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ABSTRACT
Direct taxes on tobacco are a useful tool to reduce tobacco consumption and par- ticipation, as it raises the price for which the packs are sold, modifying the consump- tion decisions that individuals make. In order to evaluate the effect of this tool, this essay is centered around the estimation of the tobacco participation and consump- tion elasticities. To achieve this, three different models are presented: a linear one, estimated using Instrumental Variables for the restricted sample of smokers, a pro- bit and a negative binomial, both estimated using Maximum Likelihood and the full sample. To estimate these models, microdata obtained from a tobacco consumption survey in the U.S. combined with State-level price and tax data is used. Given the available data, estimations for different groups of age, education level, gender, ethnic group and income are presented. Estimated elasticities, which are more important in consumption than in participation, are in the medium-lower level compared to those found in the literature. These seem to show that, for certain groups, there is still some margin to influence these decisions by modifying these taxes and that, for oth- ers, an increase in these may lead to an increase in available public resources without generating a significant dead-weight loss.
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1 [bookmark: Introduction][bookmark: _bookmark0]Introduction
Tobacco consumption is considered as one of the leading premature death causes on a global scale. In Spain, for example, it is estimated that prevalence for daily consumption is around 32.3 % and prevalence for at least once in a lifetime con- sumption is around 70% for people between 15 and 64 years old (OEDA, 2019). Furthermore, according to MSSSI, 2016, in Spain, between 2010 and 2014, an average of 51870 deaths related to causes derived from tobacco consumption oc- curred, which amounted, for example, 25% of the total deaths for people between 35 and 64 years of age and 12% for people older than 65. Additionally, tobacco consumption produces some other social costs.
This is why, amongst other reasons, that from the public sector several poli- cies are implemented in order to reduce the tobacco consumption, such as in- creasing the taxes that directly tax this consumption.
In order to evaluate the effect of an increase in such taxes, consumption and participation elasticities are estimated by the means of several econometric mod- els based on the use of microeconomic level data for price, consumption and taxes over tobacco for the U.S.
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2 [bookmark: Literature_review][bookmark: _bookmark1]Literature review

There exists a great disparity between data used, theoretical models, specifica- tions and, as such, results. In the first category there are two types of analysis: the ones that use aggregated data of tobacco consumption, as Jiménez-Martín et al., 1998, and the ones that use microeconomic level data, mainly from surveys, as, for example, in Chaloupka, 1991.

2.1 [bookmark: Theoretical_models_and_empirical_specifi][bookmark: _bookmark2]Theoretical models and empirical specifications

Related to theoretical models, there are mainly three types: the ones that consider tobacco consumption like the one for any other good, as in Nonnemaker and Farrelly, 2011, the ones that consider this consumption as the one for an addictive good, but with individuals that do not take into account future consumption, as in Baltagi and Levin, 1986 and the ones that consider that this consumption is rational, that is, that it also anticipates future consumption, as in Chaloupka, 1991. In general, there is empirical evidence in favor of this last type of models (Chaloupka, 1991;Becker et al., 1994).
In relation to empirical specifications, there are, mainly: models that separate consumption and participation decision, as the one in Lewit and Coate, 1982 and models that estimate both decisions at the same time, as for example, in Wasserman et al., 1991.
The models presented below are based on the first theoretical model, as de- scribed above, and follow an empirical strategy similar to the one in Wasserman et al., 1991.

2.2 [bookmark: Explanatory_factors][bookmark: _bookmark3]Explanatory factors

In order to build the econometric models presented in this essay, the most impor- tant explanatory factor had to be identified. These are the following: Chaloupka and Wechsler, 1997 and Nonnemaker and Farrelly, 2011 point out the impor- tance of age in order to explain tobacco consumption, as Chaloupka, 1991 does with education or Chaloupka, 1992 or Decker and Schwartz, 2000 with gender. Finally Townsend, 1987 shows the importance of income in relation to this con- sumption.


3 [bookmark: Empirical_strategy][bookmark: _bookmark4]Empirical strategy

3.1 [bookmark: Data][bookmark: _bookmark5]Data

Data for prices and taxes on a state level for the U.S. comes from the database of the Centers for Disease Control and Prevention (CDC) The Tax Burden on To- bacco, 1970-2019. These prices have then been transformed to constant dollars fro the year 2012. The rest of the data related to tobacco consumption and in- dividual characteristics comes from the survey carried out by the CDC National Adult Tobacco Survey 2012-2013.

3.2 [bookmark: Econometric_models][bookmark: _bookmark6]Econometric models

In order to being able to estimate the price elasticity of the tobacco consumption three different models are used: a lineal model for which the dependent variable is the amount of cigarettes consumed in a monthly basis for the restricted sample of smokers, a probit model for which the dependent variable is a binary variable

that identifies if the individual is a smoker and a negative binomial model that has as dependent variable the number of cigarette packages consumed on a monthly basis. Different estimations are carried out for different groups of age, gender, education ethnic group and income.
For the lineal model, estimation by Ordinary Least Squares (OLS) may be biased, due to the problem of simultaneous causality.   This is caused by the fact that equilibrium quantity and price are determined at the same time, so the factors that are not observed and affect the supply also affect the price. To solve this problem, an estimation by Instrumental Variables (IV) is carried out, using as instruments the present and past taxes over tobacco consumption. The other two models are estimated by maximum likelihood (ML).

3.3 [bookmark: Elasticity_estimation][bookmark: _bookmark7]Elasticity estimation

Finally, related to estimated elasticities, the ones for the lineal and negative bi- nomial models are consumption elasticities, while the one computed from the probit model is the elasticity of the participation in that consumption. Let us delve deeper into the estimation for each model:

3.3.1 [bookmark: Linear_model][bookmark: _bookmark8]Linear model

The elasticity of consumption computed using the linear model can be obtained, in population terms, by multiplying the marginal effect associated to a change in the price by the fraction of the expected value of the price by the expected value

of the quantity, using the following formula:
[image: Texto

Descripción generada automáticamente con confianza media]
Where β1 is the parameter related to the price, p_t is the variable that measures the price and QUANTITY is the variable that measures cigarette consumption.
Standard deviation, in population terms, can be computed in the following


way:






[image: Texto

Descripción generada automáticamente con confianza baja]
Where sd(β1) is the standard deviation of the estimator.


3.4 [bookmark: Negative_binomial_model][bookmark: _bookmark9]Negative binomial model

The elasticity of consumption computed using the negative binomial model can be obtained, in population terms and for the average individual and average marginal effect, since now it is no longer constant, in the following way:

[image: Texto

Descripción generada automáticamente con confianza baja]
Where β1 is the parameter related to the price and packs is the variable that measures the number of cigarette packages consumed on a monthly basis. Since now this expression is much more complicated than the one presented above, standard deviation is computed using non-parametric bootstrap.

3.5 [bookmark: Probit_model][bookmark: _bookmark10]Probit model

The elasticity of participation computed using the probit model can be obtained, in population terms and for the average individual and average marginal effect, since, same as before, it is not constant, in the following way:
[image: Texto

Descripción generada automáticamente]
Where ϕ is the normal density function, S MOKNOW is the binary variable that measures if the individual is a smoker, Xi′β refers to the linear equation inside the probit model and β1 is the parameter associated to the price. Once again, given
the complexity of the expression presented above, the standard deviation is also computed using non-parametric bootstrap.


4 [bookmark: Results][bookmark: _bookmark11]Results

4.1 [bookmark: Main_results][bookmark: _bookmark12]Main results
As can be observed in Figure 1 1, the estimated consumption elasticities vary between the two models and are in the medium-low part compared to the ones that can be found in the literature (Becker et al., 1994 or Chaloupka, 1991).

[bookmark: _bookmark13]1Confidence intervals are computed for a significance level of 95%
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[bookmark: _bookmark14]Figure 1: Elasticities estimated for the full sample


In relation to the participation elasticity, it is lower in comparison (in fact, it is not statistically significant). This contrasts considerably with the results shown in the literature, where most of the change in tobacco consumption is related to the participation decision and not to the consumption one (Grossman et al., 1993).
For the results related to the different age groups (Figure 2), it seems that youngsters are more sensitive to price changes, both for the participation and consumption decision. This result is quite important in terms of improving the general health of the population by these means.
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[bookmark: _bookmark15]Figure 2: Elasticities estimated for the age groups

These results are similar with the ones found in the literature (Chaloupka and Wechsler, 1997 and Nonnemaker and Farrelly, 2011). It is interesting to point out that consumption elasticity for people older that 66 seems to be quite large. This may be due to the implications that tobacco consumption has over the health.

4.2 [bookmark: Additional_results][bookmark: _bookmark16]Additional results

Related to income (refer to Figure 3), it seems that individuals that are more sen- sitive to price changes are the ones that have a medium-level income. These re- sults are different than the ones found in the literature (Townsend, 1987). On the other hand, this has some implications over the progressivenes of the tax, since if low income individuals barely modify their consumption decision at changes in the price, they will suffer the majority of the tax burden, which would make the tax more regressive.
[image: ]

[bookmark: _bookmark17]Figure 3: Elasticities estimated for the income groups


Related to gender, as can be seen in Figure 4, it seems that men are quite more sensitive to price changes for either decision compared to women. This would be related to the results found in the literature (Chaloupka, 1992) an with

the consideration of women as social smokers (Decker and Schwartz, 2000).

[image: ]

[bookmark: _bookmark18]Figure 4: Elasticities estimated for the gender groups


[image: ]Finally, looking at the results for the different ethnic groups in Figure 5, it seems that individuals belonging to minorities are much less sensitive to price changes, compared to the individuals that belong to the white ethnic group. This may be due to the relation that these groups have with other socioeconomic vari- ables, such as income or education.

[bookmark: _bookmark19]Figure 5: Elasticities estimated for the ethnic groups

4.3 [bookmark: Practical_application][bookmark: _bookmark20]Practical application

[image: ]Given the current situation in Spain with the Ley del Mercado de Tabacos (here), it would be interesting to use the estimated elasticities for simulating the re- duction on the tobacco consumption given a price increment on tobacco (for example, of a 100%)2:
[bookmark: _bookmark21]Figure 6: Reduction over tobacco consumption due to an increment of the price

As can be observed in Figure 6, an increment of 100% in the price would cause an average reduction of 14974 cigarettes on a monthly basis, of which 4800 are related to the participation decision, and the rest to the consumption one, which means that the change related to the consumption decision is higher compared to the participation one.
On the other hand, this simulation shows that an increment of the price of to- bacco derived by a rise in the direct tax imposed on it can still effectively reduce tobacco consumption, which in turn can help to improve the general health of the population. However, since this reduction would heavily rely in the consumption
decision and not in the participation one, this improvement may be smaller than

[bookmark: _bookmark22]2These results have been obtained simulating 100 times a sample of 500 individuals, given a prevalence of consumption of 32.3 %, a price of 6.1 €, an average individual consumption of 300 cigarettes on a monthly basis and the elasticities estimated with the full sample.

expected, as individuals may compensate this reduction in consumption by con- suming cigarettes that have greater amounts of nicotine or tar, as stated in Evans and Farrelly, 1998. In this sense, as seen in Grossman et al., 1993, it would be better that the most relevant decision were the participation one.


5 [bookmark: Conclusions][bookmark: References][bookmark: _bookmark23]Conclusions

Overall, it seems that, for certain groups, there is still margin to act over tobacco consumption. This is specially relevant for young people, since in the long term a reduction in their consumption can produce a significant general health im- provement of the population, which in turn has many implications over several different factors, such as premature death or work productivity. On the other hand, there are certain groups for which the usage of these tools may be more effective from the point of view of optimal taxation, since the decisions of these individuals would barely change, thus generating an almost null efficiency loss. Finally, it is convenient to point out that these results may be related to some other taxes aimed to reduce the consumption of some unhealthy goods, such as sugar or fizzy drinks, since their effectiveness would also be rooted within the consumption and participation elasticities, specially, as has already been ex-
plained, the ones related to youngsters.
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