data are obtained from the Statistical Abstract of the United States
(U.S. Bureau of the Census, various issues).

24 Although this excludes many smaller brewers, their share of the market is so small that it has virtually
no effect on HHI. For example, the 100th largest brewer had a market share of less that 0.003 percent in
2004.
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Advertising-to-sales equals advertising spending in all media divided by total rev-
enue. The capital-to-sales ratio equals the value of depreciable assets divided by total
revenue. Advertising and asset data are obtained from the U.S. Treasury Department,
Internal Revenue Service.

Estimates of minimum efficient scale at the firm level are measured in millions of
(31 gallon) barrels and derive from a variety of cost, engineering, and trade associ-
ation studies that are discussed in Scherer et al. (1975), Greer (2002), Tremblay and
Tremblay (2005, 2007), and Tremblay et al. (2005). These studies indicate, for exam-
ple, that MES was about 0.1 million barrels in 1950, 1.0 million in 1960, 8.0 million
in 1970, 16.0 million in 1980, and 23 million in 2001. Scale efficiency equals the ratio
of MES to total beer consumption.

The war-of-attrition variable is defined as the ratio of the actual to the optimal
number of brewers. The actual number of firms includes all mass-producing brewers.
The optimal number of brewers (N∗) is obtained by dividing total beer consumption
by MES.

The percentage of households with a television set is obtained from Steinberg (1980)
for 1950–1974 and from the Statistical Abstract of the United States (U.S. Bureau of
the Census, 1981 and 2006) for the remaining years. The aggregated advertising-to-
sales ratio for the U.S. economy (ASN) is defined as the ratio of total advertising
spending in all industries to total U.S. disposable personal income (obtained from
the website of the U.S. Department of Commerce). U.S. total advertising spending is
obtained from the website of the Statistical Abstract of the U.S.
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