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Dynamic Issues in Applied Microeconomics: Market Peidrmance, Market Structure and
Advertising Competition

Chapter 1

Introduction

This dissertation addresses issues of oligopoly marketeevetdvertising plays a
prominent role. Chapter 2 shows empirically the effeetdviertising regulations on the market
equilibrium. Chapter 3 looks at the effect of advertisegutations on firms’ competitive behavior
and cost efficiency. Chapter 4 studies the effectleégising competition on market structure and
performance when advertising intensity, concentradiweh profitability are simultaneously
determined and evolved dynamically.

In Chapter 2, we use the U.S. cigarette industry datady the effect of advertising
regulations on the equilibrium cigarette consumption énstiortrun and the longrun. Previous
studies conclude that advertising restrictions areaanffe in reducing cigarette consumption. This
conclusion is incorrect because it ignores the fedtadvertising restrictions have both supply and
demand effects. We define the supply relation and demawtidarihat are motivated by the
dynamic optimization problem. In particular, we constitwo models under alternative
assumptions on consumer behavior of an addictive commaodityis the myopic addiction model
and the other is the Becker and Murphy (1986) model minataddiction.

In Chapter 3, we use a comprehensive data set on adwgdigenditures by media type
from the U.S. cigarette industry and look at how adveagisegulations affect the industry’s cost
efficiency and allocative efficiency. There are tpaiential consequences. The LeChatelier
Principle suggests that a regulation that constrains filong-run substitution possibilities leads to
lower cost efficiency. Alternatively, a prisonerietinma game in advertising suggests that
advertising regulations may have a coordination effédtiwvieads to a higher cost efficiency. We
use Data Envelopment Analysis to determine which effentinates.

In Chapter 4, we use U.S. brewing industry data to adthrestent to which advertising

plays a role in rising concentration. An advertising fiomcts specified as a part of a system that



also consists of profitability and concentration egureti Our study is similar to the past studies
that adopt a system approach to inter-industry data. Alththaste previous studies are successful
in finding an inter-industry regularity, they are oftenicizied for a lack of analytical framework.
To circumvent this problem, we use single industry dathdevelop two systems: one is consistent
with Martin (1978) and one is consistent with Sutton (1982)he second approach, we redefine a
system as the first order condition of an oligopoly gafme alternative systems will be estimated
using nonlinear three-stage least squares.

These chapters are all concerned about economisigsadvertising in oligopoly
markets. All studies covered in chapter two, three anddifurther linked by their use of

microeconomic theory.
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21 Introduction

As the leading cause of preventable mortality in th®. Ltigarette smoking imposes a
tremendous cost on society. Sloan et al. (2004) estiimgiteach year smoking causes
approximately 400,000 deaths and $104 billion in social co$thisoamount, $35 billion is
external to individual cigarette smokers. In spite of¢hlknown private and external costs
associated with cigarette smoking, approximately 17 peodéhiS. adults continue to smoke
cigarettes [Centers for Disease Control and Preve@iad2)]

To reduce cigarette smoking, many countries have imposemigadvertising
restrictions. For example, the U.S. enacted the FsrDectrine Act, effective 1968-70, which
required that one anti-smoking advertisement be airegMery four pro-smoking advertisements
on television and radio. In 1971 the U.S. Broadcast AbuegtBan supplanted the Fairness
Doctrine Act by abolishing all cigarette (pro- andimoking) advertising from television and
radio. At the end of 1998, the U.S. tobacco industryhstates forged an agreement, the
National Tobacco Settlement, that prohibits outdawedising, bans tobacco companies from
using cartoon characters to market their products, anidpofunding for anti-smoking
advertising [Nader (1998), Shapiro (1998), and Teinowitz (1998)].

A growing body of evidence has shown, however, thatréidireg bans have no
significant effect on cigarette demahBor example, in a study of 22 OECD countries, Stewart
(1993) finds that advertising bans may actually stimulateetigasmoking. Schneider et al. (1981)
find that the Broadcast Advertising Ban increased cigassatteking in the U.S., arguing that this
was due to the elimination of both pro- and anti-smokihgedising. In a review article of
international studies concerning the relationship betwadvertising and cigarette smoking, Duffy

(1996, p. 20) concludes:

! For a discussion of the history of public health reseanctigarette smoking, see Hammerle
(1992) and Kluger (1996).

2 In their reviews of the literature, Smart (1988), B&h@98), Hacker (1998), Coulson et al. (2001),
and Tremblay and Tremblay (2005) come to a similar csimnh regarding the effect of advertising
on the consumption of alcoholic beverages.



Taken as a whole, these studies, American and otlegrwis
provide very little support for those who believe that a
broadcast advertising ban is a potent way of achieving
significant changes in smoking behavior.

Given the high cost and the subsequent social goal afidgtemoking, understanding
the consequences of advertising restrictions is driticastablishing appropriate public policy.
Tremblay and Tremblay (1999) argue that the counterinéuttdnclusion of Duffy (1996) and
others may be incorrect because it ignores the sujgdyeffects of advertising. Their model shows
that even when advertising has no effect on market nlénaa advertising ban can still cause a
dramatic fall in the equilibrium level of cigarette smakihadvertising has pro-competitive supply
effects. Farr et al. (2001) find empirical support fos thypothesis in the short run using a myopic
addiction model.

In contrast to previous work, we compare the short-nghleng-run effects of advertising
restrictions on cigarette smoking for both myopic arnidmal addiction models. In myopic
addiction models consumers have no foresight, so presamsimption affects current
consumption, but future consumption bears no influencenWwbesumers are rationally addicted
[Becker and Murphy (1988)], they also look forward so thateturconsumption may depend on
expected future as well as past consumption. Although tizerbeen empirical support for the
rational addiction model [Chaloupka (1991), Becker et al. (199kalns and Bardsley (1996),
Fenn et al. (2001), and Sloan et al. (2002)], it has not gocteallenged. For example, Akerlof
(1991) shows that procrastination can negate foresighkeériof's model, consumers ignore the
future because the present is unduly salient. A conswimemants to quit smoking because of an
increase in expected future prices, for example, mayitfioptimal to postpone quitting for a day,
as the benefit of smoking now is high relative to th& of waiting one day to quit. Day-by-day
optimization leads the consumer to continue smoking dasgtatention to quit. In addition,
cigarette smokers may suffer from cognitive dissonaAkerfof and Dickens (1982)]. That is,

consumers who smoke and value health face an incorgidteat creates internal conflict. One

response is to ignore the future and downplay public healthings concerning smoking



cigarettes. If cognitive dissonance and procrastination are importiaen the effect of expected
future consumption on current consumption will be s@axadl the myopic and rational addiction
models will yield similar results.

To see if this is the case, we develop two empiricaletsoof the cigarette market, one
with myopic addiction and one with rational addiction, torexee the effect of advertising
restrictions on the equilibrium level of cigarette aomgtion. That is, we estimate the change in
equilibrium consumption from an unregulated to a regulatenl@maent where the Fairness
Doctrine Act, the Broadcast Advertising Ban, and theéddal Tobacco Settlement are in effect. As
well as shedding light on these policy issues, the resilltexpose any differences in estimates for

the rational addiction model and the myopic addiction model.

% This is consistent with Schoenbaum (1997, 755), who fimats‘heavy smokers significantly
underestimate their risk of premature mortality.”

* Even when consumers are not rationally addicted, howswpply forces like learning-by-doing
may also cause the optimal path of current consumgiibe influenced by expected future effects
[Pindyck (1985) and Showalter (1999)].



2.2 Theoretical Background
2.21 Demand

Economic analysis of consumer behavior about addigbeels is based on an
endogenous taste (habit formation) model. Houthakker ayldrT@d966) were the first to include
the lagged consumption as a determinant of current consumptitlak (1970, 1978) establishes
the theoretical justification of dynamic nature of semer’s behavior and proved the existence of
stable equilibrium consumption. The myopic model emergedias tested with cigarette
consumption from the late 1960s through early 1980s. Desppejpularity, there are several
critiques on this specification. A main concern is onssumption of rationality because
consuming harmful goods that may reduce consumers’ futlity séiems to be inconsistent with
rational behavior.

The rationality of consumers regarding addictive gosdsst justified by Becker and
Murphy's (1986) model of rational addiction. In their modieé consumer maximizes his life-time
utility discounted with rate of time preference subjedhte budget constraint. The utility function

that will be maximized is defined as
(2.1) max U (f,,Q ¢(Q4))
t=1

s.t.i O (Y+ pQ) =W
whereY; is a consumption oft;mposite commodity at tin®@, is the consumption of commodity
that may accumulate a stock of past consumption, whitteasured by(Q..,), p is a price of
addictive commodity, and/’ is a present value of wealth. Also a dynamic optimizeitnplies
that he or she is a forward looking. Finally, the imdlisal’s choices over time will depend on how
he or she feels about the relative importance ofiqnimgy currently or waiting to consume in the
future. To reflect the possibility that people may exhibine impatience in their choices, we
assume that the utility from future consumption is impliaiscounted in the individual’s mind.
We define discount factad= 1/(1+r), wherer measures the rate of time preference and a léwer

implies greater impatience.



The shadow price of addictive goods is a sum of its mprlat and the money value of
the future cost or benefit of consumption. A ratiomaisumer can be addicted when the increasing
marginal utility due to the addiction is greater thanitfteeasing full price of its consumption over
time. If the consumer is fully rational, the ratdiofe preference should coincide with a market
interest rate’, that iso = 8" whered” = 1/(1 + r’) . On the other hand, if consumers are fully
myopic, the discount factor is zerd= 0); that is, he ignores the future and he can be addicted
whenever an increase in past consumption raises ttggnalantility of current consumption. Note
that when this happens, equation (2.1) will be reduced to
(2.2) maxU (v, ,Q #(Q. ))

st Y+ pQ=W
which is equivalent to the myopic addiction model. Hengthimvthe framework of the rational
addiction model, myopic behavior is consistent withoral assumption in the sense that he is
maximizing his utility given the high level of discouate.

On the other hand, in Akerlof's (1991) model, the possiblednigiscounting rate for the
addictive goods than for non-addictive goods can be explasmad arror due to the procrastination
as well as the more present oriented nature obgeeaddicts. He argues that individuals’ decisions
on addictive drugs cannot be compatible with forward-lookingratidnal behavior. In his
argument, “individuals following the procrastination model laoth maximizing and
knowledgeable, and yet their decisions are not fullpnali” In fact, many smokers have an
intention to quit because they recognize that the longeost of smoking exceeds its benefit.

On the regard of bounded rationality [Simon (1955)], conssmbehavior on addictive
commodities can hardly be rational. Because a consequErgeoking is remote in time and
probabilistic, rather than maximizing over the presettie of life time utility, consumers would
maximize their utility day-by-day, knowing the bad conseaeeof smoking in the distant future.
Consequently, they would face the dynamic inconsistendgcision making and large cumulative
cost of errors of decision later of their life. Suvaic et al. (1999) develop the model of cigarette

addiction. They showed that by the time smokers realizedhkenefit of smoking is negative due



to high health cost, they regret they started smokingnduam earlier stage of their life, but cannot
quit smoking since quitting will worsen their utility dt@accumulated addiction by this time. In
the day-by-day optimization model argued in Akerlof (1991) ardrwic et al. (1999), the
discount rate would be smaller than that of the ratiaddiction model but greater than zero, that
is 05 <5

By solving the problem defined in (2.1), we obtain an isgetemand function

(2.3) P = R(Q, Q) 0 Q.1). %)

The consumption at timds a function of past consumptio.(), the level of addictiongy, and a
vector of other relevant demand variables such ast&lmgrand consumer income)( An

increase in current consumption increases the defezlwtion and therefore market demand in
the next period. If people are rationally addicted, an exp&uteease in the future price would
decrease future consumption and therefore current markehdefaure effects would be
discounted, however, given the degree of consumer fotesigtrate of time preference, which are
captured by the discount factér(0 <J < 1).°> Whend = 0, consumers ignore the future and are
myopically addicted. In this case we can say that coasuiare infinitely impatient. Consumers
are rationally addicted when they have at least sortienga and foresight (i.e3,> 0), and current
demand will depend on consumption in the previous peg@m,;) and on expected consumption

in the futureg@(gw.1) [Becker et al. (1994) and Fenn et al. (2001)].

2.2.2. Supply
Given the addictive nature of cigarettes, curreleissaffect a firm’s current and future
profits. In this setting, the firm’s problem in the i@mt period {= 0) is to choose the sequence of
firm output levels ) that maximizes its discounted stream of current and fynafé (7). More

formally, the firm’s problem is:

® For example, a value éf= 0.6 implies that a smoker would be willing to give ummare than 60
cigarettes today to receive 100 cigarettes in the nexicgekilower discount factor implies greater
impatience. It may also imply greater uncertainty alloeitfuture, causing consumers to place less
weight on expected future events.
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maxl, =Y. &'[{p, (- me} g - ]

(2.4) st ¢t+D=f(t¢t),q)
@0) = @
q(t) JQ,

wheremg is marginal cost, ank is fixed cost. The objective function is maximized, suldje¢he
dynamic updating rule that links addiction in peried with addiction and consumption in peripd
given an initial value of addictiorg) and given that the choice of output is an element of the

feasible set®,).

A firm’s economic problem in this industry is dynamidacan be solved recursively
using dynamic programming methdtlset the value functiori.:, be the maximized value of the
objective function of the sub-problem in perioel. Assuming a solution exists, the Bellman

equation or value function in periad0 < k < ) can be written as:

V, =max[{p (- mc} q— R+ V]
(2.5) a2

subject to the constraints described above. Because afiaddan output change in perikavill

affect current and future profit. This tradeoff can kensieom the firm’s first order condition:

v,
(2.6) [p— 6 - mq]+a—“=0-

ik
The term in brackets is the standard first order camrdidf the firm’s static problem in the absence
of addiction, where&is a markup or market power index. Equation (2.6) can betrenvas a
price-cost margin:

-m 0
(2.7) pk (‘;< - eqk _ \4+1 )
p 0q,
In the static model, the equilibrium price exceeds margiostl whend exceeds zero. With

addiction, however, it may be optimal for a firm to gahsally lower current price, because this

will increase addiction and future profits. This interaporal trade-off effect appears as the last

® See Novshek (1993) for a more complete description of dynamgramming.
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term in equation (2.6) and (2.7). As a result, the prast margins or Lerner index underestimates
the degree of market power in markets with addiction [Pin{i8R5)]. Solving equation (2.6) for
price produces a dynamic version of the supply relationdan the new empirical industrial
organization [Bresnahan (1989) and Kadiyali et al. (2001)]. Assyieonstant marginal cost, the

supply relation in periotican be aggregated to the industry level:
(2.8) P, = MG +6Qt ~Vis

whereQ is industry output an¥l' is the effect of a change in current output on the aggreghie

function in the future.
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2.3 Empirical Model

In addition to the variables affecting smoking in equatig4) and (2.8), advertising
enters the model in the demand equation and may also thaesupply relation. For example,
advertising that is primarily informative will raiseropetition and lower markups [Bagwell (2003)
and Carlton and Perloff (2005)]. The results from Eckard (188d)Farr et al. (2001) suggest that
anti-smoking advertising and the Broadcast Advertising Baa Imcreased price-cost margins in
the U.S. cigarette industry. We estimate how advedgiaifects cigarette consumption when
unregulated and when regulated by the Fairness Doctrin¢gh&dgroadcast Advertising Ban, and
the National Tobacco Settlement. Estimates are aduténom a reduced form model of the
equilibrium level of consumption, which derives from #teictural demand function and supply
relation above. The advantage of using the reduced fahmatig places limited structure on
demand and supply and allows us to directly estimateffib@ ef a change in advertising policy
on the equilibrium level of consumption [Griffiths, Hilind Judge (1993) and Kadiyali et al.

(2001)]. We model the industry supply relation in petiad follows’

(2.9) p=f (MG, Q, ARy o7y ADg 70 ADy o ADyg o)

In this specificationé; is industry advertising. The influence of advertisingsopply under the
Fairness Doctrine Act is captured by interact#pgvith Dgg.70, @ dummy variable that equals 1
when the Fairness Doctrine was in effect (1968-1970) anldedwise. Likewise, the model also
includes advertising interaction terms for the BroadcaseAising Ban AD-1.97), and the
National Tobacco Settleme&Dqg o). Because the Broadcast Advertising Ban is still indfporc
the Dgg.o, dummy variable represents the regulatory statdseoBan and the Settlement. Finally,
cigarette advertising was unregulated prior to 1968, anefthe of advertising during this period

is captured by the advertising interaction tefss 7.

" Following Roberts and Samuelson (1988), Jarmin (1994), and Gerarst Mullin (1998), we
use a constant term and a variable parameter fayimahicost to capture dynamic effects and
increase model flexibility.
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Specification of the market demand for cigarettes iratqu (2.3) follows previous
research. Since the marginal effect of advertising oraddmmay vary by marketing medium
[Porter (1977)], we also allow the effect of advertigogliffer by policy regime in the demand
function® Information about the health risks of smoking will affthe smoking behavior of
rational consumers. This effect is captured by a duwemigble De,) that coincides with the U.S.
Surgeon General's 1964 report, the first to conclude thatetig smoking causes lung cancey D
equals 1 from 1964 on, and 0 otherwise. Furthermore, ChaldupRa and 1992) finds that the
clean indoor air laws have a significant negative impaaverage cigarette consumption. As a
result, we construct a variable that accounts forrtbeeasing restrictiveness of indoor smoking,
LAW.? From demand theory, consumer income may also be antanpdemand determinant.

Consequently, per-capita cigarette demand in peérjocdgy) is defined as:

pcq = (R, pPcy, pca, PGG, R, LAW AR (AR w0
AD71—97’ ADQB— 0?)

wherepcyis per-capita disposable income.

(2.10)

The reduced form of this system is obtained by solempgations (2.9) and (2.10)
simultaneously fopcg. Assuming it can be accurately approximated by a lineaifiaion, the
statistical model of the reduced form is:

PCq =74 + 74, ME+ 7, PCy+ 7T, PeGi+77, PEA+7Ts R 7Te LAWT, AR

(2.11)
+ %ADGB—70+ ]TQADY} 97+ ]Tldo\D 98 0?_ gt !

where thats are reduced form parameters and an additive error term. The model is myopic

wheno and thereforeg equals zero.

8 One might also be concerned that past advertising sffactent demand, but Boyd and Seldon
(1990) find that cigarette advertising dissipates withiny@®. Thus, it has little effect on
goodwill, and current advertising would primarily affeatrent consumption. See Bagwell (2003)
for a review of this issue.

° This variable also reflects other demand forcesvdat with time, such as the growing evidence
and concern with the social costs of cigarette smokingthge&ppendix A for the definition of
this variable.
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Estimates of the model can be used to predict hovaagehin advertising policy will
affect equilibrium consumption in the short run and timg laun. Since the reduced form
parameters capture the net effect of relevant demansigupdly effects on consumption, they
should be interpreted as such. For example, an increasesirapige advertising may increase
demand and reduce price competition. The increase in denmand increase equilibrium
consumption, while the decrease in competition would leachigher price and lower equilibrium
consumption. Thus, the net effect of advertising on consampthich depends on the relative
magnitudes of these effects, is ambiguous but can benettdirectly from the reduced form
results. Methods used to obtain the short-run and longffeicts of an advertising policy on

cigarette smoking are described in Appendix B.
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2.4 Results

The rational and myopic addiction models are estimagedy annual industry data, 1955-
2002. The data are described in Appendix A and in Table A.Ih grevious studies [Becker et al.
(1994), Fenn et al. (2001), and Sloan et al. (2002)], thenedtaddiction model is estimated by
two-stage least squar€sThe myopic model is estimated by ordinary least squsirese lagged
output is predeterminéd.

The empirical results are reported in Table 2.1. Aiapeeter estimates have expected
signs and many are significantly different from zeroanventional levels of significance. In both
the rational and myopic models, the marginal cost megative effect and disposable income has
a positive effect on consumption. Public health inforamaand anti-smoking restrictions, captured
by Dg4 andLAW, inhibit cigarette smoking.

Addiction plays an important role in the market as eviddray the positive, significant,
and relatively large coefficient estimates on laggedfande consumption. The large and
significant parameter estimate of expected future consomgtiggests that the rational addiction
model provides a better representation of the cigareit&et than the myopic addiction model. In
the rational model, the coefficient on lagged consusngs greater than on future consumption, a
result that is consistent with previous empirical stifBecker et al. (1994), Fenn et al. (2001) and
Sloan et al. (2002)]. Becker et al. (1994) show that thenpeater on future consumption will equal
the parameter on past consumption times the discount.f&esults from Table 2.2 suggest a
discount factor of 0.78, for a rate of time prefererfcgbout 27 percent. A rate above the real

interest rate or a risk free investment implies thatrepresentative smoker is relatively impatient,

19 Qutput instruments include all current exogenous variablésiélagged and future values of all
exogenous variables, farmers’ tobacco allotment, sicd.p

1 We also test for autocorrelation, using a modifieduBca-Godfrey test for the rational addiction
model [Greene (2002)]. In both the rational and myopic nsoael autocorrelation is detected.
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an expected outcome for an addictive commadity like citgr@there procrastination and
cognitive dissonance are presént.

The advertising variables capture consumption effectsitifir both the demand and the
supply sides of the market. Although only one parameterndisintly different from zero, they
exhibit a consistent pattern and imply that advertisinyicéens negatively impact cigarette
smoking. Focusing on the more relevant rational addicésults, advertising has a negligible
effect on consumption when there are no advertisistgicdons (1955-1967). This suggests that
the demand and supply effects of advertising are nearlgh. weor each succeeding regime of
policy restrictions, however, advertising has an iasireg negative effect on consumption. The
current advertising restrictions under the National Tob&ettlement and the Broadcast
Advertising Ban have the greatest effect, an effectish@egative and significantly different from
zero. This suggests that the Advertising Ban and the tNdtiiobacco Settlement diminish price
competition and consumption, a result consistent with l8ckie291) and Farr et al. (2001). The
evidence indicates that these advertising restrictiedsce consumption, even if advertising has
little or no effect on market demand as in earlier siidi

Table 2.2 provides estimates of the effect of thiemiht advertising regimes on
consumption, based on the parameter estimates of tthel ide use actual consumption in 2002
as the reference point for our analysis. This idakeyear of the sample, a year when both the
Broadcast Advertising Ban and the provisions of tladdwal Tobacco Settlement were in effect.
We then predict 2002 levels of consumption that would readkemthree alternative policy
settings: no advertising restriction, the Fairness Duetict, and the Broadcast Advertising Ban
(apart from the tobacco settlement). Table 2.2 showsatheertising restrictions substantially

reduce the equilibrium level of consumption in the shodtlang run'® It also shows that the

12 Gruber and Koszegi (2000) make a similar argument, suggehtit there is additional
discounting for addictive bads.

13 Farr et al. (2001) use a myopic addiction model to evathatehort-run effect of the Fairness
Doctrine Act and the Broadcast Advertising Ban on cigaitioking and find qualitatively similar
results.
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dynamic nature of addiction models produces greater longd#ects than short-term effects in
both myopic and rational specifications.

Each advertising restriction becomes more effe@tw@ducing cigarette smoking, with
the current policy regime that includes the National Tob&ettlement and the Broadcast
Advertising Ban being most effective. This result issistent with Keeler et al. (2003), who find
that the price increase resulting from the Natidraddacco Settlement reduced per-capita
consumption even though advertising expenditures roséastiadly immediately after the
settlement?

The magnitude of the impact of advertising regulatidfierd for the rational and myopic
models. The difference in short-run predictions reflelifferences in the parameter estimates
between models. In the long run, policy changes areayrigethe rational addiction model, since
the lag and lead effects of addiction in the rational mexieeed the single lagged effect in the
myopic model. Consistent with the rational addiction madedre consumers have foresight, long-
run consumption falls when a policy is expected to leads®dompetition and higher prices in the
future!® Although the there is empirical support for the rati@iction model and magnitudes
differ between the rational and myopic specifications |&sson is the same: advertising
restrictions result in less smoking, particularly underBtmadcast Advertising Ban and the

National Tobacco Settlemefit.

14 One should interpret the effect of the National Toba®ettlement with caution, however, since
it involves more than just restrictions on advertiskg. example, it also supports funding for
education programs that are designed to reduce teen smoking.

15 The rational and myopic models also produce conflictisglis for the Fairness Doctrine Act
and the Broadcast Advertising Ban. However, these redeilige from parameter estimates that are
not statistically significant from one another.

'8 This conclusion holds for a variety of alternative sfieations such as excludirid,, using an
alternative set of instrumental variables, and usiedJ8DA estimate of cigarette consumption.
Long-run forecasts become unstable, however, whem® fuse past and future prices as
instruments and when we use the USDA estimate. Rddtiture prices are commonly used as
instruments in dynamic models [Roberts and Samuelson (108&excker et al. (1994)], and
Chaloupka and Warner (2000) note that dynamic addiction mcaelbe unstable.
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2.5 Concluding Remarks

Many countries have imposed advertising restrictionsitiait the social cost associated
with cigarette smoking. Previous research indicates, henvthat advertising bans generally have
no significant effect on demand. Unfortunately, ikigterpreted to mean that such bans have no
effect on the equilibrium level of consumption. Thigerpretation may be incorrect, however,
since it ignores the fact that advertising can happly as well as demand effects. Even if an
advertising ban had no effect on demand, it could still rethue equilibrium level of consumption
if it reduced price competition.

To address this issue directly, we estimate a reduceddotput equation for the U.S.
cigarette industry. Unlike previous research, the modimlalthe effectiveness of advertising to
vary with the Fairness Doctrine Act, the Broadcastektising Ban, and the National Tobacco
Settlement. As expected, the empirical results inditatetihe equilibrium level of cigarette
smoking declines with higher marginal costs, more ateurealth information, and with more
restrictive clean-indoor-air regulations. Consisteitlh the rational addiction model, both past and
expected future levels of consumption positively and sigmfig affect current consumption.

Finally, advertising restrictions, especially thereat policy that includes a ban on
broadcast advertising and the provisions of the Natiddvertising Settlement, reduce the
equilibrium level of consumption. Since previous studies\sthat cigarette advertising has little
or no effect on market demand, it appears that advertisstricteons lower consumption by
reducing price competition. This provides one explanatiothi®iobservation that cigarette profits
have risen in spite of public policies to decrease demagakfB, Grossman, and Murphy (1994),
Bulow and Klemperer (1998), and Farr et al. (2001)] and relpy éxplain why the leading U.S.
cigarette producers have not been strongly opposed tatigohgerestrictions. This is not to imply,
however, that advertising restrictions are a first-pesty for cutting cigarette consumption. For
example, one could design an equally effective tax poleceeler et al. (1993) and Evans and
Farrelly (1998) suggest, that has the same effect on c@tisarwithout profiting cigarette

producers.
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Although we find strong support for the rational addictimodel, we also find that
cigarette smokers have a high rate of time preferehes wonsidering the influence of future price
changes on current behavior. This high rate is camtistith the tendency to procrastinate a
decision to quit smoking and the cognitive dissonanceided with consuming unhealthy

commodities.
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Table 2.1
Rational and Myopic Model Estimates of the Equilibrium Level of Cigarette Smoking

Variable Rational Addiction Model MyopAddiction Model
constant .0375085 1.148731
(.75164) (2.96274)
mg -.086742 -.104510
(1.61045) (1.9791)
pcyt .053878 .02654
(1.529872) (.68102)
pcQ.1 494288 770911
(3.99084) (10.3651)
PCQ.1 .387939 -
(2.4911)
Des -.119833 -.058779
(2.05459) (.821730)
LAW, -.004273 -.006712
(1.47067) (2.31597)
ADxs 67 .046610 -.005656
(.541345) (.064456)
ADgg.71 .019519 -.059587
(.228403) (.75022)
AD71.97 -.065145 -.052583
(1.43408) (1.11833)
ADogsg.0p -.09164" -.107740
(1.84096) (2.2036)
R .995217 .992137
N 46 46
Discount Factord) .7848 -

The absolute values of t-statistics are in parentheses
*Significant at 0.01 level (two tailed test, criticatdlue = 2.690)
**Significant at 0.05 level (two tailed test, critical alue = 2.014)
***Significant at 0.10 level (two tailed test, critical alue = 1.679)
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Table 2.2
Predicted Short-Run and the Long-Run Effects of an Adertising Regime Change

Advertising Regime Rational Addiction Model Myopiddiction Model

Cigarette Consumption - Short-Run Effect of Advertising RegChange

Current Regime 376.4 376.4

National Tobacco Settlemént

Broadcast Advertising Ban 391.4 387.97
(3.99%) (3.07%)

Fairness Doctrine 439.34 386.5

Act Regulation (16.72%) (2.68%)

No Regulations 454.68 397.81
(20.8%) (5.69%)

Cigarette Consumption — Long-Run Effect of Advertising RegChange

Current Regime 376.4 376.4

National Tobacco Settlemént

Broadcast Advertising Ban 503.78 426.89
(33.84%) (13.41%)

Fairness Doctrine 910.81 420.48

Act Regulation (141.98%) (11.71%)

No Regulations 1041.05 469.85
(176.58%) (24.83%)

* The current regime of the National Tobacco Settlemeiudes the Broadcast Advertising Ban.
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Chapter 3

The Effect of Advertising Regulations on Efficiency: leChatelier Versus Coordination
Effects

3.1 Introduction
Government regulations designed to promote the publiesiteequently have

unintended consequences. For example, regulation of trsptndation sector of the U.S. before
1980 led to distortions in railroad and truck rates, inieficnon-price competition, and incentives
that stifled innovation [Viscusi, Vernon, and Harring{@®95)]. To reduce the private and social
costs that are caused by alcohol abuse, the federahgoser has imposed high excise taxes on
alcoholic beverages. This is in spite of the evidendehtiga excise taxes and prices curb moderate
consumption that may promote health but have little ceffext on alcohol abuse [Tremblay and
Tremblay (2005)]. For similar reasons, the federal goveniras imposed excise taxes and severe

marketing restrictions on cigarette producers.

Regulations that effectively constrain a firm’s markgtim production activities will limit
the firm’s ability to adjust to changing market conditomhe LeChatelier Principle [Samuelson
(1947) and Milgrom and Roberts (1996)] indicates that efecestrictions such as these will limit
long-run substitution possibilities among inputs and redueefficiency of a regulated firm. The
principle expresses mathematically the idea that thgedon firm demand for inputs is typically
more elastic than the short-run demand at the point dbtigerun equilibrium. An intuitive
argument can be offered why this is true. Suppose theteaiaputs x and % and assume tha x
is fixed in the short-run. Also, suppose that the prioce fdlls. In the short-run, firms will respond
to the price change by using mote Ix the long-run, the firm adjusts,xvhich increases a

marginal productivity of xand leads to more being employed’ The extra adjustment involved

"This argument is valid whether and % are substitutes or complementsard % are substitute
when increasing the use of one reduces the margiodligr of the other. When this is the case, in
the long-run, a firm will reduce the use gfwhich increases the marginal product of labor and
leads to morexbeing employed. On the other hand,,ibxd % are complement, the firm will
respond to the lower price of &and resultant short-run increase jrby employing more x1 in the
long-run. This raises the marginal product pard leads to a further increase jrdemand in the
long-run.
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in long-run demand creates a positive feedback thmaisising from short-run demand. However,
such a positive feedback in the long-run may be redudkd iegulation is constraining the x
adjustment and limiting the long-run substitution possiegit

The lower cost efficiency due to the regulation predittg the LeChatelier Principle is
certainly true in competitive or monopoly markets, buhfefficiency may actually improve if a
government restriction is placed on a strategic variatd@ imperfectly competitive industry. To
illustrate, consider a market with two symmetric firthhat compete in purely predatory or
combative advertising. That is, one firm’'s advertissteals customers from its rival but attracts no
new customers to the market and has no effect onnatidet demand [Bagwell (2003)]. Since
each firm will ignore the negative externality thatatgn advertising inflicts on its rival, the Nash
equilibrium level will exceed the joint profit-maximizirievel of advertising [Stivers and
Tremblay (2005)]. In this setting, firms face a prisosglilemma: each firm’s dominant strategy is
to advertise more than is jointly profit maximizingthe government imposes a regulation that
reduces advertising spending, such a regulation enforcescouperative behavior and will raise
marketing efficiency, since each firm produces and seflsame level of output with less
advertising'®

Given that marketing restrictions may facilitate rcioation as well as constrain
substitution possibilities, the main goal of our pap¢o isstimate the net effect of marketing
restrictions on both marketing and production efficiemcthe U.S. cigarette industry. This
industry is an ideal candidate for such a study. It is ifaply competitive, with the largest six
producers accounting for over 90 percent of sales, and asilvgitias been an important strategic
variable. In addition, the industry has been hit with sehaatvertising restrictions, which are
designed to reduce smoking and the negative externakBesiated with cigarette smoking. The

two most important regulations are the Broadcast AdegtiBan and the National Tobacco

18 Of course, if advertising is constructive (i.e., it s both the firm and its rival), then firms

will advertise less than is jointly profit maximizing aad advertising restriction will lower the
marketing efficiency of both firms, ceteris paribuse®ffect of an advertising restriction is even
more complex when firms compete in both price and adimgt See Stivers and Tremblay (2005)
and Tremblay (2005) for further discussion of the pricecefiéadvertising.
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Settlement. Since 1971, the Broadcast Advertising Ban hds ihitlegal to advertise cigarettes on
television and radio. On November 23 of 1998, the tobamiicstry and the attorneys general of 46
states agreed on the National Tobacco Settlementhvitnither restricted the marketing of
cigarettes to youtf. For example, the agreement prohibits all outdoor aideanents, the use of
cartoon characters to market cigarettes, and thébdistm of clothing that carries cigarette brand

name logos.

Eliminating all broadcast advertising would reduce marketiogyptivity if it forced
cigarette producers to use less efficient marketing atieesaas the LeChatelier Principle
suggests. Marketing productivity will tend to rise, hoamn\f these restrictions facilitate
coordination in advertising. Coordination is likely to bepbrtant in the U.S. cigarette market,
since recent empirical evidence suggests that cigaertising is combative [Farr et al. (2001),
and Nelson (2003)]. For this reason, the net effect afdarrtising restriction on efficiency is
ambiguous.

This is the first study to analyze the effect of marigtegulations on an industry’s ability
to use its production and marketing inputs efficienthevidus studies of marketing efficiency
have assumed that the production and marketing componertisrofaae separable, as in
Bresnahan (1984), Seldon et al. (2000), and Fare et al. (20@4y,ardanyan and Tremblay

(forthcoming). We allow for a more general specificatisince one of our goals is to determine if

19 1n response to lawsuits designed to recover statemtdokrelated health care costs, the cigarette
industry agreed to the National Tobacco Settlement. étber states (Florida, Minnesota,
Mississippi, and Texas) previously settled their lawsag@ginst the cigarette industry. As well as
marketing restrictions, the Settlement included cash paigrio states, funds that could be used to
pay for these health-care expenses and to develop smakingngion programs. The settlement
required the industry to pay $2.4 billion annually from Decam®88 through 2003 and an
additional $183.177 hillion over a 25 year period, beginning in 2008000 and 2001 the

payment was $4.5 billion annually, and it was $6.5dwilin 2002. The industry was also required
to contribute $325 million annually to the National Fdation and National Public Education
Fund, 1999 through 2003. The Settlement requires that the pts/beeinflation adjusted, based

on a 3 percent increase or the Consumer Price Indeghever is greater. Consequently, after
adjusting for the inflation, the payments are calcdla® $2.4 billion (1998), $2.8 billion (1999),
$7.6 billion (2000), $8.6 billion (2001) and $11 billion (2002). fewther discussion of the
Settlement, see the Data Appendix, Nader (1998), Shagig8)1Teinowitz (1998), Wilson

(1999), and Sloan and Trogdon (2004).
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marketing regulations affect the efficient mix of prodaictinputs as well as marketing inpétsin
the sections that follow, data envelopment analysis (OEAsed to estimate allocative, technical,
and overall cost efficiency scores from 1963 to 2002 aamidter-temporal approach is used to

compare efficiency scores before and during each adwertigstrictior?:

% The limited research on advertising by medium has focusétedasues of substitutability
among media and scale economies of advertising. Bresnk®@d4) estimates the demand equation
for different advertising media and investigates thetswitability between retail services and
advertising for six consumer goods industries. Silk gPa02) estimate the market demand for
media by national advertisers and find that there ikwabstitutability and complementarity
among media. On the other hand, Seldon et al. (2000) estineatost of advertising in various
media that are needed to generate sales using a traastagatel. They find a high degree of
substitutability among television, radio, and print adserg in the U.S. brewing industry. If input
substitutability is high in the U.S. cigarette industhert the Broadcast Advertising Ban would not
be excessively costly to producers, since they couldjatéithe effect of the Ban by reallocating
expenditures from broadcast to unrestricted media.

% For a discussion of other welfare issues involvingestiing restrictions in the U.S. cigarette
market, see Farr et al. (2001) and Ilwasaki et al. @ortting).
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3.2 Production and Marketing Technology
In a consumer goods industry like cigarettes where batiuption and marketing are
important to sales, we consider a technology with bothponents, as in Bresnahan (1984),
Seldon et al. (2000), Fare et al. (2004), and Vardanyan r@mablay (forthcoming). Unlike their
work, however, production and marketing costs are ssiraed to be separable. This produces the

following full (production and marketing) cost function:
31  C(y,w, w,)= min{ W, %+ W, %0 % and x can producé/

wherey is outputx; is a vector of production inputs, is a vector of production input prices, is
a vector on marketing inputs, angl is a vector of marketing input prices. It says thatiaimized
cost is obtained by choosing an input vestavherex is the vector of all production and
marketing inputs ang'=(x',, X'm), that minimizes a sum of production cost and marketisg for
a given level of output, input price and technology.

An alternative way to describe technology is withreput requirement set. This is
defined as follows:
(3.2) L(y) = {x: x can produce vy},
The input requirement skty) consists of all input vectors that can produce the ougmibry. It
provides a convenient way of describing efficiency exefficiency. To illustrate, consider the
technology described in Figure 3.1 with two inputsandx,, where input combination A is used to
producey. Production is technicalliyefficient, since fewer inputs could be used to produce the
same output. If we follow Farrell (1957) and contractamithe origin (0), then a technical
efficiency can be measured by the distance 0B/OA. Tlsisrigetimes called a technical efficiency
score. Production becomes more technically efficiet agproaches B and is technically efficient
when the efficiency score equals 1. If the iso-cosepresented by the line CD, then the
economically efficient point is D. By contractinguard the origin once again, allocative efficiency
can be measured by the distance 0C/0OB. Production becomesilooatively efficient as B

approaches C and is allocatively efficient when tloeesequals 1. Likewise, overall cost efficiency
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is measured as OC/OA (or OB/OA times 0C/0B). When ovelffallency is reached, points A, B, C,
and D coincide, and all efficiency scores equal 1.

In our application, it is more convenient to usefficiency scores, which derive directly
from efficiency scores. In the example in Figure Zthhical inefficiency is measured as 1 —
OB/OA or AB/OA,; allocative inefficiency equals 1 — OC/OBRI/0A; overall cost inefficiency
equals 1 — OC/OA or AC/OA. In this case, overall efficieiscseached when all inefficiency scores
equal zero.

To estimate the frontier of the input requirement setimefficiency scores, we use non-
parametric frontier estimator. An advantage of these appes is that it avoids imposing a
specific functional form on technology. There are tweiimads used widely. One of them is a Free
Disposable Hull (FDH) estimator, which relies on treefdisposability assumption on the
technology. The other is a DEA estimator, which regua@ditional assumption of convexity. We
use DEA as it has a superior asymptotic prop@rily.DEA, an activity analysis model is used as a
framework. Activity analysis model is a framework foodeling technology and is the foundation
for the DEA model as formulated in Charnes, Cooper Rimatles (1978). It defines the input
requirement set for each observatipgivent = 1, 2, 3...Tobservations and=1, 2, 3, .., N

inputs, as follows:

L(Y,) =X %)Y 2 Y2 Y,

ST 2%, € %, n=1,...,N
z =0, t=1,..T

>z =Y

where ther subscript represents a particular time peritdd.impose strong disposability of output

(3.3)

and inputs by the inequality in the first and seconelslirespectively. The strong input disposability

22 A shortcoming of DEA is that a statistical propertytué estimator is unknown for the multi-
output and —input case. In the case of single input and detghutology, a density function is
known up to some unknown parameters.
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modeled above says that the output does not decreaseoif alhjeasible inputs are increaséd.
The third and forth lines are conditions for the iniigngariablesz, t=1, ..., T where each t value
is defined for each observation. The derived value ofimisible can be interpreted as the extent
to which a particular observation is involved in thedarction of potential outpuf8.The restriction
on this variablesztzl, allows the model to exhibit variable returns talecThat is, returns to
scale are not constrained and the technology can ekiib#asing, constant, and decreasing
returns to scal&

To measure technical efficiency, we apply the Faft€®lb7) index with respect to the

following linear programming model,

F(y,, X)=mind: Y zy2y,

ST 2%, €A%, =1, N
z =20, t=1,...T

Zthl 4= 1

wherel is aninefficiency index. With this notatiox; represents a vector withinputs at time

(3.4)

periodt. In the example in Figure 3.1, this measure equals OBf@Antnimum distance from the
observed input combination (point A) to the frontiertad tnput requirement set (point B), divided
by the distance OA. The technical inefficiency score eguahinus this score.

To determine overall cost efficiency, we must complugeminimum total cost of

producing a given output for eaehThis is derived from the following model,

3 |t this is strictly equal, then it imposes the weadpdisability of inputs and output and, in this
case, output can be increased only when all feasible imauésise proportionally.

24 For more discussion, see Fare and Grosskopf (1996).

% By restricting the intensity vector to sum to unitye firogramming problem constructs a closed
polytype, hence allowing the technology to exhibiiaas returns to scale. A more restrictive non-
increasing returns to scale technology can be obtayedgnsing concavity on the production
function such thak 'z<1.
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C(N=C(y, W=miny " wx
st > zyzy,

(3.5) Z;Zt %, < %, N=1,..., N
z 20, t=1,...,T

T
Zt:lzt =1
The solution to this linear programming problem givetheslowest cost of producing an output

given input prices at timg C'(z). Overall cost efficiency is defined as the ratiorohimized cost

to observed cost.

(3.6) C /Y w,x, t=1,...,T.
Hence, the observed cost is minimized when this ratiol@qu®verall cost efficiency requires
both allocative and technical efficiency.

A measure of allocative inefficiency can be obtdibg comparing observed media share

and optimal media share. This is described below:

N *
(3.7) thxm/znzl W, X~ Wo X,/ C() n=1.., I\.

X, denotes the level of inpatat timet that minimizes cost. The second ratio tells us the
industry at time is minimizing the cost to yield salgs These differences indicate if the industry
spends the cost minimizing input combination. This measgwals zero when the industry
optimally allocates its expenditure in each media ¢here is no allocative inefficiency). It is
positive when the industry spends too much on that icggegory and negative when expenditures
are too little.

Finally, returns to scale are not constrained ancegaibit increasing, constant, or
decreasing returns. Assuming moderate scale econontlesr@asonable degree of competition,
the industry would be scale efficient if overall scakbibited constant returns. With increasing
(decreasing) returns, scale efficiency would improvhefe were fewer (more) firms and each firm

produced more (less) output.
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We use a method developed by Fare et al. (1985) to estinad¢eefficiency. LeTE"R®
denote a technical efficiency score at time t evaluater the assumption of variable returns to
scale. If we drop the last equation in (3.4), the teclyyai® said to exhibit constant returns to scale.
The solution to the modified problem is the efficieimayex, denoted byE"“?S TE"“RSis the
product of “pure” technical efficiency and scale efficignehere scale efficiency for period t is
defined asSE* = TEX“RS/ TEYRS It represents the proportion of inputs that can bénreduced
after pure technical inefficiency is eliminated if gcabjustments are possible. It has a value of less
than or equal to one. If it has a value equal to onenthestry at time t is operating at the constant
returns to scale region. If it is less than one, therindustry at time t is scaleefficient and there
is potential input saving through the adjustment of itsaifmeral scale. Whether the scale
inefficient input choice at time t should be downsizimgxpanding depends on its current
operating region.

To determine the current operating region, first, aicieffcy index must be computed
when the technology exhibits a Non-Increasing Rettossale (NIRS). This can be done by
relaxing the assumption on weight variables in (3.4) tebg than or equal to one. The solution to
this problem is denoted BE"NRS TE"NRSis then compared withE"""S If TEXNRS=TE"YRS then
the scale inefficient periodis operating in the decreasing returns region and woubeefited by
downsizing. On the other handTIE""?S<TE"YRS then the scale inefficient period t is operating in
the increasing returns region and should expand its producti

Figure 3.2 illustrates this measure in terms of a praoluétinction with a single input. If
the linear programming representation of the productiortitmes the frontier ABCDE and actual
production occurs at point B, then production takes place iretfien of increasing returns.
Constant return occurs at point C. At point B, the Ftiet. eneasure of scale inefficiency is

Xe/xg<1, with less scale inefficiency as this measure geter to 1.
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3.3 Results

Annual observations from 1963 through 2002 are used to estineapeoduction-
marketing technology for the U.S. cigarette industrgdBction inputs include labor, capital, and
materials. Marketing inputs include broadcast (telemisind radio), print, and other advertising
messages. Variable definitions, data, sources, andune@asnt issues are discussed in Appendix A.
Figure 3.3 plots the quantity of advertising messagesomdeast, print, and other media during the
sample period. These data reveal that broadcast wasrttieathd medium before the ban. After the
ban, the number of print and other advertising messagesdramatically. By the early 1980s, the
other category, primarily promotional allowancesetailers and discount coupons to consumers,
became the dominant form of marketffig.

Given the extent of government regulation and the lyistbmarketing activity in the U.S.
cigarette industry, we focus our discussion on the fayinres delineated in Figure 3.3. The first
regime, 1963-1970, is the unregulated period when broadcastisidgewvas dominant. The
second period, 1971-1986, is the period immediately followindptb@dcast advertising ban. In
1986, the U.S. Surgeon General’'s Report concluded that seaoddsimoke causes health
problems in non-smokers, an announcement that soon $édcter state and local clean indoor air
laws [Chaloupka (1992), Chaloupka and Saffer (1992), and Ro$Shaalipka (2004)]. The
1987-1998 delineation is of further interest because it rafiseadime when the industry invested
heavily in promotional marketing activity and precettee National Tobacco Settlement. The final

period, 1999-2002, marks the Settlement era.

Figure 3.4 plots the pattern of per-capita cigarette srgaker time. It shows that per-
capita smoking reached a peak just before the U.S. Surgeamabe report in 1964, the first
official recognition that cigarette smoking causes loagcer. The per-capita smoking rate rose
slightly after the Broadcast Advertising Ban but has shaweneral pattern of decline since

reaching a peak in 1963.

% promotional activity includes the sponsorship of lgesblic events and the distribution of
discount coupons and free samples.
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Turning to our DEA estimation, we begin by investigatiogv allocative inefficiency
changes over the sample period. DEA estimates of aNecaefficiency scores for each
production and marketing input are displayed in Figure 3.6alRénat allocative efficiency is
reached when the inefficiency score equals zero, guditive (negative) score implied that too
much (little) of the input is being used. Inefficiencyiss for the production inputs (labor,
materials, and capital) are all close to zero gyear to be unaffected by advertising restrictions.
This would occur if the production and marketing divisiohsigarette producers operate
independently, as assumed in previous studies. Alternatiteynarketing inefficiency scores are
more volatile and suggest that the Broadcast AdvertisimghBd an important influence on
allocative inefficiency in advertising. Before therB#he industry invested too heavily in broadcast
advertising and too little in print and other advertismedia. After the Ban, the broadcast
inefficiency score fell to zero in every subsequentqagmproviding strong evidence that the
optimal amount of broadcast advertising at the industl is zero. This supports the view that
cigarette producers faced a prisoners’ dilemma in breadcertising and that the Ban facilitated
coordination. Although somewhat less striking, the figalse suggest that the National Tobacco

Settlement led to lower allocative inefficiency in adigng.

To formally evaluate the effect of advertising restoics on allocative inefficiency, we
compare mean score estimates between pre- and pokttoeguegimes. Table 3.1 lists the means
and standard deviations of the allocative inefficieastimates for the entire sample and for each
regime. Because the process generating production akdting inefficiency may be different,
we evaluate them separately as well as jofi{tlfhe data verify that mean allocative-inefficiency

scores fell dramatically after the Ban and thel&aknt. For example, mean inefficiency scores in

2" The marketing allocative-inefficiency score is meagargthe sum of the absolute values of the
allocative-inefficiency scores for broadcast, prartd other advertising. The production allocative-
inefficiency score is calculated as the sum of trsohtte values of the allocative-efficiency scores
for labor, materials, and capital. We also measureah ths the sum of squared values of individual
scores, and the conclusions of our research are urealfeg this alternative way of measuring
allocative inefficiency in marketing and production.
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marketing and production fell by more than 90 percent tifeeBan and over 86 percent after the
Settlement.

Table 3.2 summarizes the results of Analysis Of VagaANOVA) tests for differences
in mean inefficiency scores. Each test of the hypattkat the means are the same in all four
regimes is rejected at the 1 percent significance feveharketing, production, and both
inefficiency scores. Because these hypotheses japtae in every case, we proceed with tests
across regulatory regimes 1-2 and 3-4. The results cotifabthe Ban and the Settlement led to a
significant decrease in all allocative inefficien@tegories. The settlement led to a decrease in
allocative inefficiency, but the difference in meamgroduction is insignificant. This suggests that
it takes a substantial marketing restriction to afédicicative efficiency in production. Given that
inefficiency scores are truncated at zero and an AN®gAis valid only for random variables that
are normally distributed, we also perform non-paramésts for distributional differences across
regulatory regimes [Wackerly et al. (2001, pp. 724-730)]. Thisasesimes that the two
populations have continuous frequency distributions. Thesteseceded as follows. First, the
results of the two samples are combined and arrangedén a@irincreasing size and given a rank
number. In cases where equal results occur, the meha afailable rank numbers is assigned.
Second, calculate the rank séhof the smaller sample is calculated. Third, lettihdenote the
size of the combined samples and n denote the sihe sfitaller sample, following is calculated

R =nN+1)- R
The valueR andR are compared with critical values that are provided inélatf1963). If either
RorR are less than the critical value, the null hypotheiee same mean would be rejected.

The results in Table 3.2 indicate that the in each caseistributions of the allocative-
inefficiency scores are significantly different a¢ th percent level of significance for the two
regulatory regimes. These results support the conclusionigfaaiette producers invested too
heavily in broadcast advertising before the Ban andtiaaketing restrictions led to less allocative

inefficiency in the U.S. cigarette industry.
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Next, we investigate the effect of marketing restrictiongechnical and overall cost
inefficiency. Because advertising typically accountddas than 20 percent of total costs before
and after the Ban, we expect marketing restrictiongve la relatively small effect on technical
and overall cost inefficiency. Table 3.3 reports thgAlestimates of mean inefficiency scores and
standard deviations, as well as the results from ANQ@¥A non-parametric tests for differences
across marketing regimes. In terms of technical inefiicy, marketing restrictions had a small and
insignificant effect. On the other hand, overall éosfficiency, which includes both technical and
allocative inefficiency, fell substantially afterasamarketing restriction. The mean overall cost
inefficiency score fell by about 48 percent after the Bahlay over 77 percent after the
Settlement? In addition, distributions and mean inefficiency scoressxregimes are
significantly different in most cases. These resultticate that marketing restrictions lowered
overall cost inefficiency by lowering allocative inefftncy and suggest that coordination effects
dominated any inefficiency resulting from LeChatebéects in the U.S. cigarette industry.

The mean and standard deviation of scale estimatdsefartiole sample and for each
regime are reported in Table 3.3. For presentation puspasedefine scale efficiency (SE) to
equal the Fare et al. measure minus 1 and take thieibgalue of this measure when there are
scale economies. In this case, SE = 0 for constauntrys, SE > O for increasing returns, and SE <0
for decreasing returns. Our estimate of scale efffcyi@ver the sample period is about 0.02,

implying slight scale economies. In both the ANOVA andparametric tests, the null hypothesis

28 Estimates of overall inefficiency after the Settletrghould be interpreted with caution, however,
since the Settlement required financial payments te gavernments as well as tighter marketing
restrictions. Financial stress caused by these paymeaytfiave induced belt tightening and may
partially explain the lower inefficiency scores aftee Settlement. Another concern is the dramatic
increase in cigarette prices after the Settlentgfficiency comparisons are invalid if an advertising
restriction substantially affects cigarette pricedsTinot a problem for regimes 1 and 2, as the
real price (1982 dollars) per cigarette was about 4.6 aemégime 1 and about 4.34 cents in
regime 2. However, real prices rose gradually in regimed3tzen dramatically in regime 4. The
mean real price was 5.76 cents in regime 3 and 9.18ime&el This price increase may have been
caused by the National Tobacco Settlement or may heare @ rational price response to the
decline in the number of potential cigarette smokessiggested by the dynamic pricing models
for addictive commodities (Becker et al., 1994, and Ikiastzal., forthcoming). In any case, these
price increases would bias our inefficiency scores ughvaregime 4. Thus, our estimates tend to
underestimate the efficiency improvement caused byeéttte®ent.
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of equal means across regimes is accepted. On the otheiflvemd|osely look at mean values in
each regime, the scale economy is diminished aftdBitbadcast Advertising Ban in 1971
(Regime 2) and the National Tobacco Settlement in 1998ir{RRe4). The results may reflect the
effect of which the industry cuts back advertising expeneliton specific marketing media after
the regulations.

To further analyze the effect of marketing restrictian inefficiency in the cigarette
industry, we develop a model of inefficiency and perfoegression analysis. One problem with
this line of research is that there is little roanifefficiency in the neoclassical model of thenfir
Unregulated firms that maximize profits will always tise cost minimizing input combination in
the long run. In this framework, inefficiency at therfitevel could result only from government
regulation or unexpected demand and cost shocks. This neleel thet case at the industry level,
however, as firms need not minimize industry costs wheretare coordination problems in
marketing and economies of scale in production.

For completeness, we estimate individual regressiatetador technical inefficiency,
overall cost inefficiency, and allocative inefficeynin marketing, production, and both marketing
and production. To control for unexpected demand and leosks, independent variables include
the annual percentage change in per-capita consumptigoc{and the percentage change in
total cost (9ACost). To evaluate the effect of marketing restrictjame use dummy variables to
control for the Ban and the Settlement; Bepresents the ban, which equals 1 from 1971 on and 0
otherwise; [y represents the Settlement, which equals 1 from 1999 ofl atigtrwise. Let)
denote inefficiency scores for marketing cost allocafeAE,,), production cost allocation
(j=AEp), marketing and production cost allocatiprAE), technical JETE), and overall cost

(j=OE). Then, we have five regression equations of theviatig form:
g’ =B’ + B %ipcg+ B WA Cost- B D+ Dyt .
If a positive demand shock is unanticipated, it would fedis@ncial pressure, which could lead to

greater managerial slack and inefficiency, while arxpeeted increase in costs would increase

financial pressure and discourage inefficiency. The 8nd Settlement would reduce inefficiency



36

if the coordination effect dominates and would increas#iaiency if the LeChatelier effect
dominates.

One concern is that our dependent variables of inefficisnoses are truncated at zero
and, therefore, are not normally distributed. To antdor truncation, we use a maximum-
likelihood estimation technique discussed in Leopold and Wi{2004). The likelihood function

to be estimated is

R ]

whereg(:) and®(-) represent the standard normal density and distributioetibns, respectively.
This resembles the likelihood for regression modelk mormal errors that are neither censored
nor truncated, except for the term in the square bracketision by this term is necessary to re-
scale the normal densigy-) so that it integrates to unity after truncation.

Truncated regression estimates are provided in TadblérBmany cases, the effects
of %Apcy and 9ACost are insignificant, suggesting that demand and kosks were generally
anticipated and had little effect on inefficiency. Tisigonsistent with the analysis of means in
which the Ban had a negative and significant effect lmcative inefficiency in each of three cases.
In addition, the Settlement had a negative effect locative inefficiency, but the results are
significant only in the case of production. In any ¢geeameter estimates indicate that the Ban
and the Settlement had their greatest effect ogatile inefficiency in marketing.

As a final point, note that a marketing restriction witfrease profits if the coordination
effect dominates the LeChatelier effect. The effecpmiits may be difficult to detect, however,
because marketing expenses are a small proportion bféstaand because LeChatelier and
coordination effects may cancel each other out. In asg, @ehen we measure profits by the price-
cost margin, the figures at the top of Table 3.5 indi¢atdverage profit rates are 13 percent
higher in regime 2 than regime 1, and are 7 percentigiiegime 4 than regime 3. Although the
difference in means is insignificant for regime 1 andh2 @an) and for regimes 3 and 4 (the

Settlement), non-parametric tests indicate that botB#meand the Settlement lead to significant
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differences in the distribution of profit rates. Thesauhs are generally consistent with the

hypothesis that marketing restrictions facilitatedusithn and increased industry profits.

29 An important concern with a comparison across regisémt more than an advertising
restriction would influence profit rates over timealmy case, the regression analysis by Farr et al.
(2001) that controls for demand and cost shocks supportsloglegis that the Ban led to higher
profits in the U.S. cigarette industry. The ceteristpariassumption is less likely to be a concern
when investigating inefficiency scores, however. &ample, if all firms are profit maximizers

and all demand and cost changes are anticipated, thegaw@gnment regulations affect

efficiency. Thus, a comparison of mean inefficiency es@cross regimes is appropriate, since the
ceteris paribus assumption would hold.
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3.4 Concluding Remarks

We evaluate the effect of marketing restrictions @fficiency in the U.S. cigarette
industry. In an imperfectly competitive market like cigteg, the effect of a regulation on a
strategic variable such as advertising is uncertainh®woite hand, the LeChatelier Principle
indicates that when a regulation effectively limits thiditgtof firms to substitute cheaper for more
expensive inputs, productivity will fall. On the other Harestrictions that limit a combative
strategy like advertising may facilitate coordinationutésg in an improvement in marketing
efficiency and an increase in industry profits.

We use annual data and DEA to estimate the degree chtle, technical, and overall
cost inefficiency for the U.S. cigarette industry. dmparison of inefficiency estimates before and
after a regulation allows us to analyze the efficiegfégcts of the Broadcast Advertising Ban and
the National Tobacco Settlement. The empirical evidesmows that the Ban and the Settlement
had a negative effect on inefficiency. This suggestsabatdination effects dominated LeChatelier
effects.

The strongest evidence involves the effect of the@aallocative inefficiency. All of the
empirical evidence supports the hypothesis that the Basadclvertising Ban led to less allocative
inefficiency in marketing. First, DEA evidence indieathat the efficient amount of broadcast
advertising for the industry as a whole is zero. Yetpte the Ban cigarette producers allocated
about 70 percent of their marketing expenditures on bretiddaertising. Second, truncated
regression analysis indicates that the Ban had a negatt/significant effect on allocative
inefficiency. Finally, regression analysis indicatesttthe Ban had a positive significant effect on
profits Taken as a whole, this provides convincing exidahat cigarette producers faced a

prisoners’ dilemma in broadcast advertising and that #mef&cilitated coordination.
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Table 3.1
Estimates of Mean Allocative Inefficiency Scores

All Regime 1 Regime 2 Regime 3 Regime 4
(1963-2002) (1963-1970) (1971-1986) (1987-1998) (1999-2002)

Marketing 0.0669 0.1640 0.0118 0.0936 0.0128
(0.0724) (0.0179) (9.6E-05) (.0049) (0.0255)
Production 0.0056 0.0118 0.0054 0.0036 0.0002
(0.0045) (0.0028) (0.0036) (.0020) (0.0004)
Marketing 0.0725 0.1758 0.0172 0.0972 0.0130
& Production  (0.0752) (0.0203) (0.0131) (0.0722) (0.0260)

Note: Inefficiency scores range from 0 to positivenity, with a higher score implying greater
inefficiency. A zero score means there is no ativeanefficiency. Numbers in parenthesis are

standard error.
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Test for Differences in Mean Allocative Inefficiency 8ores

One-Way ANOVA Test

Regime Allocative Inefficiency In: F-Statistic P-vale
All Four Regimes
Marketing 28.849 1.1E-09
Production 18.973 1.5E-07
Marketing & Production 28.842 1.1E-09
Regime 1 vs. Regime 2
Marketing 7.8161 0.0004
Production 2.7939 0.0541
Marketing & Production 7.8602 0.0004
Regime 3 vs. Regime 4
Marketing 3.9217 0.0161
Production 1.3305 0.2796
Marketing & Production 3.9355 0.0158

Regime

Allocative Inefficiency In:

Mann-Whitney-Wilcoxon Test

Smallest Rank Sum

Regime 1 vs. Regime 2

Regime 3 vs. Regime 4

Marketing
Production
Marketing & Production

Marketing
Production
Marketing & Production

36
46
36

16
11
17

Note: The ANOVA test is a one-tailed test, and thexMsVhitney-Wilcoxon test is two-tailed.
“Statistically significant at 1%.

” Statistically significant at 5%.
™ Statistically significant at 10%.
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Table 3.3
Mean Technical and Overall Cost Inefficiency and Testfor Differences in Inefficiency Scores

Means (Standard Deviations)
All Regime 1 Regime 2 Regime 3 Regime 4
(1963-2002) (1963-1970) (1971-1986) (1987-1998) (1999-2002)

Technical 0.0175 0.0000 0.0319 0.0158 0.0000
(0.034) (NA) (0.002) (0.0007) (NA)

Overall 0.1538 0.1988 0.1031 0.2258 0.0500
(0.1252) (0.0016) (0.0088) (0.025) (0.01)

Scale 0.0185 0.0275 0.0063 0.0350 0.0000
(0.0432) (0.0396) (0.0253) (0.0637) (NA)

One-Way ANOVA Test
Regime Type of Inefficiency: F-Statistic P-value

All Four Regimes

Technical 2.2189 0.1027

Overall Cost 4.3576 0.0103

Scale 1.4138 0.2546
Regime 1 vs. Regime 2 Overall Cost 0.4130 0.7446
Regime 3 vs. Regime 4 Overall Cost 2.4876 0.0765

Mann-Whitney-Wilcoxon Test
Regime Type of Inefficiency: Smallest Rank Sum

Regime 1 vs. Regime 2

Technical 28

Overall Cost 56

Scale 99
Regime 3 vs. Regime 4

Technical 26

Overall Cost 16

Scale 42

Note: The ANOVA test is a one-tailed test, and thexMsVhitney-Wilcoxon test is two-tailed.
Numbers in parenthesis are standard errors.

“Statistically significant at 1%.

” Statistically significant at 5%.

™ Statistically significant at 10%.
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Truncated Regression Results for Allocative, Technicand Overall Cost Inefficiency
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Independent Dependent Variable
Variable
Allocative Inefficiency in Technical Overall Cost
Marketing Production  Mkt. & Prod.

Constant 0.2000 0.011 0.1853 0.4469 0.0964
(0.0563) (0.0018) (0.0834) (0.4152) (0.3486)
%Apcq -0.8585 -0.0296 -0.9896 -5.6959  -2.0554
(0.6675) (0.0308) (0.6751) (2.5361) (1.9317)
9%ACost -1.9418 0.0255 -1.1278 3.0023 -1.3940
(1.1662) (0.0181) (0.7735) (1.5224) (1.5575)
D, -0.1693 -0.0099* -0.2047 -0.1497 -0.0894
(0.0723) (0.0024) (1.9475) (0.1546) (0.3465)
Do -0.1021 -0.0155 -0.1023 -0.2363 0.2919
(0.067) (0.0068) (0.0812) (0.2005) (0.2471)

Note: Numbers in parenthesis are standard errors.
“Statistically significant at 1% by the two-tailed test.

” Statistically significant at 5% by the two-tailed test.
™ Statistically significant at 10% by the two-tailed test.
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Table 3.5
Mean Price-Cost Margin and Tests for Differences in Infficiency Scores

Means (Standard Deviations)
All Regime 1 Regime 2 Regime 3 Regime 4
(1963-2002) (1963-1970) (1971-1986) (1987-1998) (1999-2002)

0.0175 0.5265 0.5962 0.6342 0.6807
(0.034) (0.0513) (0.0263) (0.0362) (0.0225)

One-Way ANOVA Test

Regime F-Statistic P-value

All Four Regimes 22.366 2.4E-08
Regime 1 vs. Regime 2 2.1987 0.1050
Regime 3 vs. Regime 4 1.7398 0.1762

Mann-Whitney-Wilcoxon Test

Regime Smallest Rank Sum
Regime 1 vs. Regime 2 53"
Regime 3 vs. Regime 4 16

Note: The ANOVA test is a one-tailed test, and thexMsVhitney-Wilcoxon test is two-tailed.
Numbers in parenthesis are standard errors.

“Statistically significant at 1%.

” Statistically significant at 5%.

™ Statistically significant at 10%.
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Figure 3.2
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Figure 3.5
Allocative Inefficiency Indicator (efficient when indicator = 0)
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Chapter 4

Determinants of Profitability, Advertising, and Concentation: Evidence from the U.S.
Brewing Industry
4.1 Introduction

Early Structure-Conduct-Performance (SCP) studies aicenoed with a relationship
between market structure and market performance. Eambyrical models that use this framework
use inter industry observations and regresses a perfoenmaeasure on various measures of
industry structure using ordinary least squares. Strickland\faiss (1976) were the first to
introduce the idea of solving a simultaneous equation meogiging that concentration, price-cost
margins and advertising are endogenous. A system wideambpiftat successfully accommodates
endogeneity has been popularized by Martin (1978), and extend&erbski et al. (1987) and
Jeong and Masson (2008).

While these approaches are successful in finding @apiegularities across industries,
economists often criticize SCP studies for beingmigtsee rather than analytic, as they generally
fail to explain the nature of causality in detail. Indhstudies, equations explaining profitability,
advertising and concentration are constructed independirtiyeach other and are designed to
accommodate data from different industries where firrag behave differently. This makes it
difficult to interpret the regression results.

To circumvent this problem, one option is to focusqgarticular industry with a
consistent set of institutional details [Bagwell (2005)jofher option is to obtain implications
from a game-theoretic model as Sutton (1992) emphasizesstlidy uses both approaches. We
focus on the history of the market structure, strategypenformance of a single industry over fifty
years so as to incorporate industry specific informatidis approach allows us to incorporate a

game theoretic model that is likely to give more copsistesults.

30 See Schmalensee (1989) for a survey of their litezsitur
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We chose the U.S. brewing industry as a case studyJ®herewing industry has
experienced a dramatic change in market structure oveastity years. These changes provide
a natural laboratory for studying the determinants oketastructure and performance. Four
variables are of particular interest: the Hirfindétilshman IndexKiHI) of industry concentration;
efficient market sharee, which is defined as minimum efficient scalES divided by total
U.S. beer consumption; an advertising-to-sales ra8y @nd a price-cost margiPCM).

Figure 4.1 plots thelHI over time®* Since 1950, thelHI has risen consistently. To
understand its cause, notice thatlél accounts for both number of firms and their size
heterogeneity. In the brewing industry, size heterogeaeioss firms has risen continuously over
time, which pushes up th#HI. On the other hand, number of firms has increased dare to
evolution of specialty brewers, which has a negative ainpa theHHI. In 1950, there were 350
brewers, all of which were traditional macro breweith & firm size variance of 0.0001 among the
largest hundred brewers 0.0081n 2004, there were 1522 brewers in operation of which only 22
were macro brewers and 1500 were specialty brewers. By @@dariance in firm size increased
to 0.0029. The substantial increase in the varianegdslly due to changes in market structure of
traditional macro brewers; where a decrease inriumber and an increase in size heterogeneity
have been observed. The combined market share of ¢festidnree macro brewers in 1950 was
only 17.3 percent [Tremblay et al. (2005)]. The market becaational in scope by the mid-1960s,
and the market share of the largest three grew to 28.ditehs 1965, there were still 126 macro

brewers in operation. The market structure continuetidoge until the largest three macro

31 TheHHI is defined as a sum of squared market share of the léngedted brewers in the U.S.,
in which the market size is measured with domestic consomf.e., it includes both domestically
produced beer and imported beer).

32U.S. beer industry is generally divided into three segm&htsfirst of these includes macro
brewers, which brew traditional lager style beer andyarerally national in scope. The second
segment includes brew pubs, restaurant breweries, ancbn@ereries. Because they started out
with very small facilities, they are initially defined brewers producing less than 15,000 barrels
per year. However, some are producing in excess of 20,000 faryetar now and no longer fit in
the conventional definition. Because they brew Européde-seer, they started being called
specialty brewers to distinguish them from the impobeer of the same style. The firms in the
third segment include international brewers which sk tn the U.S.
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brewers, Anheuser-Busch, Coors and Millers, came to daenmuch of the market. In 2004, a
combined market share of the dominant three reached 8Gperce

There are two views regarding the cause of risingeoimation in the U.S. brewing
industry. The first of these is technological progtess increase®lES WhenMESgrows faster
than market sizé&£S the market share needed to reach MES and defines mioasizing market
share, will increase. In this view, the observed risioigcentration is a natural consequence of the
goal of reaching efficient scale. An alternative vigwesses the role of escalating advertising
expenditures among major brewers. An escalation ofrtising expenditures increasdsil if
there are scale economies in advertising or if adimgtis an endogenous sunk cost [Sutton
(1992)].

The U.S. brewing industry has experienced a substamtigase ifeS(Figure 4.2).
Notice that theHHI andEShave similar trends. While it is arguable that the mES played a
major role in the rise in thidHI, other factors may also play a role. In an internatioo@parison
of beer industries in France, Germany, Italy, Japan, andrthed Kingdom, Sutton (1992) finds
that the U.S. industry is the most concentrated marlsgiitdeof its relatively large geographical
market.

The U.S. market is where advertising spending is the sigaed Sutton argues that this
may explain the high concentration in the U.S. brewingstrgiuFigure 4.3 plotdS 1950-2004.
To understand the potential positive causality fle&to HHI, one needs to realize advertising is a
strategic variable. To investigate how the degree mifpatition affects AS and HHI, it is
convenient to divide the data into several regimeg&igure 4.3, three peaks can be identified — in
1964, 1988 and 2002 — and a period around each peak can be corssdmretivertising reginia.

Sutton (1992) and Tremblay and Tremblay (2005) observe thettesitvg wars often start with a

% Tremblay and Tremblay (2005) identify five regimes. Thet fiegime (1950-1964) is
characterized by a high advertising intensity and coiscidtéh a time when television advertising
became an important marketing medium. Advertising intedsitjined in the second regime
(1965-1974) and rose again in the third regime (1975-1986). Tiderdigime occurred when

Miller increased its market share through a massive aisimgr campaign. Advertising expenditure
declined again during 1987-1995, which is identified as the foadime and characterized by an
expansion of Coors. Since 1996 (the fifth regime), advegtiskpenditures came from three
national brewers have started to rise again.
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strengthening of market share by one or more secenthwers through an effective advertising
campaign. Subsequently, the first tier brewers respondadivair own escalation in advertising.
Brewers that can keep up with the increase in advertigipgnel their market share, while those
who are left behind decline in size and/or exit. Taeaifect of an advertising war is therefore an
increase in concentratiot.

One might argue which factor plays a major role inrddteéng current market structure
of the U.S. brewing industry. However, there is a possiliiat the two factors interact and both
play a role [Sutton (1992§f. That is, an evolution of a fierce advertising compmiitian set firms
in a position where high scale production is more prafitéhigherMES), and vice versa.
Furthermore, in this framework, an increase in advedgisifectiveness can trigger fierce
advertising competition. Hence, it is arguable thatein&Sthat began in the early-1960s was
triggered by a high advertising intensity during the mid-1950sigrdhe mid-1960s, a period
when television came into wide use.

Figure 4.1 is a plot of theCM against timé&?® Like ASit fluctuates unpredictably. Simple
static oligopoly models, such as Cournot, suggest that aHhigltauses a higCM. On the other
hand, Demsetz (1973) argues that higher profit may endergyéo a superior efficiency of larger

firms.3” However a predicted positive correlation betweerHHé and thePCM s not clear from a

3 Advertising may accumulate an intangible asset in tire &@f goodwill. A firm with higher
goodwill is able to price higher than ones with loweodaill. Also, with persuasive advertising, a
firm can differentiate its product from rivals’ and avaigrice competition. This will lead to a
higher price. The Dorfman-Steiner condition suggestsathzertising intensity equals a product of
PCM and advertising elasticity of price. With either theave would expect positive relation AS
to PCM, while it is unclear from a comparison of Figure 4.8 &igure 4.4.

% In Sutton’s framework, the U.S. brewing industry iggical example of complex case where
both MES (exogenous sunk cost) and advertising (endogenous sunlplegsén important role in
determining a market structure.

% ThePCMis defined as a difference between total revenueaiabvariable cost, which is a sum
of material cost and labor cost, divided by total rexent excludes advertising expenditures from
calculation.

37 In empirical study, Greer (1970) shows how the profitighif U.S. brewers varied across size
class and there is a clear evidence of high prafitife largest ones.
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casual comparison of the data (see Figure 4.1 and gt If we look at Figure 4.5 which
plots market shares of the largest three firms, a sherin thePCM in the 1980s coincides with
the rapid expansion of market share of the largest fifmch consistent with Demsetz’s (1973)
efficiency argument.

A casual investigation of the U.S. brewing industriadauggests that there is a potential
two-way causality among key variables. Causes ofgisoncentration are likely to be both
technical and strategical. Given previous literatunespropose two approaches and two
corresponding models. The first model is consistent tétiraditional approach as in Martin
(1978). The second model is motivated by a game theopgiio@ch as in Sutton (1992). In the
second approach, a system of three equations will bemedefs the first order conditions of the
oligopoly profit maximizing problem. The two systemslwi estimated with nonlinear three-stage
least squares.

In the next section, we review a system of three equesatised in Martin (1978), Geroski
et al. (1987) and Jeong and Masson (2003) and modify it bathd oharacteristics of the U.S.
brewing industry. Next, we look at Sutton’s game theosgijiroach to market structure and his
predictions, which guide a development of the second madellys the two systems are
estimated with nonlinear least squares. Both appreag#rerate robust results. First, advertising
intensity and minimum efficient scale play majolesoin increasing concentration, findings
consistent with Sutton’s prediction. Second, theeepstential coordination of behavior at a very

high level of concentration.

% Tremblay and Tremblay (2005) note that interpreting inmalt measure of concentration in
brewing needs a care as a market for beer is regionbéary 1960s. This may explain a
declining trend in the mid 1960s when the market was imaitian from a regional to a national
market.
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4.2 System One: Martin’s Approach to SCP
Profit Equation

Martin (1978) defines a profit equation as follows:
(4.1) PCM, = f(G, BE, &) + €7

wherePCM is an industry’s price-cost margi@;is one or more variables that measure an ease of
collusion;BE is one or more variables that affect the entry drg sqop contains variables that
affect the price elasticity of demand a'd"" is an error term.

To measure an effect 6 Martin (1978) and others use a four-firm concentrat@io.rin
the present study, we adopt tHEll. We prefer thédHI as it accounts for both a number and size
distribution of firms. The relation of thdHI to thePCM may be positive for three reasons: First,
the use of a trigger strategy to support collusive behavimore likely as the number of
competitors falls; Second, if more efficient firmgrgmarket share, industry profit will be
positively associated with theHI; Third, if we define thé>CM as a first order condition of the
oligopoly model, assuming all firms are equal in sizes &n increasing function of th¢HI
[Waterson (1986)].

Entry conditionsBE) are often measured witES AS and capital-to-sales rati&).
Strickland and Weiss (1976) argue te&andKS create scale barriers, whi&Sraises the
potential scale barrier as well as a product diffeatioth barrier. Higher values of these variables
imply higher barriers to entry and increase conegioin. On the other hand, Martin (2002) argues
thatKSshould be included if the PCM is used to measure praiiyads it ignores the fixed cost of
capital expenditures. If tHeCM ignores advertising expenditure as walfneeds to be included
to control for a normal rate of return on goodwilletsgCarlton and Perloff (1991, p266)]. As a
result, ASandKS play a dual role: a control for normal rate of retand a measure of entry
condition.

We use the ratio of the observed number to the optiomaber of macro brewers to
measure the disadvantages of having many inefficiens fiktartin (1977) and Caves et al. (1979)].

The optimal number of brewers is computed by dividingoteerved total output of macro
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brewers byMES This measures the number of firms that would exist ffrans produced aMES
(i.e., the cost minimized number of firms). An expdatelation between them is negative as
competition is tougher when there are the more firmsamiarket than the optimal level. This
variable also reflects the toughness of competitionviamaof attrition game [Bulow and Klemperer
(1999)]. In the story of the war of attrition garhé&firms compete foN" prizes wherdd>N".
Competition would be tougher as the fewer positions bec@vailable compared to the number of
firms currently in operation. In the U.S. brewing indusifydecreased rapidly over time M&ES
grew faster than the size of market. The ratibl @ N' measures a degree of which too many firms
exist in the market. Hence, it also reflects a degreesi disadvantage for firms operating under a
minimum efficient scale. As the industry leaders expandedrtisgket share over time, the smaller
scale firms were put under greater financial stress.

In previous studies, an effectajs is controlled with an import-to-sales ratio and the
market growth rateGR).*° They are popular demand variables largely due to data lilialan
addition, because of their generality, they are suitablanfer-industry study where various
demand conditions across industries need to be cowtfoleHowever, alternative variables may
be preferred when one studies a time series of a simdjlstry. In our case of the U.S. brewing
industry, we chose a proportion of the population agedeeetvi8 and 440EM).*° Tremblay and
Tremblay (2005) find that consumers in this age group leebylio drink more beer than
consumers in other age groups. If we assume that consuastedor beer is fairly stable over
time, the greater population of age 18-44 implies a greatential market! We expect higher

demand elasticity for the highBEM.*

39 pagoulatos (1986) finds that the price elasticity is iipfluenced by competitive behavior in
the industry. The variables measuring competitive behave advertising expenditures, industry
concentration, the stage of production, the existenpeotéction from domestic and foreign entry,
and the extent of new product introduction in a particulankit.

0 We also consider a market share of domestic speciaityenel import beer. Import beer and
specialty beer are considered as close substitute obdaahwhile they are only a partial
substitute of domestic macro beer (Tremblay and TramBO05, p104).

“1 While a DEM captures a potential market size, a cainweal measure dBRis based on the
realization of the market size.
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Advertising Equation

Martin (1978) defines an advertising equation as follows,
(4.2) AS = d(PCM, £, CR CR+ &
Martin’s advertising equation is rooted in a Dorfman-Steiygge model of advertising
[Schmalensee (1972, pp. 20-43)]. The Dorfman-Steiner ¢onditiggests tha&Swill equal the
product of the®CM and the advertising elasticity of demangh). This suggests that the
relationships betweeRCM andASand betweeng, andASare positive.

Strickland and Weiss (1976) argue that advertising inteissétypected to increase with
concentration as the price elasticity of demand isdowa more concentrated industry. In addition,
Greer (1971) hypothesizes that advertising may decreaseegt high level of concentration. In
this case, the relation of concentration to advertigitensity would be an inverted U. To test this
hypothesis, previous studies include beRandCR and the expected signs are negative and
positive, respectively.

In previous studies, variables that explain the effeegofire left out of the model. They
are assumed to be controlled for with the import-tesehtio andGR, which are the controls for
eop- We consider the variables that are more closetyeélto advertising effectiveness. We
introduced two variables. They are a percent of houselhalldsSTV sets TV) and a ratio of the
total advertising spending in the U.S. to disposable pdrsmmane NAS. Note thatASreflects
the effectiveness of advertising. ThatA§rises when sales grows slower than advertising
expenditure. AlternativelASdecreases when sales grows faster than advertisingogxpenAs
the households with TV sets increases, advertisingb@meyme more effective in reaching
consumers. As a result, the same level of advertisohgces more sales addtends to decrease.

On the other hand, an increaséNihSmay diminish the effectiveness of beer advertising. As th

“2 Other demand variables we considered are the prisesofand per capita disposable income.
However, Tremblay and Tremblay (2005) find that these bisahave a very limited impact on
beer consumption. This may be due to the addictive @afubeer consumption.
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advertising volume at the national level increasestiveladvertising volume of the beer is smaller

and beer advertising becomes less effective at inngeaales.

Concentration Equation

Martin (1979) argues that observed concentra@, will approach its long-run

equilibrium level CR,, at a rate ok:

(4.3a) CR-CR,=A(CR- CR)

where Martin also argues that

(4.3b) A=h"(PCM,_,, BB

(4.3c) CR = ®(BE, GR

andA is a speed of convergence. This is called a padijalstment model. It implies that the actual
change of concentration from the last period (C&;CR.;) is only a fraction of the difference that
is necessary to reach the long-run level (C&-CR.,) [Maddala (1977, p.142)]. Kis less than
one, the dynamic adjustment process is stabl€&donverges to it's long-run level over time.
Martin argues that depends on a lagg&CM andBE (equation (4.3b)). Higher current profit
induces greater entry next period and reduces ntaten.

Long-run concentration in (4.3c) depends uB&andGR GRis included in order to test
Gaskin’s (1971) hypothesis. He argues that whemidr&et is growing, incumbents may price
higher which allows more entry. On the other h&alymol and Fischer (1978) emphasize the role
of productive efficiency. In this argument, obselegh concentration is a natural outcome of
profit maximizing behavior because the efficientntoer of firms increases as the market expands
relative toMES Both hypotheses predict a negative relation oketayrowth to concentration, and

are empirically indistinguishable.
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4.3 System Two: Game Theoretic Approach to SCP

The main contribution of an empirical SCP study is ithaalizes links between the
market performance, conduct, and structure. However, windlegeneity is a central issue, the
connection between endogenous variables is not supportgticatiy. We felt that the system
should derive from an optimization problem. To this endderve three equations as a solution to
an oligopoly profit maximizing problem. This approachyrba more appropriate here, because we
focus on a single industry’'s performance as opposed toaniniolustry study as performed
previous studies.

Sutton takes a game theoretic approach and shows whaisapghe market structure
and competition as market size grows. To this end, Sdistinguishes between exogenous and
endogenous sunk cost and emphasizes an importance aighe¢ss of price competition. Here,
“toughness” means the competitiveness of price and rioa-gompetition.

In his analysis of endogenous sunk costs, Sutton iderdifteee-stage game where firms
decide whether to enter a market with a given leveltefiseosts in the first stage of the game and
compete in advertising and quantity in later stages. In thisgeSutton identifies the sub-game
perfect Nash equilibrium solution in quantity, advertising sstilting market structufé.

Compared to the SCP approach, Sutton’s game theorpticaah identifies the two-way link
between structure and condffttOur model is based on a two-stage game but otherwisel !
follows Sutton. In the second stage of the game, thiedider conditions generate our version of
the profit equation and advertising equation. The entry idac# the first stage will be based on a
set-up cost at, and the expected profitability after afitry. Consequently, we obtain a system of
three equations that explain profit, advertising interegilgf concentration ratio as in previous

studies, but they are derived from the game theoretiteinark.

“3 Sutton uses an experience of the U.S. brewing indusiiiystrate a complex case where both
set-up cost and advertising outlays play a prominenimaletermining market structure.

4 As Bresnahan (1992) pointed out the availability of endogenmiscost strategies and the
toughness of price competition do not just determine equifibmdustry structure, but they also
determine industry performance given structure. Thatigpi®$s prediction can be empirically
tested as a simultaneous equation problem.
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4.3.1 Quantity Game and Profit Equation

Let us define the market inverse demand function as:
(4.4) P=P(Q A
whereQ = g + g is total market output) = g + a; is total market advertising messaggss
output produced by firm g, is output produced by all firms except fiing is advertising
messages sent by firnanda- is advertising messages sent by all firms exceptifirm

Total revenue for firmis TR = P(Q, A) g. First, we consider the first order condition of

guantity choice. This equals:

(4.5) P(Q, A+ q{gg (1+d(;qc‘li)+(;i(ﬁ}— MG =0

whereMC; is marginal cost of firmh. Let us define the conjectural elasticities of quantit

respect to output and advertising as,

g =% 4%
g dg

_ G da

A a_ dq

Then, equation (4.5) becomes:

46)  pQ A+ q{jg(n‘gwiiﬁ ;}— MG = 0

Rearranging the equation we find,

47 PO-MC_1,, , 1_g Bai
P EQP{(l a|)§+a|} EPA A
where
QP
¢ =-29P
oP Q
. 0P A
A 0AP

and
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_q
379

are price elasticity of demand, advertising elastioftinverse demand, and firis market share

respectively. Let us define the total cost functionfifon i as
(48 TC=pnq+ R G +A F K+A"Pe
wherep,, pu, Pk, andP, are price of labor, material, capital and advertisindd., gu, K, anda are
quantity of labor, material, capital and advertising rages respectively* andi* are rental cost
of capital and advertising and they are the sum ofdheed rate of return and a rate of
depreciation [Carlton and Perloff (2004, p248) and Martin (2p080)]. That isp=r+ 5 and
P=r+ 6" wherer is the competitive rate of returdf! is the rate of physical depreciation of capital,
andd” is the rate of depreciation of goodwill stock. Sirfeeéntry decision has already been made,
the set-up cost does not enter the total cost functitms stage of play.

If returns to scale are constant, then

(4.9) MCFAC}:quL+R/'q¢I+/‘iKPKK,+4Ap“a
G

WhereAC is the average cost of firmSubstituting (4.9) into (4.7), we obtain the Price-Cost

Margin equation for firm (PCM),

(410) POAZRA-RG - Ly gi5eq)-g, Bospc DK p P2
Pq €QP | | PA A 1 Pq Pq

Here, we treat the labor and material costs aahiaricosts and the capital and advertising assets as
fixed costs. To find th®CM equation for the industry, let us assume thad.; for alli in the long-
run equilibrium. Then we multiply equation (4.10) througtstgr eachi, and add it up for all

firms in the industry. We now obtain ti&M equation at the industry level,

(4112) POQ=RA= MG - 1 4 gyt +a}-g,, B2 gx P, ja PA
PQ Eop A PQ PQ

or

(4.110) peme = L [a-a)HHI+a} + A KS+ 1% As- g, B2
A
QP
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where superscrid indicates that this is a first order condition of aigapoly competition and
) are the weighted average rental costs of capital andtsitvg, respectively [Martin (2002,

p.151)]. That s,
K _ K K.
A _ZI:/]I (?)

M= ZA,A(iA)
As discussed earlier, theHI, KS andASshould have a positive effect ®8CM. Recall that
coefficients orKSandASare rental costs of capital and goodwill respectivelhe difference
between the rental cost of capital and that of aduegtis a difference of depreciation rates.

If firms behave as a cartel, the monopoly's first orcendition will be observed and

equation (4.11) becomes:

(4.12) pemm =L 4 axKs+ A% AS
Eqgp

where superscrigil indicates that this is a first order condition of anopoly. TheHHI becomes
irrelevant in determining theCM. If there are changes in the degree of competitivenassmngter

values will change and the model can be written as:

(413)  pCM, = F2(HHI,—1 | AS, KS,=¢,, | )+ G2
QP ¢

where® is a vector of parameters that depends on the degrempgtiion. This includes

conjectural elasticity parametersndg.

4.3.2 Advertising Game and Advertising Equation

Next, we consider a firm’s decision to advertise. fiime’s problem is:

maxm; =R Q,A)q - TC(q, @)
g

whereTC = TVC + TFCandTVCandTFC are total variable cost and total fixed costs.

The first order condition for advertising implies that

4.14) 9TR(Q A _0TC(q,3)
03, 0g
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Notice that the advertising may increase the demanéharehse the production cost,

0TC(Q A _ aTC%Jrﬂ:
0a, 0q da 04

Let us defineMCi=0TC/og. Then,

ITCQA _ o %, 9TC
s ‘03 03

Using equation (4.7) and (4.13), we find,

(4.15) {awo PQA _.)+0P(Q A 04, 9a,

aq_ od
20 9 aa)}q' P(Q A7~ = MG +4P“

Let us define the conjectural elasticity parametérdvertising as

So,

(4.16) q[aP‘Q”%y R AT ) |+ P-Me) -t =0

Assuming all firm have identical costs,
(4.17) MC=MC Oi

Rearranging the equation,

418) | OB gy %) IARAEL L+ -y 3Ly 2P
0A 0Q Jda oa Pg a

Let us denote firni's advertising expenditure to revenue ratio as,

Rearranging the equation (4.18), we obtain therdidireg equation at the firm level.

419 ag=L Hapg/i GLY Lxe LIV q)}+ pyg)géa}
i f

where
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. _0q g
£y =t

03 q
which is firmi’s advertising elasticity of demand. This condition iraplthat the advertising
intensity of firmi depends on the rental cost of advertisitft) énd firmi’s advertising elasticity of
demand ;) and conjectural elasticity parameters of advertiginands ;).

ASSUMINGYi= Yi= Y, 1= 1 1= 7], €qa= £qa = £qa @Nda=a;=a in equilibrium for alli, and

aggregating over allfirms in the industry, we have an advertising equatiorhfe industry,

1 1
(4.20) As® = /]A[{‘SPA(]-"- Y) _87 (‘gqa +’7)} + PCWQa:|
QP
Now, we are interested in how a change in competitioctaftae outcome. If firms agree
to collude, equation (4.20) will be replaced with the mondpglyofit maximization condition.

1
(4.21) AS" == [£,,+ PCMey,]

A
In general, an advertising equation can be defined as:
(4.22) AS = ¢( Pcm,gPA,—i AR D)+ §S
Egp '
where® is a vector of parameters that depend on the tmsgghof competition.

Equation (4.22) implies th&Sincreases when advertising has a positive impatt®
demand price and the advertised firm’s product, e8>0, ¢p,>0 and e4,>0). On the other hand,
firms respond to a high rental cost of advertigirey, hight*) by lowering the advertising intensity.
As in the previous model, we uS¥ andNASto measure the effect of changesdnande,, oNAS
We also includédHI as it influences thesa, eqa andege. We expect high values ef, andeg.for a
high HHI. On the other hand, a higtHI causesqp to decreaseHHI may cause AS to increase or
decrease.

®@ includes elasticity parameterandy, the impact of these dhSmay change depending
on the type of competition and the type of advieigiswhen advertising is combative, a

conjectural advertising derivative is likely to pesitive (i.e.y>0 and»>0 ) and will lead to an
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increase iMAS* If advertising is more constructive, conjectural atisierg elasticities may be

negative (i.e.y<0 andy<0).

4.3.3 Entry Decision and Concentration Equation
A firm’s entry decision depends on the expected pro#r &htry and the set-up cost that
the firm has to pay upon the entry. Assuming a symmedststructure, firms enter the market so

long as the following condition holds

(4.23) E(M(@Q.A),
N

wherell(Q’, A) is an industry’s long-run profit andis a set-up cost that a firm has to pay when it
enters the market. This condition implies that firm&etiie market so long as the expected profit
after entry exceeds the set-up cost. Equation (4.23) ceewbiten as

4.24) 1 o

—=2

N~ EM(Q, A)
The left hand side of the equation (4.24) coincides witiHtdiewhen firms are equal in size. This
implies that market concentration is determined by ¥peeted long-run profit, which depends on
a long-run output and advertising level, and on expected smistf2 There is more entry when an
expected profit is large relative to the set-up costsuteenote an expected valudHbil as

HHI (o, I7). Equality holds in equilibrium:

(4.25) E{Cf*}: HHI" (o, )
neQ,A)

Let us assume that expectations are adoptive; that is,
(4.26) HHI; —=HHI , = @(HHI -HHI, ) where 0€ <
or

(4.27)  HHI; = 6HHI, +(1-O)HHI"

5 n the U.S. cigarette industry, Iwasaki and Tremblay (268@)d that TV advertising is more
likely to be combative.
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Equation(4.27) suggests that the expected levélidf is a weighted average of the present level
of HHI and the previous expected leveHHl (or HHI.;"). A smaller value off means that the
present level oHHI receives a smaller weight, implying a greater uagetry about the future.
Since0<#<1, if an observed value is greater than the expected \afirg) revises its expectation
upward. In the opposite case, it revises the expectatiwwnvaird. In either case, the revision is
only a fraction of the most recent year’s expectatioor éi.e.,HHI.-HHI ;).

BecauséHHI is a function of the expected market structdkd”, we can write
(4.28) HHI, = BHHI,

Since theHHI" is a weighted average of all present and previous valugsllof

(4.29) HHI, = B6Y.7 (1-6) HHI  +& = _ﬁgLHm Che,
wherew=1-¢ andL is a lag operator [Pindyck and Rubinfeld (1976,21-216)]. Rearranging
equation (4.29), we obtain
(4.30) HHI, =gBHHI, +(1-6)HHI _, +u, whereu, = ¢, —(1-6)¢, ,
In general, the concentration equation can be eléfas:
(4.31a) HHI, =6n*(N(Q", A),,,0,_, |P)+ (1-8)HHI,_, +uy™?
where

h*(N(Q", A)y, 0y |P) = BHHY
We condition’(-) on ® because the type of competition may affect exgeutefitability for the
new entrant. In the empirical application, a setogt ¢) is measured witES which coincides
with a reciprocal of the exogenous sunk cost meassed in Sutton (1992§.As for the profit,
notice that industry profit i& (Q,, A)=TR-TC Equation (4.10) and (4.12) imply that, profit dan

expressed as

“8 This is an empirical test of Sutton’s predictiontbe relation between concentration and market
size: whether the concentration decline as the ebaike expands. He runs OLS regression of the
form: CR=a+blIn(sk) wheresis a market size anglis a set up cost. The expected sigris arfe

negative for the exogenous sunk cost industry la@déero for the endogenous sunk cost industry.
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M=PCM-KS- AS b, —,,)
&,
QP

Therefore/7 can measured wWitRCM, AS KS eqp andepa,

(4.31b) HHI, = 6h*(PCM,,, KS.,, AS,, ES,—— &, [®)+ (1-6) HHl,+ "2
Eop

The HHI is expected to fall with the PCM and risgth KS, AS, and ES.
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4.4 Empirical Models and Results
System One

System one consists of equations (4.1), (4.2) and (a8 discussed in section 4.2.1. They are

(4.1) PCM, = f}(G, BE, &gp) + €M
(4.2) AS = g(PCM, £, CR CR+ ¥
(4.3 ) CR-CR,=A(CR- CR)+ &
where

(4.3b) A =h*(PCM,,, BB

(4.3¢) CR = F*(BE, GR

Since the empirical version of the concentratiama¢ign is based on a “partial adjustment model”,
A should be interpreted as a rate of convergencartban equilibrium concentration. Martin
(1978) argues thatshould be a function of tfreRCM andBE. Geroski et al. (1987) and Juong and
Masson (2003) assume the following functional fdomi.
(4.32) A = 4[PCM,_, - PCMF( BB]?
It is specified as a convex function of the disehetween thBCM and the steady state price-cost
margin,PCM-R, which is a function of barriers to entBE. The relationship betweerandPCM-
PCM™" is expected to be convex because faster entrygdiliely whenPCM is substantially
above or beloiPCM™,

WhenPCM<PCM™® firms will exit. The exit rate is expected todlewer as the distance
between th@CM and thePCM® falls. Alternatively, whe®PCM>PCMTF, there is an entry.
During our sample period from 1950 through 200drédtis no entry of macro brewers, only exit, in
the U.S. beer industry, implying thaR<CR andPCM<PCMFR andCRis increasing.

We measur8E with ASandES PCM™ is expected to rise witASandESand it can be
expressed as an upward shift @M curve. If current concentration is below the long-level,
an upward shift iPCM-R will causet to rise by increasingR. Consequently, we specify our

regression equations as follows:
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(4.33a) PCM, = g+ g HHL + a, AS+ a KS+ a DEM+ a N N+ "E"
(4.33b) AS = B+ hHH|+ Q HHf + h PCM+ b T+ p NAS &
(4.33c) HHI, = A[(c, +C,AS + G ES+ ¢ GR- HHI]+ HHI + &"
where

(4.33d) A =(d,+d,PCM_,+ d, AS+ d ES®

In equation (4.33c), the term in the round brackptesents a long-run concentrat@® which is
expected to rise witASandES A specification ofl is described in equation (4.33d). As implied
by equation (4.32PCM-R=-(d+d-AS+dES)andPCMF is increasing imSandES Becausé
equals a square of the distance betwaeh andPCM-, an estimate af;, should have an
opposite sign to, andds.

Variables are defined in Table 4.1, which alsis liseir means and standard errors. In this
system, the endogenous variablesHirdy, PCM, andAS. Predetermined variables aféll,; and
PCM,4, and strict exogenous variables E& ES, DEM, N/N', TV, NAS,,andGR.

The system of equations (4.33) is estimated wsimon-linear least squares. Because of

HHI, in equation (4.33 c), we suspect an autocorrelaiioblem. To test for an AR (1) process

HHI1 HHI1

for e, we assume tha'lHH”:pQ-l +U; Wherey, is nonautocorrelated error teffi\Ve replace

equation (4.33 c) with

HHI, = Al(c, +c,AS+ GES+ ¢ DEM) - HHL]+ HHL,+p &'+
wherel is as defined in (4.33d). ffis less than zero and significant, there is an(BRprocess and
estimates are corrected for an AR (1) i insignificant, the null hypothesis of no AR (pcess
is accepted and equation (4.33) is preferred. \Wedp to be insignificant. In terms of the
estimation method, we estimate the system usiranbnear two-stage least squares (NL2SLS) and
nonlinear three-stage least squares (NL3SLS)tHertase, we use current values and lagged

values of the strictly exogenous variables asunstnts. Because estimates of NL2SLS and

" q., is defined as a difference between lagged valieaight-hand side and the left-hand side
of the regression equation.
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NL3SLS are similar, we test a null hypothesis whera btit2SLS and NL3SLS are the consistent
estimators against the alternative where only NL38&t8nator is consistent using Hausman test.
The test rejects the null. Therefore we proceed estimating (4.33) with NL3SLS. Our estimates

are follows

PCM, =0.902+ 0.32HHI, + 4.278S+ 0.04RS—- 0.018 N - 1.6TFEN
(5.406) (3.271) (6.721) (2.085)  (2.956) (4.189)

(4.34a)

(4.34b) AS =-0.105+ 0.43HH| - 1.35HHI’+ 0.205CM- 0.0T§+ L6BIAS
(4.436) (3.586) (3.800) (6.568) (2.439) (3.549)

HI, = A[(-0.305+ 5.67AS + 3.65ES- 0.4786R-) HHI, + HHI,
(1.328) (1.464)  (3.119) (0.401)

4.34c) 1

where

A =(-0.269+ 2.74#CM, - 23.8S- 5.308S°
(0.476) (3.089) (2Zp  (1.669)

(4.34d)

wheret-statistics are in parenthesis. In equation (4.34ajingdea positive and significant impact
of theHHI on thePCM, a finding consistent with the prediction of several nodéimperfect
competition. Advertising intensityA§ and capital intensityKS) have a positive and significant
impact on thd>CM, implying that high fixed costs create an entry barAé¢so, they are the
controls for a normal rate of return on a fixed asaatar-of-attrition parameteMN/N’) has an
expected sign of negative and is significant. We incld@#¥ to control for an effect of changes in
demand elasticity. The results indicate that a highlerevaf DEM raises the demand elasticity
which tends to diminish market power and B@M.

In equation (4.33 b), coefficients étHI andHHI? are positive and negative, respectively.
This indicates the effect of concentration on adsiendi intensity is an invertdd-shape and there
is potential collusive behavior at the high level of@amration, a finding consistent with Greer
(1971).ASalso increases with tH&CM. This is consistent with the Dorfman-Steiner conoditiTV

andNASare included to capture the effects of changes in aisingr elasticity of demand on the
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industry’'s advertising effectiveness. As expected, theadpreTV sets among consumers makes
advertising campaign more effective, allowing firmsawér advertising intensity. On the other
hand, growing advertising spending from other industipgars to lower the effectiveness of beer
advertising as indicated by the positive and significaefficient estimate oNAS

In equation (4.33c), the inside bracketed term representd¢hdy State concentration
level. According to our estimates, the primary deteamt of steady-state concentration is
technological. The coefficient estimate B8 (efficient market share) is positive and significant,
while the coefficient estimate @kSis positive but insignificant. Negative coefficientieste on
GRis consistent with both Gaskins’s (1971) model of dyicdimit pricing and Baumol and
Fischer’s (1978) efficiency argument.

In equation (4.33dASandEShave opposite signs RCM_,, implying that the
relationship betweeASandESandPCM™ is positive. As we discussed before, in the U.S.
brewing industry, the market concentration is below the level. An increase iIASandESIead
to an increase if by widening the distance betweB&M andPCM-R.

A mean value of is 0.096. Becauskis allowed to change over time, we plot an estimate
of /2 against the time in Figure 4.6. Although the patloissmooth/ decreases over time,
implying the market is in the process of convergencerbaesteady state. Until around 1970, the
U.S. beer market was considered regional and had adrdagdhmarket structure. A mean value of
A during 1950-1970 is 0.129 with standard error 0.196. From 1971 throughal®@&n value and
standard error of decreased to 0.085 and 0.076. From 1996 on, we consider tiseéynd
concentration to be almost at the steady state [€lael estimated mean and standard deviatidn of
during this period are 0.042 and 0.041 respectively. The estwhabver timeimplies that the

market becomes more stable as it approaches the stedely

System Two

The second system consists of equations (4.13), (4.2231d that we derived in section 4.2.2.

(4.13) PCM, = f2(HHI,, AS, KS,—— —&p, [®)+ (2
Eop
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(4.22) AS = G pcM,apA,eqa,Ei,AA )+ ¢
QP
and
(4.31) HHI, = 6h*(PCM, KS, AS Esgi Eop |®)+ (1-6) HHL+ {"'°
QP

We specify the empirical version of system two as:

(434a) PCMt :ao +alHH|t +a2KS +a3 A$+a4 DEM+ Dl— 95+ QG O4+ t%CMZ

(4.34b) AS =g, + B, HHL + B,PCM + B, TY+ B, NASH DB, ot D, ot &
and

(4.34c) HHI =006 YPCM, + ,AS +y,KS+y, EStys DEME Dot D, o)
+ +P HHIt_1+eHHI2

t

In system two, endogenous variablestir, PCM, andAS, predetermined variables aféll
and strict exogenous variables &%, ES, DEM, TV, NAS, D71.95 andDgg.os

There are three features that distinguish systenirom the first system. First, the
concentration equation in system two is based diadaptive expectation model”. In this model,
firms form an expectation about the future profitalthrough a weighted average of past
observations, in which the more current observatorives a greater weight afis the weight
on the most recent information. A smaller valué ofay imply greater uncertainty due to a
volatile market structure because the current matkacture provides little information about the
future market structure.

Second, while system one assumes thaP@id affectsHHI by changing the speed of the
adjustment parameter, system two assumes thRQNeaffectsHHI by altering expected level of
HHI. The expectation of theHI is formed according to the function that is defifrethe equation
(4.25), implying that théiHI is an increasing function of the entry cdsg(and costs after the
entry ASandKS), and a decreasing function of tREM.

Third, a vector of parameters, is assumed to change with the toughness of cdiopet
(e.g. a change from Cournot type to cartel behpviorsystem one, a change in competition is

captured by a continuous variable, such as the divattrition parameter” variable in (4.32 a) and
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the quadratic term in (4.32 b). Remember that systarspnthesizes the models used in Martin
(1978), Geroski et al. (1986), and Juong and Masson (2003). lwous variable is more
appropriate for their inter-industry studies where the pmiinegime change may be different
across industries. On the other hand, system two ida@ceto incorporate industry specific
information. Chamberline (1933), Bain (1951), and White (197diyate that the degree of
competition may change discontinuously. In particulatahmay be a critical level of
concentration that supports collusion. To allow such aetschange, we consider the use of
dummy variables, each defined for a distinct competiggime.

We identify three competition regimes for the U.S. lingvindustry between 1950 and
2004. The first regime appears to be 1950 through the late 19&@sch the market was
relatively regional and regional concentration may Hasen high® The second regime runs from
1970 through 1995. This is the period where a “war of attrigame” is likely to take place. While
the market was national in scope by this time, manysfiremained regional and their continuous
exit contributed to a rapid increaseH#ll. In the third regime, from 1996 until present, we suspect
that collusion may be an issue. In 1996, the three natiomakbs Anheruser-Bush, Coors, and
Miller came to dominate the industry. Consequently, wimdéwo dummy variabled);; g5 which
equals one for 1971-1995 and zero otherwise;ygd, which equals one for 1996-2004 and zero
otherwise.

Although Chamberline’s (1933) discussion is limited ingkient to whictHHI begin to
affect thePCM, we consider that such changes should occASt@s well because o&S
represents the cost side of the optimization probldmat is, if thePCM is positively related to the
critical HHI, ASshould be related negatively if the advertising is catimb. As a result);;.¢sand
Dgs.osare included in both equations (4.34a) and (4.35b). Atste, that these dummies are meant
to capture the effect of changes in conjectural elaspeirameters, 3, 7, andy.

Finally, we include the dummies to the concentratmumaéon (4.34c) as they might affect

the expected profitability for the new entrant. For eglamsince 1996, the market has been

“8 The industry is considered as concentrated since 19684pplg a cutoff point of 40 percent for
CRA.
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dominated by three leading brewers. While profit makiiga for those three firms as the
competition between three becomes softer, less effifiimge firms are still under financial stress.
The new entrant generally starting out with smalleresoady not be viable in this type of market.
Similarly, between 1970 through 1995, competition was coresilderbe tough and many firms
exited during this period. Therefore, we expect positivessignD7; g5 andDgg.04 N €quation
(4.34c).

As with system one, system two may suffer from an-aatrelation bias because of the
lagged dependent variable in equation (4.34c). By using thersathed we applied to system one,
we find no auto-correlation. As before, the Hausmatnpregers the NL3SLS method over
NL2SLS. Therefore, we proceed with estimating equatidrgsia) — (4.34c) by using NL3SLS.

Our estimates are as follows,

PCM, =0.207- 0.6384H|, + 0.208S+ 3.368S+ O0.IMEN- 0.0L5,+ 0.158,

(4.35a)
(1.433) (2.264)  (3.363) 4.572)  (0.497) (0.493)  6(m)
(4.35h) AS=0075- 0.024H| + 0.07BCM+ O.00Ry+ 3.106AS+ 0.002,~  0.00,,
(4.448) (1.595)  (2.674) (0.006) (6.441)  (0.501) (1.934)
HH,=0145¢ 0217 0668M + 3488+ O0IRS+ 1(B% OFAW 800L+0149 D)
(4.35¢) (12m) (2151) 288) (4773) (28%)  (3.207) (0867) (4.216)
+(1-0.145H,
(3351)

wheret-statistics are in parenthesis.

In a profit equation (4.35a), the coefficient&&andAScorrespond ta* andi*,
respectively. Estimated value is substantiallydarfgr ASthanKS, implying that depreciation rate
of goodwill assets is higher than that of capitsets. We test an effect of competition regime
changes on the market performance with dummy V@Sl ;.¢s andDge o4 D71.95alS0 marks a
transition regime from the regional market (195@uigh 1970) to the national market (1971 until
present), as well as the toughness of the “wattdgfien game”. It has an expected sign of

negative but is insignificant. Pricing seems tde®s competitive from 1996-2008g o, has a
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positive sign and is significant, implying the shift towardartel type competition increased
industry profit. A coefficient estimate ¢#HI is negative, which contradicts the prediction based
on equation (4.11% However, in the context of (4.11), likeandp, theHHI can be considered as
a measure of competitiveness, which is captured Dyiths andDgg 4 in the regression analy§i%.
What theHHI is capturing can be an effects®f as an increase in HHI is likely to increasgand
there is no other variable controlling fef in (4.34a).

In the advertising equation (4.35B)increases witt?CM which is consistent with the
prediction based on the first order condition (see (4.20X4.21)). On the other hand, the
coefficient estimate of thidHI is negative. As we discussed before, the first ordiedition cannot
predict the sign on thidHI because it can increa&&by decreasingqp or it can decreas&Sby
increasing:q.. Result of negative coefficient indicates thathtdl affectseq, more tharzge. As
before, the effectiveness of advertising is influenmgdV andNAS AlthoughTV becomes
insignificant in system twd\ASis still positive and significanD;;.os has an expected sign of
positive but is insignificant. An impact of collusive lagfor at a very high level of concentration is
captured with dummy variabl®y9, The estimate has a negative sign and is signifidaat, t
finding consistent with cartel behavior in an oligopoly markéso note that, as expectddl; o5
andDgg o4 in equation (4.35b) have opposite signs to those in (4.35a).

In concentration equation (4.35c), all variables havexprated sign and many are
significant. A rate of adjustmefitis 0.145. A very low estimated value implies the curneatket
structure provides a potential entrant with very litfermation about the industry’s future. This
makes sense as a market structure of the U.S. bremdogtry has been continuously changing
over the past fifty years. The coefficient estinmiehePCM is negative, implying that higher

profits are understood by a potential entrant as a silgatinore firms can operate profitably. We

*9 This result is actually consistent with past empirtaties using the U.S. data [Schmalensee
(1989, p.974)]. Schmalensee (1989) notes that a profitabilindoktry leaders may be positively
correlated with concentration ratio, but profitabilfysmaller firms may not be. Hence in the
industry level studies a finding of weak correlation betwidePCM and theHHI is possible.

0 When we run the regression without thidl, the overall results did not change except DEM
whose coefficient turns to negative and insignificant.
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includeASandKSto control for the rate of return. As in the prefuation, a coefficient oASis
substantially greater tha€S implying that a higtASsignals to potential entrant that competition
after entry is tough and discourages entry. This findirmgmsistent with Sutton’s (1992)
prediction where fierce advertising competition can ledudgh concentration by raising
endogenous sunk costs. FinaBShas positive and significant impact on the entry decision
DummiesD-;.¢sandDgg o4 are included because a type of competition may affegt antl/or exit
decision. A positive and significant effectdf; o5 on theHHI implies that a change from regional
to national market promotes the exit of regional brewgse, accounts for a cartel type
competition; it has greater positive value tiigfnos This competition may favor industry leaders
and increases their power, while it puts smaller fiatng greater disadvantage.

In sum, regression results of system two are genamatiyistent with predictions that are
derived from an oligopoly model. Especially, findings ofgngicant impact oASandESon

market structure is consistent with Sutton’s prediction.
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4.5 Conclusion

Previous empirical SCP studies, such as Strickland anss\M&976), Martin (1978),
Geroski et al. (1987) and Jeong and Masson (2003), estimgeemf three equations that
explain concentration, profitability and advertising usimgi industry data. Although successful,
their approach is criticized for a lack of analytibatkground. In this study, we use data from a
single industry where the theory can impose tighter otistnis. We develop two alternative models,
one is consistent with Martin (1978) and one is condistih Sutton (1992). In the second
approach, we redefine a system of three equations s arfier condition of oligopoly profit
maximizing problem. Consequently we obtain two systéonth consist of th®CM, AS andHHI
equations, but the implications they generate can lyediiéerent.

Furthermore, we introduced new variables to contrainfdustry specific details. To
capture the effect of price elasticity of demand, weldSkl. As for the advertising elasticity of
demand, we us&V andNAS In order to capture the effect of toughness of competitiie
introduced three new variables. One is a “war-of-aitriparameter” variableN(N'). Because this
variable is continuous, we include it in system one.dther two are dummy variabl&s,.95sand
Dos-04 €ach is defined for a distinct competition regimesoled in the U.S. brewing industry.
Because they are discrete variables, which are liketgpture the effect of regime switching, we
include them in system two.

The main contribution of this paper is the developmésystem two. Redefining a
system of three equations as the first order conditibaggame theoretic model is new. It has a
theoretical framework that has been left out of thevipus studies. In both system one and system
two, regression results are generally consistent Weltbrresponding theoretical predictions.
Nevertheless, interpreting the results of system oogngersome as many variable estimates can
be explained by alternative theoretical models. On ther dtéind, interpreting system two is more
straightforward. At the same time, tight restrictisash as pre-specified regime dumnideggs
andDgg o4 are a problem if they are misspecified. The industrghyswithin a game theoretic
framework requires careful prior investigation of the induand a unique data set. Even so, the

exact timing of regime switching is still unobserwabh this sense, although analytically weak, the
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system one is more general. We consider that the tegxissto develop a model that synthesizes
system one and system two.

There are two results on which both specificationsnraagreement. FirsASandESare
playing a dominant role in determining the market struafitke U.S. brewing industry. Second,
whether it happens gradually or discontinuously, bothessipon results indicate an existence of

potential collusive behavior at a very high level of@antration.
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Chapter 5

General Conclusion

This dissertation addresses a dynamic effect of adwgriim consumer behavior, firm
behavior, and market structure and performance. Ch2ajmeestigates empirically the effect of
advertising regulations on the demand for an addictive calityngsing the data from the U.S.
cigarette industry. By using the same data set, Chaptek8 édhe effect of advertising
regulations on the industry’s cost efficiency. Chaptstudlies the effect of advertising competition
on market structure and performance when advertising ityeosncentration and profitability are
simultaneously determined and evolved dynamically.

The results of Chapter 2 show that the advertising atigus reduced cigarette
consumption by increasing the industry’s market poweadtlition, a representative smoker is
relatively impatient, an expected outcome for commoditydigarette, where physical dependence,
procrastination, and cognitive dissonance would leachigtarate of time preference.

In Chapter 3, we argued that there are two potential oetsafmadvertising regulations.
According to the LeChatelier principle, regulations fivait substitution possibilities among inputs
will reduce firm and industry cost efficiency. On thiber hand, in imperfectly competitive
markets, government regulation on a strategic variableagialdvertising can facilitate
coordination. The results show that the Broadcast adwertign in 1971 improves the industry’s
cost efficiency, implying that the coordination effeciminates the LeChatelier effect.

The results of Chapter 4 indicates that an increasenimuin efficient scale and a high
advertising intensity are the primarily causes of gginoncentration in the U.S. brewing industry,
the finding consistent with Sutton’s (1992) predictiofscAwe found the evidence of cartel

behavior at very high level of concentration.
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Appendix A

The U.S. Cigarette Industry and theU.S. Brewing Industy Data

In Chapter two, annual U.S. cigarette industry data 665 through 2002 are used to
estimate the reduced form cigarette consumption moded. $oatrces, variable descriptions, means,
and standard deviations for the primary data areallistdable A.1. Price and income data are
deflated by the Consumer Price Index, advertising expendateeteflated by media price index
and marginal cost is deflated by the Producer Price Ind#verfising is segmented into different
regimes by interacting advertising expenditudgs With appropriate dummy variables for the four
different periods of advertising regulatioAfss 67, ADes-70 AD71-07 andADgg o> The dummy
variableDss 67 (representing the period with no advertising restrisfi@guals 1 from 1955
through 1967 and O otherwid®ss 7o (Fairness Doctrine Act) equals 1 for 1968 through 1970 and O
otherwise D;, g7 (Broadcast Advertising Ban) equals 1 from 1971 through 1990 atiterwise.
Dos.02 (National Tobacco Settlement and the Broadcast AdiregtBan) equals 1 from 1998
through 2002 and O otherwise. In addition, effective margostlis measured as unit cost plus
federal and average state taxes per cigarette.

We also construct the variallldW to control for the influence of clean indoor air faw
and the influence of health information on cigardegmandLAW is defined as the sum of each
state’s share of the U.S. population times a measusswictiveness of each states clean indoor air
laws. We use the U.S. Department of Health and Humauic8e (1989) definition of overall anti-
smoking restrictiveness, which equals: O if there arstatewide anti-smoking restrictions, 1 if the
state regulates smoking in 1-3 public places (excluding restband private work sites), 2 if the
state regulates smoking in 4 or more public places (excludstgurant and private work sites), 3
if the state regulates smoking in restaurants (but metprwork sites), and 4 if the state regulates
smoking in private work sites. States with restauradtpaivate work site restrictions typically
have several other anti-smoking restrictions. Histbfaas regarding these restrictions are

obtained from the U.S. Department of Health and Humavices (1989 and 1993), Chaloupka
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and Saffer (1992), Shelton et al. (1995), Kluger (1996), and thendhCancer Institute (2002,
2005).

The data used in Chapter 3 includes 40 annual observatoon4 963 through 2002.
Table A.2 lists variable definitions, measurement issard data sources. For each year, data are
available for broadcast advertising, print advertisarg] advertising in all other media. Broadcast
includes the advertising expenditures on television ard.rRdnt includes the advertising
expenditures on newspapers and magazines. The all othetda@xpenditures on outdoor
advertising, transit advertising, direct mail advertisc@mmercial endorsements, testimonials by
celebrities, advertisements posted at the retaililmtaand advertising on any medium of
electronic communication. It also includes promotioxglemses such as promotional allowance,
public entertainment, coupons and retail values addedsdraples, specialty items, and price
promotions. The quantity of an advertising message loyang obtained by dividing advertising
expenditures by the price of advertising for the appatpmedium. That is, the quantity of print
advertising is defined as the expenditures on print adveytdivided by the price of print
advertising. The price is defined as the average €ostohing an audience of one thousand, the
Cost-Per-Thousan€fM) for each medium. These data are obtained from Rol@deh, a
marketing executive at Universal McCann, New York Office.

Data are collected on the quantity and price of thr@eitant classes of production inputs:
labor, materials, and capital. Data on the number @rmafiloyees, payroll of all employees, the
cost of materials, and the value of depreciable assetshtained from the Census of
Manufacturers [U.S. Department of Commerce (1977, 1994, 1996, &0@@002)]. The price of
labor is defined as employee payroll divided by the nurabemployees. Since stemmed tobacco
leaf is the major material expense, we approximateriice of materials by the producer price
index of leaf tobacco. Because this index is only avalibim 1985-2002, in earlier years we use
the producer price index of farm products, which accoumtevierall farmer costs. The price of
capital is approximated by the producer price index of dagaisipment. The price of cigarettes is
the producer price (i.e., the market price minus statefederal taxes per unit). Following Spence

(1980), we define the quality adjusted quantity of cigarett¢beadollar value of total sales, as
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quality improvements increase cigarette prices. Tdabiasing our inefficiency estimates, total
cost includes all production and marketing expenses but doeschmle National Tobacco
Settlement expenses.

Chapter 4 uses the U.S. brewing industry data that inchslebservations from 1950
through 2004HHI, PCM, AS KS GR IMSP, ES N/N andDEM are computed using the data
provided in Tremblay and Tremblay (200%) andNASare computed by using the data obtained
from various issues of the Statistical Abstract ef thnited States. The definition, mean and

standard deviation of each variable are listed in TAl8e
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U.S. Cigarette Industry Data: Definitions, Means and Stadard Deviations of

Variable Mean
Name Definition (Std. Dev.)
Q Quantity of cigarettes domestically consumed (in nm#jd8] 523762.5
(71797.8)
pcq Per-capita quantity (in thousands) 3.46134
=qg/(population 18 years and older) [2, 8] (.7725)
p Retail price per cigarette including taxes 5.1294
(in cents per cigarette; 1982 $) [1, 6] (1.4174)
pcy Per-capita disposable income [3, 6] 10281
(2545.91)
mc Marginal cost proxy (in cents per cigarette) = (totsk of cigarette 3.0103
materials + payroll for cigarette employees + (gnedse of fixed (.6307)
assets in cigarette industry x Moody's AAA corporatedoate) +
federal and weighted average state taxes) / q [1, 385, 6,
Dg4 Dummy variable for the Surgeon General’'s 1964 Report .8125
=1 for 1964-2002; = 0 otherwise (.3944)
LAW Control for clean indoor air laws [2, 7] 33.98
(29.02)
A Advertising expenditures (millions of 1982 $) [4, 9] 1264.22
(705.27)
Dss.67 Pre-Fairness Doctrine Act Dummy Variable .2708
=1 for 1955-67; =0 otherwise (.4491)
Des-70 Fairness Doctrine Act Dummy Variable .0625
=1 for 1968-70; =0 otherwise (.2446)
D71.97 Broadcast Advertising Ban Dummy Variable .5625
=1 for 1971-1997; =0 otherwise (.5013)
Dgs.02 National Tobacco Settlement Dummy Variable .1042
=1 for 1998-2002; =0 otherwise (.3087)
Sources:

[1] Tobacco Institute (1985, 1992, 1995, 1997) and National Cemt&obacco-Free Kids (2002).
[2] U.S. Department of Labor (1989, 1990, 1991); U.S. Departoféddbmmerce (1992b-2001b).
[3] Council of Economic Advisors (1980, 1991, 1995, 2002).

[4] Schmalensee (1972) and U.S. Federal Trade Commission, (1982, 2002).

[5] U.S. Department of Commerce (1977, 1982, 1987, 1993a, 1994a, 1996a, 1998, 2002).
[6] U.S. Department of Commerce (1992b-2001b).

[7] U.S. Department of Health and Human Services (1989, 1993)hal and Saffer (1992),
Selton et al. (1995), Kluger (1996), and National Canceituies (2002, 2005).

[8] Center for Disease Control and Prevention (2002) and &etierde Commission (2002).

[9] Schmalensee (1972) and Universal McCann New York Office.
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Table A.2
U.S. Cigarette Industry Data: Description of Cost Fundbn Variable

Variable Definition
Name
X1 Amount of messages sent by television and radio asivertlt is obtained by

dividing advertising expenditures on television and radio dst-Per-Thousand
(CPM) index of net TV and net radio [2, 8]

X2 Amount of messages sent by newspaper and magazine adgeitis obtained
by dividing advertising expenditures on newspaper and magdnireéBM index
of newspaper and magazines [2, 8]

X3 Amount of messages sent by all marketing media except larstaainod print
media. It is obtained by dividing the advertising expenditimeCPM index of
composite and national budget. It includes the following emméalrailable years
in parentheses): Outdoor (1975-2002), Transit (1975-2002), Pre8dle (1963-
2002), Endorsement & Testimonial (1963-2002), Direct Mail (1963-2002),
Audio-visual (1963-2002), Promotional Allowances (1975-2002), (Retai
Wholesale, Other), Public Entertainment (1975-2002), Couponet&ilRalue
added (1985-2002), Sampling (1975-2002), Specialty item (1975-2002), Price
discount (2002). Missing observations are estimated asitigary least squares
(2, 8]

X4 Amount of labor input, defined by a number of all employ@edudes both
production and non-production workers) [4]

X5 Amount of material input, defined by Total Cost of Matisrdivided by PPI of
farm product/tobacco leaf. Total cost is as defined.B. Economic Census. In
1997, 40 % of the total cost of material is used for pugidgestemmed leaf
tobacco, 8% manmade fibers, staple and tow, and thes disided into all other
materials, containers, ingredients and supplies [4, 7]

X6 Amount of capital input, defined by depreciable asseidetivby PPI of capital
equipment. The depreciable assets are as defined in ¢hSoric Census. Total
value of depreciable assets excludes inventories an@jibkamassets [4, 7]

Wiy Price of broadcast advertising message, defined by CRN@tofV and Net
Radio and deflated with PPI of all commodities [7, 8]

Wi Price of print advertising message, defined by CPM ofdpeywers and
Magazines and deflated with PPI of all commodities [7, 8]

Wiz Price of other advertising message, defined by CPM offdsite of National
and Local Budget deflated with PPI of all commoditiesg][7,

Wiy Price of labor input, defined by payroll of all employeesddid by number of all
employees and deflated with PPI of all commodities [4]

Wis Price of material input, defined by PPI of farm produetslB63-1984 and PPI
of tobacco (stemmed) leaf for 1985-2002 and deflated with iRl o
commodities [7]
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Table A.2 (Continued)
U.S. Cigarette Industry Data: Description of Cost Fundbn Variable

Variable Definition
Name
Wig Price of capital input, defined by PPI of capital equipnaert deflated with PPI

of all commodities [7]

\ Quality adjusted output, defined as a total production pligiti by output price
(before tax). It is deflated with CPI of all items B,

pcqg Per-capita consumption of cigarettes, defined as totewnption divided by the
U.S. population over 17 years of age [2, 6]

Cost Total cost for cigarette manufacturers. It includegscof material, labor, capital
and advertising and deflated with PPI of all commodides]

PCM, Price-Cost Margin defined as the ratio of the prafitatal revenue. Profit is
calculated ag-Cost [2, 3, 4, 6, 7]

D7, Broadcast Advertising Ban Dummy =1 for 1971-2002; =0 otherwis

Dgg National Tobacco Settlement Dummy =1 for 1998-2002; =6rotise.

Sources:

[1] Council of Economic Advisors (1980, 1991, 1995, 2002)

[2] Federal Trade Commission (2002).

[3] Tobacco Institute (1985, 1992, 1995, 1997) and National Cemt&obacco-Free Kids (2002).
[4] U.S. Department of Commerce (1972, 1977, 1982, 1995a, 1996, 1998, 2004)

[5] U.S. Department of Commerce (1995a, 2000a, 2004a)

[6] U.S. Department of Labor (1989, 1990, 1995, 1997); U.S. Depattof Commerce (1992-
2001) and U.S. Census Bureau (1999-2003).

[7] U.S. Department of Labor (2005).

[8] Universal McCann New York Office (2003).
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U.S. Brewing Industry Data: Variable Definitions, Meansand Standard Deviations

Variable Definition Mean
Name (Std. Dev.)
HHI The Hirfindahl-Hirshman Index measured with domestic coipsiam 0.1500

[1] (0.1079)
PCM The Price-cost-margin measured with a ratio of thed tevenue minus 0.5253
material cost and labor cost to the total revente. definition (0.0750)
correspond to a left hand side of equation (4. 11 a) [1]
AS Advertising-to-sales ratio measured with ratio of atis#rg expenditure  0.0533
to total revenue [1] (0.0119)
KS Capital-to-sales ratio measured with ratio of valuedepireciable asset  0.7924
(as defined in census) to total revenue [1] (0.2507)
GR Annual growth rate of beer consumption [1] 0.0171
(0.0193)
DEM Demographic measured with a ratio of population of agedsst 18 and  0.390
40 to a total U.S. population [1] (0.031)
ES Minimum efficient scale divided by total beer consumpfin 0.0652
(0.0357)
N/N* A ratio of the observed number to optimal number of macewers. An  0.4159
optimal number is obtained by dividing the output produced byaenacr (0.3606)
brewers by the minimum efficient scale [1]
TV A percent of households with TV sets [2] 0.8858
(0.2064)
NAS National advertising expenditures divided by the dispogadigonal 0.0294
income [2] (0.0024)

[1] Tremblay and Tremblay (2005)
[2] U.S. Department of Commerce
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Appendix B
Derivations of Short-run and Long-run Equilibrium Mult iplier

For the rational addiction model, the short-run and-omgeffects of an advertising
policy change on consumption are derived from equation (ZIthg)short-term effects of each
policy change are:

Ag,
——=A Dpop(rg, - 11,)
AD,; - RV =7

Ag _ -
(B1) AD., 97—AEbon(ﬂ;; 77;)

24 A [pop(7g, - 1)
AD98—02 ° !

wherepop is the population aged 18 and older. Each corresponts todrginal change in
consumption in yearwhen the regime changes from being unregulated (1955-196&gHho0 e
advertising regulation: the Fairness Doctrine Act (1968-),9fi@ Broadcast Advertising Ban
(1971 on), and the National Tobacco Settlement (1998 dh¢r®ariables are held constant at
their 2002 levels, the most recent year of the detta s

Given the addictive nature of cigarette smoking, h@mea change in policy today will
affect future as well as current consumption. Thus, slnarand long-run effects will differ. To
estimate long-run effects of a policy change, we uttlieeequilibrium multipliers described in

Greene (2002, 415-417). To do this, we solve equation (2.1p¢dps and multiply througtpop.

1
(52) q+1=—; POR{ 7%, + 75 MC+ 7T, POy 7T, PeG—  Pe8t T, DTy LAWIT, AD,
4

+ I%ADGB- 70 + ITQADH: 97+ nldA\D 98 Og_ ‘Si}

Next, we reparameterize and write equation (B2) in tefqg, ¢, G.1, andx;.

(B3) Os = Mo X, +O,0, + 0,0, +&
wherell, is a vector of parameters that corresponds to

Since there are two lagged variables, we add one rqoedien as follows:
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SR ST R

or

!

dt+l, =X Agt EI’ B.,+ \;

where,

Mn
qt — qt+l ’ qt_l — qt ’ A: ’ B — G)l G)2 ’ anth - gt .
q, Ui 0 1 O 0

Taking a lag of equation (B3, = X, ,A,,, +§,_,B,., +V,, and substituting fog, in (B3) yields
(85) G = X A + (X0 A+ Gy B+ 1) By +V
Subsequent substitution yields
(B6) Gei = D[ ABT+ D [vB°].
s=0 s=0
Assume thatim, _ B'=0. Then

(B7) qu' =x Al+B+ B+ B+..].

Summing the geometric series in equation (B7) to infiretzeals a simpler formula for long-run

consumption of cigarettes:

(89) G5 =X AL- g
or

-1
(89) a5 =x[n 0 F _fl cﬂ

(B10) (4 a] =X L L
" 1-9,-0, 1-0,-0,|



103

The first element of the vector on the right hand sfda@equation is the long run equilibrium
multiplier. Fixingx at previous year values (2001), the marginal effedftofd the ban and

replacing it with no advertising restrictions in thadaun is therefore:

-1
Ao, _ T | [ _T ||| L |- 7%
(B11) AD,, ., A2001Ep0pzoo{( ITJ [ ”4}}( (nj [ ITJJ

SO,
AGR m, | T, AR
(B12) ADZOOZ = Ao LPOP s — B | S
68-70 IT4 IT4 IT4 IT4
The marginal effect of replacing the Fairness DoetAat and the National Tobacco Settlement

with the ban are respectively.

"LR

QZooz — Ty 71

AD A2001 [p0p2001 — 4+
71-97 m, T

(B13)
AGR T, 1T, AR
_ 2002 — 10 3
AD = Ao LPOP,op I = t— -+ .
98-02 IT4 ﬂ4 ﬂ-4 IT4
For the myopic addiction model, we follow the specifiqaiio Farr et al. (2001). The

myopic version of equation (2.11) is obtained by settipggual to 0 and reparameterizing as

follows

pcq = w0+¢/1rnp+¢/2 pCly.FwS pqgl+¢/4 Q+¢/5 LAWwG AQ 67+¢/ 7 AQ ’
+¢/8AD71—97+¢/9AD98\{ '

To derive the marginal effect of policy regimes changetite and reparameterize the equation as,

(B14)

(B15) pcg = X, W +1 pcq,,.
In the myopic addiction model, the changes in short-run coptsomfor the different policy

regimes are:

Aq[SR _ B
D A Cpop Wy, —ws),
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AthR _ B

(B16) —AD71-97 A Upop Wy — ),
AthR _ B

AD,, A Cpop W —4e),

Repeating the procedure used in the rational addiction miatié$ the formulas for long-run

consumption. Evaluating the term at 2002 values is,
— -1
(B17) Caove = X 2008V [1 = 4]

Hence, the corresponding changes in consumption are,

"LR

q2002 — -
AD68_70 AZOOZ Epop200£¢/ w 9[1 A]

"LR

(B18) QZooz = Avooz [POP ol s~ J[1— /]]_
AD; o,

"LR

q2002 — -1
ADQS_OZ AZOOZ EpopZOOZEqw w 9[1 A]

In summary, the parameter estimates for the model iniequ@t11) for the rational
addiction model and equation (B14) for the myopic addiction mm@elised to derive the short
and long run effects of the advertising policy regimes.tke rational addiction model, the short
and long run effects are calculated from equations (B1}Bhtt13) respectively. For the myopic
addiction model, the short and long run effects areutziled from equations (B16) and (B18)

respectively.



