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Abstract

This paper uses market share data to infer the nature of rivalry in the U.S. cigarette industry over
the 1934–94 period. Unlike previous studies, which measure rivalry from various constructs of market
share instability, we examine the time-series properties of market shares to determine whether or not
rivalry is evident. Our empirical results imply that a majority of firm-level market shares are
martingales, suggesting market shares have been unstable from 1934–94. This result leads us to
conclude that rivalry in the cigarette industry has remained strong. © 2001 Elsevier Science Inc. All
rights reserved.
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1. Introduction

Much of the literature in industrial analysis centers on uncovering the nature of rivalry
within an industry. To this end, market share data has played a key role in understanding the
level of intraindustry competition. For example, several studies (e.g., Hymer & Pashigian
(1962), Caves & Porter (1978), Sandler (1988), and Eckard (1991)) use market share data
across all, or the largest, firms in an industry to construct industry-wide measures of market
share instability. Because greater volatility in temporal market shares is indicative of the
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push-and-pull tactics of intense rivalry, these studies argue that greater instability of market
shares coincides with greater rivalry in the industry. Another line of work due to Rhoades
(1985) and Rothschild et al. (1991), among others, infer rivalry from movements in the
market shares of individual firms.1

In this study we adopt an alternative technique to infer the nature of rivalry from
individual market share data. Analyzing the time-series properties of market shares, we use
unit root tests to examine whether market shares have conditionally converged, or are
stationary in the statistical sense. Applying this procedure to the cigarette industry over the
1934–94 period, our empirical results indicate that the majority of market shares in the
cigarette industry are martingales, or follow a random walk. This finding suggests that
market shares of cigarette manufacturers were unstable, or did not revert to their long-run
mean after a shock between 1934–94. As such, the ability of a firm to capture market share
at the expense of rivals has remained strong in this industry.

2. Methodology

Recent years have witnessed an explosion of research that examines the time-series
properties of economic data. Following the seminal work of Nelson & Plosser (1982),
numerous studies have examined data ranging from GDP to pollutant emissions to test for
the presence of a unit root. The empirical results from such studies have important theoret-
ical, policy, and econometric implications. For example, if GDP does not contain a unit root,
it is considered to be mean reverting, which renders governmental policies as transitory,
having effects that dissipate over time. Alternatively, if a series does contain a unit root, or
follows a random walk, shocks to the series are deep in nature, permanently affecting the
series.2

Making use of the attractive properties of the unit root approach, several studies extend the
basic model to test for spatial convergence. For example, Quah (1990), among others, tests
for regional income convergence by measuring the persistence of random shocks to regional
per capita incomes over time. An alternative definition of stochastic convergence, due to
Carlino & Mills (1993, 1996), is that the log of relative (to that of the overall economy) per
capita income is stationary. This latter type of convergence is termed “conditional” since it
is characterized by regions converging to a constant differential. Extending this basic
application, List (1999) tests whether “green incomes” have conditionally converged across
regions in the U.S.

We use similar empirical tests for market share convergence by examining if shocks to
relative market shares are temporary or permanent. In the spirit of Carlino & Mills (1993),
Loewy & Papell (1996), and List (1999), we analyze the log of relative market share for firm
i at time t, MSit (i.e., log (market shareit/average market share in the industryt)), which
consists of two parts, the time invariant equilibrium differential, MSi

e and the deviations
about this equilibrium, uit, such that:3

MSit 5 MSi
e 1 uit, (1)

where uit is a stochastic process with drift and trend:
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uit 5 w0 1 bt 1 «it, (2)

with wo being the initial deviation from equilibrium, b being the rate of convergence, and t
being a time trend. Substituting (2) into (1) yields:

MSit 5 a 1 bt 1 «it, (3)

where a5 MSi
e 1 wo. The time-series notion of stochastic convergence is contained in Eq.

(3), whereby market shares are considered converging if the deviations,eit, are temporary.
The Augmented Dickey Fuller (ADF) test for convergence is obtained by modeling eit 5

(1 - L)eit, where L is the lag operator; and including lagged changes in MS in the right hand
side to clean up any serial correlation inDMSit (firm subscripts suppressed hereafter):

DMSt 5 m 1 bt 1 aMSt21 1 O
j51

k

djDMSt2j 1 et, (4)

where MSt is the log of relative market share at time t,DMSt represents the change in the
log of relative market share, andDMSt-j is the lagged change in the log of relative market
share. Eq. (4) is the standard ADF test for a unit root. Ifa 5 0, market shares have a unit
root, or do not revert to their mean after a shock. The interpretation of this result would be
that market shares are unstable and have not conditionally converged. Instead, ifa Þ 0,
shocks to market shares are temporary, the unit root null is rejected, and stochastic conver-
gence is evident. This would imply that market shares are stable in that they revert to their
long-run mean after shocks. Hence, this technique captures long-run aspects of market share
stability, and therefore allows us to make inferences regarding the nature of rivalry in a
market.

Although the ADF procedure in Eq. (4) provides initial evidence of stochastic conver-
gence, it is well known that stationarity tests ignoring the possibility of a structural break may
cause nonrejection of the unit root null due to mis-specification (see, for example, Perron
(1989)). In the present context, antitrust litigation or an abrupt change in regulatory structure,
for example, could lead to a structural break in the time path of market shares. To account
for the possibility of a structural break, we follow Zivot & Andrews (1992), among others,
and supplement the ADF test results by allowing for a one-time break in the trend of market
shares that is data dependent. In particular, the model estimated is a variation of one of
Perron’s (1989) models, known as the sequential innovation outlier (IO) trend break model,
which allows for intercept and slope changes:

DMSt 5 m 1 bt 1 aMSt21 1 O
j51

k

djDMSt2j 1 fD~TB!t 1 hDUt 1 wDTt 1 et, (5)

whereDMSt, m, bt, MSt, MSt-1, andDMSt-j are defined above, TB is the estimated break date,
D(TB) 5 1 if t 5 TB 1 1, and 0 otherwise; DUt 5 1 if t . TB, and 0 otherwise; and DTt
5 t - TB if t . TB, and 0 otherwise. The endogenous trend break is implemented by
estimating Eq. (5) sequentially for each break year TB 5 k12,. . . , T-1, where T is the
number of observations; and the year (T) which minimizes the t-statistic fora is considered
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the break year. As in the ADF test, the unit root null is rejected if the t-ratio fora (ta) is
greater (in absolute value) than the appropriate critical value. We use the Model 2, T570,
k(t-sig) critical values provided in Perron (1997).4

For empirical implementation, we need to determine the number of augmentation terms,
k, in each test. We follow the ‘general to specific’ endogenous procedure to determinek.
Beginning with a maximum number of lagged termsmaxk 5 8, we examine the last
augmented term to see if it is significantly different from zero at the 10% level (critical
asymptotic normal value is 1.645). If insignificant, the last augmented term is dropped and
the model is re-examined usingk 5 7 terms, etc., until the maximum lagged term is found,
or k 5 0, at which point the procedure stops. This technique has been shown to outperform
other data-dependent procedures (see, for example, Ng & Perron, (1995)) in selecting the
augmented terms.

3. Application to the U.S. cigarette industry

Given a high degree of market concentration, absence of entry, and concerns over the
health consequences of smoking, the behavior of producers in the cigarette industry has been
studied extensively in the literature.5 To provide an example of our empirical model, we
extend these studies by using individual market share data from the six U.S. cigarette
producers over the 1934–94 period.6 Our data come from the comprehensive data set of
Maxwell (1998). As a reference point, Fig. 1 plots the market shares of the six cigarette
producers over the sample period. Although it is apparent that individual market shares are
trending, our formal econometric testing procedure is necessary to determine whether or not
shocks to a firm’s market share permanently alter its time path.

Fig. 1. Market shares in the U.S. cigarette industry (1934–1994).
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The empirical results from the estimation of Eqs. (4) and (5) are provided in Table 1. The
critical values for the ADF and sequential IO models, which are provided beneath Table 1,
are much larger in absolute value than those used in standardt-tests. In the IO procedure, this
is due in part to the nature of choosing the endogenous break. Nevertheless, referring to the
ADF results, we find that although the absolute value of the t-ratios ofa are quite large for
several of the firms, Brown & Williamson is the only firm whose market share is stochas-
tically converging. Hence, these estimates suggest that the majority of cigarette producers
can permanently gain or lose market share, implying rivalry has remained intact over the
1934–1994 period.7

Several interesting results emerge from the application of the sequential IO trend break
model. First, as shown in Table 1, the estimated break years for many of the market shares
are during a period of increased government scrutiny of the industry, namely post-1950.8

Because several studies find that competition in the industry responded to government
involvement (e.g., Barnett et al. (1995) in the case of the Surgeon General’s 1964 report
linking an increased risk of cancer to smoking; Mitchell & Mulherin (1988) and Eckard
(1991) in the case of the 1971 ban on TV and radio advertising of cigarettes), our structural
break year estimates are consistent with these studies. Second, similar to the ADF results,
except for Lorillard, the t-ratio fora does not exceed the critical value at conventional
significance levels for any producers. Hence, our empirical results again lead us to believe
that market shares in the cigarette industry have primarily been martingales, or follow a
random walk.

Important implications result from our finding that market shares have not conditionally
converged. First, the ability of a firm to successfully capture market share, or lose market
share to rivals, is supported by the empirical results. Therefore, market shares have tended
to remain unstable over time, and consequently the ability of the industry to sustain
cooperation over the long term is limited. Second, since much of the recent empirical
literature in industrial organization estimates models of firm behavior using time-series data

Table 1
Empirical resultsa

Cigarette producer ADF tests Sequential IO trend break model

a ta k a ta k Break year

Philip Morris 20.13 22.93 6 20.24 25.00 8 1949
R. J. Reynolds 20.06 20.45 7 20.55 24.02 5 1975
Liggett 20.24 22.73 6 20.38 23.30 6 1971
Lorillard 20.08 20.78 7 20.69 26.19** 7 1955
Brown & Williamson 20.24 23.21* 5 20.38 24.13 5 1961
American brands 20.06 22.53 1 20.32 22.80 8 1961

Herfindahl index 20.12 22.44 1 20.50 23.94 6 1964

a Critical values for the ADF test are:23.15 (10%),23.45 (5%), and24.04 (1%). Critical values for the
Sequential IO Trend Break Model are:25.29 (10%),25.59 (5%), and26.32 (1%).

* Significant at the 10% level.
** Significant at the 5% level.
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(See Bresnahan (1989) for a thorough discussion.), failing to reject the unit root for several
of the market share series highlights the importance of testing for stationarity in time-series
data. Indeed, at the bottom of Table 1, using the market share data we perform ADF and
sequential IO trend break tests on the Herfindahl index. The evidence suggests that we should
not reject the unit root with either testing procedure. This result implies that the properties
of the statistical distribution of the index are time dependent, leading us to believe that past
inferences based on these data are questionable (e.g., Eckard (1991) and Barnett et al.
(1995)).

4. Conclusion

This paper used time-series techniques to offer an alternative method of uncovering the
nature of rivalry in an industry. Applying the concept of stochastic convergence to 1934–94
market share data from the U.S. cigarette industry, our findings imply that relative market
shares in the cigarette industry tend to be unstable, or follow a random walk. Hence, this
suggests that rivalry has remained such that the ability to perpetually capture or lose market
share remains intact.

Additional research is warranted. Although our findings have important implications from
a policy, theoretical, and empirical perspective, it is commonly understood that unit root tests
have limited power to reject the null, even after allowing a structural break in the series.
Consequently, we stress that our approach should not be used as the sole indicator of rivalry
in an industry, but rather should be used in conjunction with other measures of industry
behavior.

NOTES

1. Rothschild et al. (1991), for example, identify competitors in an industry by calcu-
lating the correlation of pairs of market shares.

2. Furthermore, for any series that contains a unit root, the statistical properties of the
series are time dependent (see Enders (1995)). Hence, any inferences from the
estimation of a structural model that relies on such data are questionable.

3. The modeling of the time-series notion of time-invariant compensating-differentials
equilibrium is similar to Carlino & Mills (1996).

4. Asymptotic critical values to test for convergence are much smaller in absolute value.
Because our data set is finite, we use the nearest finite sample critical values provided
in Perron (1997).

5. See recent studies by Sumner (1981), Ashenfelter & Sullivan (1987), Mitchell &
Mulherin (1988), Eckard (1991), and Barnett et al. (1995) which use various tech-
niques to identify the degree of competition in the U.S. cigarette industry.

6. In this case, with a fixed number of firms throughout the sample period, testing for a
unit root in each firm’s relative market share is identical to simply testing for a unit
root in each firm’s market share, since the average market share is 1/n (n being the
number of producers, which is constant).
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7. To account for the possibility that a firm’s market share is a martingale, yet follows
a common stochastic trend with the market share of another firm, unit root tests were
also performed on the pairwise differences in market shares. Out of 15 pairwise
differences, we failed to reject the unit root for 11 pairs (rejecting the unit root for the
following pairs: American Brands/Liggett (ta 5 -3.66), American Brands/Brown and
Williamson (ta 5 -3.49), Lorillard/R. J. Reynolds (ta 5 -3.38), and R. J. Reynolds/
Brown and Williamson (ta 5 -4.00). Hence, for most pairs, no stable relationship
exists across market shares.

8. There are two potential limitations of this procedure as applied to market shares. First,
as the estimated break date under the sequential IO approach is chosen by a grid
search, it is unclear whether the estimated break date is consistent. We do find,
however, that the unit root test results are robust across different break dates. Second,
when applying this technique to market shares, since market shares lie within the
zero-one interval, the inclusion of a trend in the model suggests that market shares
may eventually fall outside this interval. However, when performing these tests we
did test for the unit root on each firm’s relative market share (i.e., dividing each firm’s
market share by 1/n), which can at least exceed one.
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