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1. Introduction

Congress established in 1984 a national minimum drinking age of 21, primarily
because of public concern with the acute effects of youthful drinking on traffic safety (Coate
and Grossman, 1988; Cook, 1981; Cook and Tauchen, 1984; Males, 1986). This same
concern provides support for increases in alcohol excise taxes (Cook and Moore, 1994;
Grossman et al., forthcoming). Restrictions on alcohol availability may also have beneficial
effects over the longer term. In an earlier paper, we demonstrated that youths who grow up
in states with restrictive alcohol policies tend to go farther in school than their socioeconomic
twins in more liberal states (Cook and Moore, 1993). Here we analyze the extent to which
youthful drinking is habit forming, and in particular, whether the availability of alcohol to
youths has some influence on how much they drink later in life.

That drinking can be habit forming is hardly in doubt. But the strength of this effect -
- the "addictivity" of alcohol --has not been adequately assessed for youthful populations
Certainly there is much evidence demonstrating persistence in drinking over the life course.
But assigning the proper causal interpretation to this pattern is not so easy.

Data from the National Longitudinal Survey of Youth provide information on dﬁnking
by a large cohort of youths for the years 1982-85 and 1988-89. In our cross-section
regression analysis of the 1984 data on younger and older cohorts of the sample, and in a
sample that pools youths of all ages over the years 1983-198S, lagged drinking is strongly
predictive of current drinking, even after controlling for a wide array of individual attributes,
prices, and legal drinking status. This pattern is consistent with a habit formation process, but
also with two other causal processes that have quite different implications for policy.

First, if there exists unobserved heterogeneity in tastes, lagged drinking acts as a proxy



for these tastes, and the observed association between lagged and current drinking exaggerates
the habit formation effect. Second, unobserved "wetness" of the individual's environment, if
it tends to persist, will also give rise to a spurious association between current and past
drinking. For example, youths who come from a heavy-drinking family may begin drinking
young and stay with it as long as they are under the influence of family members. If family
drinking is not accounted for, this pattern is indistinguishable from habit formation.

Most likely, the observed persistence in drinking results from all three influences:
habit, environment and tastes. But since habit formation has different implications than the
explanations based on heterogeneity, we seek to distinguish among them in our estimates.

For this purpose, we utilize two estimation strategies: instrumental variables, and the use of
early environmental determinants of drinking in a "reduced form" specification.

In the instrumental variable (IV) estimates, we pool observations for the years 1983-
85, and estimate habit formation equations in which drinking is a function of age, period,
contemporaneous price and legal drinking status, and other features of the individual's
circumstances, together with drinking during the previous year. We also estimate a version of
this model that includes drinking in the subsequent year, as suggested by the "rational
-addiction” literature (Becker and Murphy, 1988; Becker, Grossman, and Murphy, 1994), in
which individual's current drinking decisions are influenced by the anticipated future costs of

acquiring a "habit."' As excluded instruments we use one-period lags and leads of the time-

'A recent effort that parallels ours (but differs with respect to nature of the data and estimation strategy) is
by Grossman, Chaloupka, and Sirtalan (1994). They use Monitoring the Future data, including ten coborts of
high school seniors who are surveyed every two years after graduation. Their focus is on developing evidence
on forward-looking behavior in the rational addiction framework. The results provide some support for this

possibility.



varying exogenous variables, together with the early environment variables, yielding estimated
habit effects that should be free from heterogeneity bias. A positive coefficient on the lagged
drinking variable suggests that youthful drinking is habit forming, and a similar result on the
future drinking variable indicates forward-looking ("rational”) behavior. The typical result
across a variety of specifications is that the IV estimate of the habit effect is about three-
fourths as large as the OLS estimate, and remains significantly positive. This result holds in
both the forward-looking and "myopic" models.?

The alternative econometric approach is to estimate a drinking demand equation for
adults that includes measures of alcohol availability that characterized their teen years. If the
early availability variables significantly affect current drinking, habit formation is indicated.

Our results suggest that the early drinking environment is indeed an important
determinant of heavy drinking by young adults. Both males and females who live in high
purchase age states at age 14 "binge" drink less in their early twenties than do those youths
who grew up in less restricted settings. Other measures of alcohol consumption are also
sensitive to early envirom;nent, particularly for women.

Thus there appears to be a strong habitual corﬁponent in youthful drinking. Youthful
drinking causes drinking in later years, and restricted access to alcohol among early teens
reduces drinking in their early twenties. Our results indicate that the regulation of availability

of alcohol to youths has sobering effects, both immediately and in the long run.

"Throughout the paper, we will adopt the convention of referring to both structural models as habit formation
models, distinguishing them according to whether they assume myopic of forward-looking behavior.
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2. Empirical Framework

In the empincal analysis, we will examine three models of the demand for alcohol.
The first is a myopic habit formation model, where cumulative past consumption creates a
"stock" of habit that influences current consumption.® In the habit formation model an
individual who has consumed a large quantity of alcohol in the past will derive less utility
from any current consumption level than would be derived, had previous consumption been
lower.*

An undesirable feature of the habit formation model as developed in the literature is
that, although it recognizes the dependence of current consumption on past consumption, it
assumes myopic behavior, in that the consumer does not take into account the dependence of
future tastes on current consumption. The rational addiction model rectifies this omission by
casting habit forming behavior in an intertemporal framework. Our second empirical model
permits the rational addiction hypothesis to be tested. Our results are consistent with the
Becker - Grossman - Murphy formulation.

The third demand model that we estimate is the "reduced form" version of the habit
formation model, where past (and ’future) consumption are replaced by variables that act as
proxies for the availability of alcohol in the youth's early environment.* As shown by

Chamberlain (1984), this model allows us to test for the presence of habit formation in a

’See, for example, Pollack (1970, 1976), Phlips (1972), Phlips and Spinnawyn (1982), Alessi and Kapetyn
(1991), and Heien and Durham (1991).

“For estimates of a standard neoclassical demand model that ignores addiction effects, see Cook and Moore
(1994).

*This model is not, strictly speaking, a true reduced form. Rather, we eliminate potentially endogenous right
hand side drinking variables by substituting measures of the early drinking environment.
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straightforward manner.

The economics literature offers a number of analogous inquires, where the econometric
challenge is to distinguish between state dependence and heterogeneity (Heckman, 1981a,b,c,).
An individual who was unemployed last period is relatively more likely to be unemployed
this period. Does past unemployment therefore "cause" future unemployment, or does
unemployment in each period simply act as a proxy for some unobserved traits that render the
individual more prone to unemployment (Ellwood, 1982)? Labor force participation patterns
of married women (Heckman and Willis, 1977), and a wide range of other behaviors that are
strongly autocorrelated give rise to the same question of interpretation. If the event
experienced in time t-1 somehow alters preferences or opportunities so that the likelihood of
experiencing the event in period t is altered, the observed correlation reflects a structural
relationship, or "true" state dependence (Heckman, 1981a).° If the event is more likely to be
experienced by a given individual only because he or she possesses some permanent trait or
characteristic that renders the event more likely, such as unobserved tastes, abilities, or
motivation, "spurious” state dependence results, and the observed correlation of events has no
structural interpretation. It is also possible that serial correlation in other unobservables will
give rise to spurious state dependence. Our reduced form model is not subject to this
problem (Hsiao, 1986).

We seek to determine whether the association between current drinking and past

drinking reflects the addictive properties of alcohol (true state dependence), or the influences

“There is sometimes a distinction made in the literature between habit formation and state dependence,
whereby habit formation relates to persistence in continuous outcomes (quantities), while state dependence
describes persistence in discrete outcomes. We will use the concepts interchangeably as descriptions of the
same phenomenon.



of unobserved components of individual tastes (spurious state dependence, or heterogeneity).
This distinction is illuminated by specifying a conceptual experiment. Suppose a group of
youths are randomly assigned to either a control group or a treatment group. The
experimentals are frequently offered drinks, while the controls are somehow kept in a dry
environment. The outcomes of this experiment would be measured by the quantity and
patterns of alcohol consumption following release from the experimental condition. If the
experimentals drink more, we could then conclude that drinking history has a direct effect on
current drinking choices. But with non-experimental data, such a conclusion is far more

tenuous.

Data

A simple test of habit formation is based on an analysis of "runs" patterns in youthful
drinking. We know whether the NLSY respondents drank in the 30-day period before the
interview for each year from 1982 to 1985. A simple heterogeneity model of this process is
the following: Each individual is characterized by some probability, P, of drinking in a 30-
day period. If drinking decisions from one year to the next are independent, one implication
is that permutation sequences, such as 1, 0, 1, 1 and 1, 1, 0, 1, should have the same
probability, P’[1-P,].

Figure 1 depicts the drinking process in our sample for a discrete outcome -- the
decision to drink (prevalence), over the years 1982-85. Persistence is illustrated strikingly in
Figure 1. The probability of drinking in 1985, given three successive years of drinking,

equals 0.90, and that of abstaining, given three previous periods of abstinence, equals 0.84.



Clearly, permutations do not have the same likelihood. The probability of three "1s"
and a "0" differs from 3% (for 1101) to 6% (for 0111). Similar differences are observed for
other patterns. It is also clear that past drinking contains information relevant to predicting
current drinking, and that more recent information is more important. A simple model fitting
the data in Figure 1, where d,=1 indicates drinking, is

Prob[d,;=1] = 0.16 + 0.36d,,, + 0.23d,,, + 0.16d,,.
Of course, this model ignores differences in the individuals. If a similar declining coefficient
pattern were observed conditional on these characteristics, however, some form of habit
persistence would be indicated.

The empirical analysis is structured around the following maintained hypotheses. We
assume that the unobservable determinants of alcohol demand, €,, consist of a fixed
individual specific taste component, o, and other unobservables that vary over individuals and
time, v,

(1) €, =Q; + U,

The dependent variable will be some indicator of alcohol consumption, such as monthly
consumption of drinks, or a binary measure of whether the individual drank, or drank heavily,
C,. The explanatory variables include time-invariant predetermined characteristics of the
individual, Z,, time-varying characteristics representing choices, X,, the availability variables,
P, and, in the reduced form model, the availability of alcohol in the early years, P,,

We assume throughout that the individual-specific component is independent of the
availability variables and the predetermined characteristics,

Elo | Z,PoP] = 0,



and that it is potentially correlated with the X; and with lagged consumption, C,,, ,

Efoy | X,,Ci1.ZiPo Py # 0.
In the forward-looking habit formation models, we add future consumption as a potentially
endogenous conditioning variable,

E[a, I X1, Cipr1,Ci Zi, P, Pi] # 0.

The Standard Demand Model

In the standard demand framework, individual i is assumed to maximize a utility
function of the form

U, = U(C,, Y Xi,Z)
subject to a single-period budget constraint

P/C,+Y ,=A,
where P,/ denotes the price of the alcohol consumption good, Y, all other goods (whose price
is normalized) and A, individual wealth.” A common approach to deriving the empirical
demand equation is to assume that utility is quadratic in C and Y and that the marginal utility
of wealth 1s constant, which yields the demand function

2) Cu=B +BP+BZ + BX, + BA + e,
We are interested primarily here in estimating the coefficient vector f,, which also includes
the effects of other availability variables, such as legal drinking status. The individual effect,
if correlated with the X,, will impart bias to estimates of this coefficient, and to all of the

others. One strategy to alleviate this problem is to drop the contaminated variables (the X,)

7 In our notation, P, represents the price, and P, a vector of availability variables including P,
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and estimate a "short form" version of the model that contains only exogenous variables on
the right hand side

3B) C,=B,*+BP,+BZ +¢,
We present estimates of both short and long form models below.
Habit Formation

Habit formation models assume some dependence of current utility on past
consumption, They are distinguished according to whether they also assume myopia (the
traditional habit formulation) or not (the rational addiction model). In one version of the
myopic habit model, the utility of person i depends on both current and the most recent
consumption of the habit forming commodity, and on Y,,

U, = U(C,,C,11, Y XiuZ).
Quadratic utility, constant marginal utility of wealth, full depreciation of the addictive stock,
and a single period budget constraint yield an empirical habit formation model of the form

4) Ci = Bo + BiPy + BZ, + B,X + BA; + BC,,., + &
The presence of the term q in equation (1) creates a dependence between the lagged
consumption term and the error in equation (4). A least squares estimate of f3; would reflect
both the structural effects of past consumption on current consumption, and the effects of the
unobserved heterogeneity. It is not possible, furthermore, to determine the relative importance
of the two competing effects using a single cross section of data.

We consider three approaches to handling this problem. Since the data that we use are
longitudinal, it is possible to estimate fixed effect versions of equations (2)-(4), so that the

individual effect is swept out in the estimation. However, when the model contains a lagged



dependent variable, as in equation (4), the coefficient estimates will be biased and inconsistent
(Nickell, 1981).* As shown by Nickell, this bias diminishes as the length of the panel
increases. With only three waves of data available, however, we expect the fixed effect
estimates to exhibit a considerable negative bias in the estimated habit effect. In addition to
this problem, fixed effect estimation of equation (4) gives rise to the problem of specifying
the initial conditions (Heckman, 1986). Typically, these conditions are assumed to be
exogenous, or the process is assumed to be in equilibrium. Exogeneity cannot be assumed
here, because we do not observe the process from its inception, and period-to-period
equilibrium in the presence of time varying determinants (the X,) is implausible.

An alternative to fixed effect estimation is instrumental variables, if we can find
adequate instruments for C;,,. Plausible candidates include lagged values of the availability
vanables, P,, ,, including beer tax rates and minimum age restrictions. Unfortunately, lagged
beer taxes are highly collinear with their current values, so that they will add little towards
identification of the effect of the lagged consumption term. The past minimum drinking age,
on the other hand, is less collinear with the current drinking age, since it changed in a number
of states over the sample period. More importantly, many of the youths crossed the purchase
age threshold, so that the variable "legal drinking status" provides adequate variability over
time. Also, there is no need to limit the analysis to availability measures from the preceding

year's environment, as the NLSY data provide information on the youth's state of residence at

“In this case the bias will not arise due to the individual heterogeneity, but rather due to dependence
between the groups means of C;,, and the error term.
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age 14, an age when many youths have begun to experiment with dﬁnking.’

An alternative source of instruments for previous consumption is the lagged X,,
including marital status, living arrangement, and years of schooling. These are sufficiently
different from their current values to identify the effect of lagged consumption. They are not
necessarily independent of the individual-specific unobservable effect.

Our second approach to testing for state dependence substitutes measures of previous
availability for C,,, directly in equation (4), and estimates a "reduced form" of the model.
Significant effects on these variables provide evidence that alcohol consumption has an
addictive component. If availability at age 14 affects drinking at age 20 (even after
controlling for availability at age 20), the most plausible interpretation is that youthful
drinking is habit forming. Note that this formulation allows us to distinguish between the
effects of serial correlation and true state dependence (Chamberlain, 1984).'° The reduced
form model is

() Ci = Bo + BiPy + B,Z, + B, X, + B.A, + BPy + &,

In implementing the reduced form model, we use as our indicator of early availability the

minimum purchase age in the individual's state of residence at age 14. In the language of the

*We could also estimate the fixed effect model using instrumental variables. The initial condition problem
would remain, however. Since the same solution (instrumental variables) to the heterogeneity problem applies
to the untransformed data while the initial condition problem does not, we choose not to utilize the fixed effect
approach. Also, any measurement error problems will be magnified in the fixed effect estimation.

' Chamberlain points out that the key difference between models with state dependence and those with
serial correlation due to unmeasured heterogeneity is whether there exists a dynamic response to an exogenous
intervention, i.e., whether X,. affects C,, t’ <t. If state dependence exists, past values of X will affect C,
through the distributed lag response to the change in X. If there is no state dependence, the full effect of X,.
will be felt in period t’. Thus, a test for state-dependence that does not depend on controls for unmeasured
heterogeneity and serial correlation is whether E[C, IX,,X,,,,Z,] = E[C, IX,,Z,] If these expectations are not
equal, we can be confident that state dependence exists.

11



controlled experiment, we are treating the minimum purchase age at age 14 as the randomly
assigned treatment. We hypothesize that, if alcohol has addictive properties, individuals who
received a high purchase age "treatment” will drink less now than those otherwise identical

individuals who grew up in a "wetter" environment.

Rational Addiction

In the rational addiction model, past consumption affects current utility, current
consumption affects future utility, and the consumer takes both into account in choosing C,.
Lifetime utility is

V= gﬁtUm
where f is a subjective discount factor. Combined with a lifetime budget constraint, and
assuming quadratic utility, constant marginal utility of wealth, and a 100% depreciation rate
for the addictive stock (see Becker, Grossman, and Murphy (1994) for details), the rational
addiction model yields the empirical model

6) Ci.= ﬂo + BP, + B.Z; + ByX;, + PA; + BCyy,y + B,Ciyy t &
Becker, Grossman, and Murphy suggest the following empirical strategy for estimating
equation (6). The model implies that period t consumption is independent of prices in periods
t-1 and t+1, given consumption in those periods. Thus, lagged and future prices can act as
instruments for lagged and future consumption, which are endogenous due to the presence of
the individual-specific effect in the error term. Becker, Grossman, and Murphy, and
elsewhere Chaloupka (1991), estimate this model for tobacco consumption, and find results

that support the theory of rationally addictive behavior. Grossman et al. (1994) estimate the
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model using data on alcohol consumption from the Monitoring the Future Surveys (Johnston
and O'Malley, 1988, 1992).

One appealing aspect of the approach taken here is the presence of a future variable,
legal drinking status, that is well known by youths in advance. Becker, Grossman, and
Murphy note that the use of future prices as instruments will impart downward bias to thé
estimated coefficient on C,,, if the instrument is measured with error. Since future prices and
taxes are not known with certainty, measurement error seems likely, and Becker, Grossman,
and Murphy's statistical tests bear this out."

We thus have three models with which to test the importance of addiction: the
myopic habit formation model of equation (4), the forward-looking habit formation model

given by equation (6), and the reduced form model of equation (5).

3. Sample Characteristics

Data for this study are drawn from the National Longitudinal Survey of Youth, a panel
of 12,686 youths aged 14-21 in 1979, that has been conducted annually since 1979. In
ﬁdﬁon to extensive information on the sample youth's labor market experiences, education,
family composition, and personal characteristics, the NLSY asked a series of questions related
to drinking behavior in the years 1982-85, 1988, and 1989. We focus on the earlier years

here, with an analysis of the later drinking to be taken up in future work. The pooled sample

""The value of legal drinking status as an instrument for future consumption is limited to the extent that
youths in 1983 and 1984 have not crossed the legal threshold.
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uses information on drinking and other variables from the 1982-85 waves of the panel.’> The
data are combined with data on beer taxes and minimum purchase ages from various sources.

Table 1 presents the principal descriptive characteristics of the data for the 1983 wave
of the panel, broken down by gender, and defines the variables. The sample is divided more
or less evenly between males and females. The real beer tax per 12 ounce can equals about 2
cents, and 83 percent of the sample members have passed the legal minimum drinking age by
1983. The variables that we assume to be independent of the individual heterogeneity (the Z))
include all the predetermined time-invariant determinants of drinking. These include family
human capital variables indicating the extent of parent's education, race indicators, and
indicators of parental drinking, primary ethnic origin, and the religion in which the youth was
raised. We also include a full set of age and year dummy interaction variables in all
estimated equations. The distribution of the sample members across all of these categories is
summarized in Table 1.

As Table 1 indicates, males and females differ substantially in terms of their alcohol
consumption. Males consume an average of 32 drinks containing alcohol every 30 days, with
the figure for females less than half that. About 85 percent of males had at least one drink in
the last month, as compared to 75 percent of the females. Binge drinking, which we define
as at least 4 occasions of 6 or more drinks in the last month, is three times more prevalent
among males.

The "long form" determinants of individual alcoho! consumption include the youth's

living arrangement, highest year of schooling completed, body weight, marital status, and an

"For a detailed description of the construction of the alcohol consumption variables and a descriptive
summary of their characteristics, see Cook, Moore, and Pacula (1993).
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indicator of whether the individual is in a branch of the armed services. We also
experimented with variables measuring the extent to which the youth felt "in control” of his
or her life, but these had no explanatory power and are not included in the regressions
reported here.”® The typical male sample member has completed 12 years of schooling and
weighs about 170 pounds. Thirty-three percent live with at least one parent, forty-six percent
by themselves, 5 percent in a dormitory, and the remainder live with someone else. Twenty

two percent of the males are married.

4. Empirical Results

The results to be discussed below are distinguished as follows. In some specifica-
tions, two subsamples of the 1983-85 panel are analyzed separately, a "younger cohort,”
which includes those youths less than 21 years old in 1983, and an "older cohort," which
includes all youths at least 24 years old in 1983. Each equation is estimated in "short" and
"long" form, with the short form variables restricted to those that we have good reason to
believe are exogenous. The long form variables, are potentially endogenous with respect to
drinking, since they reflect choices and, as such, are jointly determined with drinking.

As in all demand studies using microdata, the treatment of corner solutions (in this
case, observations of zero drinking) presents a problem. We first utilize the two-part

approach of Manning et al. (1987), which estimates a participation equation and a log quantity

BIn Cook and Moore (1993) we examine the relationship between drinking and schooling, which is in a
sense the opposite relationship posited bere. However, in that paper, the primary measure of schooling is
eventual graduation or highest grade completed by 1988, while the drinking variable is measured in 1983-84.
Thus, the temporal relationship between the drinking and schooling variables differs in that paper and in the
specification considered here. But we admit the possibility that schooling, like several other variables in the long
form, is quite possibly endogenous.
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equation separately, and derive elasticity esti.rhates from the combined equations. Tobit
estimates of demand equations are also provided for the reduced form and habit models. In
estimating the tobit models, we assume that actual drinking, rather than expected, governs the
habit formation process, so that observations of zero drinking should be treated as such, rather
than as threshold values when drinking appears as an explanatory variable. Thus, a
simultaneous equation tobit model is not called for. However, in testing for exogeneity of the
past and future drinking, two-stage Tobit estimates are used. We also estimated each equation
using Heckman's selectivity correction, but found the results inferior to those from the two-
part and tobit estimation. This conforms with Manning et al.'s Monte Carlo results, which
show that the two-part estimator works better than the selectivity correction in the absence of
exclusion restrictions on the demand equation and when the dependent variable is highly
skewed.

Tables 2 and 3 present estimates of short and long form drinking equations for the
males in the younger cohort. These equations do not incorporate addiction in any form, but
are useful to establish a basis for evaluating subsequent models."* In particular, they
illustrate the sensitivity of dimensions of current alcohol consumption to current tax and‘legal
drinking status, which has been until recently the focus of the literature. The results also
illustrate the robustness of the estimates to inclusion of the long form variables, which are
potentially endogenous. Finally, the demand equations can be interpreted as reduced forms of
a model with no addiction.

Each table presents estimates of three equations. The dependent variables are, first,

“See also the results in Grossman, Coate, and Arluck (1987), Coste and Grossman (1988), Laixuthai and
Chaloupka (1993), and Grossman, Chaloupka, and Sirtalan (1994).
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the log of drinks per month, conditional on some drinking having occurred, second, a binary
indicator of whether the youth had anything to drink in the past 30 days, and third, a binary
indicator of "binge drinking,” which we define as at least 4 episodes of 6 or more drinks in
the past month. The latter two equations are estimated as logits, so that the coefficients give
the effect of variation in the explanatory variable on the log-odds of the outcome.

The results in Table 2 can be summarized as follows: Beer tax increases significantly
reduce consumption by drinkers, and decrease the likelihood of drinking and of binge
dninking, although the latter two effects are not significant at the 0.05 confidence level. Legal
drinking status in 1984 appears to be weakly positively related to the drinking behaviors.
Youths who report an alcoholic father are significantly more likely to drink, and to drink
heavily. Parental education does not exhibit any systematic influence on youths in this
particular age/sex group, nor does family size. In results not shown, certain ethnic
backgrounds (British, Irish, German, American Indian) drink more than average, while others
(Oriental) drink less. Finally, conditional on all the other regressors, religious background
had no discernible effect on drinking patterns.

In the Table 3 results, which reflect the addition of the long form variables, the beer
tax effects appear somewhat stronger in terms of statistical significance in the Pr(Binge)
equation, and the legal drinking status variable continues to have only a weak effect. Note
that including the long form variables has little effect on the estimated coefficients of the
availability variables. Addition of the long form variables eliminates much of the effect of
paternal drinking, with the exception of the participation equation. In terms of their own

effects, the long form variables perform reasonably well. Youths who live by themselves are
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more likely to drink, and drink more, than those who live with someone else. Those living in
a dorm are also significantly more likely to drink, and somewhat more likely to binge drink.
Being married exerts a significant negative effect on all three dimensions of alcohol
consumption. Young males who are more highly educated and those who are married drink
less, less often, and have fewer binge episodes than their less educated, single counterparts.
Finally, heavier young males drink more, and are somewhat more likely to binge drink.
Table 4 summarizes the effects of the availability variables on the three drinking
outcomes for a variety of subsamples. The results suggest a consistently strong effect for
beer taxes. At the average tax rate of about 0.50, the coefficient estimates imply a tax
elasticity equal to about 0.15, i.e., a 100% increase in the beer tax yields a 15% decrease in
quantity demanded.”® Legal drinking status, which is only relevant in the young cohort
regressions, affects quantity decisions in the pooled male-female sample. The participation
logits yield similar results, whereby beer taxes reduce the likelihood of any drinking for
females and in the combined sample, while legal drinking status has no significant effect.
Binge drinking falls when taxes rise, although the effect is insignificant more often than not.
The consistent negative pattern is, nonetheless, sﬁggestive. The legal minimum does not

appear to affect binge drinking in this cross section.

To compute the effect of a tax change from the two-part estimates, we use coefficients from the condi-
tional demand equation and the prevalence equation. The effect of a change in the tax rate, dt, on expected

dPD opP D

=D_— + P—ét—-. Using the long form results for young males, for example,

dt o
the effect equals -10.37 for D = 32, P = .85. The elasticity then equals -10.37 -I%, or about 15%.

drinking, PD, then equals
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Habit Formation Equations

Although interesting in their own right, the standard demand models do not shed any
light on habituation issues. Two questions are of interest here. First, does youthful drinking
exhibit habituation in the myopic and/or forward-looking models and, second, what effects do
interventions that limit availability have on alcohol consumption?

In answering both questions, it is important to control for individual heterogeneity.
We do this in two ways. Reduced form estimates of the sort suggested by Chamberlain
(1978, 1984) allow us to identify habituation effects independent of unobserved heterogeneity
of a very general form. Instrumental variable tobit estimates of structural myopic and
forward-looking habit formation models allow us to describe the habituation process more
fully. Both sets of estimates can be used to answer the policy question.

To resolve the heterogeneity issue for the case of youthful alcohol consumption, we
estimated three sets of equations, using pooled NLSY data for the years 1982-85. The first
are estimates of habit formation models, in both long and short form, which are simply the
demand models with a lagged consumption term added. We use both drinks per month in a
tobit framework, which includes zero drinking observations, and the natural log of drinks per
month, which does not.'® Individuals who abstained from drinking in all four years (1982-85)
are dropped from the sample.

Our second set of estimates uses instrumental variables to attempt to remove the
heterogeneity from the past and future consumption terms. Our selection of instruments is

guided by the structure of the demand equations. In both short and long forms, we use lags

'As noted earlier, the semilog equation estimates can be combined with prevalence equation estimates such
as those found in Tables 2 and 3 to compute elasticities as shown by Manning et al. (1987).
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and leads of all the time-varying exogenous variables as instruments for lagged and future
consumption. To the extent that the long form variables, such as education, marital status,
and living arrangement, are not independent of the individual heterogeneity, their use as
instruments is questionable. Note, however, that the earlier results were not sensitive to this
aspect of model specification. The beer tax and legal drinking status variables are clearly
valid instruments, but the adjacent beer taxes will be plagued by collinearity with the
contemporaneous beer tax. We also use as instruments minimum purchase age dummies
based upon the sample member's state of residence at age 14. Note also that, for purposes of
testing the rationality hypothesis, the standard errors of the two-stage tobit do not require
correction (Pagan, 1984).

Our third empirical approach estimates both short and long form reduced form
equations, where the lagged consumption variable is eliminated by substituting a subset of the
instrumental variables as regressors. Of particular interest are the purchase age at age 14
dummy variables, as the coefficients on these variables will tell us whether the youth's early
environment affects later drinking. These variables are not related to the individual
heterogéneity in tastes. Estimates of their effects also provide evidence on whether alcohol
possesses any addictive properties.'’

Reduced Form Estimates
Tables 5 and 6 present the estimates of the reduced form habit equations, where the

right-hand side consumption variables have been replaced by indicators of the wetness of the

Y"The reduced form specification is similar to that in Cook and Moore (1993), where beer taxes and
minimum purchase age in 1983 were used as regressors in reduced form equations for college completion and
years of schooling completed by 1988.
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.

youth's early environment: two dummy variables indicating the minimum purchase age in the
respondent's state of residence at age 14. If the early environment matters, we would expect a
positive coefficient on the purchase age dummies, as the excluded category denotes an MPA
of 21 at age 14."

The results in Table 5 are quite strong for females, but drinking by males does not
appear to be significantly affected by early environment. Legal status matters for both males
and females. In both the long and short form equations, regardless of the form of the
dependent variable, females who grow up in an environment that restricts drinking consume
less alcohol when they are older than otherwise similar females who grew up in a more
restrictive environment. Finally, increases in beer taxes significantly reduce drinking. In the
drinks per month equations, which include observations of zero drinking, the tax effect is not
significant for males.

Table 6 presents estimates of reduced form equations describing the decisions to drink
(the participation equation) and to drink heavily (the binge drinking equation). In the
participation equation, a significant negative effect of the beer tax is indicated for males and
females in both the long and short form equations. Current legal status does not affect the
decision to drink, but the early drinking environment appears to affect the participation rates
of females.

The most interesting results in Table 6 are found in the binge drinking equation.

Remember that, in the reduced form model, the coefficients on the early environment

"We also experimented with an additional early environment variable that measured state level per capita
alcohol consumption in respondent's state at age 14. The variable performed well for females, but not for males,
yielding wrong-signed and significant effects. Furthermore, inclusion of this variable did alter the results on the
other variables.
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variables indicate whether the behavior in question is addictive, altering one's preferences
towards heavier consumption. Conceptually, we would most likely expect to find such an
effect in a heavy drinking equation.”” This is, in fact, what we find. Heavy drinking has a
strong state-dependent component, as evidenced by the significant effect of an 18 year old
minimum purchase age on binge drinking by both males and females. The 19-20 year
dummy is not significantly different from the excluded 21 year old category. Beer taxes
exhibit a consistent downward effect on participation, while the other availability effects are
weaker.

Rational Addiction Estimates

The reduced form approach represents the most robust evidence that drinking alters
preferences. Given this, a structural analysis (with suitable controls for heterogeneity) will
provide more insight into the nature of the process.

We consider two models, one of which (the habit formation model) is a special case of
the other (the rational addiction model). The latter model is more sensible, in that it does not
assume myopic behavior. The myopic model is more fully developed in the literature, and is
still of some interest as a special case.

Table 7 presents tobit estimates of the myopic and forward-looking habit formation
models. Results are presented for males and females separately, and combined. Only minor
differences appear when comparing coefficient estimates by gender, so we will focus on the
results for the combined sample. Furthermore, results of Hausman - Wu tests of exogeneity

indicate that, for the most part, the OLS estimates are acceptable. In one case, the long form

¥See Grossman et al. (1994) for a detailed discussion of this point.
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rational addiction estimates indicate that the 2SLS e;stimat&s are more appropriate. Partial R?
tests of the significance of the excluded instruments are consistently satisfactory in the
combined sample results (Bound, et al.,, 1994). Note also that the poor performance of the
2SLS estimates in the male subsample appears to be due to poor quality of identifying
instruments, which add no explanatory power.

The combined sample OLS results provide strong evidence that drinking is addictive,
as evidenced by the significant coefficients on lagged consumption. Rationality in the sense
described by Becker, Grossman, and Murphy (1994) is also indicated, as the leading
consumption term is significant in both the short and long form estimates. Current
availability matters, as evidenced by the beer tax and legal drinking status variables.
Evidence on the heterogeneity issue is mixed. In two of four cases, the two-stage estimate of
the addiction coefficient is smaller than its OLS counterpart. More generally, however, habit
appears to be the dominant force underlying the observed persistence. With the exception of
the short form rational addiction models, the OLS and 2SLS estimates of the habit and
rationality effects are very similar in magnitude, as borne out by the Hausman-Wu tests,
suggesting that unobserved heterogeneity is not a major influence.

§. Conclusions

We sought to examine the demand for alcohol by youths, focusing on two distinct
questions. First, in the standard demand framework, do restrictions on alcohol availability
reduce consumption, and the likelihoods of drinking and getting drunk? Second, in habit
formation and addiction models, can we decompose the observed association between

drinking in the current period and adjacent periods into true "structural” habit effects, and
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those effects that reflect unobserved heterogeneity in tastes and environment?

Our results suggest the following: First, availability matters. In the results reported
here, beer tax increases lead to reductions in quantity consumed and the likelihood of drinking
and, in some cases, in the likelihood of getting drunk. Legal drinking status appears to be
effective in controlling drinking by females, less so for males. With respect to the habituation
question, both our structural results and our reduced form results suggest a strong role for
habit formation in determining the long run demand for alcohol. In particular, youths who
drink heavily now are more likely, as a result of that experience, to drink heavily in the
future. Similarly, youths exposed to restrictive alcohol policies in their early years will drink
less heavily in later years than those who are not. The role of unobserved heterogeneity is at

best, weak.
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Figure 1

Probability Tree for Drinking Prevalence, 1982-85¢
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Table 1
Descriptive Statistics and Variable Definitions

NLSY Sample
Variable Males Females Definition
Beer Tax 0.480 0.453 Tax (in dollars) per 24-12 oz. cans
(0.531) (0.498) of beer. (Source: Brewer’s Almanac).
Legal Drinking Status 0.852 0.913 Dummy variable. 1 if sample
(0.355) (0.281) member’s age exceeds legal minimum in
his or her state of residence; 0 otherwise.
Minimum Purchase Age
at Age 14
Eighteen 0.546 0.579 Minimum purchase age in sample
(0.498) (0.494) member's state of residence at age 14,
dummy varisbles.
Nineteen or Twenty 0.049 0.044
(0.215) (0.205)
Father with 0.165 0.235 d.v.: 1 if sample member reports
Drinking Problem 0.371) (0.424) father was an alcoholic: 0 otherwise (1988
variable)
Black 0.231 0.219 dv.
(0.422) (0.414)
Hispanic 0.167 0.149 dv.
0.373) (0.357)
hol Consumpti
Drinks Per Month 32,62 13.92 Number of drinks containing alcohol
(46.26) (25.54) consumed in last 30 days
Drinking Prevalence 0.837 . 0.752 d.v.: 1 if drank any alcobolic
(0.370) 0.432) beverages in last 30 days
Binge Drinking 0.232 0.082 d.v.: 1 if bad 6+ drinks on at lcast
0.422) (0.274) 4 occasions in last 30 days
Parents' Education
(less than 12 years)
Mother
12-15 years 0.516 0.518 dv.
(0.500) (0.500)
16+ years 0.081 0.078 dv.

0273) (0.269)



Variab
Father
12-15 years

16+ years

Number of Siblings

Residence (lives with

another person)

Parents
Self
Dorm
Highest Grade
Completed
Weight

Married

In Armed Services

Ethnic Background
(American)
British

Indian

French

German

Irish

Males
0.439
(0.496)

0.158
(0.365)

3.701
(2.573)

0.330
(0.470)

0.464
(0.499)

0.046
(0.209)

12.322
(2.406)

167.162
(29.014)

0.223
0417

0.019
©.137)

0.199
(0.399)

0.001
(0.036)
0.046
0.211)

0.182
(0.386)

0.058
(0.233)

Females

0.454
(0.498)

0.155
(0.362)

3.700
(2.496)

0.225
©.417

0.649
0.477)

0.030
(0.170)

12.504
(2.066)

133.100
(25.846)

0.348
0.477)

0.005
(0.071)

0.223
(0.416)

0.001
(0.037)

0.063
(0.246)

0.168
(0.374)

0.050
0.217)

dv.

Weight in pounds. 1982 variable

d.v.

d.v.



Variable

Italian
Polish
Oriental
Other European
American Indian
Other

s Bac
(Atheist)
Baptist
Protestant, nc;n-Baptist

Roman Catholic

Other Religion

Sample Size

Males

0.028
(0.165)

0.014
©.117)

0.006
0.075)

0019
(0.138)

0.033
0.179)

0.036
(0.186)

0.264
0.441)

0.230
0.421)

0359
(0.480)

0.102
(0.302)

2004

t

Females

0.021
(0.145)

0011
(0.105)

0.008
(0.009)

0.017
(0.130)

0.035
(0.184)

0.027
(0.161)

0.262
(0.440)

0.236
(0.425)

0.365
(0.481)

0.101
0.301)

1598

d.v.

dv.



Vagiable
Intercept
Beer Tax,
Legal Drinking Status,
Father with
Drinking Problem

Female

Black
Hispanic
Parents’ Education
(less than 12 years)
Mother
12-15 years

16+ years

Father
12-15 years

16+ years

Number of Siblings

Adjusted R

Estimats

Table 2

Alcohol Demand Equations, Short Form

Younger Cohort
Male Sample, NLSY, 1984
in DPM | DPM>0 PoDPM>0)
2612¢ 1.020*
(0.224) (0.366)
0.149* 0.140
(0.074) 0.112)
0.145 0.019
(0.101) (0.162)
0.197* 0.614*
(0.083) (0.159)
0.196 0342
(0.139) 0.218)
-0.068 0.458"
(0.128) (0.226)
0.010 0.223*
(0.080) (0.135)
0.082 0.096
(0.146) (0.254)
-0.048 0319*
(0.078) (0.133)
0.126 0.291
(0.118) (0.212)
0.010 -0.009
(0.014) (0.023)
0.051 -
oLS Logit

Pr(Binge)

2.114°
(0.399)

0.178
(0.133)

0.170
0.171)

0369
(0.139)

0.250
(0.246)

0.012
(0.220)

0.017
0.137)

-0.009
(0.247)
-0.126
(0.134)

-0.008
(0.196)

0.032
(0.024)

Logit

Younger cohort includes those sample members age 19-22, inclusive, in 1984. Cases with missing observations are excluded. Additional
explanatory variables include age, refigion, and ethnic backgroud dummy variables. The three columns of numbers in each table represent
the estimated cocfficients and (asymplotic) standard errors for equations with the following dependent variables:

In DPM | DPM>0; In “drinks per month.” The sample is limited 1o those who consumed at least one drink.

PR(DPM>0): the in-odds that the respondent consumed st Jeast one drink in the previous month.

PR(Drunk): the in-odds that the respondent consumed six or more drinks on at least four occasions in the previous month.

*Statistically significant at the 0.01 confidence level, one-tailed test.
*Statistically significant at the 0.05 confidence level, one-tailed test.



Yariable
Intercept
Beer Tax,
Legal Drinking Status,
Father with
Drinking Problem
Black
Hispanic
Parents' Education
(less than 12 years)
Mother
12-15 years

16+ years

Father
12-15 years

16+ years

Number of Siblings

Residence

(lives with another person)

Parents,

Self,

Dorm,

Alcohol Demand Equations, Long Form

Table 3

Younger Cohort
Male Sample, NLSY, 1984

D DP

1.660
(1.166)

-0.192*
(0.078)

0.157
(0.105)

0.094
(0.087)

0.076
(0.145)

-0.004
(0.132)

0.017
(0.084)

0.093
(0.151)
0.011
(0.083)

0.008
(0.127)

<0.007
(0.016)

-0.066
(0.102)

0.205"
(0.109)

0.100
(0.152)

> Po(DPM>0)

0471
2.015)

0.161
(0.120)

0.109
0.174)

0.553°
(0.169)

<0338
(0.238)

-0.397
(0.245)

<0.220
(0.146)

0.086
(0.275)

0.382*
(0.143)

0.346
(0.233)

0.042%
(0.025)

0.284"
(0.165)

0727
(0.189)

0.729*
(0.274)

Pr(Binge)
-2.680
(1.967

0.255*
(0.146)

0.183
(0.182)

0.176
0.150)

-0.081
0.263)

0.221
(0.230)

0.061
(0.145)

0.046
(0.260)
0.049
(0.143)

0.182
0.213)

<0.007
0.027)

0.118
0.174)

0.254
(0.187)

0.424
0.262)



Variable mDPMIDPM> ~ PuDPM>0)  PrBinge)

Highest Grade -0.095* -0.099* -0.135*
Completed, (0.022) (0.038) (0.037)
(Weight) 0.434° 0.267 0.529
(0.215) (0.376) (0.363)
Married, -0.555 -0.827 -0.828*
(0.136) (0.229) 0.249)
Number of Kids, 0.100 0.060 0.309
(0.100) 0.183) (0.173)
Expected Number
of Kids (zero)
1-3 0.063 -0.060 0.123
©.111) (0.194) (0.189)
4 or more 0218 -0.089 0.050
(0.148) (0.260) (0.251)
In Armed Services, 0.273 0.616* 0.075
0.175) (0.366) (0.312)
Adjusted R? 0.076 - —_
Estimation OLS Logit Logit

Younger cohort includes those sample members age 19-22, inclusive, in 1984. Cases with missing observations
are excluded. Additional explanatory variables include age, religion, and ethnic backgroud dummy variables.
The three columns of numbers in each table represent the estimated coefficients and (asymptotic) standard errors
for equations with the following dependent variables:

& DPM | DPM>0; & *drinks per month." The sample is limited to those who consumed at least one
drink.

PR(DPM>0): the t-odds that the respondent consumed at least one drink in the previous month

PR(Drunk): the #n-odds that the respondent consumed six or more drinks on at least four occasions in
the previous month. ,

*Statistically significant at the 0.01 confidence level, one-tailed test.
*Statistically significant at the 0.05 confidence level, one-tailed test.

*Statistically significant at the 0.01 confidence level, one-tajled test
*Statistically significant at the 0.05 confidence level, one-tailed test



Table 4
Alcohol Demand Equations, 1984
NLSY
Extract of CoefTicient Estimates for Alcohol Control Variables
Short and Long Forms

CoefTicients for m\DPM 1 DPM>0

Beer Tax

Men Women mbin

Young -Short -0.149* -0.140° -0.145*
Long -0.192* -0.128 -0.156*

Old - Short -0.140* -0.221° -0.177
Long -0.071 -0.189° -0.120

Legal Status

Men Women mbin

Young -Short 0.145 0.090 0.125%
Long 0.157 0.083 0.129

Coefficients for PR(DPM>0) logits

Beer Tax

Men Women mbin

Young -Short -0.140 -0.253* 0195
Long -0.161 -0.330* -0.249*

Old - Short -0.151 -0.319° -0.238"
Long -0.014 -0.304* -0.250

Legal Status
Men Women mbin
Young-Short 0.019 0.070 0.040

Long 0.109 0.075 0.0%4



Young -Short
Long
Old - Short
Long
Young-Short
Long

CoefTicients for PR(Drunk) logits

Men

-0.178
-0.255°

-0.112
-0.319

Men
0.170

0.183

Beer Tax

Women

-0.102
-0.015

-1.085"
-0.955*

Legal Status
Women
0.011

-0.016

mbin

-0.156
-0.178

-0.388°

Combined
0.130

0.124

For description of short and long form equations, see Tables 2 and 3.

*Statistically significant at the 0.01 confidence level, one-tailed test.
*Statistically significant at the 0.05 confidence level, one-tailed test.



Table § B

Reduced Form Habit Equations '

Estimated Coefficients and Standard Errors
Combined Sample, OLS estimates

Males Females

DPM n DPM DPM & DPM

(Tobit) (OLS) (Tobit) (OLS)
Short Long Short Long Short Long Short Long
Form Form Form Form Form Form Form Form
Legal 3907 4567 0.080° 0.091° 6.378* 2.722" 0.104* 0.093*
(2250) (2218)  (0.060) (0.060) (1.392) (1.090) (0.062) (0.061)
Legal Age at 14 0.782 0.584 0012 0.006 2.798* 2.783* o11s* o117
18 (1.200) (1.182)  (0.031) (0.030) (0.727) (0.713)  (0.031) (0.030)
190r 20 -2923 -2.329 -0.074 -0.043 2.340° 2.563* 0.074 0.109*
(2279) (2.248) (0.061) (0.060) (1.520) (1.488) (0.067) (0.066)
Beer Tax -1.427  -1.348 -0.061° -0.056° -2.450* -1.873* -0.106* -0.084"
(1.178) (1.162)  (0.029) (0.028)  (0.724) (0.711)  (0.030) (0.029)
Adjusted = eeeee eeee- 0875 0879  ----. e 0.806 0818

R-Squared

Sample Size 11372 11372 9252 9252 12524 12524 8605 8605

For description of short and long form equations, see Table 2. A full set of age-year
interaction dummies is included in all Table $ regressions.

a Statistically significant at the 0.01 level, one-tailed test.
b Statistically significant at the 0.05 level, one-tailed test.
¢ Statistically significant at the 0.10 level, one-tailed test.



Table-6
Reduced Form Participation
and Binge Drinking Equations
Combined Sample, Logit estimates

Females Males
Short Long Short Long
Form Form Form Form
Participation
Legal 0.095 0.105 0.071 0.086
(0.083) (0.085) (0.098) (0.099)
Legal Age at 14

18 0.081° 0.066° -0.044 -0.042
(0.044) (0.045) (0.057) (0.058)

19 or 20 0.100 0.093 0.140 0.155
(0.106) (0.108) (0.121) (0.122)

Beer Tax -0.252* 0217 -0.141* -0.147
(0.038) (0.039) (0.042) (0.045)

Binge
Legal 0.020 0.004 0.021 0.042
(0.152) (0.155) (0.104) (0.105)
Legal Age at 14

18 0.256* 0.268* o.111® 0.102°
(0.088) (0.090) (0.058) (0.059)

19 or 20 0.042 0.076 0.031 0.021
(0.088) (0.198) (0.115) (0.117)

Beer Tax ' -0.170° -0.122° -0.001 0.017
(0.087) (0.087) (0.053) (0.054)

For description of short and long form equations, see Table 2. A full set of age-year
interaction dummies is included in all Table 6 regressions.

* Statistically significant at the 0.01 level, one-tailed test.
* Statistically significant at the 0.05 level, one-tailed test.
¢ Statistically significant at the 0.10 level, one-tailed test.



Females (n=6262)
Consumption, ,
Consumption,,,
Beer Tax,

Legal Drinking
Status,

F(Partial R?)

C..

Cui
Hausman-Wu Test
(p-value)

e -—

Consumption,,
Consumption,,,
Beer Tax,
Legal Drinking
Status,
F(Partial R?)

C.,

Cui

Hausman-Wu Test
(p-value)

o Table 7
Habit Formation and Rational Addiction Models
Tobit Estimates
Coefficients and Standard Errors

Short Form Long Form
HF RA HF
OLS 28LS'  OLS 2SLS® OLS 2sLS'  OoLs

0.508* 0617 0350° 0314 0.484° 0.436* 0336
0.013) (0.212) (0.013) (0.013) (0.013) (0.129) (0.013)

------ e 0445°  0690° e —  0436°
(0013)  (0.530) (0.013)

-1.547°  -1608° 0833 0067 -1.178° -1.192° -0.5%
0.790)  (0.901) (0.716) (1.017) (0.985) (0.888) (0.768)

3.980° 3.781*  3410° 3.290* 3.958° 4.293* 3398
(1.450) (1.829) (1316) (1.969) (1.439) (1.681) (1.372)

----- 8.21° — 6T — 979 —
— e 2.81° — — —
----- 027 —— 060 e 052 —

0.450° 0.283 0.295¢ -0.102 0.436* 0373*  0.290°
(0.011) (0.484) (0.010) (0.468) (0.011) (0.182) (0.011)

e  — 0429 1.775¢ ——— — 0.42]*
0012) (1.192) {0.012)

-1.811°  -1.792 -0.99 1.797 -L.757  -1.763 0.989
(1.236) (1.430) (1.106) (2.789) (1.230) (1.403) (1.115)

0.318 1.264 0.887 1.127 0.515 0.946 0.269
(2257) (3.622) (L.794) (2953) (2244) (2.735) (2.034)

e 102 — 1.84 — 385 —
— — - 088 — — —
—— 034 —— 030 - 038 ——

2SL§*

0.283"
(0.136)

0857
(0.136)

0.333
(0.888)

2.889°
(1.718)

9.84°
1030

0.02

0.28s*
(0.156)

0.622*
0.133)

0.224
(1.252)

1.840
(2.294)
3.62°
6.20*

0.84



Short Form

RA

HF
OLS 2SLs! OLS
ampl =1194

Consumption,,, 0.464" 0.493*  0.308°

(0.008) (0.250)  (0.008)
Consumption,,, ------ - 0.434°

(0.009)

Beer Tax, -1.715* -1.786*  -0.925°

0.737) (0.849)  (0.666)
Legal Drinking 2.508° 2.564*  2.112*
Status, (1.347) (1.926) (1.218)
F(Partial R?)
C‘.] """ 445. """
Cu
Hausman-Wu Test e 0.99 B

(p-value)

Long Form

HF

2sLs*  OLs  2SL§

0.093
(0.285)

1.135*
(0.583)

0.017
(1.188)

2.565°
(1.982)

0.448°
(0.008)

-1.431*
(0.733)

2.558"
(1.338)

o

0.423*
0.119)

cornee

-1.461°
0.838)

2.865*
(1.612)

8.81°

0.61

OLS

0.301*
(0.008)

0.426°
(0.009)

0.742
(0.665)

2.146"
(1.214)

eeawe

RA
2SLS*

0.323°
0.119)

0.807*
0.111)

-0.333
(0.843)

2.216°
(1.587)

9.64*
1297

0.05

For description of short and long form equations, see table 2. Year dummies interacted with age dummies in all

Table 7 regressions.

aocos

14 dummies

Statistically significant at the 0.01 level, one-tailed test.
Statistically significant at the 0.05 level, one-tailed test.
Statistically significant at the 0.10 level, one-tailed test.
Excluded instrumental variables include one-period lags of beer tax and legal status, and purchase age at age

¢ Excluded instrumental variables include those in footnote (d), plus one-period leads of beer tax and legal

status,

f Excluded instrumental variables include those in footnote (d), plus one-period lags of long-form variables.
g Excluded instrumental variables include those in footnote (d), plus one-period leads and lags of long-form

variables.



