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Abstract

We examine the optimal design of policies directed at regulating tobacco consumption through two types 
of instruments: taxation and anti-smoking mass media campaigns. We find that the main role of taxation is 
to correct for the population-average internal costs of smoking, while anti-smoking campaigns serve a 
complementary role. Namely, they add to the social welfare benefits of tobacco regulation as they are 
relatively more effective than taxation at discouraging smoking by individuals characterized by low de
grees of self-control and high smoke-related health
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1. Introduction

Many countries routinely implement policy interventions to regulate tobacco consump
tion. Historically, taxation has been the main instrument used by governments, initially just 
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as a revenue-raising device, subsequently also as a mean to limit tobacco consumption.1

More recently, smoking prevention policies such as information-campaign programs about 
smoke-related diseases have gained importance in complementing taxation as tobacco 
control policies.2 The empirical evidence reported in Section 2 shows that anti-smoking 
campaigns play an important role in tobacco control, complementing that of taxation. 
However, while the theoretical underpinnings of tobacco taxation have a long history, those 
of prevention policies are still limited.3 The main purpose of this paper is to investigate how 
a non-price regulatory instrument adds to and interacts with taxation in the design of tobacco 
control policies.

We develop a framework in which a policy maker can use two types of regulatory instru
ments: (i) an excise tax that discourages tobacco consumption by increasing its price, and (ii) 
anti-smoking campaigns that affect consumption by inducing individuals to be more self- 
controlled when taking smoking decisions. We consider a population of consumers that are 
heterogeneous along several dimensions, such as the intensity of preferences for smoking, the 
size of future health harms caused by tobacco consumption, the degree of self-control in 
smoking, and the responsiveness to anti-smoking mass media campaigns. Our theoretical model 
of smoking behavior extends O’Donoghue and Rabin (2005, 2006) and Kőszegi (2005) — who 
examine the socially optimal level of taxation of a harmful good that is consumed by individuals 
lacking self-control — by explicitly considering the role of anti-smoking campaigns in reg
ulating tobacco consumption.4

Our normative analysis shows how anti-smoking mass media campaigns can usefully 
complement taxation in controlling tobacco consumption. Ideally, a set of individual-specific 
taxes would allow to implement the first best, hence making other instruments redundant. 
However, individual-specific taxes are unfeasible in practice, because of lack of information 
and high administrative costs. Therefore, policy makers rely on second-best uniform taxation, 
which in turn calls for the introduction of additional policy instruments targeting specific in
efficiencies. Prevention programs are useful in mitigating these inefficiencies.

Second-best efficient taxation requires a tax rate equal to the population average marginal 
health costs that smokers fail to internalize into their consumption decisions because of lack 
of self-control. This benchmark rate needs then to be adjusted depending on the degree of 
heterogeneity in smokers’ responses to the tax induced price increase.5 Nonetheless, as 
taxation mainly addresses the average ‘internalities’, additional policy instruments can be 

1 In the UK, excise duty on tobacco was first introduced in 1660 (Report on tobacco taxation in the United Kingdom, 
WHO). In the U.S.A., the first federal excise tax on tobacco products was introduced in 1862, while the first state tax 
was introduced in Iowa in 1921 (Tax Foundation). The Australian government has imposed an excise tax on tobacco 
products since 1901 (Australian Government, The Department of Health).

2 Other instruments — such as smoke-free-air laws, smoking bans, and restrictions on youth access to tobacco 
products — are also widely used. Restrictions on advertising seem particularly important, given the impact of cigarette 
advertising on U.S. cigarette demand (see Goel, 2009).

3 A notable exception is the theoretical model by Adda and Cornaglia (2010), which is used to build an empirical 
analysis on the interplay between smoking bans and taxes to limit passive smoking.

4 Although our analysis is framed in terms of tobacco products, it can be extended to other types of harmful goods, 
like alcoholic drinks, drugs, or unhealthy food.

5 Being based on the characteristics of the ‘average’ smoker, the benchmark tax rate does not properly account for 
individuals’ heterogeneity in terms of health harms and degrees of self-control. A mark-up over the benchmark rate 
turns out to be optimal when smokers suffering above-average internal costs (higher health harms, or lower degrees of 
self-control) are more reactive to taxation than those experiencing below-average internal costs.
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useful to better account for consumers’ heterogeneity. In particular, the usage of anti-smoking 
campaigns determines more diversified responses than those implied by taxation for in
dividuals with different internal costs of smoking. The ability to better account for agents’ 
heterogeneity implies social welfare gains that justify in themselves the introduction of anti- 
smoking campaigns.

The implications we derive in terms of the optimal structure of regulation policy are clear- 
cut. Whenever it is optimal to use both instruments, the second-best optimal tax rate — where 
taxation is joined by prevention programs to regulate tobacco consumption — is lower than the 
third-best optimal tax rate — where only taxation is used. Indeed, the non-price instrument 
crowds-out the price instrument.

The rest of the paper is organized as follows. Section 2 reviews the literature on tobacco 
regulation and provides descriptive evidence on the relevance of taxation and prevention pro
grams in tobacco control policies. Our theoretical model is introduced in Section 3. Section 4
defines individual and social welfare and examines the optimal structure of tobacco regulation 
policies. Section 5 calibrates the theoretical model to empirical data, leading to novel insights in 
terms of policy making. Section 6 concludes.

2. Related literature, stylized facts, and policy issue

Most of the available theoretical literature focuses on the role of taxation in regulating 
tobacco consumption. There are at least three ‘traditional’ arguments in favor of tobacco 
taxation. First, it is simple to administer, and it constitutes a good source of tax revenue both 
at the central and at the sub-central levels of government. Second, it represents a 
straightforward way to have smokers paying for the pecuniary externalities they impose on 
society due to the extra health care costs associated to the treatment of smoking related 
diseases. Third, according to a paternalistic view, it helps discouraging tobacco consump
tion, seen as a harmful good that would otherwise be consumed in excessive quantities by 
‘boundedly rational’ consumers.

There are also ‘traditional’ arguments against tobacco taxation. For instance, the paternalistic 
view has been forcefully criticized by Becker and Murphy (1988) based on the idea of rational 
addiction, according to which smoking habits are the result of optimizing choices by rational 
agents. Moreover, it has been argued that the burden of tobacco taxation is regressive (and 
hence problematic on equity grounds; see, e.g., Gospodinov & Irvine, 2009), since cigarettes 
consumption accounts for a larger share of the income of poor households.

A recent literature has both revisited and challenged the pros and cons of tobacco taxation 
(e.g., Gruber, 2001, Gruber & Kőszegi, 2008; U.S. National Cancer Institute and World Health 
Organization (2016), Ch. 4, for comprehensive non-technical surveys). The idea that smokers 
may not behave in a fully rational way has been reconsidered using the theory of intertemporal 
choices with hyperbolic discounting (on the latter, see, among others, Laibson, 1997). Gruber 
and Kőszegi (2004) and O’Donoghue and Rabin (2006) provide a rigorous underpinning of the 
role that taxation can play in correcting time inconsistent choices by the consumers of a harmful 
good. Other contributions (e.g., Gruber & Kőszegi, 2008) have rejected the pecuniary ex
ternality argument in favor of tobacco taxation, holding that the burden imposed by smoking on 
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health care systems is approximately of the same magnitude as the savings on retirement ex
penditures, since smokers have a shorter life expectation than non-smokers.6 Finally, some 
authors (e.g. Gruber & Kőszegi, 2004 and Kotakorpi, 2008) argued that the taxation of ci
garettes consumption may show a burden profile that is progressive in welfare terms, rather than 
regressive. The intuition is simple. In a setting of time inconsistent behavior, tobacco taxation 
plays a corrective role by reducing over-consumption. However, since low-income consumers 
are more sensitive to tax induced price changes than high income consumers, taxation may turn 
out to benefit more the low than the high-income individuals, hence showing a progressive 
pattern in terms of welfare gains.

While the theoretical literature has focused mainly on the role of taxation, the empirical 
research has carefully also investigated the impact of non-price instruments on tobacco 
consumption.7 Chaloupka and Wechsler (1997) examine how taxation and smoking re
strictions in public places affect tobacco consumption by young adults, while Evans et al. 
(1999) focus on workplace smoking bans. Rousu et al. (2014) estimate the value for 
smokers of the information conveyed through warning labels on cigarettes packages. Xu 
et al. (2015) investigate the consequences of Tips From Former Smokers (Tips) — the first 
federally funded national mass media anti-smoking campaign launched in the U.S. in 2012 
— finding robust evidence that the program has been cost-effective at successfully reducing 
morbidity and mortality associated to smoking. Also, a recent survey in U.S. National 
Cancer Institute and World Health Organization (2016, Ch. 8) has shown that information 
programs — including anti-smoking mass media campaigns — are necessary and effective 
tools in modern tobacco control policies, because of consumers’ limited awareness about 
the risks of smoking.

There is abundant evidence on the diffusion of taxation and anti-smoking campaigns 
policies around the world. The Global Health Observatory (GHO) of the World Health 
Organization routinely computes categorical indicators about the level of taxes levied on 
cigarettes and the intensity and coverage of anti-smoking mass media campaigns in a 
number of countries. For both taxation and anti-smoking campaigns (see Appendix A.1 for 
the definition of each indicator), there is a specific indicator taking values {2,3,4,5}, 
where higher values correspond to a progressively more intense usage of the instrument.8

Table 1 shows, for both indicators, the number of countries for which the corresponding 
indicator takes a specific value in years 2010 and 2018 (the most recent available data). 
About 15% of the reporting countries (182 in 2010, 185 in 2018) barely use taxes ( = 2), 
with a total tax burden as a percentage of the price of cigarettes around 15% (as shown in 
the bottom part of Table 1, reporting the average tax rate for each category of the indicator). 
About two-thirds of the countries make a significant use of tobacco taxes ( = 3,4), while 
about 15% of them in 2010 and 20% in 2018 set taxes exceeding 75% of tobacco retail price 
( = 5). Conversely, more than 50% of the countries make a limited use of anti-smoking 

6 See Crawford et al. (2010), for a critical assessment of the empirical literature on the estimation of the net social 
costs of smoking, as well as Bilgic et al. (2013) for an analysis of tobacco spending patterns and their health-related 
implications.

7 Several empirical contributions deal with the impact of taxation on smoking habits as well. See, e.g., Chaloupka 
et al. (2012), and U.S. National Cancer Institute and World Health Organization, 2016, Ch. 4, for throughout accounts, 
as well as Escario and Molina (2004) for an analysis of optimally differentiated taxes on tobacco.

8 A value = 1 indicates that data are not reported or not categorized; hence we omit such occurrences from the 
analysis.
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campaigns ( = 2), with the remaining countries being much more concentrated around the 
maximal value of the index rather than the central values.

The distribution of pairwise combinations of the two indicators is represented in Fig. 1a by 
means of a scatter plot, where the size of the circles is proportional to the total number of 
countries characterized by the corresponding pair of indicators (the number of countries, 163 in 
total, is also reported in the circles). Fig. 1a shows that countries exerting minimum or low 
effort ( = 2,3) on anti-smoking mass media campaigns are roughly uniformly distributed along 
the tax index, with a prevalence of central ( = 3,4) over extreme scores ( = 2,5). There are, 
however, 42 countries (26% of the total) that rely heavily both on taxation and anti-smoking 
campaigns, scoring 4 or 5 in both dimensions. As the figure shows, there is no evident cor
relation between the two policy instruments.

Figure 1b shows the scatter plot of total taxation as a percentage of the price of the most sold 
brands of cigarettes in 2010 and 2018 for a sample of 140 countries.9 For 89 countries, 63% of 
the total, taxation is higher in 2018 than in 2010, while it is lower for 49 and unchanged for 2. 
The figure also shows that there are no clear patterns between the changes in the level of 
taxation and the changes in the intensity and coverage of anti-smoking mass media campaigns. 
The 44 countries that adopted more intense anti-smoking campaigns in 2018 than in 2010 
(represented in blue) are not only those that increased taxation in the same period but also those 
that reduced it. The same observation holds for the 62 countries that did not change (in green) 
and the 34 countries that reduced (in red) the intensity and coverage of anti-smoking campaigns 
programs over the period 2010–2018.

Overall, these data show that policy makers do not rely exclusively (or even primarily) on 
taxation to restrict tobacco consumption, although there is a large heterogeneity among coun
tries both in the extent and in the mix of the adopted measures. Therefore, in a theoretical 
perspective, it is important to move beyond a framework that only focuses on the role of taxes, 
properly accounting for the usage of additional instruments as well and highlighting the im
plications of their interplay.

Table 1 
Tobacco control policies indicators. 

distribution of countries on four-scale indicators

scores

indicator year 2 3 4 5 total

taxation 2010 29 63 62 28 182
taxation 2018 24 61 62 38 185

anti-smoking mass media campaigns 2010 97 9 28 35 169
anti-smoking mass media campaigns 2018 91 14 28 39 172

taxes as % of price of cigarettes 2010 15.2 36.2 63.5 79.7 48.8
taxes as % of price of cigarettes 2018 15.1 38.6 63.7 79.9 52.4

Source: WHO, Global Health Observatory

9 The sample is composed of countries reporting data on both taxation and anti-smoking campaigns in both years 
considered.

L. Colombo and U. Galmarini Journal of Policy Modeling 45 (2023) 31–57

35



Fig. 1. a. Taxation and Antismoking campaigns indicators (2018). b. Taxation and Antismoking campaigns trends: 
2010–2018.
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3. The theoretical model

Our theoretical framework builds on O’Donoghue and Rabin (2005, 2006) and Kőszegi 
(2005), who investigate the role of taxation and anti-smoking mass media campaigns for 
controlling tobacco consumption.

3.1. Preferences, health costs, and anti-smoking campaigns

We consider individuals who consume two types of goods: tobacco, denoted by x, and a 
‘standard’ consumption good, denoted by y. The utility function takes the form

= +u x y v x; y z; xb( , ) ( ) ( ) , (1) 

where v (.) is a strictly concave function of x, such that v 0x and <v 0xx , and is a vector of 
taste parameters allowing for heterogeneity among smokers about their preferences for tobacco 
consumption. To guarantee an interior solution in x, we assume that = +vlimx x0 , 

=+ vlim 0x x .10 Note that the utility function (1) is linear in y, implying that all income effects 
fall on the demand of the standard consumption good.

The future harm for smokers’ health, which is assumed to be proportional to the amount of 
current tobacco consumption, is captured by the third term of the utility function (1). The present 
value of future harm for each unit of current tobacco consumption is perceived by the consumer as 
being equal to , where the parameter 0 is the value of health harm, (0,1) is the 
discount factor, and [0,1] is the quasi-hyperbolic discounting parameter, which captures in 
reduced form the degree of time inconsistency (or lack of self-control) in consumer behavior.11

Note that < 1 implies overconsumption with respect to the efficient level of consumption, 
whereas = 1 implies fully rational behavior (more on this in Section 4.1). We assume that the 
parameter can be positively affected by the amount of public spending z 0 that finances mass 
media campaigns and prevention programs against smoking. As documented in Section 2, these 
are forms of regulation that are quite effective at curbing tobacco consumption. We formalize this 
effect by assuming that the relationship between and z is given by the function z;b( ), where 

0z , 0zz , and b is a vector of taste parameters that allows for heterogeneous individual 
responses to anti-smoking campaigns. The concavity of (.) in z has a natural interpretation. 
Since higher spending on anti-smoking campaigns means that consumers receive more in
formation about health risks, we assume that a consumer’s degree of self-control does not 
decrease with z. However, since the production of ‘effective’ information occurs under decreasing 
returns, the marginal impact of higher spending z on is non-increasing; i.e., the marginal impact 
on smokers’ behavior of anti-smoking campaigns is a decreasing function of their frequency and 
intensity.

10 For ease of analytical tractability, we consider a framework in which all individuals consume a positive amount of 
the harmful good. Non-smokers can be accommodated into the model by letting a group of individuals be characterized 
by a very steep marginal utility v (.)x , so that their tobacco consumption, albeit positive, is negligible.
11 The assumption that smokers may lack self-control (i.e., < 1) while they are correctly informed about the true 

risks of tobacco use (i.e., the value of ) is consistent with the evidence reported by Khwaja et al. (2009). Further issues 
about smokers’ inter-temporal choices — risk preferences, time discounting, abilities to plan — are critically assessed 
in Khwaja et al. (2007a, 2007b), and Scott et al. (2014).
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3.2. Individual consumption decisions

Both consumption goods are exchanged in perfectly competitive markets.12 Production costs 
are linear, with marginal costs equal to average costs, normalized to one for both goods. Good y
is the numeraire. The market price of good x is equal to = +p t1 , where t 0 is a specific 
(excise) tax on cigarettes consumption, levied on producers.

Each individual is endowed with an exogenously given income I . The consumer’s budget 
constraint is thus equal to +px y I . By substituting =y I px into Eq. (1), the utility 
function can be expressed as a function of tobacco consumption only, i.e.

= + + +u x v x; t z; x Ib( ) ( ) (1 ( ) ) . (2) 

The first order condition for maximizing the utility function with respect to x can be 
written as13

= + +v x; t z;b( ) 1 ( ) ,x (3) 

from which we obtain >x t z( , ) 0 as a unique solution. By substituting the smoker’s con
sumption x into Eq. (2), we obtain the consumer’s indirect utility function

= + + +u t z v x t z; x Ib( , ) ( ; ) (1 ( ) ) . (4) 

4. Social welfare and optimal policy

4.1. Individual welfare

Utility function (2), by representing a smoker’s utility at the time when smoking takes place, 
is the appropriate one to carry out a positive analysis of smokers’ actual behavior. However, as 
argued by Kőszegi (2005), for the normative analysis of tobacco regulation a different welfare 
measure is required. According to Kőszegi (2005), a smoker typically looks at tobacco con
sumption from at least two different perspectives. On the one hand, she takes decisions about 
current consumption. On the other hand, she makes resolutions about future tobacco con
sumption.

Hence, the utility function when consumption takes place is, in general, different than the 
one the individual uses when planning consumption. To properly account for the peculiarities 
of smokers’ choices about tobacco consumption, and consistently with a consolidated lit
erature on the optimal taxation of sin goods (e.g., Gruber & Kőszegi, 2004, Kőszegi, 2005, 
O’Donoghue & Rabin, 2006), we rely on the following utility function to study optimal 
tobacco regulation:

= + + +w x v x; t x I( ) ( ) (1 ) . (5) 

What distinguishes utility functions (2) and (5) is the presence, in the former, of the quasi- 
hyperbolic discounting parameter (Laibson, 1997; O’Donoghue & Rabin, 1999) in front of the 

12 We focus on perfectly competitive markets, despite the fact that cigarettes’ manufacturers typically have market 
power, as our goal is to investigate how the policy instruments can be used to correct for inefficient consumers’ 
behavior. We briefly discuss the implications of producers’ market power in Section 6.
13 Second order conditions for a maximum hold by strict concavity of the utility function (2).
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health costs the smoker will suffer in the future.14 The framework of quasi-hyperbolic dis
counting refers to different ‘selves’ of the same individual in different time periods. When 
considering the optimal consumption of harmful goods she would like to undertake in the 
future, a self of the consumer (self I) trades-off future hedonic pleasure and future health costs 
at the discount factor . However, when the actual consumption choice is made, a different self 
of the same consumer (‘self-II’) trades-off current pleasure with future health damages at the 
quasi-hyperbolic discount factor . This implies, for < 1, that the actual consumption of 
harmful goods made by ‘self-II’ is greater than that planned by ‘self-I′, because the former has 
preferences that are biased in favor of immediate gratification and she behaves in an impatient, 
time inconsistent, manner (from the point of view of ‘self-I′).

Let =w w x( ) be welfare function (5) evaluated at the consumption choice x that maximizes 
utility function (2), giving the indirect utility =u u x( ) in Eq. (4). It is immediate to see that the 
welfare measure w and the indirect utility u are linked as follows:

=w t z u t z z x t z( , ) ( , ) (1 ( )) ( , ). (6) 

Hence, the welfare measure is obtained by subtracting from the indirect utility the compo
nent of health harm, x(1 ) , that the smoker does not internalize in her consumption de
cisions because of lack of self- control.

4.2. Social welfare

We consider a continuum of heterogeneous consumer types, each one characterized by the 
set = b{ , , , } of individual attributes. Let F (.) be the cumulative distribution of types in 
the support set of the parameters and denote with E[ ] the expected value of the parameter , 
with element of .

To define aggregate welfare, we adopt the utilitarian criterion by first adding up the in
dividual welfare levels w, defined in Eq. (6), to obtain the aggregate measure wE[ ] (as the mass 
of the population is normalized to one, the average value for the entire population is equal to the 
aggregate value) and then by accounting for aggregate net public revenues, which are equal to 
the revenues from tobacco taxation, txE[ ], less the expenditure z on anti-smoking cam
paigns, i.e.15

=T t z tx t z z( , ) E[ ( , )] . (7) 

Assuming that the latter are distributed to consumers by means of lump sum transfers, our 
comprehensive measure of social welfare is given by

= +t z w T( , ) E[ ] . (8) 

Note that, since the individual utility function is quasi-linear, the marginal utility of income 
is constant and equal to one for all consumers, and therefore there are no income effects on 
tobacco demand. This, combined with the utilitarian criterion used to define social welfare, 
entails that we can sum the net public revenues T to aggregate consumers’ welfare wE[ ] without 

14 Quasi-hyperbolic discounting implies that the marginal rate of substitution between two temporally subsequent 
welfare outcomes, both occurring in the future, is equal to the discount factor , while that between a current and a one- 
period-forward outcome is equal to . Hence, when < 1, the individual assigns a greater weight to current than to 
future outcomes.
15 As it is standard in the literature on optimal taxation, we assume that there are no costs for tax administration.
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loss of generality. In fact, social welfare as defined in Eq. (8) is invariant with respect to the 
actual distribution of net revenues among consumers through lump sum transfers.16 In terms of 
our normative analysis, this implies that the objective function (8) accounts only for the social 
welfare benefits and costs of policy intervention in terms of efficiency. Indeed, distributional 
issues among heterogeneous individuals are outside the scope of the paper.

4.3. Efficient regulation of tobacco consumption

We characterize the efficient structure of tobacco regulation by considering a policy maker 
that sets the policy instruments t z( , ) with the aim of maximizing the social welfare function 
defined in Eq. (8). By applying the implicit function theorem to the first order condition (3), we 
immediately obtain that both policy instruments have a negative impact on tobacco con
sumption, i.e.

= < =x v x x1/ 0, 0.t xx z z t (9) 

Eq. (9) also shows that the impact of prevention programs on tobacco consumption is 
proportional, by the factor z , to that of taxation. This means that the behavioral responses in 
terms of tobacco consumption triggered by the policy instrument z are more diversified than 
those triggered by taxation, as the term z may be different for distinct types of smokers. Note 
that anti-smoking campaign programs determine more intense behavioral responses by smokers 
that suffer higher health costs due to smoking and that respond more to additional information 
on the hazards of smoking, as expressed by high values of z.

By differentiating Eq. (8) with respect to the policy instruments, we obtain

= + +u x t x xE[ (1 ) ] E[ ] E[ ],t t t t (10) 

= + +u x x t xE[ (1 ) ] E[ ] 1.z z z z z (11) 

Using the envelope theorem, we have that =u xt and =u xz z , so that Eqs. (10) and 
(11) can be rewritten as

= +x t xE[(1 ) ] E[ ],t t t (12) 

= +x t xE[(1 ) ] E[ ] 1.z z z (13) 

In both derivatives (12) and (13), the first term on the right-hand side represents the marginal 
benefits ensuing from the reductions in the internal costs of smoking that stem from the increase 
of the corresponding policy instrument, while the second term captures the marginal excess 
burden, expressed as the part of consumers’ surplus reduction that is not rebated to individuals 
through the distribution of tax revenues. Finally, the third term of the derivative (13) is the 
marginal cost of government spending for anti-smoking campaigns.

Eqs. (12) and (13) can be used to characterize the optimal structure of tobacco control policy. 
Consider first the optimal level of tobacco taxation, for given expenditure on anti-smoking 
campaigns. Formally, by using the covariance decomposition to rewrite the first addendum on 
the right-hand side of Eq. (12), setting = 0t , and rearranging terms, we obtain that, for given 
expenditure z in anti-smoking campaigns, the optimal tax rate t z*( ) solves

16 For the same reasons, in Section 3.2, we ignore in the consumer’s budget constraint the lump sum transfer paid by 
the government.
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= + =t B B
x

x
E[(1 ) ](1 ), where

cov[(1 ) , ]

E[(1 ) ]E[ ]
.t t

t

t

(14) 

Although Eq. (14) does not provide an explicit expression for the optimal tax rate, it 
highlights how taxation corrects for the inefficiencies stemming from the internal costs of 
smoking. The first component of the optimal tax rate (E[(1 ) ]) is the population-average 
marginal-internality — i.e., the average value of future health costs per unit of tobacco con
sumption that smokers fail to internalize into their consumption decisions because of lack of 
self-control. This term is scaled up or down by the factor Bt, the sign of which depends on the 
correlation between the individual marginal internal costs (1 ) and the individual re
sponses xt of tobacco consumption to the tax-induced increase in the price of tobacco. If the 
covariance between (1 ) and xt is negative, then taxation is more effective at discouraging 
smoking among individuals characterized by high rather than low internal costs.17 Similar ar
guments (with opposite signs) hold if the covariance is positive. In principle, first-best taxation 
would require an array of personalized tax rates tailored to the size of individual internalities 
(1 ) . However, since such personalized taxes are unfeasible, a uniform tax E[(1 ) ]
is applied, which means that a higher (respectively, lower) tax rate would be desirable for 
smokers with above-average (respectively, below-average) internal costs. Note that such uni
form tax would be (second best) optimal only in the special case in which the smokers’ be
havioral responses to the tax-induced increases in the price of tobacco were uniform, i.e., if 

=B 0t . Instead, if the behavioral responses are heterogenous, optimality requires to adjust the 
tax rate towards the internality levels of those smokers who are more responsive to taxation.18

Eq. (14) also sheds light on the direct relationship between taxation and spending in anti- 
smoking campaigns, showing that an increase in spending on anti-smoking campaigns z, by 
lowering , lowers the optimal tax rate.19

The next step in the analysis of policy intervention is to ask to what extent, in the presence of 
an optimal tobacco tax, there is a role also for anti-smoking campaigns. Standard algebra (see 
Appendix A.2) shows that Eq. (13) can be rewritten, for =t t z*( ), as

= x B B* 1 E[(1 ) ]E[ *]( * *),z z z t (15) 

where B*
z is defined as in Eq. (14) with x*t replaced by x*z , and all variables that depend on t z*( )

(defined by Eq. (14)) are indicated with the superscript * . The minus one on the right-hand side 
of Eq. (15) is the direct welfare cost of an additional dollar of public spending z on anti-smoking 
campaigns. Additional spending is thus socially worth if it brings about additional welfare 
benefits of at least the same value, as represented by the internalities in the second term of the 
equation. Notably, this term depends on the wedge between the scaling factors associated to the 
policy instruments z and t.

Recall that B*
z (resp. B*

t ) accounts for the degree of correlation between x*z (resp. x*t ) and 
(1 ) , i.e. for the degree of correlation between the behavioral responses to policy 

17 Indeed, in this case, it is >B 0t (Bt is positive if the covariance is negative, since xE[ ]t is negative), so that the term 
+ B1 t scales up E[(1 ) ].

18 The sign of the scaling factor Bt is clearly an empirical matter. Lacking available evidence, we refer to our nu
merical examples in Section 5, pointing to a significant negative correlation between (1 ) and xt .
19 The statement highlights only the direct effect of policy instrument z on the efficient tax rate. As implied by Eq. 

(14), there are also (second order) indirect effects originating from the impact of z on tobacco demand functions.
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instruments and the marginal internal costs of tobacco consumption. Hence, if B*
z and B*

t are 
both positive, then anti-smoking campaigns bring about additional welfare benefits (on top of 
those already reaped through taxation) only if > >B B* * 0z t — i.e. if the degree of (negative) 

correlation of (1 ) with x*z exceeds that with x*t . Instead, if B*
z and B*

t are both negative, 

then anti-smoking campaigns are useful only if < <B B* * 0t z , which means that the degree of 
(positive) correlation of (1 ) with x*z is weaker than that with x*t .

Note that, under general conditions, the term B B* *
z t in Eq. (15) is greater than zero, 

implying that anti-smoking campaigns are indeed a useful instrument to regulate tobacco 
consumption even if an optimal tax is already employed. To see why, focus on the special 
case in which all taste parameters are mutually uncorrelated and the consumers’ utility 
function v (.) is quadratic. Under these assumptions, one can see that =B 0*

t and (see 
Appendix A.2)

= + + >B* cov[(1 ) ]

E[1 ]E[ ]

var[ ]

E[ ]

cov[(1 ) ]var[ ]

E[1 ]E[ ]E[ ]
0.z

z

z

z

z
2 2 (16) 

This special case highlights that the two policy instruments have complementary roles in 
correcting for excessive tobacco consumption due to lack of self-control by smokers. In par
ticular, the optimal tax rate is parameterized on the marginal internal costs E[(1 ) ] of the 
‘average’ smoker. If (1 ) and x*t are uncorrelated, so that the scaling factor Bt in Eq. (14)
is nil, this is the only role that taxation can play. Anti-smoking campaigns are then useful since 
they determine behavioral responses that are more diversified than those caused by taxation. 
Given that =x x* *z z t , prevention programs are more effective than taxation at discouraging 
smoking by individuals with large health costs and low degrees of self-control (provided that z

is negatively correlated with ). The benefits of increased spending on anti-smoking campaigns 
are larger the larger is the variance of and the covariance between (1 ) and z. Indeed, 
smokers do suffer different health damages from tobacco use, besides having different in
tertemporal preferences (i.e., different discount factors ). Furthermore, the more self-controlled 
an individual is (i.e., the lower is 1 ) the smaller the impact z of prevention programs on her 
degree of self-control should be.

Summarizing, the main insight emerging from the above discussion is that anti-smoking 
campaigns can usefully complement taxation in reducing the internal costs of smoking, as they 
are more effective than taxation at discouraging tobacco use by smokers characterized by low 
degrees of self-control and high smoke related health harms.

5. From theory to policy

In this section, we calibrate our theoretical model to empirical data to obtain additional 
insights about the optimal structure of policy intervention. Indeed, a more general char
acterization of the role of prevention programs, in the presence of correlation among taste 
parameters and with more general utility functions, can only be done by means of numerical 
methods.
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5.1. Functional forms

As in O’Donoghue and Rabin (2006),20 we consider a Constant Relative Risk Aversion 
(CRRA) specification of the utility of tobacco consumption; i.e.

=v x; x( )
1

,1
(17) 

where = ( , ), > 0 and (0,1) are taste parameters. The corresponding demand func
tion x is given by

=
+ +

x
t1

.
1/

(18) 

Note that the demand function (18) is increasing in and decreasing in t and , while the 
price elasticity is decreasing in and , and increasing in t. The function (.), linking the 
expenditure z on prevention programs to the individual degree of self-control, takes the form

µ
µ

µ= +
+

=z;
z

z
b b( ) (1 )

1
, ( , , ).

(19) 

This function is increasing and concave in z, and shaped by three taste parameters. [0,1]
represents the baseline level of ; i.e., the consumer’s degree of self-control in the absence of 
prevention programs. [0,1] determines, jointly with , the asymptotic value of when z
goes to infinity, equal to + (1 ), representing the maximum degree of self-control that 
the individual can achieve in the presence of anti-smoking campaigns.21 µ 0 determines how 
sensitive the smoker is to the information conveyed by the campaign, since the function (.) is 
such that J K for all >z 0 whenever one considers two individuals J and K with the same 
and but µ µJ K . Finally, the scalar 0 scales-up/down the taste parameter µ by a common 
factor for all smokers.

5.2. Calibration

Our model, except for the expenditure z on prevention programs impacting on , is 
equivalent to O’Donoghue and Rabin (2006), and we replicate one of their numerical examples 
to start with.

The population is composed of identical individuals but for the baseline self-control parameter, 
which takes four uniformly distributed values = {0.9,0.95,0.99,1}.22 All other parameters are 
single valued. In particular, = 10, = 1 (as it does not play any crucial role in our numerical 
analysis, we set to one the discount factor throughout), = 17.7, and = 0.19. The value of is 

20 Our numerical analysis extends that of O’Donoghue and Rabin (2006) who consider taxation as the only policy 
instrument.
21 In the given specification lim (.)

z
never exceeds one. That is, we assume that smokers never ‘overreact’ to the 

information transmitted through anti-smoking campaigns by consuming an amount of tobacco that is lower than the 
efficient level for a fully rational agent. Notwithstanding, our main qualitative results carry through even if we allow for 
over-reaction to anti-smoking campaigns.
22 As noted by O’Donoghue and Rabin (2006), values of ranging from 0.9 to 1 reflect a population with mild self- 

control problems. Hence, if it turns out that taxation is a useful mean to improve social welfare in this context, it means 
that the case for its use is quite robust.
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such that, for = 10, the elasticity of the aggregate demand of tobacco is equal to 0.5 for =t 0, 
while the value of is such that the aggregate demand is equal to 15 for =t 0.23 The calibration 
of the health cost of smoking at 10 times the producer cost of tobacco is taken from Gruber and 
Kőszegi (2004). The value of 0.5 for the elasticity of tobacco demand is the value around which 
many empirical estimates are clustered; see the recent survey in U.S. National Cancer Institute 
and World Health Organization (2016, Ch. 4).24 As for the parameters specific to our model, we 
specialize the function (.) in Eq. (19) by setting = 0.75, implying that individuals with 

= {0.9,0.95,0.99,1} have asymptotic values = {0.975,0.9875,0.9975,1}, respectively, for 
z . Moreover, since there is no empirical evidence helping to calibrate the impact of pre
vention programs on smokers’ degree of self-control, we compute the optimal policy for various 
values of µ , by setting µ = 1 and letting the scale parameter change.

5.3. The structure of optimal regulation policies

The results of our numerical simulations are in Table 2. The first row shows that, for 
1.416, it is optimal to employ only the tax instrument, since anti-smoking campaigns are not 

enough effective at increasing smokers’ degree of self-control and therefore are not worth their 
cost. In formal terms, for 1.416, it is * 0z for all z 0, with *

z defined in Eq. (15). The 
reason is that — as shown in Column 2 — the derivative z evaluated at =z 0 (E[ ]z

0 ) is too 
small. As in O’Donoghue and Rabin (2006), Table 2, fourth row, with no anti-smoking cam
paigns the optimal tax rate is =t* 49.2%.25 Using Eq. (14), it is possible to split the value of the 
optimal tax rate into two components (not explicitly shown in Table 2). A first term, equal to 
40%, reflects the average internal costs of smoking E[(1 *) ]. A second term, equal to the 
remaining 9.2%, reflects the fact that taxation is relatively more effective at discouraging 
smoking among the less than among the more self-controlled individuals. In fact, the term 

x xcov[(1 *) , *]/E[ *]t t in Eq. (14) is positive since both the numerator and the denomi
nator are negative.

For > 1.416, we depart from O’Donoghue and Rabin (2006), showing that it is optimal to 
employ both instruments. In Table 2 we consider eight values of that are multiples of the 
1.416 threshold. Column 2 shows how increasing the scalar , by increasing the value of E[ ]z

0 , 
affects the sensitivity of smokers to prevention programs. Columns 3–4, reporting the optimal 
policy t z( *, *), show that anti-smoking campaigns crowd out taxation: as increases from its 
lowest value of 1.416 to its maximum value of 1416, t* falls from 49.2% to 12.5%, an effect 
almost entirely due to the positive impact of z* on the average degree of self-control E[ *], 

23 The optimal policy is independent of the scale of consumption, which is determined by the parameter . The chosen 
value of = 17.7 is such that aggregate demand (over the four types) equals 15, a figure that is purely evocative of an 
average per capita consumption of 15 cigarettes per day.
24 In their numerical examples, O’Donoghue and Rabin (2006) consider also non-uniform distributions of the four 

values of and a value of one for the elasticity of aggregate demand. We consider only a uniform distribution of , 
since our interest lies in assessing the impact on tobacco regulation of other dimensions of smokers’ heterogeneity, such 
as the variability in health costs (not considered by O’Donoghue & Rabin, 2006) and in the behavioral responses to anti- 
smoking campaigns, which are the original features of our analysis.
25 Recall that, although the tax is of the specific type, its monetary value also expresses the tax in ad valorem terms, 

since the producer price of tobacco is equal to one, exogenously given. Note also that we denote with an asterisk both 
the optimal values of the policy instruments and the equilibrium values of variables that are functions of policy in
strument.
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shown in column 6, which raises from 0.96 to 0.988. As a function of , the optimal expenditure 
on prevention programs follows an inverse U-shape pattern, both in absolute terms (z*, column 
4) and as a share of tax revenues (z T*/ *, column 5). Note that, for the central values of 
considered in the table, the ratio z T*/ * is quite stable around 2–3% points.26

Overall, these results show that it is optimal to combine taxation and prevention policies to 
regulate tobacco consumption rather than relying on a single instrument only. The only ex
ception is when the impact of prevention programs on smokers’ degree of self-control is small, 
in which case they are not worth their cost. Interestingly, there is a crowding out effect of anti- 
smoking campaigns on taxation, with the optimal tax rate drastically falling as the impact of 
these campaigns on the average degree of smokers’ self-control increases.

Columns 7–11 of Table 2 show how the optimal policy affects the tobacco consumption of 
individuals with different degrees of self-control. There are two factors at work. Taxation has a 
larger impact on those smokers that have lower degrees of self-control, since <x 0t is weakly 
increasing in , while anti-smoking campaigns have a significantly larger impact in the same 
direction, since = <x x 0z z t , with z decreasing in . Hence, if only taxation is used to 
regulate tobacco because anti-smoking campaigns are not implemented (as in the first row of 
Table 2), then the percentage reduction in smoking is about the same across types (from 22.3% 
for = 0.9 to 20.5% for = 1). If, instead, it is efficient to use both instruments, then the 
combination of a lower tax and a positive expenditure on prevention programs exerts a sig
nificantly different impact on the consumption of smokers with different degrees of self-control. 
For instance, focusing on the last row of Table 2, the percentage reduction of smoking is 34.3% 
for types = 0.9 and 5.8% for types = 1.

The last five columns of Table 2 show how tobacco regulation affects the welfare of different 
types of smokers.27 Taxation affects smokers’ welfare both through the induced reduction of 

Table 2 
Effectiveness of anti-smoking campaigns and the optimal policy mix. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
(%) (%) % reduction in tobacco use (†) by 

individuals with =
% reduction in welfare (†) by 
individuals with =

E[ ]z
0 t* z* z T*/ * E[ *] 0.90 0.95 0.99 1.00 all 0.90 0.95 0.99 1.00 all

1.416 0.042 49.2 .000 0.00 .960 22.3 21.4 20.7 20.5 21.4 0.40 0.18 0.13 0.13 0.83
2.832 0.085 39.6 .102 2.17 .967 25.1 20.9 17.7 17.0 20.8 0.59 0.16 0.06 0.06 0.88
4.248 0.127 35.2 .118 2.81 .970 26.4 20.8 16.3 15.2 20.6 0.67 0.16 0.04 0.04 0.92
5.664 0.170 32.4 .118 3.06 .972 27.3 20.7 15.5 14.2 20.5 0.72 0.17 0.04 0.03 0.96
7.080 0.212 30.5 .115 3.17 .973 27.9 20.7 14.9 13.4 20.4 0.76 0.17 0.03 0.03 0.98
14.16 0.425 25.6 .097 3.16 .977 29.5 20.6 13.3 11.4 20.2 0.84 0.18 0.02 0.02 1.06
70.80 2.124 18.2 .050 2.28 .983 32.1 20.7 10.8 8.3 19.9 0.95 0.20 0.01 0.01 1.17
141.6 4.247 16.2 .036 1.83 .985 32.9 20.7 10.2 7.4 19.8 0.98 0.20 0.01 0.01 1.20
1416 42.47 12.5 .011 0.75 .988 34.3 20.9 8.9 5.8 19.8 1.02 0.21 0.01 0.01 1.25

(†) With respect to no policy intervention ( = =t z 0).

26 These figures are in line with those reported by the Centers for Disease Control and Prevention (2012), according to 
which, over the period 1998–2010, the ratio of state tobacco revenues to state and federal tobacco control appropriations 
was approximately 30–1.
27 The level of the individual welfare measure depends on the exogenous income I (see Eq. (5)). Hence, Table 2

reports the welfare changes in absolute terms — that are independent of I — rather than in percentage terms.
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tobacco consumption and through the uniform distribution of tax revenues in the form of a lump 
sum subsidy. The two effects, however, are different for different types of smokers. On the one 
hand, more self-controlled smokers suffer a welfare loss since taxation distorts their otherwise 
efficient consumption choices. On the other hand, they benefit because (being below average 
smokers) the lump sum subsidy they receive is larger than the tobacco taxes they pay. Con
versely, less self-controlled smokers experience a welfare gain, since taxation discourages 
excessive smoking, at the same time suffering, however, a welfare cost because (being above 
average smokers) the subsidy they cash is smaller than the taxes they pay. The nice feature of 
the optimal policy is that — despite these trade-offs — the welfare gain outweighs the welfare 
loss for all types of individuals. This is shown in the first row of columns 12–15 of Table 2, 
where the overall welfare change induced by the optimal tax is positive for all types of smokers. 
Rows 2–9 of columns 12–15 show that the implementation of a tobacco control policy de
termines a Pareto improvement also when it is optimal to use both policy instruments. However, 
as anti-smoking campaign programs become more effective, the welfare gains for the less self- 
controlled smokers get larger (Table 2, columns 12–13), while those for the more self-con
trolled smokers get smaller (columns 14–15). This is due to the crowding out effect of anti- 
smoking campaigns on taxation: the tax instrument, impacting almost uniformly on all types, is 
substituted by a prevention policy that is more effective in targeting the less self-controlled 
individuals.28

Note that the results reported in Table 2 are, in qualitative terms, robust to different model 
specifications and parameterizations. For instance, we show that our qualitative results carry 
over when considering different distributions of , when allowing ‘low’ values of to fit 
situations in which smokers not only lack self-control but also underestimate health harms, and 
when considering a linear relationship between and z, as well as a linear demand for tobacco.

5.4. Other sources of consumers’ heterogeneity

In Table 3 we examine how smokers’ heterogeneity impacts on the structure of the optimal 
policy. We extend the analysis of Table 2, where the only source of heterogeneity is due to the 
parameter expressing the baseline degree of self-control, by allowing for heterogeneity also in 

, , , and µ. In particular, we consider three possible values of , = {5,10,15}, each one 
paired with two values of , so that there are two types of smokers for each value of : with low 
and with high tobacco demand. Specifically, = 5 is associated with = {10.1,14.8}, = 10
with = {16.4,18.7}, and = 15 with = {21.8,23.4}. This implies that the aggregate demand 
of tobacco evaluated at = =t z 0 is equal to 5 or 15 for low health cost types ( = 5), to 10 or 
20 for types with = 10, and to 15 or 25 for types with = 15. That is, there is a positive 
correlation between and to reflect the natural observation that, ceteris paribus, smokers with 
higher health costs are usually those that also consume more tobacco. For each one of the six 
subgroups ( , ), we set the parameter such that, after aggregating over , the elasticity of 
demand evaluated at = =t z 0 is equal to 0.5. Finally, for the remaining parameters, hetero
geneity is introduced by allowing for two values of , = {0.6,0.9}, and two values of µ, 

28 In the specification of Table 2, tobacco regulation determines a Pareto improvement because the only source of 
smokers’ heterogeneity is their degree of self-control . With additional sources of heterogeneity, Pareto improvements 
are in general unfeasible, although O’Donoghue and Rabin (2006) define conditions for taxation to determine quasi- 
Pareto improvements.
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µ = {0.5,1.5}. All parameters are uniformly and independently distributed (apart from and ). 
When heterogeneity is not allowed along a specific dimension, the corresponding parameter is 
set at the value used in Table 2 ( = 10, = 17.7, = 0.75, µ = 1). Finally, for all parameters 
but for , variability is introduced as a mean preserving spread; variability for is set to obtain a 
mean preserving spread in tobacco demand evaluated at = =t z 0.

Columns 3–4 of Table 3 report the optimal policy t z( *, *) for three of the values considered 
in Table 2, under various dimensions of smokers’ heterogeneity. Adding variability in to that 
in shows that the optimal policy is unaffected: the values in rows 1a, 2a and 3a of Table 3 are 
the same reported in the corresponding entries of Table 2. The formal proof that the optimal tax 
rate is independent of the distribution of (with single valued) has already been provided by 
O’Donoghue and Rabin (2006). Our numerical analysis shows that this result also applies to the 
case of two policy instruments (tax and prevention programs). Novel results are obtained when 
introducing heterogeneity in , , and µ. In particular, allowing for variability in , makes the 
marginal benefits of prevention programs larger (as already noted in Section 4.3 when dis
cussing Eq. (16)), thus determining a substantial increase in z* while having a negligible impact 
on t*.29 In this perspective, our numerical analysis confirms the insights gained in Section 4.3, 
namely that the additional contribution of anti-smoking campaigns (with respect to the usage of 
taxes alone) depends on the degree of smokers’ heterogeneity. This holds true also when 

Table 3 
Smokers’ heterogeneity and the optimal policy mix. 

(1) (2) (3) (4) (5) (6) (7)
% % % (†)

variability in E[ ]z
0 t* z* z T*/ * E[ *] xE[ *]

(1a) , 1.416 0.042 49.2 0.000 0.00 0.960 − 21.4
(1b) , , 1.416 0.042 48.8 0.136 2.43 0.965 − 23.7
(1c) , , 1.416 0.042 49.2 0.000 0.00 0.960 − 21.4
(1d) µ, , 1.416 0.042 49.2 0.000 0.00 0.960 − 21.4
(1e) µ, , , , 1.416 0.042 50.9 0.102 1.75 0.964 − 23.9

(2a) , 4.248 0.127 35.2 0.118 2.81 0.970 − 20.6
(2b) , , 4.248 0.127 35.1 0.183 4.51 0.973 − 22.8
(2c) , , 4.248 0.127 35.6 0.113 2.67 0.970 − 20.6
(2d) µ, , 4.248 0.127 37.5 0.099 2.23 0.968 − 20.7
(2e) µ, , , , 4.248 0.127 38.1 0.163 3.69 0.971 − 23.0

(3a) , 14.16 0.425 25.6 0.097 3.16 0.977 − 20.2
(3b) , , 14.16 0.425 25.8 0.128 4.25 0.979 − 22.3
(3c) , , 14.16 0.425 26.2 0.092 2.94 0.977 − 20.2
(3d) µ, , 14.16 0.425 27.1 0.099 3.05 0.976 − 20.3
(3e) µ, , , , 14.16 0.425 27.9 0.131 4.03 0.978 − 22.5

(†) With respect to no policy intervention ( = =t z 0).

29 The comparison of rows 1a and 1b of Table 3 shows that, for = 1.416, we have =z* 0 with variability in ( , ), 
and =z* 0.118 with variability in ( , , ). For = 4.248 and for = 14.16, the introduction of variability in 
determines an increase in the optimal expenditure on prevention programs by 56% and 32%, respectively.
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allowing for heterogeneity in or µ, although the implications in terms of optimal policy are 
less clear-cut. Adding variability in to that in and reduces, ceteris paribus, the optimal 
expenditure z*, with no significant impact on t* (see rows 1c, 2c and 3c of Table 3). The 
addition of variability in µ has, instead, a non monotonic effect on z*, while still having a 
negligible impact on t*.30

Overall, the insights of the numerical analysis in Table 3 suggest that, for a given char
acterization of the representative smoker, changes in the degree of smokers’ heterogeneity have 
only a negligible effect on the optimal tax rate, but a significant impact on the optimal ex
penditure on anti-smoking campaigns. In particular, a larger variability in the value of the health 
harm related to smoking turns out to increase the marginal benefits of prevention programs.

6. Concluding remarks

We examine the optimal design of policies controlling tobacco consumption through the 
joint use of two instruments — excise taxation and anti-smoking mass media campaigns — in a 
setting in which smokers are heterogeneous in terms of the intensity of preferences for smoking, 
the health costs suffered from tobacco consumption, and the degree of self-control. We find that 
anti-smoking campaigns can usefully complement taxation in controlling tobacco consumption. 
While the optimal tax mainly corrects for the population-average internal costs of smoking, 
anti-smoking campaigns induce behavioral responses by smokers that are more diversified than 
those induced by taxation both between smokers with low and high degrees of self-control and 
between smokers suffering low and high health costs. In particular, anti-smoking campaigns 
contribute to social welfare by reducing excessive tobacco consumption by the less self-con
trolled smokers and by those that suffer larger health costs due to smoking.

Our analysis can be extended along several dimensions. While our framework combines two 
major policy instruments for controlling tobacco consumption, additional more specific mea
sures could be considered, such as smoking bans in public places, or regulatory policies that 
target specific groups of individuals, like youth access laws. Cremer et al. (2012) examine how 
the optimal structure of sin taxes is affected by the possibility that some individuals — realizing 
that their past sin-goods consumption has been a mistake — decide to buy health care coverage 
to insure against future health harms. This type of setting could be usefully combined with ours, 
by allowing prevention programs to influence or trigger the choice of investing in health care. 
Additionally, our setting could be extended to explicitly deal with the social aspects of smoking 
— i.e., the fact that smoking habits may ensue from imitation and social interactions or cultural 
factors (see, e.g., Nyborg & Rege, 2003, Cutler & Glaeser, 2010, Sari, 2013, and Christopoulou 
& Lillard, 2015).

In our framework, as in most of the literature on sin goods (e.g., Gruber & Kőszegi, 2004 and 
O’Donoghue & Rabin, 2006), the market for tobacco is assumed to be perfectly competitive. In 
terms of our normative analysis, introducing imperfect competition does not greatly affect the 
results. Market power simply implies that the optimal tax rate shown in Eq. (14) contains an 
additional negative term, expressing a subsidy component to correct for the fact that firms price 

30 For = 4.248, adding variability in µ reduces z* by 15%, while for = 14.16 it increases z* by 2%. We conjecture 
that these results depend on the fact that general anti-smoking mass media campaigns represent an imperfect instrument 
when the behavioral responses of smokers are highly heterogeneous. In this case, it is likely that an array of specific 
campaigns, each one targeted to a different but homogeneous group (e.g., the youth, middle-aged males or females, and 
so on), could do better than a general campaign.
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above marginal costs. Instead, imperfect competition can be important in a positive perspective, 
since tobacco corporations spend a large amount of resources to lobby policy makers to lessen 
tobacco regulation policies and to finance information campaigns aimed at counteracting public 
prevention programs, leading to a political economic analysis of tobacco regulation.31

The presence of imperfect competition also paves the way for the investigation of the effects 
on consumers’ welfare and firms’ profits of the introduction of restrictions on the advertising of 
sin goods (like tobacco) as a further regulatory instrument. Since persuasive advertising is 
conceived to inflate consumers’ demand, regulating it is likely to improve social welfare with 
respect to what can be achieved by relying on taxation only.

Appendixes

A.1. The WHO indicators

As described at https://www.who.int/initiatives/mpower, in 2008 the World Health 
Organization introduced the MPOWER package to assist in the country level implementation of 
six effective measures to reduce demand for tobacco products. Each measure reflects at least 
one provision of the WHO Framework Convention on Tobacco Control. Two of these mea
sures, or policy instruments, are the ones on which we focus in our theoretical analysis: taxation 
and anti-smoking media campaigns (the other four measures in the MPOWER package are: 
smoking bans, monitoring tobacco use, enforcement of bans on tobacco advertising, promotion, 
and sponsorship, offer help to quit tobacco use).

We next report the Metadata Registry provided by the WHO for the indicators represented in 
Figures 1a and 1b of Section 2, and in Table A.1 of this Appendix.

A.1.1. Tobacco taxation
(http://apps.who.int/gho/data/node.wrapper.imr?x-id=374).
Country provided information on taxes and prices is assessed to yield indicators that describe 

the comparative level of taxes on tobacco products in countries. Taxes assessed include excise 
tax, value added tax (VAT), import duty (when cigarettes are imported) and any other taxes 
levied. Only the price of the most popular brand of cigarettes is considered. In the case of 
countries where different levels of taxes applied to cigarettes are based on either length, quantity 
produced or type (e.g., filter vs. nonfilter), only the rate that applies to the most popular brand is 
used in the calculation. Given the lack of information on country and brand specific profit 
margins of retailers and wholesalers, their profits are assumed to be zero (unless provided by the 
national data collector). The implementation status of the Raise tobacco taxes measure is 
classified by grouping countries into five groups. The groupings for this indicator are: =1 Data 
not reported; =2 0 25% of retail price is tax; =3 26 50% of retail price is tax; 

=4 51 75% of retail price is tax; =5 more than 75% of retail price is tax.
Data available at https://apps.who.int/gho/data/node.main.TOBMPOWER?lang=en and 

https://apps.who.int/gho/data/node.main.TOBNATTAX?lang=en (Last updated: 2020–07–20).

31 In the USA, over the period 2004–2011, the contributions to candidates and committees at the Federal, State, and 
local levels by lobbyists representing the interests of the tobacco industry totaled $145,750,000, a sum corresponding to 
7.1% of excise tax revenues at the Federal, State and local levels over the same period.
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A.1.2. Anti-tobacco mass media campaigns
(http://apps.who.int/gho/data/node.wrapper.imr?x-id=2723).
The implementation status of the Antitobacco mass media measure is classified by assigning 

countries to five groups. The groups for this indicator are: 1 = Data not reported; 2 = No national 
campaign conducted in the reporting period with a duration of at least three weeks; 3 = National 
campaign conducted with 1–4 appropriate characteristics* ; 4 = National campaign conducted 
with 5–6 appropriate characteristics* , or with 7 characteristics excluding airing on TV and/or 
radio; 5 = National campaign conducted with at least 7 appropriate characteristics* including 
airing on TV and/or radio.

* Characteristics of a high quality campaign are: the campaign is part of a tobacco control 
program; before the campaign, research has been undertaken or reviewed to gain a thorough 
understanding of the target audience; campaign communications materials have been pretested 
with the target audience and refined in line with campaign objectives; air time (radio, television) 
and/or placement (billboards, print advertising, etc.) is obtained by purchasing or securing it 
using either the organization’s own internal resources or an external media planner or agency 
(this information indicates whether the campaign adopted a thorough media planning and 
buying process to effectively and efficiently reach its target audience); the implementing agency 
works with journalists to gain publicity or news coverage for the campaign; process evaluation 
is undertaken to assess how effectively the campaign has been implemented; an outcome 
evaluation process is implemented to assess the campaign impact.

Data available at https://apps.who.int/gho/data/node.main.TOBMPOWER?lang=en (Last 
updated: 2020–05–28).

A.2. Optimality conditions

A.2.1. Anti-smoking campaigns: derivation of Eq. (15)
Using the covariance decomposition to expand the first term on the right-hand side of Eq. 

(13), we obtain

= +x t xcov[(1 ) , ] E[ (1 ) ]E[ ] 1.z z z (A.1) 

Setting = 0t , with t defined in Eq. (12), and solving for t, we get the optimal tax rate 
t z*( ), which is implicitly defined by the following equation

= +t
x

x
* E[(1 ) ]

cov[(1 ) , *]

E[ *]
.t

t (A.2) 

Substituting for t* from Eq. (A.2) into Eq. (A.1), and simplifying, we obtain

= +x
x

x
x* cov[(1 ) , *]

cov[(1 ) , *]

E[ *]
E[ *] 1,z z

t

t
z
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which after further rearrangements can be rewritten as

= E x
x

E x

x

E x
˜ * [ ˜*]

cov[(1 ) , ˜*]

[ ˜*]

cov[(1 ) , ˜*]

[ ˜*]
1,z z

z

z

t

t (A.3) 

so that we finally obtain Eq. (15) in the main text.

A.2.2. Anti-smoking campaigns: derivation of Eq. (16)
Substituting =x x* *z z t from Eq. (9) into B*

z , we obtain

= =B
x

x

x

x
* cov[(1 ) , *]

E[(1 ) ]E[ *]

E[(1 ) ( ) *]

E[(1 ) ]E[ *]
1.z

z t

z t

z t

z t

2

(A.4) 

If all taste parameters are mutually uncorrelated and if the utility function is quadratic, 
then ( , ), ( , )z , and x*t are mutually uncorrelated. This implies that Eq. (A.4) can be 
written as

=B* E[(1 ) ]E[( ) ]

E[1 ]E[ ]E[ ]
1.z

z

z

2

2 (A.5) 

By manipulating the numerator of the fraction in Eq. (A.5) using the covariance and the 
variance decomposition formulas, we get

=
+ +

B* {cov[(1 ) ] E[1 ]E[ ]}{var[ ] E[ ] }

E[1 ]E[ ]E[ ]
1.z

z z

z

2

2 (A.6) 

Finally, by rearranging the terms in Eq. (A.6) as follows

=
+ +

B* cov[(1 ) ]var[ ] cov[(1 ) ]E[ ] E[1 ]E[ ]var[ ]

E[1 ]E[ ]E[ ]
,z

z z z

z

2

2

and simplifying, we obtain Eq. (16) in the main text.
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