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Causal effect of early initiation on 
adolescent smoking patterns 
M. Christopher Auld Department of Economics, University of 

Calgary 

Abstract. A key concern in policy debates over youth smoking is whether preventing 
children from smoking will stop them from smoking as adults or merely defer initiation 
into smoking. This paper estimates determinants of smoking status in late adolescence 
viewing smoking at age 14 as an endogenous 'treatment' on subsequent smoking. This 
approach disentangles causation from unobserved heterogeneity and allows addictive- 
ness to vary across individuals. Exploiting large tax changes across time and across 
regions in Canada in the early 1990s, the estimated model suggests that smoking is 
highly addictive for the average youth but less so for youths who actually do initiate 
early or who are likely to be induced to initiate early at the margin. Thus, policies that 
deter initiation will reduce eventual smoking rates, but not by as large a magnitude as 
conventional econometric models might suggest. JEL classification: II, C3 

Effet causal d'avoir commence a fumer tdt sur les comportements de fumeur des 
adolescents. Un probl~me central dans les debats de politique publique sur le fumage 
chez les jeunes est de savoir si empicher les enfants de fumer va les amener a ne pas 
fumer A l'Age adulte ou tout simplement reporter le commencement du fumage. Ce 
memoire examine les d6terminants de l'etat de fumeur a la fin de l'adolescence en 
considbrant le fait de fumer a 14 ans comme un facteur ayant un impact sur les 
comportements ultbrieurs. Cette approche distingue la causalit6 de l'hetirogen~it6 
non-observ&e et permet A la d~pendance de varier d'un individu A l'autre. Utilisant le 
vaste eventail de changements dans les taxes sur le tabac dans le temps et d'une region a 
l'autre au Canada au debut des ann~es 1990, on calibre le modele. Les resultats 
suggerent que fumer engendre une forte dependance chez les jeunes en moyenne mais 
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que c'est moins vrai pour ceux qui ont commenc6 i fumer t6t ou ceux qui sont 
susceptibles de commencer a fumer t6t a la marge. Voila qui suggere que les politiques 
qui decouragent le fumage chez les tres jeunes vont reduire le taux de fumeurs dans la 
population mais que cet effet ne sera pas aussi grand que ce que suggerent les modeles 
&conombtriques conventionnels. 

1. Introduction 

Consider a policy that successfully reduces smoking rates among 14-year-olds. 
If the policy merely defers smoking initiation into later adolescence or early 
adulthood, it will fail to have a substantial long-term effect on smoking rates. 
Whether eventual smoking will be prevented or deferred cannot be determined 
from correlation in youths' smoking behaviour over time, because that 
correlation could be attributable to either a causal effect of past smoking on 
current smoking (that is, an addictive effect) or by correlation over time in 
unobserved determinants of smoking. Using a large survey of in and out of 
school adolescents, this paper develops a dynamic structural model to 
disentangle intertemporal causation from unobserved heterogeneity in youth 
smoking patterns. 

It is sometimes assumed in the public health literature that deterring youth 
smoking must decrease adult smoking, yet this result does not follow from the 
observed high correlation in smoking status over time. In the primary data 
used in this paper, for example, respondents who begin smoking relatively 
young are far more likely to report being daily smokers later in adolescence: 
a youth who reports initiating into smoking by age 14 is 5.5 times more likely 
to smoke later in adolescence than a youth who did not begin smoking by 
age 14. The critical question is whether this pattern obtains because initiating 
early causes higher smoking rates later in adolescence or rather because the 
same factors that induce early initiation also induce smoking later in adolescence. 
If these patterns result because some teenagers are more likely to smoke for 
reasons other than addiction, preventing initiation at a young age may simply 
shift initiation to a later age, and eventual smoking rates will not fall if early 
initiation into smoking is prevented. If, conversely, deterring smoking at a young 
age reduces the probability a person ever smokes, policies aimed at preventing 
youth smoking may be highly effective in reducing smoking-related costs. 

A secondary goal of this paper is to provide new estimates of demand 
elasticities for youth smoking participation decisions. Several studies suggest 
that youth smoking is considerably more price elastic than smoking by adults 
(Evans and Huang 1998; Harris and Chan 1999; Tauras and Chaloupka 
1999). Conversely, DeCicca, Kenkel, and Mathios (2002) report that initiation 
into smoking at ages 13 through 16 is not affected by price (albeit only 
when controlling for state fixed effects); a similar result is reported by 
Gruber (2000). Jones and Forster (2001) find that age of initiation is little 
affected by price, but that price increases smoking cessation rates. However 
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Tauras, O'Malley, and Johnston (2001) report that probability of initiation is 
significantly reduced by higher prices. There is, then, little consensus in the 
empirical literature on youth smoking. 

Gilleskie and Strumpf (2000) note that such estimates of smoking behaviour 
are often difficult to interpret because past smoking is usually not modelled, 
yet theory suggests that addiction decreases elasticity. Gilleskie and Strumpf 
find that past smoking causes current smoking and emphasize important 
differences in the price elasticities of never smokers and previous smokers, 
with previous smokers exhibiting essentially no price sensitivity. The causal 
effect of past smoking on current smoking is also discussed by Glied (2002), 
who focuses on the long-term effects of prices faced at age 14. Glied finds that 
taxes at age 14 have substantial effects on contemporaneous smoking, but that 
the effect diminishes quickly over time. Gruber (2000) reports that about one- 
half of changes in cohort-specific youth smoking rates persist into adulthood. 
In related contexts, Williams (2004) finds that high school drinking causes 
college drinking, and a large literature shows that programs that reduce youth 
illicit drug use have short- but not long-term effects (e.g., Clayton, Cattarelo, 
and Johnstone 1996), which implies that preventing early initiation defers but 
does not prevent eventual initiation. The evidence on the causal effect of current 
substance abuse on future substance abuse is then inconclusive, with studies 
focusing on young teenagers tending to find small or insignificant effects. 

The causal effect of smoking at time t on smoking at time t + 1 is referred to 
in the economics literature as addiction (a definition that may not be consistent 
with physiological or psychological uses of the term). Correlation in smoking 
status over time is also induced by unobserved heterogeneity in smoking deter- 
minants, that is, some individuals may simply be more likely to take up or 
continue smoking regardless of their past (or future) smoking decisions. Becker 
and Murphy's (1988) canonical model of the consumption of addictive goods 
emphasizes that addiction to a given good is a behavioural trait that generally 
varies across people. For policy purposes, it is particularly important to realize 
that individuals likely to change their smoking behaviour as a result of policy 
changes may experience different addictive effects than people farther away 
from the margin. Thus, an econometric analysis of addictive behaviour should 
disentangle addiction from unobserved heterogeneity and should allow for the 
possibility that addiction varies across individuals. 

To that end, this paper exploits recently proposed econometric models that 
allow causal effects to differ with observed characteristics and also across 
observationally identical individuals (Aakvik, Heckman, and Vytlacil 2005). 
The model may be described as one of endogenously switching binary response 
regressions estimated using the method of full information maximum like- 
lihood under the assumption that the errors are drawn from the class of 
multivariate Student's-t distributions. Survey data on Canadian youths in the 
1990s provide information on smoking patterns during a period in which prices 
vary substantially over time and over regions. 
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The econometric results suggest that addictiveness varies greatly with both 
observed and unobserved characteristics. Smoking is addictive for almost all 
respondents, but much less so for those who do initiate early or who are likely 
to be influenced to change early initiation decisions by changes in policy. A 
change in incentives that deters early initiation will reduce eventual smoking 
rates, but by a much smaller amount than might be suggested by methods 
that ignore unobserved heterogeneity or recover average rather than local 
causal effects. Youths who initiate early tend to be less prone to addiction 
than their counterparts who choose not to initiate early, which is the selection 
pattern we would anticipate given that smoking is a harmful addiction. 
Further, prior smokers are less responsive to changes in both price and non- 
pecuniary incentives than other youths, which suggests that failing to model 
previous smoking behaviour may yield misleading results. A policy simulation 
suggests that transient high tobacco tax rates in Canada between 1991 and 
1994 reduced eventual smoking rates in this cohort by 1.4 to 2.5 percentage 
points. 

2. Causal model for adolescent smoking 

Because of its addictive nature, smoking status at any time depends in a 
complex manner on the entire sequence of previous starts and quits and thus 
the entire sequence of past and future prices. Recasting this complex behaviour 
as a two-step sequential problem allows the core issue - how much of the 
correlation between current and past smoking behaviour is causal and how 
much reflects unobserved heterogeneity - to be addressed in a feasible manner. 
Smoking at age 14 is modelled as a non-randomly assigned 'treatment.' Quasi- 
randomization occurs in the form of a natural experiment: Variation in prices 
at age 14 affects smoking decisions at age 14, but does not affect subsequent 
smoking decisions conditional on decisions at age 14. Intuitively, the causal 
effect of past smoking on current smoking is identified by comparing the 
eventual smoking rates of youths who faced high prices when young with 
comparable youths who faced lower prices. 

Cast in this manner, smoking decisions over time can be modelled using the 
well-developed framework for analysis of heterogeneous treatment effects 
recently developed in numerous papers including Imbens and Angrist (1994), 
Angrist, Imbens, and Rubin (1996), and Heckman (1997). The analysis here 
draws on that of Aakvik, Heckman, and Vytlacil (2005), who develop a model 
appropriate for binary outcomes when responses to treatment are heterogeneous, 
assuming the errors are multivariate normal. A version of this model is imple- 
mented here, which relaxes the distributional assumption by allowing the errors 
to be drawn from the class of multivariate Student distributions. Heckman, 
Tobias, and Vytlacil (2000) discuss two-step estimation of models with Student 
errors and continuous outcomes. Similar causal models are studied in a Bayesian 
framework by Imbens and Rubin (1997) and Chib and Hamilton (2001). 
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FIGURE 1 Decision tree 
NOTES: The first node, labelled D, represents the decision over whether to initiate early into daily 
smoking. Nodes Yo and Y1 represent subsequent state-dependent smoking decisions. Number of 
respondents in the YSS at is noted at each endpoint (n = 9,139), and conditional proportions are 
listed on each branch. 

2.1. Latent variable model 
The fundamental inference problem arises because a given respondent is not 
observed both smoking by age 14 and not smoking by age 14. Using the 
notation 

D, indicator for early initiation into daily smoking 
Yi, indicator for smoking in late adolescence if early initiator 
Yot indicator for smoking in late adolescence if not early initiator, 

where t indexes individuals, only one of 
Yot 

and 
Ylt 

is observed. The observed 
outcome, 

Yt, 
smoking status in late adolescence, may be written 

Yt = Dt Yit + (1 - D) Yot. (1) 

Figure 1 shows the decisions modelled along with some descriptive statistics 
from the dataset introduced in the following section. Most youths who initiate 
early continue to smoke in late adolescence, and most youths who do not 
initiate early do not smoke later in life; D and Y are highly correlated. 
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If both Yo, and Y1, were observed, it would be trivial to calculate the 
causal effect of early initiation on late adolescent smoking behaviour for 
individual t, 

6t 
- 

Ylt - Yot, (2) 

where 
6t 

represents the change in late adolescent smoking status resulting from 
a change in early initiation status. This causal effect can be given an economic 
interpretation as the addictiveness of smoking for individual t. Generally, this 
effect will vary across individuals with differing observed characteristics and 
also across individuals who are observationally identical. 

A model allowing the effect of early initiation on subsequent smoking to 
vary with observed and unobserved characteristics is developed below. 
Suppose, instead, conventional econometric models of the form 

y* = 
Xt•a + 6SDt + t (3) 

were estimated, where the * superscript denotes a latent outcome, X, is a vector 
of observed smoking determinants, a are parameters, and (, is an error term. 
The parameter 6 might be referred to as 'the' causal effect of D on Y*. This 
straightforward interpretation is problematic when we allow that the effect of 
D on Y* varies across individuals. Instrumental variables estimates of (3) 
generally converge to neither the population average effect nor the average 
effect of treatment on the treated. Instead, the instrumental variables estimate 
of 6 converges to a difficult-to-interpret weighted average of local average 
causal effects (Imbens and Angrist 1994). 

More formally, suppose the causal effect of D on Y* varies across indivi- 
duals according to the process 

S- = 
Xt• 

+ 
c,, 

(4) 

where Et is individual t's idiosyncratic causal effect and 4 is a vector of 
parameters. Instrumental variables estimates of (3) recover neither the mean 
of 6e nor the mean of St in the treated subpopulation (D = 1) unless c, does not 
affect treatment status or cEt has zero variance, in which cases average and 
marginal treatment effects are equal (Heckman 1997). In the general case, 
propensity to initiate early is correlated with the causal effect of initiating 
early. That correlation implies that the effect of early initiation will be not be 
the same in the groups who do and do not initiate early - that is, youths who 
take up smoking early will generally not experience the same addictive effect of 
smoking as youths who do not take up smoking early. Further, youths induced 
to change early smoking initiation by changes in incentives will generally 
experience different addictive effects than youths farther away from the 
margin. Since we may be most interested in these marginal youths for policy 
purposes, it is useful to develop an empirical model that explicitly characterizes 
the relationship between propensity to initiate early and the effect of initiating 
early on subsequent smoking. 
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To develop a model allowing causal effects to vary across individuals, first 
notice that (3), with 6 replaced by 6,, and (4) can be reparametrized 

Y, = X,a + X,q5 + ($ + e,) = X + Ult(5) 
* (5) 

Yot 
= Xta + 

vt 
= 

Xt,/0 
+ 

Uot, 

that is, specifying the switching regression (5) for the treatment-dependent 
outcomes is analytically equivalent to allowing the effect of D on Y to vary 
with both observed and unobserved smoking determinants. Further 
suppose that latent early initiation propensity 

Dt 
is generated by a process 

of the form 

Dt 
= Zty + UDt, (6) 

where Z, is a vector of covariates and UD, is unobserved propensity to initiate 
early into daily smoking. Since UD, will generally be correlated with addictive- 
ness attributable to unobservables (U1, - Uo,), the estimated addictiveness for 
a given individual will generally depend on the value or range of UDt. In section 
4.3 various concepts of mean causal effects are discussed; these effects differ in 
that they condition on different values of UD. 

The model to be estimated consists of equations (5) and (6), dropping 
subscripts for individuals, 

D* = Zy + UD 

Y = X/31 + Ui (7) 

Yo = Xfo + Uo, 

and the mapping from latent outcomes to observed outcomes, 

D = 1[D > 0] 

Y1i = [Y > 0] (8) 

Yo = 1[YYo > 0]. 

2.2. Error structure 
The 'textbook' error structure for (7) is the multivariate normal distribution. 
However, simultaneous equation models with limited dependent variables are 
often sensitive to the assumed error distribution (e.g., Goldberger 1983). To 
reduce the dependence of the estimates on distributional assumptions, the 
errors are allowed to follow a multivariate Student's-t distribution with degrees 
of freedom v, where v is an estimated parameter. This distribution has the 
advantages that it nests the Gaussian distribution, which obtains as v -0 oo, 
but exhibits 'thicker tails' than that of the Gaussian distribution for low values 
of v. The error density can be expressed 
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X(1/2(v + 3)) 1 -(1/2)(v+3) 
t,(u,E)= 1 + u'Eu , 

(9) 
F(v/2)IZI( L V/ 

where 

( 1 -D1 ODO\ 

= DI 
- D1 1 - . (10) 

DO0 
- 1 

C is the covariance matrix of the errors when v > 2. The covariance between 
U1 and Uo need be neither estimated nor normalized because it does not 
enter the likelihood and thus has no effect on the parameter estimates 
reported in section 4.1, nor does it affect the mean causal effects reported in 
section 4.3. 

2.3. Identification and estimation 
Because of non-linearities, parametric identification obtains from the distribu- 
tional assumptions without exclusion restrictions. Identification is much more 
plausible in the presence of exclusion restrictions on the outcome equations, 
which induce exogenous variation in propensity to be treated without affecting 
outcomes. Price at age 14 is assumed to affect early initiation but not subse- 
quent smoking behaviour conditional on behaviour at age 14. Theory suggests 
future price should be included in the initiation equation, but, like the results 
of Gilleskie and Strumpf (2000), current and future price were found to be 
highly colinear, which made estimates difficult to interpret while adding little 
explanatory power to the model. This result is also consistent with the expla- 
nation that youths were unable to make good forecasts of prices years into the 
future at the time of initiation. 

The structural model was estimated using the method of full information 
maximum likelihood, such that asymptotic efficiency is obtained and the 
inherent nonlinearities in the model are captured. Estimation proceeds by 
maximizing the log of the likelihood over the parameters {y, o3, /1, 'DO, 
aDI} for a given v, repeating as the value of v is varied to find the Student 
distribution that best fits the data. Specialized quadrature algorithms devel- 
oped by Genz and Bentz (2002) were used to evaluate rectangle probabilities 
under the multivariate Student's-t density. A combination of a gradient-free 
simplex method and Newton-Raphson based methods was used to converge to 
the maximum. The likelihood is presented in an appendix. 

1 This result follows because only the bivariate distributions (D, Yo) and (D, Y1) are required 
to form the likelihood and to calculate conditional means of (Y1 - Yo). The joint 
distribution of (Y1, Yo) is required to calculate 'distributional' treatment parameters; 
see Aakvik, Heckman, and Vytlacil (2005, section 3.2) and the references on this issue 
therein. 
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TABLE 1 
Variable definitions and descriptive statistics 

Variable Definition Mean Std. dev. 

smokes0 =1 early smoking initiator 0.130 0.336 
smokes 1 =1 daily smoker in 1994 0.229 0.420 
price(agel4) real tobacco price at age 14 0.921 0.119 
price(1994) real tobacco price 1994 0.748 0.179 
born 1978 =1 born in 1978 0.213 0.409 
born 1977 =1 born in 1977 0.202 0.402 
born 1976 =1 born in 1976 0.180 0.384 
born 1975 =1 born in 1975 0.163 0.369 
father smokes =1 father currently smoker 0.341 0.474 
father former smoker =1 father former smoker 0.345 0.475 
sibling smokers # of siblings or other non-parental household 0.175 0.722 

member who are smokers 
mother smokes = 1 mother currently smoker 0.312 0.463 
mother former smoker =1 mother former smoker 0.272 0.445 
non-smoking friends # non-smoking close friends 3.943 4.019 
smoking friends # close friends who smoke 2.265 3.927 
smoking teachers = 1 one-half or more teachers smoke 0.247 0.431 
taught smoking risky =1 taught in school smoking is unhealthy 0.810 0.391 
good student =1 above average school performance 0.287 0.452 
medium student =1 average school performance 0.530 0.499 
bad student =1 below average school performance 0.032 0.178 
has job = 1 has a paying job 0.515 0.499 
hours worked / week # hours works for pay if employed 9.143 13.618 
health above avg =1 health is above average 0.307 0.461 
health below avg =1 health is below average 0.060 0.239 
workplace restrictions = 1 smoking restricted at workplace 0.244 0.430 
smoking risks named # health problems named (max = 10) 2.305 1.310 
can legally smoke =1 R. is old enough to legally buy tobacco 0.264 0.441 
knows legal smoking age =1 R. correctly states legal smoking age 0.813 0.389 
male =1 male 0.510 0.499 

NOTES: n = 9,139. Omitted category for student performance measures is non-students. 

3. Data 

The primary dataset is the 1994 Youth Smoking Survey (YSS). The YSS was 
conducted by Statistics Canada in fall 1994 to gather information on youth 
smoking behaviour. This paper uses the sample of 15- to 19-year-olds drawn as 
a supplement to the Labor Force Survey. A key advantage of these data is that 
the sampling universe includes youths who have dropped out of school, as 
Gilleskie and Strumpf (2000) find, using a similarly rich dataset, that the 
smoking behavior of dropouts and students differs. Table 1 displays definitions 
of the variables used in the analysis and descriptive statistics. The overall 
response rate for the survey was 81.1%; see Statistics Canada (1996) for further 
information on the sampling design.2 

2 The data are a probability sample but this feature is ignored in most of the analysis. 
Weighted estimation of single-equation models yielded qualitatively similar results to 
unweighted estimation. 
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Early initiation status is ascertained from retrospective questions. Respondents 
are classified as early initiators if they responded that they had smoked a whole 
cigarette, had smoked at least one whole cigarette every day for seven consecutive 
days, and they were 14 or younger when they first began such smoking behaviour.3 
Respondents were classified as late adolescent smokers if they reported that in 
1994 (when they were age 15 through 19) they had smoked on at least 21 days 
in the last month. Roughly 92% of respondents who were classified as late 
adolescent smokers reported that they smoked every day during the preceding 
month. 

Socioeconomic controls include dummies for year of birth, self-reported health 
status, whether respondents were still in school, and whether they considered 
themselves good, average, or poor students if they were still in school. Whether 
or not the respondents were still in school, they were classified as having a 
job or not, and the hours per week they worked were included if they were 
employed. 

The effect of social interactions on smoking is frequently emphasized in 
both the economic and public health literatures (Ary and Biglan 1988; Krauth 
2001). Controls for social interactions include indicators for parents' current 
and past smoking status, number of siblings or other non-parental household 
members who smoke, and number of close friends who do smoke and who do 
not smoke. A final social interaction effect is given by a variable indicating the 
respondent reported that 'more than half' or 'almost all' the teachers at the 
respondent's school smoke. These variables are potentially endogenous, but it 
is not feasible to expand the model to allow them to be simultaneously 
determined, owing to both data limitations (further instruments would be 
required) and computational feasibility. Very few papers are able to control 
for both price effects and peer effects (Sen and Wirjanto 2003; Powell, Tauras, 
and Ross 2003), so these variables are of more than nuisance interest. To check 
robustness of the results to the inclusion of these potentially endogenous 
regressors the model is estimated including and not including the peer and 
sibling smoking measures. 

Finally, measures of perceived non-pecuniary costs of smoking were con- 
structed. Respondents were asked a sequence of questions regarding whether 
various specific ailments could result if 'someone smoked for many years,' such 
as lung cancer, heart disease, bronchitis, and so forth. The number of 'yes' 
responses to these questions was included as a measure of subjective health 
risks, as is an indicator the student was taught in school that smoking poses 
health risks. If the respondent has a job, an indicator that smoking is restricted 
at the workplace was included. To control for variation in the minimum legal 
smoking age, an indicator labelled 'can legally smoke' was constructed for the 
condition that the student is old enough to legally purchase tobacco products 

3 A potential concern is misclassification due to the use of retrospective responses. This concern is 
mitigated by the relatively brief interval and the results of Kenkel, Lillard, and Mathios (2003), 
who report that the use of retrospective smoking data introduces modest bias. 
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in his province of residence. A dummy indicating the respondent correctly 
stated the provincial legal smoking age is also included.4 

Notice that most of these variables are recorded in late adolescence; the YSS 
does not contain repeated observations on sociodemographic information. 
However, following an argument of DeCicca, Kenkel, and Mathios (2002), 
these responses were included as covariates in the early initiation equation as 
well. Many of these variables vary over time; however, heterogeneity in prefer- 
ences, influences, school performance, health, and family structure in late adoles- 
cence is likely to reflect similar heterogeneity at age 14. Further, if respondents are 
able to forecast future changes in the values of these characteristics, dynamic 
optimization implies that future values will predict contemporaneous choices. 
Indeed, we will find that many of the covariates as reported in late adolescence are 
highly significant determinants of early initiation. 

Province-specific tobacco product price indexes, deflated by the all-items CPI, 
as reported by Statistics Canada were merged with the YSS data. Price in 
September 1994 was used as the relevant price in late adolescence (denoted 
'price(1994)'), and price in September of the year the respondent turned 14 was 
used to proxy price at age 14 (denoted 'price(age 14)'). Owing to data limitations, 
this procedure makes the strong assumption that the respondent has not moved 
across provinces between the year they were 14 and 1994. Use of one-year moving 
averages of monthly prices instead of these measures produced qualitatively similar 
results in preliminary estimation, but with less precisely measured demand slopes. 

4. Results 

4.1. Structural parameter estimates 
Model selection proceeded by repeatedly estimating the structural model as the 
degrees of freedom parameter for the multivariate Student's-t distribution was 
varied. The results of this exercise are presented in table 2. For these data, the 
textbook Gaussian model is massively rejected against 'fatter tailed' densities. 
The preferred model is Student with five degrees of freedom. 

The structural parameter estimates for the preferred model are displayed in 
table 3. The slope parameters have been converted to mean marginal effects to 
facilitate interpretation.5 Price at age 14 is a statistically significant predictor of 
early initiation into smoking (t =-2.11). In single-equation probits of 

4 The legal smoking age in 1994 was 18 in PEI, Quebec, Ontario, Saskatchewan, 
Manitoba, and Alberta and 19 in all other provinces. In December 1994 Ontario increased 
the legal age from 18 to 19; either response was considered correct and 18-year-olds 
were classified as legal purchasers in Ontario. 

5 Following Aakvik et al. (2005), the mean marginal effect of a continuous regressor 
Zk in the early initiation equation (D) is defined as Ez [OPr (D = 1 Z)/&zk], where 
Ez denotes the expectation operator taken with respect to the distribution of Z. In 
this paper the mean marginal effect of a dummy regressor zi is calculated as 
Ez [Pr (D = 1 fZ_j, zj = 1) - Pr (D = 1 |Z_j, zj = 0)], where Z 

jdenotes 
the elements of Zexcluding 

zi. Both expressions are estimated using the arithmetic average over the sample of numerical 
evaluations of the terms in brackets. Expressions for Y1 and Yo follow analogously. 
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TABLE 2 
Model selection from class of Student distributions 

d.f. log-likelihood 

5 -5,626.30 
6 -5,635.30 

10 -5,663.18 
15 -5,682.29 
20 -5,693.77 
00 -5,746.27 

NOTES: Each row corresponds to estimates of the struc- 
tural model conditional on the errors having a multivariate 
Student's-t distribution listed degrees of freedom, where infinite 
degrees of freedom denotes the Gaussian model. All listed 
distributions may be rejected in favour of t5 at conventional 
significance levels (2[L5 - L,] 4 X under the null that the true 
value of v is 5). 

smoking in late adolescence (not reported), price had no significant effect after 
stratifying by early initiation status (t = 0.41 for early initiators, t = -0.36 for 
non-early initiators), informally suggesting that price at age 14 satisfies the 
conditions required for an instrumental variable: it is correlated with the 
treatment decision but uncorrelated with the outcomes conditional on treat- 
ment. Price has smaller effects in late adolescence conditional on early smoking 
behaviour. Table 4 displays smoking participation demand slopes expressed as 
elasticities. Initiation by age 14 is price elastic: on average, a 10% increase in 
cigarette prices leads to a 13% decrease in probability of early initiation. 
However, conditional on early initiation behaviour, demand is inelastic for 
non-early initiators and essentially unrelated to price for early initiators. 

Estimated effects of the other covariates are typically of the anticipated sign 
and are usually precisely estimated. Cohort effects are large in the early initia- 
tion equation, with older cohorts less likely to smoke all else equal. In the late 
adolescent smoking equations, the birth year dummies capture both the effect of 
age on smoking propensity and cohort effects, which cannot be disentangled 
without strong cross-equation restrictions. These results reflect large changes in 
youth smoking behaviour in Canada observed during the early 1990s. 

Perhaps the most striking result in table 3 is that the statistical association 
between the smoking behaviour of friends and family and the respondent's 
smoking behaviour is greater than that for prices, risks, and other demo- 
graphic characteristics. Having a mother who smokes is associated with a 6.1 
percentage point increase in early initiation probability (t = 7.2) and a 6.4 
percentage point increase in late adolescent smoking probability if the respon- 
dent does not initiate early (t = 6.3). Each smoking friend the respondent has 
increases probability of early initiation by 1.0 percentage point (t = 13.5), 
whereas each non-smoking friend decreases probability of early initiation by 
3.3 percentage points (t = 21.5). It is not, however, valid to infer that having 
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TABLE 3 
Maximum likelihood estimates of structural smoking model (coefficients expressed as marginal effects) 

D 
Yl 

Yo 

Variable Coef t-ratio Coef t-ratio Coef t-ratio 

price(agel4) -0.175 -2.162 
price(1994) 0.013 0.609 -0.135 1.713 
born 1978 -0.036 -4.081 0.061 4.158 0.078 2.801 
born 1977 -0.062 -6.838 0.052 3.290 0.102 2.992 
born 1976 -0.118 -6.628 0.058 1.957 0.108 2.560 
born 1975 -0.116 -5.094 0.048 1.177 0.132 2.877 
father smokes 0.017 1.989 0.000 -0.019 0.025 2.524 
father former smoker 0.000 0.104 -0.006 -0.391 0.014 1.426 
sibling smokers 0.028 7.992 0.022 3.303 0.062 13.296 
mother smokes 0.062 7.224 -0.009 -0.487 0.064 6.271 
mother former smoker 0.033 3.589 -0.019 -1.005 0.048 4.807 
non-smoking friends -0.033 -21.480 -0.005 -0.704 -0.050 -29.918 
smoking friends 0.010 13.476 0.000 0.343 0.017 18.918 
smoking teachers 0.014 1.721 0.000 0.097 0.006 0.693 
taught smoking risky -0.008 -0.963 -0.002 -0.113 -0.037 -3.839 
good student -0.058 -4.964 -0.017 -0.528 -0.089 -6.562 
medium student -0.042 -3.726 -0.014 -0.534 -0.053 -4.238 
bad student 0.006 0.383 -0.047 -1.178 -0.006 -0.287 
has job 0.003 0.342 0.008 0.532 -0.006 -0.579 
hours worked / week 0.000 1.557 -0.000 -1.199 0.000 1.847 
health above avg -0.038 -4.634 0.000 0.109 -0.074 -7.921 
health below avg 0.073 6.253 0.029 1.465 0.133 8.438 
workplace restrictions -0.038 -4.279 0.019 1.078 -0.007 -0.621 
smoking risks named 0.012 4.830 -0.000 -0.355 0.024 8.590 
can legally smoke 0.018 0.215 0.016 0.352 0.003 -0.018 
knows legal smoking age 0.048 5.091 0.037 1.579 0.089 7.261 
male -0.001 -0.238 0.024 1.989 0.038 4.387 

Sr1 -0.586 2.234 

Doo -0.629 2.960 

NOTES: Marginal effects of covariates on smoking probabilities. Columns labeled D denote 
estimates of initiation equation, Y1 smoking status in late adolescence if early initiator, and Yo 
smoking status if not early initiator, t-ratios are against null that associated coefficient is zero. 
Omitted category for student performance measures is non-students. Each equation includes a 
constant. Log-likelihood = -5,626.30. 

friends and family who smoke causes the respondent's smoking behaviour 
owing to endogeneity of several varieties discussed in, for example, Manski 
(2000). See section 4.7 for further discussion. 

Respondents who reported they were still in school in 1994 were less likely 
to be early initiators and less likely to take up smoking in late adolescence if 
they did not initiate early, except if they reported being poor students, in which 
case they were about as likely as school leavers to initiate early (note that the 
omitted category is school leavers). Males and females initiated early at 
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TABLE 4 
Price elasticities 

Smoking decision Elasticity Std. err. 

early initiation (D) -1.268 0.633 
late adolescent if early initiator (Y1) 0.012 0.031 
late adolescent if not early initiator (Yo) -0.165 0.100 

NOTE: Table gives point elasticities of smoking participation with respect to contemporaneous 
price changes. 

roughly the same rate, but males were 3.8 percentage points more likely to take 
up smoking in late adolescence if they did not initiate early (t = 4.4).6 

Smokers were likely to report diminished health status; for example, a youth 
who reported that his health in 1994 was below average was 7.3 percentage 
points more likely to be an early smoking initiator (t = 6.3). Whether this 
result obtains because smoking causes substantially lower perceived health for 
youths or because unhealthy youths are more likely to take up smoking cannot 
be inferred from these data. Youths who believed smoking is more damaging 
to health were more likely to have initiated early and more likely to take up 
smoking later in adolescence if they did not initiate early. This result is con- 
sistent with the findings of Viscusi (1992) and Agee and Crocker (2001). 

Comparing determinants of smoking for early initiators and non-early 
initiators shows that generally smoking behaviour of the former group is less 
sensitive to changes in smoking determinants. That is, not only price but most 
determinants of smoking have less effect for addicted youths. Models that do 
not allow smoking determinants to vary with previous smoking behaviour may 
assume away economically meaningful changes in incentives. 

4.2. Selection on unobservables 
The estimated correlations between the unobservables, ODO and oD1, are large 
and statistically significant. The data reject the hypothesis that selection into 
early smoking initiation is random after conditioning on observed covariates.7 
The signs imply 

Cov(U1 - Uo,UD) < O, (11) 

that is, a youth who is unobservably more likely to become addicted (T U1 - Uo) 
is less likely to initiate into smoking (1 UD). Youths who experience the 
greatest costs of smoking, in the sense of acquiring an harmful addiction, are 

6 Controlling for sex differences in smoking patterns by using a dummy may obscure 
important differences in smoking behaviour that cannot be captured by shifts in the 
constant. A Chow-like LR test against the null that the coefficients in probit models of early 
initiation (not reported) are the same for men and for women yields a p-value of 0.025, 
suggesting that there are sex differences in smoking determinants and possibly addiction 
patterns, the investigation of which is left for future research. 

7 The null hypothesis DO = aD1 = 0 is soundly rejected by an LR test (p < 10-3). 
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least likely to smoke, such that sample selection occurs in the anticipated 
manner. This result is consistent with the variants of the rational addiction 
model in which individuals have imperfect information on addictiveness and 
select accordingly (Orphanides and Zervos 1995; Wang 1999). 

4.3. Heterogeneous addiction 
This section discusses the causal effect of early initiation on late adolescent 
smoking probability. The causal effects of interest are means of Y1 - Yo over 
different conditioning sets, as discussed in, for example, Aakvik, Heckman, 
and Vytlacil (2005). Auld (2002) presents the expressions used to evaluate the 
causal effect parameters for the multivariate Student model. In the present 
case, the causal effect may be considered to measure the level of addictiveness 
of smoking in the sense of Becker and Murphy (1988), who define an activity 
as addictive if increases in current consumption cause increases in future 
consumption. 

As a baseline to contrast with the distributions of results calculated from the 
structural model, simple conventional regression models were first estimated. 
Ordinary least squares estimates equation (3), where X includes the covariates 
listed in table 3, yielded an estimate of 8 of 0.519 (t = 48.11); that is, early 
initiation is associated with a 52 percentage point increase in the probability of 
late adolescent smoking. Probit regression produced similar results. Two-stage 
least squares, instrumenting D with past price, gives an estimate of 0.463 
(t = 0.90). This estimate ignores non-linearities in both stages, is difficult to 
interpret when causal effects vary across respondents, and produces an impre- 
cise estimate because linear models are very sensitive to a lack of strong 
instruments (the excluded instrument, price at age 14, has a t-statistic of 
-2.04 in the linear model). Conventional estimates, then, show that Y and D 
are still highly correlated after being residualized with respect to observed 
covariates and suggest that treating D as exogenous to Y overestimates the 
causal effect of D on Y. 

Table 5 summarizes the estimated distributions (induced by variation in X) 
of each causal effect calculated from the structural model. Standard errors and 
90% confidence intervals for the mean effects parameters were calculated using 
a parametric bootstrap off the estimated asymptotic distribution of the struc- 
tural parameters; 1,000 bootstrap replications were used. 

First, consider the average treatment effect for an individual with character- 
istics X, 

ATE(X) = E[ Y1 - YoIX]; (12) 

the causal effect conditional on covariates averaged with respect to the dis- 
tribution of UD. The ATE measures how a randomly selected youth with 
characteristics X would respond to being forced to initiate early (or to being 
prevented from initiating early). Table 5 shows that the mean of this effect - 
averaging over X and thus providing the empirical analogue of 
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TABLE 5 
Causal effect of early initiation on subsequent probability of smoking 

Bootstrapped 

percentile: 

Mean Std. dev. Std. err. 5th 95th 

ATE effect in population 0.706 0.217 0.084 0.504 0.768 
TT effect of early initiation on early 0.102 0.141 0.087 -0.036 0.236 

initiators 
MTE effect for those at the margin 0.338 0.201 0.137 0.106 0.542 
LATE effect for those who would change 0.197 0.158 0.125 -0.008 0.402 

treatment in response to a 75% 
tax change 

NOTES: Table shows summary statistics of distributions of the causal effect of daily smoking 
initiation by age 14 on the probability of daily smoking in late adolescence. MTE is evaluated at 
indifference point, uD = -Zy. Standard deviation measures variation of heterogeneous effects 
across individuals, whereas standard error and the percentile estimates are estimates of the sampling 
distribution of the mean effect based on 1,000 bootstrap samples. 

Ex[E(Yi - YojX)] = JE(Yi 
- YoIX)dF(X), (13) 

where F(X) denotes the distribution function of X - is very large, with a mean 
effect of about 70 percentage points. Table 5 and figure 2 show that its prob- 
ability mass is centred on large causal effects. Put another way, the estimates 
suggest that if the population were exogenously switched from non-early initia- 
tion to initiation, late adolescent smoking propensity would increase by 70 
percentage points. This is not an economically interesting estimate, since it 
largely measures effects for youths unlikely to initiate early regardless of policy. 

The effect of treatment on the treated, 

TT(X) = E[Y1 - YoIX, D = 1] = E[Y1 - YolX, UD > -Zy], (14) 

measures the effect of early initiation on late adolescent smoking in the sample 
of youths who actually did initiate early. Because youths who did initiate early 
tend to have high draws of UD, and UD is negatively correlated with unob- 
served addictiveness (U1 - Uo), the causal effect of early initiation among 
those who did initiate early is much smaller than the average treatment effect, 
with a mean of 0.104 and a 90% confidence interval for the mean that contains 
zero. Figure 2 shows that the distribution of TT(X) has a mode very close to 
zero and very little probability mass above 40 percentage points. The sample of 
youths who choose to initiate early experience less addiction than a randomly 
selected youth with a given X would: If all of the youths in the YSS who 
initiated into smoking by age 14 were exogenously prevented from early 
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---- Average Treatment Effect ---- Effect of Treatment on Treated 
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FIGURE 2 Heterogeneous addiction estimates 
NOTES: Kernel density estimates of distributions of the Average Treatment Effect (ATE) and 
effect of Treatment on the Treated (TT), where the 'treatment' is early initiation into daily smoking 
and the outcome is subsequent smoking behaviour. The x-axis measures the percentage point 
increase in probability of late adolescent smoking caused by early initiation into smoking. 

initiation, late adolescent smoking in this group would fall by about 10 
percentage points. 

The marginal treatment effect is the effect of early initiation on subsequent 
smoking behaviour conditional on given values of X and UD, 

MTE(X, Uo) = E[Y1 - YolX, UD]. (15) 

I choose to evaluate marginal effects at the point of indifference, 

UD = -Z'y. (16) 

This effect then measures the causal effect for individuals induced into or out 
of early initiation by a marginal change in Z. The marginal treatment effect is 
on average larger than the effect of treatment on the treated and smaller than 
the average treatment effect. 

Finally, consider the local average treatment effect of Angrist and Imbens 
(1994), which under the structure imposed by model (7) takes the form 

LATE(X) = E[Y1 - Yo jX, uD E (Zy, Zy)], (17) 

where Z differs from Z in that the value of the instruments has been varied. 
LATE(X) measures the average effect of early initiation for individuals who 
would initiate early if the vector Z were set to Z but who would not initiate 
early if Z were set to Z, conditional on X. Here, LATE is defined with respect 
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TABLE 6 
Effect of initiation by age 14 on behaviour at ages 15 through 19 

Born age in 1994 ATE TT MTE LATE 

1979 15 0.735 0.240 0.465 0.332 
1978 16 0.753 0.147 0.473 0.299 
1977 17 0.710 0.034 0.318 0.155 
1976 18 0.684 -0.031 0.202 0.079 
1975 19 0.620 -0.046 0.160 0.051 

NOTES: Table shows means of heterogenous causal effects of early smoking initiation on subsequent 
smoking behaviour stratified by cohort. Cohorts born earlier experience longer periods of calendar 
time between early initiation and observation of subsequent smoking behaviour. LATE is defined with 
respect to a 75% increase in cigarette prices. MTE is evaluated at indifference point, uD = -Zy. 

to a 75% change in the price of tobacco faced at age 14. This LATE measures 
the average effect of early initiation on subsequent behaviour among youths 
who would choose to initiate into smoking at observed prices but who would 
not choose to initiate early if tobacco prices had been 75% higher. Table 5 
shows youths deferred from initiating into smoking by such a price increase 
would exhibit an average 20% lower probability of smoking in late adolescence 
as a result, holding the price of tobacco in late adolescence constant. 

Table 6 breaks this result down by cohort. Older cohorts experience longer 
intervals of calendar time between age 14 and the time of measurement of their 
subsequent smoking behaviour. Therefore, we should expect older cohorts to be 
less influenced by their behaviour at age 14. Table 6 shows that each causal effect 
decreases with cohort age, monotonically but for one exception. For example, the 
estimates suggest that youths who choose not to take up smoking by age 14 
because of a 75% tax increase would by 33.2 percentage points less likely to 
smoke at age 15 but only 5.1 percentage points less likely to smoke at age 19. The 
estimates suggest the effect of preventing youths from taking up smoking by age 
14 is largely temporary; smoking behaviour at onset of adulthood is similar to 
what it would have been had early initiation not been prevented. 

4.4. Effect of covariates on addiction 
Observed predictors of early initiation are quite similar to observed predictors 
of subsequent smoking behaviour. The correlations between the predicted 
indexes are 

Corr(Z-, 
X/30) =0.89 

Corr(Z-, Xfl) =0.42 

Corr(X3o, X31) =0.70. (18) 

Observed characteristics that increase probability of early initiation also tend 
to increase probability of smoking in late adolescence regardless of whether 
early initiation occurs, and observed characteristics that lead to greater 
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TABLE 7 
Effect of covariates on addiction 

Variable Ex [E( 
YYo?X)] 

t-ratio 

price(1994) 0.049 0.905 
born 1978 -0.015 1.426 
born 1977 -0.048 0.334 
born 1976 -0.047 0.617 
born 1975 -0.081 -0.133 
father smokes -0.025 -0.821 
father former smoker -0.021 -0.802 
sibling smokers -0.039 -1.776 
mother smokes -0.074 -2.295 
mother former smoker -0.068 -2.431 
non-smoking friends 0.044 2.783 
smoking friends -0.016 -4.021 
smoking teachers -0.006 -0.195 
taught smoking risky 0.035 1.096 
good student 0.071 1.119 
medium student 0.038 0.532 
bad student -0.043 -0.949 
has job 0.015 0.671 
hours worked / week -0.001 -1.901 
health above avg 0.074 2.355 
health below avg -0.102 -1.129 
workplace restrictions 0.027 1.232 
smoking risks named -0.024 -2.475 
can legally smoke 0.012 0.418 
knows legal smoking age -0.050 -0.925 
male -0.013 0.201 

NOTES: Table shows effect of covariates on average treatment effect (ElY1 - Yo X]) of early 
initiation on subsequent daily smoking behaviour. A positive coefficient implies an increase in the 
covariate is associated with greater addiction. t-statistics are Wald tests against the null hypothesis 
that the coefficient in the equation for Yo is equal to that in YI; that is, /30ok = 3k. 

probability of late adolescent smoking for early initiators also tend to increase 
smoking rates among youths who do not initiate early. The degree to which 
addiction varies with observed characteristics is illustrated in table 7, which 
displays the effect of observed characteristics on the average treatment effect.8 
If xk has a positive effect on A TE(X), then an increase in xk is associated with 
an increase in addictiveness as measured by the average treatment effect. For 
example, table 7 shows each non-smoking friend is associated with an increase 
in the addictive effect of 4.4 percentage points. Direct inference on the partial 
effects is difficult; instead, a Wald test is constructed against the null that 
the coefficients in the two outcome equations are equal, and the associated 
t-ratios values are also displayed in table 7.9 

8 Following Aakvik, Heckman, and Vytlacil (2005), the effect of a covariate xk on the 
average treatment effect is calculated numerically as Ex [OE(Y1 - Yo X)/Oxk]. 

9 Under the null that the kth element of o, 30Ok, is equal to the kth element of /3, 

[V(/31k - Ok) 2(lk - /3Ok)N(0,1). 
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Much like table 6, table 7 shows that changes in behaviour at age 14 have an 
effect on subsequent behaviour that diminishes over time. The causal effect of 
early initiation is 8.1 percentage points less for 19-year-olds than 15-year-olds 
(although this effect is not statistically significant). Generally, covariates 
associated with increased probability of early initiation are associated with 
lower addiction, as anticipated, given results (18). Consistent with result (11), 
the correlation between determinants of early initiation and determinants of 
addictiveness attributable to observables is negative and large in magnitude, 

Corr [Z-,X(/1 - ~0)] = -0.94, (19) 

that is, an observed trait that increases the probability that a youth initiates 
early also tends to decrease the causal effect of initiating early on subsequent 
smoking behaviour. Taking result (11), the results presented in table 7, and the 
result immediately above together, the evidence suggests that youths most likely 
to smoke - because of either observed or unobserved determinants - tend to be 
youths for whom smoking is less addictive, in the sense that their current 
smoking decisions are less affected by their past smoking decisions. 

4.5. Simulating counterfactual tax policy 
The federal, and in some cases also provincial, cut in tobacco tax rates in 1994 
has been widely criticized by anti-smoking groups (e.g., Canadian Cancer 
Society 1999), and Hamilton et al. (1997) present evidence that quit rates 
were lower and initiation rates higher in provinces in which taxes were reduced 
in 1994. In this section, the estimated structural model is used to conduct an 
experiment evaluating the effect on youth smoking rates from changes in 
tobacco taxes. Suppose neither the 1994 decrease nor the 1991 increase in 
taxes occurred. Imagine, instead, that prices from September 1989 through 
September 1994 were held constant at their September 1990 levels rather than 
the levels that occurred historically. 

How would youth smoking rates in late 1994 have differed under this scenario? 
The counterfactual question is difficult to answer within a conventional 
econometric framework because the total effect depends on all of: the effect of 
price changes on initiation decisions, the addictiveness of smoking among youths 
affected by price changes and how this addictiveness varies with observed and 
unobserved characteristics, and on the contemporaneous effect of price on 
smoking propensity, which in turn varies with previous smoking behaviour. 

Table 8 shows early initiation and late adolescent smoking frequencies 
observed in the data, simulated probabilities evaluated at historical prices, 
and simulated probabilities evaluated at the counterfactual prices. The first 
four columns demonstrate that the model is able to mimic observed smoking 
frequencies extremely well. Even cohort-specific predicted rates are identical to 
observed frequencies to two decimal places, which lends credibility to the 
counterfactual simulation results. 



Adolescent smoking patterns 729 

TABLE 8 
Simulation results. Counterfactual tax policy leaves prices at 1990 levels through sampling period 

Simulated at 

Observed Historical prices Counterfactual prices Change 

Born D Y D Y D Y D Y 

1979 0.167 0.155 0.167 0.150 0.222 0.184 0.055 0.034 
1978 0.142 0.214 0.143 0.216 0.188 0.237 0.045 0.021 
1977 0.121 0.236 0.120 0.235 0.158 0.247 0.038 0.012 
1976 0.092 0.268 0.092 0.264 0.092 0.263 0.000 0.000 
1975 0.113 0.313 0.114 0.311 0.108 0.308 -0.006 -0.003 
Overall 0.130 0.230 0.130 0.228 0.160 0.242 0.030 0.014 

NOTES: Table shows simulation results stratified by cohort and for the entire sample. Columns 
labelled D report means of early initiation choices, and columns labelled Y report means of smoking 
decisions in late adolescence. The columns labelled 'change' displays the differences between the 
simulated outcomes at counterfactual and historical prices. 

The counterfactual results indicate that, had the tax increase over 1991-4 
not occurred, early initiation would have risen three percentage points from 
13% to 16%. Because the causal effect is relatively low for youths induced to 
alter behaviour by such price changes, the long-term effect is smaller. 
Counterfactual smoking probability is predicted to be 1.4 percentage points 
higher among 15- through 19-year-olds. There is substantial variation in this 
effect across cohorts. The oldest two cohorts, who were 14 in 1989 and 1990, 
experience counterfactual prices at time of early initiation that are unaltered or 
little changed under the counterfactual scenario. These cohorts then have very 
similar historical and counterfactual smoking profiles. The younger cohorts 
face substantially higher prices at age 14 and take up smoking at lower rates. 
The youngest cohort is predicted to increase early initiation frequency from 
16.7% at observed prices to 22.2% under the counterfactual prices, a 5.5 
percentage point increase, which translates into a 3.4 percentage point increase 
in smoking at age 15 because of addiction. This eventual effect falls to 2.1 per- 
centage points for 16-year-olds and to 1.2 percentage points for 17-year-olds. 

The simulation results suggest that, had the transient tax hike never 
occurred, smoking rates among youths who were 15 through 19 in 1994 
would gave been about 1.4 percentage points higher than occurred historically. 
Older youths in this cohort experience smaller changes in their behaviour as a 
result of past tax changes than their younger counterparts. 

4.6. Robustness to exclusion of social interaction terms 
The covariates measuring the smoking behaviour of the respondents' friends 
and family are potentially endogenous. The respondent's own smoking 
behaviour may affect the smoking behaviour of others, youths may form 
friendships based on characteristics such as smoking behaviour, and families 
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TABLE 9 
Robustness to exclusion of social interaction terms 

With interactions Without interactions 

Elasticities 
early initiation (D) -1.268 -1.579 
late adolescent smoking if early initiator (Y1) 0.012 0.203 
late adolescent smoking if not early initiator (Yo) -0.165 -0.233 

Causal effects 
Average treatment effect 0.706 0.716 
Effect of treatment on treated 0.102 0.139 
Marginal treatment effect 0.338 0.387 
Local average treatment effect 0.197 0.219 

Simulation results (all cohorts) 
Predicted D at counterfactual prices 0.160 0.174 
Predicted Y at counterfactual prices 0.242 0.253 

NOTES: The first column displays results calculated from the structural model including controls 
for the smoking behaviour of friends and siblings. The second column displays the same results 
when these covariates are excluded from the structural model. 

may sort across neighbourhoods on characteristics correlated with smoking 
rates (Manski 2000). Either conditioning on or excluding endogenous covari- 
ates is potentially problematic, and therefore the main results are presented in 
this section with and without peer effects to check robustness. 

Results with and without friend and sibling interaction terms are presented 
in table 9. The first column displays the result calculated from the structural 
model including controls for the smoking behaviour of friends and siblings, as 
previously discussed. The second column shows the results calculated from a 
structural model excluding these controls. 

When friends' and siblings' smoking behaviour is not held constant, the 
price elasticity of early initiation rises in magnitude from about -1.3 to about 
-1.6. Similarly, the price elasticity of smoking participation in late adolescence 
if early initiation does not occur changes from -0.16 to -0.23. The late 
adolescent smoking behaviour of early initiators becomes somewhat more 
positively related to price, although this result is very imprecisely estimated 
(t = 0.56). This increase in the elasticity of demand when peer effects are not 
held constant is similar to the findings of Sen and Wirjanto (2002) and Powell, 
Tauras, and Ross (2003). The estimates here suggest that peer effects on 
smoking initiation decisions may be much greater than peer effects on cessa- 
tion decisions. 

The causal effect estimates increase slightly when peer effects are excluded. 
The mean marginal treatment effect increases the most, from 0.338 to 0.387. 
The increase in price elasticities translates in the simulations into a larger effect 
of a given transient price change on eventual smoking rates because the given 
change in price is estimated to cause greater changes in contemporaneous 
behaviour, which in turn translates into larger effects over time. Early 
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initiation frequency at (lower) counterfactual prices rises from 0.160 in the 
model with peer effects to 0.174 in the model excluding peer effects, and the 
change in overall smoking rates is predicted to be 2.5 percentage points, as 
opposed to 1.4 points in the model without peer effects. 

Overall, the major results are very similar with and without conditioning 
on the behaviour of friends and family. When such behaviour is not held 
constant, youths are estimated to exhibit greater response to price changes 
and the addictive effect of past behaviour on current behaviour increases 
modestly. 

5. Conclusions 

Correlation over time in smoking behaviour could be attributable to either a 
causal effect of past on current smoking (i.e., an addictive effect) or correlation 
over time in tastes and other incentives to smoke. Preventing youth smoking 
will only reduce adult smoking rates to the extent that this correlation reflects 
causality. In this paper an econometric model was developed and estimated to 
measure causality over time in the smoking behaviour of Canadian youths in 
the 1990s, paying particular attention to the theoretical prediction that addic- 
tiveness varies across people, and therefore marginal youths whose smoking 
patterns are changed by policy may experience different addictive effects than 
other youths. 

The results suggest that smoking is addictive for almost all youths. 
However, youths who do start smoking early or who are likely to be prevented 
or induced to take up smoking early by policy changes experience a much 
smaller addictive effect than other youths. The average youth in the popula- 
tion, for example, experiences an increase in the probability of late adolescent 
smoking of 71 percentage points if she is exogenously induced to initiate 
smoking early. However, this effect is only 20 percentage points in the sub- 
population of marginal youths who would change their smoking status in 
response to a 75% change in tobacco prices. Further, the marginal causal 
effect of smoking at age 14 on subsequent smoking behaviour diminishes 
rapidly with age, essentially vanishing by age 19. Consistent with the results 
of Glied (2002), the estimates suggest that policies that deter early initiation 
will not have large effects on eventual smoking rates. 

The estimated structural model suggests that initiation decisions in early 
adolescence are price sensitive (with an elasticity of -1.3), but that, conditional 
on early smoking status, later decisions are little affected by price. The model 
further reveals that smoking is less sensitive to changes in incentives other than 
price for addicted youths. If social interaction effects are excluded from the 
model, the price elasticity of smoking initiation markedly increases in magni- 
tude, but, conditional on previous initiation, smoking propensity is inelastic 
even when peer behaviour is not held constant. 



732 M.C. Auld 

Appendix: The likelihood function 

The observed outcomes for an individual are (Y, D, X, Z). Given the structure 
imposed by equations (7) and (8) and the assumption that the errors U are 
distributed multivariate Student's t, the contributions to the likelihood take the 
form of bivariate integrals over the Student density. For example, conditional 
on degrees of freedom v, the probability of observing the event (D = 1, 
Y = 1), given (X,Z) (suppressing subscripting for individuals), is 

Pr 
(D. 1, Y = 1IX, Z, v) = ,(s; D )ds, 

-Zy -Xfl1 

where 
D•D 

denotes the 2 x 2 covariance matrix of (UD, U1) and 
t,(.) 

denotes 
the bivariate Student density with degrees of freedom v, as given by equation 
(9) in the text. This expression follows from the properties of the multivariate 
Student distribution; see Johnson and Kotz (1972). 

The likelihood function conditional on v can be expressed 

-zy -xpo L =Z(s 
Do)ds 

D = 0, Yo = 0 - -m 
--oo --(3( 

-Z7 oo 

D = 0, 
Yo1- -XOo 

(20) 
o00 -X1 

17x _ tv,(s; ZD1)ds 
D= 1,YI - 

-Zy -oo 

xD 1,Y1 
J t(s; DI)ds, 

wee Y=d -Zy -X2t 

where EDj denotes the 2 x 2 covariance matrix of (UD Uj). 
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