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An empirical analysis of dynamic, nonprice 
competition in an oligopolistic industry 

Mark J. Roberts* 
and 

Larry Samuelson * 

This article develops a dynamic model of nonprice competition in an oligopolistic industry, 
and uses it to analyze advertising competition in the U.S. cigarette industry. The model 
generalizes existing studies by allowing advertising to afect both firm market shares and 
the total size of the market. The model also allows dynamic conjectural variations to arise 
from the intertemporal links created by the durability of advertising. We  use these dynamic 
conjectural variations to distinguish alternative models of competitive interaction. We estimate 
the complete model offirm production, demand, and advertising choice by using data for 
U.S. cigarette producers. The results indicate that firm advertising primarily afects the level 
of market demand, with afirm 3 efect on rivalfirms' market shares arising through variations 
in the number of brands sold. Empirical results on firm behavior suggest that firms act as if 
their advertising choices will alter the future advertising choices of rival firms in both the 
high-tar and low-tar cigarette markets. 

1. Introduction 

Empirical research into the economic performance of oligopolistic markets has increas- 
ingly focused on the role of firm behavior in determining market outcomes. Existing empirical 
studies of firm conduct in oligopolistic industries have generally used static models.' This 
article is motivated by two concerns. First, static models cannot always capture elements 
of strategic behavior that arise when firms engage in repeated market interaction^.^ Second, 
in oligopolistic industries nonprice tools, such as advertising, product quality, or R&D, 
often provide the major source of interfirm rivalry. These tools frequently have long-lived 
effects that cannot be adequately captured in a static framework. 

* Pennsylvania State University. 
We are grateful to Tim Bresnahan, Keith Cowling, Keith Crocker, Frank Gollop, Dennis Mueller, Richard 

Schmalensee, Margaret Slade, Pablo Spiller, and two anonymous referees for comments and suggestions. Research 
assistance by Kathryn Rothdeutsch and Lauri Rozzi is greatly appreciated. Support from the National Science 
Foundation is gratefully acknowledged. 

' These articles include Iwata (1974), Gollop and Roberts (1979), Bresnahan (198 I), Appelbaum (1982), 
Porter (1983), Spiller and Favaro (1984), and Roberts (1984). These studies have generally examined output or 
pricing decisions in homogeneous-product oligopolies. This literature is reviewed in Bresnahan (forthcoming). 

Among other outcomes, for example, strategic behavior in repeated games may support the collusion outcome 
(Friedman, 1977, 1983b; Green and Porter, 1984), and allow collusion to emerge as a Nash equilibrium in a 
noncooperative dynamic game. 
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This article develops a dynamic model of oligopolistic advertising competition. The 
analysis addresses the potentially long-lived effects of nonprice competition by treating ad-
vertising expenditures as investmentsthat produce a stock of firm g~odwill.~We first examine 
the effect of advertising on firm demand. A firm's advertising may affect the demand for 
its product in two ways. Advertising can increase market demand for the product. This 
market-size effect increases the sales of all firms in the market. Alternatively advertising 
may draw existing consumers away from rival producers, thus affecting the distribution of 
market shares. The relative magnitude of the market-size and market-share effects is im-
portant because, for example, it determineswhether a firm's advertising increases or decreases 
the profits of rival firms.4 

Second, we examine firm conduct. A basic property of oligopolistic markets is that a 
firm's current action affects the optimal future actions of its rivals. The important question 
is whether firms take this dependence into account when making advertising choices. We 
derive the optimal advertising choice for a firm when this dependence is not recognized. 
We also derive the optimal advertisingchoice for a firm that does recognize this dependence. 

The theoretical model is used to analyze empiricallythe role of advertisingcompetition 
in the U.S. markets for high-tar and low-tar cigarettes over the 1971-1982 period. The 
empirical model includes equations for firm demand, production cost, and optimal adver-
tising choice. We use these to formulate tests of hypotheses about the effects of advertising 
and the implications of the results for assessing whether advertisingis excessive. Terms that 
are similar to conjectural variations also arise in the model from the intertemporal links 
created by the durability of advertising. We use these to formulate tests of dynamic oligopo-
listic conduct. 

The empirical results reveal that cigarette advertising affects primarily the level of market 
demand rather than the distribution of market shares. Changes in one firm's advertising 
can then benefit rival producers. The empirical analysis of oligopolistic conduct indicates 
that in both the high- and low-tar markets, firms recognize and exploit links between their 
current actions and their rivals' optimal future actions. 

The next section briefly presents a theoreticalmodel of advertising choice and introduces 
the hypotheses to be tested. Section 3 translates this into an estimable empirical model and 
discusses the estimation technique and test statistics. Section 4 discusses the data (with a 
more complete discussion in Appendix A). Section 5 presents the results. We offer concluding 
comments in Section 6. 

2. A theoretical model of oligopolistic advertising competition 

In addition to capturing the dynamic aspects of advertising and oligopolistic behavior, 
the theoretical model must reflect the salient features of the cigarette ind~s t ry .~Cigarette 
producers are viewed as multiproduct firms operating in two related markets, high-tar (H) 
and low-tar (L)cigarettes, with different demand characteristics. Firm i is characterized by 
a stock of advertising goodwill in market k (=H, L) in period t ,  which is denoted by G'~' .  

The long-lived effects of advertising are modelled for a monopolist by Arrow and Nerlove (1962) and Could 
(1970). Telser (1962), Schmalensee (1972), and Cowling (1972) discuss static models of oligopolistic advertising 
choice. Friedman (1983a) and Fershtman (1984) provide dynamic models of oligopolistic advertising competition. 

Most previous theoretical and empirical formulations have not clearly separated these potentially conflicting 
effects. Friedman (1983a) develops a theoretical model in which both effects can be discussed. The empirical studies 
generally focus only on market-share effects (Telser, 1962;Peles, 1971; Schnabel, 1972;Schmalensee, 1972; Cowling 
et al., 1979; Brown, 1978), or only on total industry advertising and market demand (Comanor and Wilson, 1974; 
Schmalensee, 1972; Grabowski, 1976). 

The theoretical model is explored in greater detail in Roberts and Samuelson (1986). 
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Goodwill depreciates but can be replenished by advertising. We can represent the firm's 
goodwill stock as 

where X k  is the retention rate of advertising goodwill and Aik' is the quantity of firm i's 
advertising messages in market k in period t .  

The quantity of output sold by each firm in each period depends upon the goodwill 
stocks, output prices, and factors exogenous to the firm. Letting z' be a vector of output 
prices and exogenous demand factors, the period t quantity of low- and high-tar cigarettes 
sold by firm i is 

where Gk' is the vector of market k goodwill stocks for all firms in period t .  We assume that 
the demand for each product depends on the goodwill stocks in both markets to reflect the 
fact that consumers may substitute between low- and high-tar cigarettes in response to 
advertising. 

Firm i has cost of advertising functions given by + j L :  R+ --t R+ for low-tar cigarettes 
and + j H :  R++R+ for high-tar cigarettes and a joint-cost-of-production cost function for 
cigarettes given by ci: R: -t R,. Firm i chooses its output prices and advertising stocks in 
both markets to maximize its discounted stream of future profits: 

subject to (1) and (2 ) , where 

and where pik' is the market k output price chosen by firm i, pi' is a vector of period t input 
prices for firm i, and D" is the factor that firm i uses to discount period t back to period 
zero. We assume that firms have perfect foresight of future input price^.^ 

We now introduce two equilibrium concepts to examine the firms' choice of goodwill 
stock^.^ In a "naive" equilibrium each firm chooses sequences of goodwill stocks {GiL ' }  
and { G i H ' } .A Nash equilibrium requires that each firm's pair of sequences be optimal, 
given the sequences of other firms. Equilibrium goodwill stock sequences for firm i must 
then satisfy the following first-order conditions: 

dc" dqJh'-15 
k , h = L , H  and k # h .  (4) 

The first two terms represent the difference between price and marginal production cost in 
the low- and high-tar markets, multiplied by the increment in sales in each market caused 
by a change in the goodwill stock in market k . The third term is the period t marginal cost 
of producing period t goodwill. The final term is the reduction in the marginal cost of period 

For empirical purposes this assumption does not appear unreasonable when applied to the cigarette industry, 
which has been characterized by price supports on the major input of tobacco. 

'To isolate the interesting issues of nonprice competition, we shall examine the choice of optimal goodwill 
stocks for any set of output prices without explicitly deriving optimal price levels. The empirical model will focus 
on the first-order conditions for goodwill stocks, and therefore does not require the derivation of the set of first- 
order conditions for output prices. Output prices are treated as endogenous variables in the empirical model although 
we do not explicitly model the firm's choice of output prices. 



ROBERTS AND SAMUELSON / 203 

t + 1 goodwill resulting from an increase in period t goodwill. In general, a firm following 
naive strategies recognizes that a change in its goodwill stock alters its current profits in 
both markets as well as the cost of achieving the desired next-period goodwill stock. 

In a "sophisticated" equilibrium each firm also recognizes that its choice of period t 
goodwill stocks may alter its rivals' choices of future goodwill stocks. Equilibrium now 
requires that the choice rule adopted by each firm be optimal, given the choice rule, rather 
than sequence of outcomes, adopted by the other firms. Each firm thus chooses a pair of 
functions GiL'( a ) and GiH'( ) that have previous-period goodwill stocks and current-period a 

exogenous variables included as arguments.8 The first-order conditions are 

+ R ' ~ = O ,  k , h = L , H  and k # h .  (5) 

The first term in (5)  duplicates the first-order condition for a naive equilibrium given by 
(4) .  The remainder of the equation arises from the fact that firm i now recognizes that its 
period t actions may affect other firms' future actions. The effect in period t + 1 is written 
out explicitly. This period t + 1 term comprises two parts: the effect of a change in firm j's 
period t + 1 action on firm i's t + 1 profits and the effect of firm i's period t action on 
firm j's t + 1 action. The latter component is represented by the terms d ~ ' ~ ' + ' / d G ' ~ 'for 
k = L,  H .  We shall refer to these as "dynamic conjectural variation^."^ To conserve on no- 
tation, the effects for periods following t + 1 are collectively denoted by Rik ,  k = L,  H.IO 
If firm i is sophisticated, the dynamic conjectural variations indicate its realization that a 
change in its period t goodwill stock will alter its rivals' equilibrium goodwill stocks in 
t + 1 and all future periods. If the firm is naive, it does not take these potential future 
rival responses into account. 

The goodwill stocks chosen in naive and sophisticated equilibria could coincide, so 
that the two are empirically indistinguishable. This can occur in this model if and only if 
the marginal cost of advertising is constant. If the marginal cost of advertising is not constant, 
then period t + 1 marginal profits are dependent on the period t goodwill stocks as arguments 

We assume that these functions are differentiable and have only previous-period goodwill stocks and current- 
period exogenous variables as arguments. While this allows a rich set of strategies, the differentiability asssumption 
does not allow firms to follow trigger strategies (Friedman, 1977; Green and Porter, 1984; Samuelson, 1987), 
however, suggests that very little generality is lost by imposing strategies of this type. Notice also that with differ- 
entiability the envelope theorem allows the effect of a firm's current actions on its own future actions to be ignored. 

The term "dynamic conjectural variations" was first used by Riordan (1985) to summarize the intertemporal 
link in firm actions that arise from the use of strategies that depend on past actions of rival firms. In his model 
firms have imperfect information about market demand, but draw inferences about it on the basis of past observations 
of outputs or market price. In the advertising model developed here, an intertemporal link arises from the durability 
of advertising. The important aspect of these models is that "firm conjectures about rivals' behavior are not ad 
hoc, as in the static models, but are based on a characterization of equilibrium behavior in an explicitly dynamic 
model" (Riordan, 1985, p. 42).  

'O More specifically, 

I '  Equation ( 5 )  implicitly assumes that rival firms will only react to advertising changes by altering their own 
advertising and not by changing their price. This is consistent with the fact that cigarette prices have historically 
been constant across all producers. A second assumption in these equations is that cross-market effects in the 
dynamic conjectural variations are zero, or dGJH'+'/aGiL'= dGJL'+'/dG'H'= 0. We delete these effects for two 
reasons. First, they proved in preliminary work to be empirically intractable. More importantly, we expect that 
own-market effects will be larger than cross-market effects because the former involve cost and own-market demand 
effects, while the latter involve only cost and cross-market demand effects. 
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ofthe functions /dGik'+l,k = L, H. This causes the optimal Gik'+',and hence Gjk'+l, 
to depend on GiktSO that dynamic conjectural variations are nonzero. Sophisticated and 
naive equilibrium then cannot coincide. '* 

The arguments commonly advanced in the advertising literature indicate that the mar-
ginal cost of advertising is not constant. Consider a firm that advertises in a variety of media 
and faces a constant cost per advertisement in each medium. If the increment to the firm's 
goodwill stock is a strictly concave function of the advertising messages purchased in each 
medium, and the firm chooses messages to minimize the total cost of altering its goodwill 
stock, then the marginal cost of altering its goodwill stock is increasing.13 

This theoretical model allows two types of oligopolistic behavior to be distinguished. 
In the first case a naive firm ignores the effects of its current actions on its rivals' optimal 
future actions, while in the second case the sophisticated firm recognizes and optimizes 
against these responses. The empirical analysis will exploit the fact that the presence of 
nonzero dynamic conjectural variations distinguishesthe latter type of behavior to investigate 
the basic question of interest: do firms take future rival reactions into account when choosing 
a nonprice variable? In this sense the goal of the framework we develop is very similar to 
the static empirical models of firm price or output competition reviewed in Bresnahan 
(forthcoming). 

3. An empirical model of oligopolistic advertising competition 

The specification of the empirical model used to examine oligopolistic rivalry focuses 
first on the firm's product demand, followed by the firm's production cost, and finally by 
the first-order conditions for the choice of advertising goodwill. 

17 Product demand. To distinguish the market-size and market-share effects of advertising, 
it is useful to rewrite the firm demand functions (2 )  as the product of a market demand 
function Qk' and a market share function s ik t :  

qikt = Qk'(GTkt,GTh', zt)sikt(Gikt,GRikt,zi ') ,  k ,  h = L, H and k # h ,  ( 6 )  

where 

G T ~ '  2 ~ j k t  

j 

GR ikt 2 Gik' 

j+i 

The variable GTktis the total goodwill of all firms in market k, and GRik'is the aggregate 
rival goodwill, or total goodwill for all firms other than firm i.I4 Total market demand for 

l 2  Notice that the intertemporal link in the choice of goodwill stocks, which distinguishes naive and sophisticated 
behavior, does not arise solely through the firms' strategies, but rather through the structure of the model because 
of the durability of advertising and nonconstant marginal costs. Roberts and Samuelson (1986) demonstrate that 
the absence of this intertemporal link is a necessary and sufficient condition for there to exist a sophisticated 
equilibrium that is also a naive equilibrium. 

l 3  The strict concavity of the advertising technology reflects the fact that the marginal effectiveness of advertising 
in a given medium decreases as the quantity of advertising increases. For example, as magazine advertisements 
increase, the marginal effectiveness of successive advertisements must decrease either because they reach individuals 
who have encountered previous advertisements or, to avoid such duplication, they are placed in magazines whose 
readers are successively less likely to be influenced by them. See Comanor and Wilson (1974), who also argue that 
threshhold and repetition effects may cause the advertising technology to have an initial strictly convex region. 

j 4  The assumption that the retention rate of advertising X~ is the same for all firms in market k allows rival 
goodwill stocks to be written as the undepreciated portion of the past stream of total rival advertising quantities: 
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a product depends upon total goodwill stocks in both markets to capture substitution between 
markets as well as prices and exogenous market factors 2'. Firm i's share of this market 
depends upon both its goodwill and the total goodwill of its rivals as well as firm-specific 
exogenous factors, Z ". 

This specification allows the market size and market share effects of advertising to be 
identified. Firm i's sales in market k will tend to increase with firm j's advertising in that 
market if the total size of the market expands ( ~ Q ~ ' / ~ G T ~ '  > 0). This raises the possibility 
that firm i may find firm j's advertising beneficial. The market share of firm i is increasing 
in its goodwill but decreasing in the goodwill of its rivals. This causes firm j's advertising 
to have an effect on rival firm market shares. The net effect of firm j's advertising on 
firm i's profits may then be positive or negative, depending on whether the market expands 
sufficiently to overcome the negative effect on firm i's market share. 

The empirical model of product demand begins with the specification of firm i's market 
share functions, SiL'and SiH1. Each firm's market share is written as a linear function 
of its own goodwill stock and the total stock of its rivals' goodwill in that market. Also in- 
cluded as explanatory variables are the total number of cigarette brands sold by the firm 
(NiL', NiH1) and by the firm's rivals (NRiL', NRiH'): 

The intercepts in each share function are allowed to differ across firms to capture firm- 
specific, time-invariant factors that affect market shares. ~6 and p$ capture the effect of a 
change in own and rival-firm goodwill stocks, respectively, on firm i's output share in 
market k. 06 and 0%measure the effect of a change in own and rival number of brands. We 
include the number of brands in the market-share model because differences may affect the 
demand for each firm's output (Schmalensee, 1976), and it is then important to control 
for these differences in an advertising model. Given the length of time needed to introduce 
a new brand, we assume that the decision on the number of brands to produce is made 
before the choice of advertising. We consider the number of brands produced by the firm 
to be exogenous in each year. 

To develop estimable market-share equations we use the Koyck transformation. We 
apply the transformation separately to each market-share equation in (7) .  This results in 
current goodwill stocks' being replaced with current quantities of advertising and lagged 
market shares: 

where p! = ~ f ' ( 1- Xk) and ARik' = C Ajk', the total quantity of advertising in market k 
j i i  

by firm i's competitors. In performing this transformation we allow the advertising retention 
rates, XL and XH, to differ for the two products, but we assume that they are the same for 
all firms within each market.15 We allow the rates to differ across markets to reflect the facts 

Similarly, total goodwill stocks are the undepreciated portion of past total industry advertising quantities. 
l5See Johnston (1984, pp. 346-348) for a theoretical discussion ofthe Koyck transformation and Peles (1971) 

and Brown (1978) for advertising applications. The Koyck transformation, which is important in rewriting the 
unobserved goodwill stocks in terms of observable variables, becomes intractable when retention rates differ across 
firms. Peles (1971) and Brown (1978) allow the retention rates to differ for own and rival advertising and use a 
double Koyck transformation to develop their empirical models. This procedure is inconsistent because the retention 
rate for advertising by firm i's rivals should be a weighted average of the own retention rates for those firms. If all 
firms are constrained to have the same retention rate for own advertising, it must equal the retention rate for rival 
advertising. 
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that initial goodwill stocks may differ between the two markets and that the characteristics 
of consumers of the two products may differ. The retention rates XL and AH are estimated 
as parameters. 

We cannot use the share functions to estimate the effect of advertising on the size of 
the market or the cross-market effects. Rather than develop a complete model of market 
demand, we show in the final part of this section that the market size and cross-market 
effects can be estimated directly in the first-order conditions for goodwill choice. 

Production cost. A second factor affecting the firm's choice of advertising goodwill is 
the difference between the price of output and marginal production cost. We estimate the 
marginal cost of low- and high-tar cigarettes by using a multiproduct cost function. Total 
production cost for firm i in year t is c'(qiL', qiH', P i ,  P k ,  PC), where PK,Pw, and PM 
are prices of capital, labor, and materials, respectively. 

We empirically approximate the multiproduct cost function for firm i in year t with 
the translog form (cf. Brown, Caves, and Christensen, 1979): 

We derive a system of factor-demand equations, written in cost-share form, from (9 )  by 
using Shephard's lemma: 

d In C" - P # X ~  
C2 - a,,,+ + rimln P" + r h k  ln q"',

d In P# rn k 

where Xhdenotes the quantity of input h purchased. The completeproduction model consists 
of the multiproduct cost function (9)and the three factor-demand equations (10).We allow 
the intercepts in the cost function and each factor demand to vary across firms to account 
for any omitted firm-specific factors that are constant over time. 

We can construct estimates of the marginal cost of low- and high-tar cigarettesfor each 
observation from the estimated production model as: 

These estimates depend on the firm's level of low- and high-tar output as well as its input 
prices and will therefore vary across firms and over time. In particular, this specification is 
sufficiently general to allow for the presence of both multiproduct economies and disecon-
omies of scale as well as economies of scope in production (cf. Baumol, Panzar, and Willig, 
1982, chaps. 3-4). 

First-order conditions for goodwill stocks. The final step in developing the estimating 
model involves the empirical specification of the first-order conditions for goodwill choice 
(5  ) by a sophisticatedproducer. The first-orderconditions for a naive producer are a testable 
special case. Marginal production cost, derivatives of the firm's product demand curve with 
respect to own and rival advertising,marginal advertising cost, and the dynamic conjectural 
variations enter into these equations. We construct point estimates of marginal production 
cost for each output from the estimated production model, and we treat them as data in 
the empirical specification of the first-order condition.16 

l 6  An alternative approach would be to substitute the parametric expressions for marginal cost ( 1  I )  into the 
first-order conditions and estimate the production system simultaneously with the product-demand equations and 
first-order conditions. The difficulty is that the resulting nonlinear equations become empirically intractable. Treating 
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In addition to production costs, the firm's choice of advertising goodwill depends on 
the effects that own and rival goodwill stocks have on the firm's demand. The first derivatives 
of the firm's demand curves, which enter into equations ( 5 ) , can be modelled parametrically 
by using the demand curves specified in (6) .  

We can separate the change in firm demand due to a change in goodwill stocks into 
two components: the first due to the change in total market demand and the second due 
to the change in the firm's market share. The derivative with respect to a change in the 
firm's own advertising goodwill stock is 

,Q- s i k r-dG[hr ~ G T ~ '  k ,  h = L, H. 

The first term in (12) depends on the effect of own advertising on total market demand, 
while the second term captures the effect of changing market shares. We assume that the 
factor d ~ ' ~ ' / d ~ ' ~ 'equals zero when k # h, so that advertising in one market does not affect 
the market shares in the other. 

Similarly, the effect on firm i's demand of a change in the level of goodwill of one of 
its rivals is 

with ~ s ' ~ ' / ~ G Rih' equalling zero when k Z h. 
It is clear from equations (12) and (1 3 )  that to measure the market-size effects we need 

only the first derivatives of the market-demand functions with respect to total goodwill 
stocks in both markets. As a result, we do not need a complete specification of the form of 
the market-demand functions to estimate the market-size effects of advertising both within 
and across markets. If the market-demand functions are linear in the goodwill stocks, the 
derivatives are constants and can be treated as parameters to be estimated. Denoting 
dQk'/dGTh'by +kh and using the parametric form of the market-share equations allow the 
four demand derivatives in each market to be parameterized as: 

dqik' ~ i k r + * ~ + ~ k ' p g-= dG ik' 

The two parameters, +HH and dLL,capture the market-size effect of a firm's advertising 
within the same market. The parameters, +LH and +HL,  measure the cross-market size 
effects.l7  

The third component of the first-order conditions that we must model is the marginal 
cost of advertising. The cost is approximated as a Tornqvist index over the prices (in dollars 

the estimates of marginal cost as data substantially simplifies estimation of the first-order conditions, while still 
accounting for differences in production costs both across firms and over time. Most empirical studies of advertising 
choice ignore the role of production costs. The exceptions are Schmalensee (1 972), who uses the ratio of accounting 
profit to sales as a proxy for the price-cost margin, and Schnabel(1972), who uses federal excise taxes and tobacco 
prices to proxy marginal cost. 

" It is possible at this stage to generalize the market-size effects to allow them to vary over time by assuming 
that aQk ' /aG~h 'is a function of some unknown parameters and exogenous variables. We attempted to estimate 
several models in which these effects were functions of a time trend and other market-level exogenous variables, 
such as the total number of brands. In each case multicollinearity prevented the precise estimation of time-varying 
effects for this data set. 
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per million viewers) of advertising in four major media used by cigarette producers: mag-
azines, newspapers, Sunday newspaper supplements, and outdoor billboards. The price in 
each medium is weighted by the firm's share of expenditure in that medium. The marginal 
cost of reaching an additional viewer varies across firms, markets, and time because firm-
specific factors and differences in goodwill stocks induce firms to choose different mixes of 
advertising media. 

To complete the specificationwe treat firm i's period t + 1dynamic conjecturalvariation 
d~ jkt+ 1 

in market k, ,Z ac,.as a parameter wf.I8The terms R ' ~are captured by adding firm 
j Z i  

intercepts r f  to the first-order conditions. These intercepts also control for any omitted 
firm-specific factors.I9By substituting the demand curve derivatives (14) into (5), denoting 
firm i's marginal cost of advertising in market k as P Y ,  and rearranging, the first-order 
conditions for advertising goodwill choice in market k become: 

The variable PMC is the difference between output price and marginal cost. 
To summarize, the complete empirical model consists of the two market-shareequations 

( 8 ) ,  the multiproduct cost function (9) ,  factor demand equations for capital, labor, and 
materials ( lo) ,  and the two first-order conditions for goodwill choice (15). Together these 
equations are used to examine the production structure, the effect of advertising on demand 
including the relative importance of market size and share effects, and the extent of nonprice 
competition in the cigarette industry. 

Estimation and hypothesis testing. We estimate the complete model of production, 
product demand, and advertising choice in two parts. First, we estimate the cost function 
(9)and factor demands (10)as a simultaneoussystem of equations and use them to construct 
estimates of the marginal cost of low- and high-tar cigarettes. We assume that the cost-
function and factor-demand equations are subject to additive errors that contain both a 
firm-specific component and a random component that varies across firms and over time. 
To prevent bias resulting from the firm-specific component, we allow the intercept in each 
estimating equation to vary across firms. We assume that the random components of the 
errors are contemporaneously correlated across equations. 

We assume that the output of low- and high-tar cigarettes is endogenous and use three-
stage least squares to estimate the equations. The instrumental variables used are the prices 
of capital, labor, materials, and low- and high-tar advertisingas well as firm dummies, lagged 
firm output, and demand variables including the number of own and rival firm brands, 
population of smoking age, and per capita income. To prevent singularity of the estimated 
variance-covariance matrix of cross-equation disturbances, we delete one factor-demand 
equation before estimation. We impose restrictions to ensure linear homogeneity of the 
estimated cost function before estimation. 

l8This formulation assumes that firm conjectures are constant over time. We developed several models in 
which the estimated conjectures were allowed to vary over time as functions of the current-period exogenous 
variables, which are arguments in the firm's strategies (see footnote 8 ) .  In each case the additional parameters were 
never statistically significant. We accordingly report only the results of the model that treated the conjectures as 
constants. 

l 9  The omitted firm-specific factors could include cross-market effects in the firm strategies that would introduce 
cross-market dynamic conjectures. The residuals from the first-order conditions estimated without firm intercepts 
indicate the presence of firm-specific effects. 
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Second, we estimate the market shares (8)  and first-order conditions (1 5) for both low- 
and high-tar cigarettes as a four-equation simultaneous system. These equations describe 
the firm's advertising choice and the evolution of its market share. An unobserved random 
disturbance to any of the equations will result in new levels of firm advertising, market 
shares, industry output, and market price. As a result, we treat the period t and t + 1 levels 
of these variables as endogenous in the estimating system. 

In addition, if each market-share equation (7)  is subject to random errors that are 
uncorrelated over time, the Koyck transformation introduces a first-order moving average 
process into the error term of (8)  (cf. Johnston, 1984, pp. 358-371). The period t - 1 
market share, which we use as an explanatory variable, is not independent of the equation's 
error term. To estimate the parameters of the four-equation model consistently, we use the 
nonlinear, three-stage least-squares estimator developed by Gallant (1977) for systems of 
simultaneous, implicit equations. We treat the firm's advertising level, lagged, current, and 
future market share, and current and future industry output and market price as endogenous. 
The set of instrumental variables must include exogenous market-level as well as firm- 
specific variables from both periods t and t - 1. The instruments are the current and one- 
period lagged values of the prices of capital, labor, materials, and advertising, population 
of smoking age, per capita income, number of own and rival brands, firm dummy variables, 
and a time trend. We impose cross-equation parameter restrictions on the demand parameters 
in the two low-tar and two high-tar equations before estimation. 

To test hypotheses we use the test statistic T O  developed by Gallant and Jorgenson 
(1979). The statistic is calculated as the difference in the minimized value of the three-stage 
least-squares objective function between the unrestricted and restricted models. The variance- 
covariance matrix for the cross-equation disturbances from the unrestricted model is held 
fixed when minimizing the objective function for the restricted model. When the null hy- 
pothesis is correct, the test statistic is asymptotically distributed as chi-squared with degrees 
of freedom equal to the number of parameter restrictions. 

4. Data 

W The complete data set consists of observations on the prices and quantities of output, 
advertising, capital, labor, and material inputs for the six domestic tobacco producers for 
the years 1971-1982.'O The data set begins in 1971, which was the first year in which 
cigarette advertising was banned from television and radio and which also marks the be- 
ginning of substantial production of low-tar cigarettes. All six domestic tobacco producers, 
Philip Morris, R.J. Reynolds, American Brands, Brown and Williamson, Lorillard, and 
Liggett and Myers are included in the sample." 

Two major characteristics of the output and advertising data are useful to discuss. First, 
there are substantial differences across firms in both output market shares and shares of the 
total quantity of industry advertising. The first two columns of Table 1 report the mean 
output and advertising shares for each firm in the low- and high-tar markets. Philip Morris 
and R.J. Reynolds are the major producers and advertisers in both markets. The next three 
firms, American Brands, Brown and Williamson, and Lorillard, are each approximately half 
the size of the two leading firms. Liggett and Myers is a distant sixth in size, particularly in 
the low-tar market, and its relative size fell throughout the period. The difference in average 

20 The data are described in greater detail in Appendix A. 
The behavior of the smallest firm, Liggett and Myers, is not examined in the empirical model because it 

did not begin production of low-tar cigarettes until 1977. It was therefore impossible to use the production model 
to estimate the marginal cost of low- and high-tar cigarettes for this firm. The data for Liggett and Myers is included 
when constructing market shares and rival firm advertising levels or when controlling the firm data to industry 
Census of Manufactures totals. 
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TABLE 1 Summary Measures of Output and Advertising Data, 1971-1982 

Average Annual Rates 
Firm Means of Growth 

Market Advertising Advertising- Advertising 
High Tar Share Share Sales Ratio Output Quantity 

Philip Morris ,257 ,226 .050 ,026 -.029 
R.J. Reynolds .318 ,304 ,049 -.035 -.05 1 
American Brands ,139 .092 .022 -.074 -.I69 
Brown and Williamson .I65 .I91 ,044 -.036 -.lo3 
Lorillard .072 ,164 ,075 -.038 -.075 
Liggett and Myers .048 .022 ,055 -.024 -.492 

Low Tar 

Philip Morris .274 ,174 .I21 ,184 .200 
R.J. Reynolds .319 .359 ,172 .I95 .I38 
American Brands .lo4 .I33 .I88 ,089 .I67 
Brown and Williamson .I55 .148 ,170 .I03 .221 
Lorillard .I43 .I71 ,151 .114 .087 
Liggett and Myers (1977- 1982) .010 .025 .867 -. 123 -.332 

firm market shares between the two markets is not very substantial. Lorillard has a slightly 
larger role in the low-tar market, while American Brands and Liggett and Myers are more 
important in the high-tar market. 

While the size of each firm relative to its competitors may be similar in both markets, 
the size of the two markets and their growth rates differ substantially. Low-tar output ac-
counted for 8.7%of production in 1971 and 42.1% in 1982.Over this period, total production 
of low-tar cigarettes grew at an annual average rate of 15.6%,while production of high-tar 
cigarettes fell 2.7% per year. This pattern is clearly revealed in the firm-output growth rates 
reported in the fourth column of Table 1. Only Philip Morris increased its output of high-
tar cigarettes and only Liggett and Myers reduced its output of low-tar cigarettes. 

The choice of advertising quantities also differs substantially in the two markets. As 
shown in the last column of Table 1, all firms reduced their quantity of advertising in the 
high-tar market and, with the exception of Liggett and Myers, increased advertising in the 
low-tar market. Advertising-sales ratios are also significantly higher in the low-tar market. 

5. Empirical results 

This section is divided into two parts. The first reports and discussesparameter estimates 
and hypothesis tests dealing with the effect of advertising on firm demand. The second 
discusses the results on firm conduct. Results from the empirical model of production are 
of less direct interest and we discuss them in Appendix B. 

The effect of advertising on product demand. Table 2 reports the estimates for all demand-
curve parameters in the low-tar and high-tar markets. There are two inferences to be drawn 
from these estimates. First, advertising does not have a significant effect on the firms' market 
shares, but firms can affect market shares by altering the number of brands offered in each 
market. These brand effects are significant in the low-tar market, where an increase in a 
firm's number of brands increases its market share and an increase in the number of brands 
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TABLE 2 Demand Parameter Estimates* 

Low-Tar Market High-Tar Market 

Market-Share Effects: 
Own Advertising Pk 
Rival Advertising Pk 
Own Number of Brands flk 
Rival Number of Brands flk 

Market-Size Effects: 
Own Market 
Cross Market 

Retention Rates 
Market-Share Intercepts: 

Philip Morris 
R.J. Reynolds 
American Brands 
Brown and Williamson 
Lorillard 

* Standard errors in parentheses. 

** Reject the hypothesis that the parameter equals zero at the .05 significance level 


offered by rival firms decreases market share. This suggests that firms compete for market 
shares through choices of the number of brands offered.22 

Second, advertising by any firm may increase total market demand. The market-size 
parameters reported in Table 2 indicate that low-tar advertising has a positive and statistically 
significant effect on market demand in both the low- and high-tar markets. Advertising of 
high-tar cigarettes has a negative but statistically insignificant effect in both markets. This 
suggests that advertising for low-tar products, possibly because of the audience toward which 
it is directed, increases the market demand for cigarettes in general. Advertising of high-tar 
brands, which are generally older brands, does not have a significant effect on total con- 
~ u m p t i o n . ~ ~  

We test the hypothesis that advertising affects only market shares and that there are 
no effects on the total demand in market k by restricting 4 k k  = 4kh= 0. Conversely, adver- 
tising in market k may have only market-size effects, so that shares are unaffected by own 
or rival advertising (although total market size may change). We test this by restricting 
p$ = = 0. The test statistics for these hypotheses are reported in Table 3. The hypothesis 
of no market-size effects is rejected in each market. The hypothesis that advertising does 
not affect market shares cannot be rejected in either market. The hypothesis that a firm 
cannot affect its own and rival firm market shares by altering the number of brands rather 
than the quantity of advertising is rejected in the low-, but not high-, tar market. 

22 Most other studies of advertising effects on cigarette market shares find negative, but insignificant, effects 
of rival advertising. Using the most detailed specification to date, Brown (1978) finds significant negative effects of 
rival advertising. None of these studies, however, simultaneously controls for the number of brands when estimating 
market shares. If the number of brands is deleted from our demand model, the market-share effects of advertising 
have the expected sign and are larger in magnitude and statistical significance. 

23 Other empirical evidence on this point is mixed. Schmalensee (1972) finds no effect of industry advertising 
on total cigarette demand. It is difficult to compare his findings with this study because the introduction of low-tar 
cigarettes in the early 1970s reflected significant changes in the structure of demand. A single, relatively large high- 
tar market was replaced by a declining high-tar market and an initially small but rapidly growing low-tar market. 
The structural demand changes may then account for some of the differences in results obtained by Schmalensee 
and us. Using U.K. cigarette data, Cowling et a/. (1979) find significant, positive effects on industry demand. 
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TABLE 3 Test Statistics for Demand Hypotheses 

Hypothesis Parameter Restrictions Test Statistic 

No Market-Size Effects: 

Low-Tar Market 
High-Tar Market 
Both Markets 

No Market-Size Effect from High-Tar Advertising 

No Market-Size Effect from Low-Tar Advertising 

No Cross-Market Size Effects 

No Market-Share Effects of Advertising: 

Low-Tar Market 
High-Tar Market 
Both Markets 

No Market-Share Effects of Number of Brands: 

Low-Tar Market 
High-Tar Market 
Both Markets 

* Reject the hypothesis at the .05 significance level. The .05 critical values are 5.99 for xi and 9.49 for x:. 

In general, equation (1 3) indicates that the net effect of rival advertising on firm demand 
depends on both size and share components. The spillover benefit that a firm receives from 
an increase in rival advertising is proportional to the receiver's market share. As a result, 
the market-size (share) effect of rival advertising will be relatively less (more) important 
for firms with smaller market shares. In addition, the share effect is proportional to the size 
of the market (QL' or QH'). Hence, when market demand is small, share effects play a less 
important role. This may be reinforced by the expectation that a relatively small market 
may be significantly affected by total advertising with large market-size effects (large $JLL or 
+HH). These considerations combine to suggest that as the market increases in size, with 
other factors held fixed, share (size) effects generally gain (diminish) in importance. 

To examine this prediction we calculate the net effect of rival advertising on a firm's 
demand from the last line of equation (14), and the expected results appear. Because both 
+LL and Pk are positive (although only $JLL is statistically significant), each firm in the low- 
tar market will benefit from an increase in rival firm advertising. A larger share of the 
benefits of an additional quantity of advertising will accrue to the larger firms. In the high- 
tar market +HH and are both negative, but neither is statistically significant. On net, 
there is no significant effect of rival advertising on firm demand in the high-tar market. 

One conclusion to be drawn from these estimates is that it appears inappropriate to 
model oligopolistic advertising competition purely in terms of market-share effects. Our 
results indicate that advertising does not simply reallocate demand among producers and 
that it can affect the overall size of the market. In addition, we find that brand-proliferation 
effects have a larger impact on market shares than advertising effects. This suggests that 
models of oligopolistic markets should begin to explore the use of multiple competitive 
tools and linkages between the tools in attempting to capture the important elements of 
oligopolistic rivalry. 

The final components of the estimated product demand curves are the advertising 
retention rates hL and AH. As reported in Table 2, AL equals .83 1 and AH equals .892. Both 
parameters are statistically different from zero, and one cannot reject the hypothesis that 
the retention rates are equal in the two markets. The test statistic for this hypothesis is 2.73 
and the 5% critical value is 3.84. These estimates demonstrate that advertising has long- 
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TABLE 4 Behavioral Parameter Estimates* 

Low-Tar Market High-Tar Market 

Dynamic Conjectural Variations: 
Philip Morris wf -.722 (.099)** w y  -.673 (.114)** 
R.J. Reynolds a $  -.950 (.060)** a; -.924 (.063)** 
American Brands 
Brown and Williamson 
Lorillard 

First-Order Condition Intercepts: 
Philip Moms 
R.J. Reynolds 
American Brands 
Brown and Williamson 
Lorillard 

* Standard errors in parentheses. 
** Reject the hypothesis that the parameter equals zero at the .05 significance level. 

lived effects and emphasize the importance of treating the firm's choice of advertising in a 
dynamic framework.24 

Firm behavior. The basic question concerning firm behavior is whether the dynamic 
conjectural variations are zero, which implies that firms naively do not recognize rivals' 
optimal future reactions, or nonzero, which implies that firms are sophisticated because 
they do recognize these reactions. Table 4 reports the estimates of the dynamic conjectural 
variations. All conjectures are negative in both markets. For each firm the hypothesis of 
naive behavior in market k is tested by the restriction w f  = 0. The hypothesis is rejected 
for four of the five firms in the low-tar market and three of the firms in the high-tar market. 

Additional test results are reported in Table 5. The hypothesis that all firms jointly 
follow naive strategies is rejected in both markets with a test statistic of 36.82 in the low-
tar market and 32.95 in the high-tar market. The 5% critical value is 11.07. In addition, 
the hypothesis that a firm follows naive strategies in both markets is rejected for each firm 
individually as well as for all firms jointly.25We conclude that naive strategies are not an 
adequate description of firm behavior in the cigarette markets. 

It is useful to ask whether different firms follow the same strategies in a market. The 
hypothesis that all firms follow the same strategy in market k is tested by restricting the 
dynamic conjectures to be equal across firms in market k. The parameter restrictions are 

24 The estimated retention rates are slightly higher than those found in other studies. Peles (1971) reports 
retention rates of .44 and .65 for own and rival advertising, while Brown (1978) estimates .41 and .7 1 for the same 
parameters. Telser (1962) reports retention rates for own advertising between .8 and .85. Schnabel (1972) finds 
values from .65 to .73. All of these studies estimate retention rates for individual brands of cigarettes. It is not 
surprising that the retention rates for the low- and high-tar aggregates used in this article are larger than for individual 
brands. As firms introduce new brands over time, the market shares and advertising expenditure shares for older 
brands will generally fall. Aggregation over brands removes the interbrand substitution within the aggregate, and 
thus market shares and advertising shares for the aggregate will generally be more stable over time than are the 
shares for individual brands. 

25 A finding that a firm follows a naive strategy must be interpreted with care. If firm i's dynamic conjectural 
variation equals zero, it does not mean that firm i expects the goodwill stocks of its rivals to remain constant over 
time. Rather, it indicates that firm i expects the future time path of its rivals' goodwill stocks to be unaffected by 
firm i's period t goodwill stock. A firm following sophisticated strategies recognizes that its period t choice of 
goodwill stock will lead to a change in period t + 1 initial conditions and a resulting change in the optimal rivals' 
goodwill stock time path. 
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TABLE 5 Test Statistics for Behavioral Hypotheses 

Hypothesis Parameter Restriction Test Statistic 

Naive Behavior: 

All Firms in Low-Tar Market 
All Firms in High-Tar Market 
All Firms in Both Markets 

Each Firm in Both Markets: 
Philip Morris 
R.J. Reynolds 

American Brands 

Brown and Williamson 

Lorillard 


Sophisticated Behavior: 

All Firms Have Equal Dynamic Conjectures 
within a Market: 

Low-Tar wf=w: i , j =  I . .  . 5  12.89* 
High-Tar u : = u ~  i , j =  1 . .  . 5  11.55* 

Each Firm Has the Same Behavior in Both 
Markets 

* Reject the hypothesis at the .05 significance level. 

of= or for all firms i, j .  This hypothesis is rejected in both the low- and high-tar markets 
with test statistics of 12.89 and 11.55, respectively. The 5% critical value is 9.49. The con- 
clusion is that strategies differ across firms within a market. 

The final behavioral hypothesis of interest concerns whether a particular firm's behavior 
differs in the two cigarette markets. We test this hypothesis by restricting w; = or for each 
firm i. The test statistic is 4.20, which is less than the critical value of 11.07. The hypothesis 
that each firm's behavior in the two markets is identical cannot be rejected. 

To summarize, the hypothesis tests indicate that firms do not follow naive strategies 
when making their advertising decisions. Instead, they take into account the future responses 
of rival producers when choosing goodwill stocks. In particular, the negative values of the 
conjectures imply that firms act as if an increase in their own advertising in period t will 
lead to a reduction in their rival's advertising in period t + 1. This finding runs counter to 
the speculation that the difficulty of responding quickly to changes in rival advertising 
campaigns and the uncertainty surrounding the payoffs from advertising may lead firms to 
expect no rival responses (Scherer, 1980, p. 388). In addition, behavior differs significantly 
across firms, but we cannot reject the hypothesis that each firm individually has the same 
behavior in the two markets. 

It is possible to use the estimated dynamic conjectures to draw inferences about the 
level of advertising in a sophisticated versus a naive equilibrium. Equivalently, they indicate 
how the level of firm advertising is altered by the fact that firms take future rival reactions 
into account. Negative dynamic conjectures imply that an increase in a firm's advertising 
in period t will lead to a lower equilibrium level of rival advertising in period t + 1. Whether 
a sophisticated firm would choose to increase its advertising over the naive level depends 
on how the reduction in rival advertising in the next period affects its profits. This, in turn, 
depends on whether the market-size or share effects of advertising dominate. If dynamic 
conjectures are negative, as estimated here, then a sophisticated equilibrium will have lower 
(higher) levels of firm advertising relative to a naive equilibrium when market-size (share) 
effects dominate. This adjustment allows sophisticated firms to prevent profit-reducing 
changes in their rivals' next-period advertising. The combination of negative dynamic con- 
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jectures and dominant market-size effects that we find in the low-tar market suggests that 
sophisticated firms advertise less than they would if they naively ignored rival responses. 

The rejection of naive behavior in both cigarette markets implies that the equilibrium 
is one of a potential multitude of sophisticated equilibria. It is useful to ask whether it 
corresponds to the joint-profit-maximizing e q ~ i l i b r i u m . ~ ~  We test the hypothesis of joint- 
profit-maximizing choice of goodwill levels in both markets and cannot reject it. The test 
statistic is 7.36, which does not exceed the 5%critical value of 18.31. This result is consistent 
with the earlier rejection of naive behavior in both markets. 

6. Summary and conclusions 

We have developed a dynamic model of nonprice competition in oligopolistic industries 
and have used it to analyze the advertising choices of the major U.S. cigarette producers. 
The empirical results reveal that advertising primarily affects the size of market demand 
and does not alter firm market shares. We find this market-size effect in the growing low- 
tar market, but no significant effpct of advertising in the high-tar market. The market-share 
aspects of oligopolistic rivalry are better captured through changes in the number of brands 
sold by the firms, rather than by changes in advertising. 

We characterize firm conduct in the theoretical model by using intertemporal dynamic 
conjectural variations. Firms that recognize and exploit the dependence of optimal future 
rival actions on current advertising are tenned sophisticated, while firms that fail to recognize 
it are termed naive. The empirical results indicate that sophisticated strategies characterize 
firm actions in both the low-tar and high-tar cigarette markets. 

We can gain insights into an additional issue from the empirical results. It is frequently 
argued that oligopolistic advertising competition can be viewed as a prisoner's dilemma, 
with the resulting noncooperative equilibrium advertising levels exceeding the joint-profit 
maximizing level. The results provide two reasons to question this belief. 

First, joint-profit maximizing advertising choice cannot be rejected in the cigarette 
markets. If the joint-profit maximizing level is achieved, then tendencies toward excessive 
advertising have been avoided. The statistical evidence thus supports the conclusion that 
excessive advertising does not occur. 

Second, advertising levels may not be excessive, even if the advertising choices do not 
maximize joint profits. If the market-size effects of advertising are sufficiently large, then 
the public-good nature of advertising to firms in the industry dominates. A noncooperative 
firm will accordingly not gain the full benefit of an additional unit of advertising, since some 
of this benefit accrues to other firms. The joint-profit-maximizing solution will increase 
advertising to exploit these additional gains, and will be characterized by higher advertising 
levels than the noncooperative solution. This possibility is initially counterintuitive in light 
of the existing emphasis on the excessive advertising levels of noncooperative outcomes. 
Most existing models, however, include only market-share effects of advertising, and hence 
preclude the possibility that joint-profit-maximizing levels are greater than noncooperative 
levels. Inferences about excessive advertising drawn from such models are thus likely to be 
biased. 

The results indicate that the analysis of nonprice competition is substantially more 
complex than price competition. For example, the intertemporal aspects of the nonprice 

26 Grabowski and Mueller (1971) and Hamilton (1972) have suggested that the television advertising ban 
begun in 197 1 resulted in an overall deescalation of advertising intensity and thus helped to remove the incentives 
for firms to engage in advertising beyond the joint-profit-maximizing level. The first-order condition for joint-profit 
maximization in market k is: 
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tools create a plethora of possible patterns of conduct and indicate that dynamic, rather 
than static, models of firm choice are required to examine these possibilities. In addition, 
the empirical results indicate that advertising choice affects total market demand and brand 
selection affects market shares. This raises the possibility that firms use multiple competitive 
tools and suggests that models that explore the links between competitive tools may be 
valuable in explaining oligopolistic conduct. 

Appendix A 

Data description. The estimating model developed in Section 3 requires firm-level data on the output of both 
low- and high-tar cigarettes, input quantities of capital, labor, materials, advertising for low-tar cigarettes, and 
advertising for high-tar cigarettes. The price of output and each of the five inputs is also required. 

The sample consists of data for the twelve years 1971-1982 for each of the six domestic cigarette producers: 
R.J. Reynolds, Philip Moms, American Brands, Brown and Williamson, Lorillard, and Liggett and Myers. 

Output. Cigarette brands are divided into low-tar and high-tar brands based on the Federal Trade Commission's 
measurement of tar content. Cigarettes with tar contents less than or equal to 13 mg. are classified as low-tar. The 
FTC generally uses a cut-off of 15 mg. of tar, but we chose the slightly lower cut-off because three traditional brands 
had tar contents of 14 mg. Each brand also had a "light" version with less than 10 mg. of tar. The 14 mg. version 
is classified as high-tar and the other as low-tar. 

The output of each brand is collected and reported yearly by John C. Maxwell. The 1973-1982 figures are 
available in his "Historical Sales Trends in the Cigarette Industry." Data for 1970-1972 are also collected by 
Maxwell and are reported in Barrons magazine. 

The wholesale price of cigarettes is reported in Tobacco Outlook and Situation (hereafter, Tobacco), which 
is published monthly by the Economic Research Service of the U.S. Department of Agriculture. One wholesale 
price is reported for standard, king size, and filter cigarettes and a separate price for cigarettes over 100 mm. The 
price premium for the longer cigarettes was always fifty cents per 1,000 cigarettes until August 1982, when it 
increased to one dollar. The price is measured as received by the producer and excludes the federal excise tax of 
$4.00 per 1,000 cigarettes as well as all state taxes. Tobacco reports the month in which each price change occurred, 
and the average yearly price is constructed as a weighted average of the monthly prices, where the weights are the 
proportion of the number of months each year in which the price was in effect. In general, cigarette manufacturers 
have changed prices in unison, but occasionally some manufacturers have lagged behind for short periods. A firm-
specific price is constructed as a weighted average of the average yearly prices of standard and 100 mm. cigarettes, 
where the weights are the quantity shares of the two cigarette types in the firm's total production. The shares are 
constructed from the output data collected by John Maxwell. While the price of output for each firm will vary 
depending on the firm's mix of standard and extra-length cigarettes, in practice this difference is very small, and 
we treated all firms as if they faced the same price of output when we developed the theoretical model. The output 
levels are scaled so that the industry revenue control totals reported in the Annual Survey of Manufactures and 
Census ofManufactttres are satisfied. 

Advertising. The total yearly advertising expenditure by brand in each of three media is reported by Leading 
National Advertisers. Leading National Advertisers estimate advertising expenditure in magazines, Sunday newspaper 
supplements, and outdoor media. They also estimate television and radio advertising, but beginning in January 
1971, cigarette companies were forbidden to use these media. Each company's products are divided into low-tar 
and high-tar categories, and the advertising expenditure by media is collected separately for the two categories. 

Cigarette companies also use general advertising for a particular brand name, such as Marlboro, which includes 
both low- and high-tar products. This general advertising is divided between the low- and high-tar categories on 
the basis of the shares of the low- and high-tar cigarette output for that brand. 

The Leading National Advertisers data do not include advertising expenditures in daily newspapers, and this 
medium accounts for a substantial share of total cigarette advertising. Total newspaper advertising for each cigarette 
firm is reported for 1973 and 1974 in Editor and Publisher magazine and for 1975-82 in Marketing and Media 
Decisions. The difficulty with these data is that they represent all newspaper advertising by the firm and not just 
newspaper advertising for cigarettes. This will lead to an overestimate of cigarette advertising for diversified companies 
like Philip Moms. To assess the extent of the bias we examine the advertising for the top 200 most heavily advertised 
products reported yearly in Marketing and Media Decisions. Noncigarette products often accounted for a large 
share of the firm's total advertising, but virtually all of this advertising was concentrated in television and radio 
and very little was spent in newspapers. For example, in 1979 Philip Morris had six products, three cigarettes and 
three noncigarettes, among the top 200 most advertised products. The total expenditure on the three cigarette 
brands was 54.8% of the total advertising for all six products but 94.4% of the newspaper expenditure. For the other 
five firms the problem is less serious. As a result, total newspaper advertising by the firm is used as the measure of 
newspaper advertising for cigarettes. 
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The second difficulty with the newspaper advertising data is that they do not distinguish between low-tar and 
high-tar products. Total newspaper advertising is allocated to the two categories on the basis of how the advertising 
in other media, collected from Leading National Advertisers, was divided among the two products. If 20% of the 
firm's expenditure in magazines, supplements, and outdoor advertising is for low-tar brands in year t, then 20% of 
the newspaper expenditure is allocated to low-tar cigarettes in that year. 

Finally, newspaper expenditure data are not available on a comparable basis for 1971 and 1972. Newspaper 
expenditure is estimated for these two years by using the share of newspaper advertising in total advertising for 
each firm in 1973. 

This procedure provides data on the advertising expenditure for low-tar and high-tar cigarettes for each firm 
in each of four media for each sample year. Schmalensee (1972) argues persuasively that advertising messages, 
rather than advertising expenditures, is the correct variable to be used in the estimation of firm demand curves. 
This distinction is particularly important when using time-series data because the price of an advertising message 
in any medium changes over time. It is also important to distinguish between messages and expenditures when 
firms use a different mix of media, because the cost of reaching a given number of consumers varies considerably 
across media. As a result, it is necessary to construct a price for advertising messages in each medium, to deflate 
the advertising expenditures in each medium to get advertising messages, and then to aggregate over the different 
media to get a total quantity of advertising messages. 

The media-specific advertising prices are constructed as the cost per thousand viewers in each of the four 
media. The actual dollar cost per thousand viewers for each medium is collected for 1972 from Marketing and 
Media Decisions (August 1980 issue). They are updated for each year by using the growth rates of the Bates Report 
cost-per-thousand indexes, which are published yearly in Broadcasting magazine. 

The media-specific quantity of advertising messages is constructed for low-tar and high-tar cigarettes by 
deflating the expenditure in each medium by the medium's price. The total quantity of advertising messages for 
each firm for each of the two cigarette categories is then constructed as a Tornqvist index over the quantity of 
messages in each medium. This procedure results in a measure of the quantity and price of advertising messages 
for each firm for both low-tar and high-tar cigarettes. The quantities and prices for each firm reflect their actual 
mix of expenditures in the four advertising media. 

Materials. The major material input in cigarette production is tobacco. It is the only material that is accounted 
for in the production model. The necessary data are the price and quantity of tobacco used by each firm. Tobacco 
reports the pounds of each of four types of tobacco used per 1,000 cigarettes for each year from 1971-1982. Both 
the total and the mix of tobacco types change over time. The quantity of each of the four types of tobacco used 
by each firm is constructed as the product of the firm's total cigarette output and the input-output coefficients 
reported in Tobacco. The input-output coefficients are the same for all firms in any year, but change over time. 

The price of tobacco input for each firm is a weighted average of the prices of the four types of tobacco, 
where the weights are the quantity shares for each tobacco type in the total quantity of tobacco. The prices of flue-
cured, burley, and Maryland tobacco are constructed as the average of the monthly auction prices reported in 
Tobacco. The price of imported tobacco is also taken from Tobacco. This procedure gives a price of tobacco input 
that is identical for all six firms in any year, but which changes over time as the price of each of the four tobacco 
types changes and as the mix of tobacco types changes. The quantity of materials is scaled so that the Annual 
Survey ofManufactures and Census of Manufactures control totals for material expenditures are satisfied. 

Labor. Construction of the quantity and price of labor begins by identifying the location of the manufacturing 
plants owned by each of the six firms. Economic Information Systems reports the location and employment level 
for each plant in cigarette manufacturing (SIC 21 11). The plant-level data are available for the years 1976, 1978, 
1981, and 1982. Cigarette manufacturing generally occurs in large plants (over 2,000 employees) in Virginia, North 
Carolina, Georgia, and Kentucky. Each plant identified in the Economic Information Systems data is assigned to 
the state in which it is located, and the total plant employment in each state is then scaled to equal the total state 
employment for all cigarette manufacturing reported in County Business Patterns. The employment in each plant 
is then further scaled so that the employment total across all plants equals the employment total for the industry 
reported in the Annual Survey ofManufactures. This procedure essentially uses the location and relative size of 
plants reported by Economic Information Systems to allocate state and industry employment totals for the cigarette 
manufacturing industry among plants. For years in which Economic Information Systems data are not available, 
the distribution of employment across plants is held fixed from the closest available year and then scaled to state 
and census totals for that year. Employment for each firm is constructed by summing over the employment in 
each of their plants. 

To  measure the expenditure on labor for each plant, the plant's employment was multiplied by the average 
manufacturing wage for the county in which the plant is located. County manufacturing wages are collected from 
County Business Patterns. These estimates are then scaled to the payroll totals reported for each state in County 
Business Patterns and then to the industry totals in the Annual Survey of Manufactures. Firm-level expenditures 
on labor are constructed by summing over the plant expenditures. The average price of labor for each firm in each 
year is constructed by dividing the firm's expenditure on labor by the number of employees. 
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TABLE A1 Cost Function Parameter Estimates* 

Parameter Estimate Parameter Estimate 

f f 0 1  

a 0 2  

f f 0 3  

@04 

f f o s  
f f ~ ~ 

f f  K2 

@K3 

f f K 4  

f f K 5  

f f ~ ~ 

@MZ 

f f ~ 3  

f f ~ 4  

f f ~ 5  

@ W I  

f f m  
f f m  
f f  w 4  

f f  w5  

f f L  

f f ~ 

YKK 

YKW 
Y K M  
YK L  

YKH 

Y w w  
Y w,u 

Y W L  
Y W H  
Yh f M  

YML 

Y n 4 w  

Y L L  
YLH 
YHH 

* Standard errors in parentheses. 
** Statistically different from zero at the .05 significance level. 

Capital. The estimating model requires an index of the price and quantity of capital input. The construction 
of these series involves three basic steps. First, we constructed estimates of the book value of capital stocks in 
domestic tobacco production for each firm in each year. Then we allocated the Bureau of Labor Statistics series 
on net capital stocks for the cigarette manufacturing industry across firms on the basis of the firm's share of the 
total industry book value of capital. This gives a measure of the firm's capital input. Finally, we constructed the 
firm's expenditure on capital from income and balance sheet statements. The price of capital equals the expenditure 
divided by the firm's capital input. 

The book value of each firm's capital stock by major industry segment for both foreign and domestic operations 
is generally reported after 1976 in company annual reports or the firm's 10-K report filed with the Securities and 
Exchange Commission. For 1971-1976 total company assets are reported. From these data, we collected the book 
value of the firm's capital stock in U.S. tobacco manufacturing. For years in which only the book value of the 
company's total assets are available, we estimated the tobacco assets by using the share of tobacco assets in total 
assets from the closest available year. For most firms this involves estimating the book value of tobacco assets for 
1971-1976 by using tobacco's share of total firm assets in 1977. The degree of diversification for these companies 
has generally increased over time, which implies that this procedure will probably underestimate the firm's tobacco 
assets in the early years of the sample. But the book value of assets is not used as the measure of capital input. We 
used the firm's share of the total book value of tobacco assets for the industry in each year to allocate the BLS 
industry net capital stock measure among the firms. If the diversification trend has affected firms equally, the shares 
of book value will not be adversely affected. 

The BLS net capital stock measures for SIC 21 11 are explained in Bulletin 2034 Capital Stock Estimates for 
Input-Output Industries: Methods and Data. The industry measures for the period 1947-1976 are constructed by 
using the perpetual inventory method. We extend this series to cover through 1982. First, the BLS deflators for 
new investments in equipment and structures for SIC 21 11 are extended from 1976 through 1982 by using the 
growth rate in the producer price indexes for nonelectrical machinery and construction materials. The yearly 
investment in new equipment and structures for the industry is collected from the Annual Survey ofManufactures 
and converted into constant-dollar additions by dividing by the investment deflators. The constantdollar investment 
in equipment and structures is then used to update the net capital stock series by using the perpetual inventory 
method. A service life of 13 years is used for equipment and a 30-year service life is used for structures. These 
service lives are a weighted average of the service lives of the major components in the equipment and structures 
investment bundle for SIC 21 11. This process gives total industry net capital stocks for the sample period 1971-
1982. Capital input for each firm is constructed by allocating the industry total among firms by using their share 
of total industry book value. 
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The yearly expenditure on capital input is constructed for each firm as the sum of dividends, interest, income 
taxes, and depreciation from Moody's Industrial Manual. The portion of capital expenditure due to domestic 
tobacco production is estimated by using the share of the firm's book value of capital belonging to domestic tobacco 
operations. The firm's price of capital is constructed by dividing the firm's expenditure on capital by its measure 
of capital input. 

In summary, the data constructed for this project include the price and quantity of high-tar cigarette output, 
low-tar cigarette output, advertising for low-tar cigarettes, advertising for high-tar cigarettes, and capital, labor, and 
tobacco inputs for each of the six domestic tobacco producers for the years 197 1-1982. 

Appendix B 

W Cost function parameter estimates. The parameter estimates for the translog multiproduct cost function are 
reported in Table A 1. 

The estimated cost function satisfies the necessary monotonicity, linear homogeneity, and concavity require- 
ments. An interesting aspect of the production results deals with economies of scale. On average over the period 
the two largest firms, R.J. Reynolds and Philip Morris, produced under constant returns to scale. That is, the 
inverse of the sum of the estimated cost elasticities with respect to output equals one. The remaining three firms 
all produce in an increasing-returns-to-scale region. A 1% increase in both outputs leads to a .75 to 35% increase 
in total cost for these firms. 
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