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ABSTRACT

The Effect of Taxes and Bans on Passive Smoking’

This paper evaluates the effect of excise taxes and bans on smoking in public places on the
exposure to tobacco smoke of non-smokers. We use a novel way of quantifying passive
smoking: we use data on cotinine concentration — a metabolite of nicotine — measured in a
large population of non-smokers over time. Exploiting state and time variation across US
states, we show that excise taxes have a significant effect on passive smoking but smoking
bans have contrasting effects on non-smokers. While bans in public transportation or in
schools decrease the exposure of non smokers, bans in recreational public places perversely
increase their exposure by displacing smokers to private places where they contaminate non
smokers, and in particular young children. Bans affect socio-economic groups differently: we
find that smoking bans increase the exposure of poorer individuals, while it decreases the
exposure of richer individuals.
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1 Introduction

In the US, 15% of the population smokes regulayst, detectable levels of tobacco related
chemicals can be found in body fluids in 84% of somokers of all age'sA large medical
and epidemiological literature has stressed thgetanof exposure to environmental tobacco
smoke? Passive smoking has been linked to a number mfuseillnesses such as lung cancer
or heart disease in the adult population. It cawdesit 35000 deaths per year from heart
diseases and about 3000 lung cancer deaths (Emertal Protection Agency, 1992,
American Cancer Society, 2003, IARC, 2004). Passinwking affects particularly the
health of young children and babies, causing asthmanchitis or sudden infant death
syndrome. Exposure to smoke causes about 200,0@€r Iespiratory tract infections in
young children each year, resulting in 10,000 ha$ipations (Environmental Protection
Agency, 1992). Medical studies consistently fihdttsmokers impose a negative externality
on non-smokers. As a result, governments have aorder pressure by the general public
and by anti-tobacco groups to limit the exposureai-smokers and generally to discourage
smoking. Since the mid eighties, support for smglkians in public places has steadily risen.
The proportion of individuals supporting a totahba restaurants has increased from 20% in
1985 to 54% in 2008.Public intervention uses two instruments to disage smoking:
directly by limiting or banning smoking in publidages, and indirectly by raising taxes on

cigarettes.

The economic literature has focused on the efféegtrices or taxes osmokers. Following
the work of Becker and Murphy (1988), most papetireate price elasticities both in the
short and the long ruhThe evidence in these papers suggests that frinesan effect on
cigarette consumption. However, some recent patispsite the effect of prices. DeCicca et
al (2002) show that cigarette prices do not afii@itiation at young ages. Adda and Cornaglia

(2006) show that although taxes affect the numberigarette smoked, smokers compensate

! See descriptive evidence in section 3.1

Z See for instance Law et al (1997), Hackshaw ¢1$97), He et al (1999), Otsuka (2001), Whincuplet
(2004), for adults and Strachan and Cook (199@jgen et al (1998), Kriz et al (2000), Lam et &Q2),
Mannino et al (2001)for children who all find that exposure to passsveoke is harmful for non-smokers
health.

® Source: Gallup poll (http://poll.gallup.com/).

“ See for instance the paper by Becker et al(199#3loupka (1991), and references in Chaloupka and
Warner (2000).
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by smoking each cigarette more intensively. Fewemamnalyze the effect of bans on
smoking. Among these, Evans et al. (1999) show thatkplace bans decrease the

prevalence of smoking in those who work.

While the literature on the effect of taxes or banssmokers is quite large, there is hardly
any evidence on the effectiveness of these measuréi®e population afion-smokers.” Yet,

the debate in public circles and in the media @ndffectiveness of different measures has
recently intensified, and policies to ban smoking aften justified by the protection of non
smokers rather than smok&rhere is to our knowledge no study evaluatingrésponse of
passive smoking to changes in excise taxes, on@growing set of regulation and clean air
acts passed in the last decade main reason why there is hardly any work in éeenomic
literature on the exposure of non-smokers to envirental smoke is the apparent difficulty

of measuring passive smoking directly.

This paper fills this gap. We propose a way of mgag passive smoking directly in non-
smokers. We use a unique data set, which repatiseat measure of exposure to passive
smoking: cotinine concentration in body fluids. @ote is a by-product of nicotine, and is a
good marker of exposure to second hand smoke, whéshbeen used routinely in the
medical and epidemiological literatUtélsing cotinine measures for analysing changes in
exposure to passive smoking has several advantagsis.one can detect even small effects
in exposure to environmental smoke; second, caimieasures are sensitive to changes in
exposure; third, it is a more reliable and objextiveasure than self-reported exposure which
has been used as a measure of passive smokinglteknative measure would be to use
changes in smoking related diseases. However, ofodtese diseases are not specific to
smoking and they usually take several years toldpvé&his makes it difficult to correctly

identify the effect of anti-smoking policies. Catir is therefore a straightforward and

® One exception is the effect of maternal smokingbath weight, see for instance Rosenzweig and Brhu
51983) and Evans and Ringel (1999).

See for instance ASH (2005) for a summary of gedor smoke free public places.
" A search in EconLit for the key words “passive &ing” generates only 4 hits that are unrelatech®issue
discussed here.
8 The epidemiological literature has examined tbaesof passive smoking, mostly from its health egognces.
This literature has produced a measure of passiveking by analyzing the concentration of cotinirze,
metabolite of nicotine, in blood, saliva or urinemples. The amount of cotinine is a good markethef
exposure to environmental smoke (Jarvis et al 19849 epidemiological literature has also tried¢haracterize
the socio-economic groups that are more prone posxe to environmental smoke (Pirkle et al, 1996yard
et al, 1998; Siegel, 1993; Jarvis et al, 2001; Wit et al, 1998; Jarvis et al, 2000; Strachan@ook, 1997).
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precise measure of passive smoking and particukarited to evaluate policies aimed at
reducing smoking.

Our analysis proceeds in several steps. First,gusiotinine levels for a large and
representative sample of non-smokers over timeludimy very young children, we
document the extent of passive smoking in the U$.a¥aluate the effect of increases in
excise tax that took place in the US over the testade on exposure to environmental
tobacco smoke (ETS). Our analysis exploits chaoges time in regulations on smoking in
public places across different states. We find thanges in tobacco taxes have a significant
effect on the exposure to environmental smoke. W d tax-elasticity of passive smoking
of about -0.3 to -0.4, which is three to four tintegher than the tax-elasticity of cigarette
consumption. The effect is particularly sizable ¢bildren who are exposed to their parents’
smoke. This suggests that excise taxes are aneeffitool to curb passive smoking as
smokers cut down on cigarettes smoked in compangfsmokers, especially children.

Second, we analyse the impact of smoking bans. Barsnoking in public places have on
averageno effects on non-smokers. However, we show that hams different effects when
imposed in different public places. While on averdgans in public transports, shopping
malls or schools decrease the exposure of non-asokans in bars, restaurants or
recreational facilities appear tocrease their exposure. We hypothesise that such bans
displace the smoking to places where non-smokegsnare exposed, especially young
children. We test this hypothesis by contrastirggdffect of smoking bans on children living
in smoking and non smoking families and by investity the seasonal effects of bans on
these two groups. The evidence support the hypstlisa displacement of smokers to

places shared with non-smokers who then get mgresexe to tobacco smoke.

Moreover, bans have contrasting effects on diffesenial and demographic groups. We find
evidence that smoking regulations increases thesxp of poorer individuals, while it
decreases the exposure of individuals in higheloseconomic position. This suggests that
smoking regulations may increase health inequalitietween socio-economic groups.
Finally, we provide an estimation of the health asdnomic costs of anti-smoking measures.
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The remainder of the paper is structured as follo8sction 2 presents the theoretical
framework used for analyzing the effect of passsrmoke exposure, and outlines the
estimation strategy. Section 3 contains a desoriptif our data set. In Section 4, we
investigate the effect of different state interi@m$ on passive smoking, measured by the
cotinine concentration present in non-smokers.|§ing&ection 5 concludes and discusses the

implications of our results.

2 Methodology

This section discusses our framework for analyzhmg effect of tax changes and smoking
regulations on passive smoking. In particular, w8 our measure of passive smoking and

describe our identification strategy.

2.1 Cotinine as a Proxy for Smoking Intake
The effect of anti-tobacco policies depends onitiheractions between smokers and non-

smokers and these interactions can change withigsli It is therefore not straightforward to
infer the effect of government interventions mm-smokers by looking at the effect of these
interventions onsmokers (i.e. measuring the change in prevalence, or tienge in the
number of cigarettes smoked). Passive smoking dimiimeasuredirectly in non-smokers.

In order to analyze the effect of state intervergion non-smoker we need a measure of the
amount of tobacco smoke inhaled by non smokers. U2 as a proxy the cotinine
concentration in body fluids. Cotinine is a metateodf nicotine. While nicotine is unstable
and is degraded within a few hours of absorptiotinde has a half-life in the body of about
20 hours and is, therefore, a biological markegrofised as an indicator of passive smoking.
It can be measured in, among other things, salisem.

The use of cotinine has several advantages. Fosinine is related to the exposure to

cigarette smoke.

° The elimination of cotinine is slow enough to allcomparing measurements done in the morning dhen
afternoon.
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Figure 1 plots the relationship between the total numbercigiarettes smoked in the
household and the cotinine level observed in theykituids of non smokers sharing the

house with smokers.

[Figure 1]

The relationship between the number of cigarettesked in the household and the cotinine
level in non smokers living with smokers is upwaldping. Second, cotinine — and nicotine
from which it is derived- is a good proxy for th@dke of health threatening substances in
cigarettes. The nicotine yield of a cigarette ighty correlated with the level of tar and
carbon monoxide, which causes cancer and asphyxidtt' Cotinine is, therefore, a good
indicator of health hazards due to exposure toiypassnoking. Third, cotinine levels reveal
rapidly variations in exposure due to changes ilicpowhich is not the case with other
markers such as tobacco related diseases whichtitmleeto develop. Finally, there is

minimal measurement error, compared with self-dedl@xposure to cigarettes.

The novelty of our analysis is to use cotinine @niation in non smokers to evaluate the

effect of public intervention aimed at reducingdaobo exposure.

2.2 Overall Effect of Smoking Restrictions and Taxes
We consider the following econometric model of esyre to environmental smoke for a non

smoker indexed by in states and in period:

Cotst = aO + ﬁ |Ogtaxst + yRSt +a1xist + 55 +/1t + uist (l)

2 Based on our data set (the National Health anditidut Examination Survey), which report for someays the
nicotine, tar and carbon monoxide yield of eachramdtfe, the correlations between nicotine and hethand
carbon monoxide are high, 0.96 and 0.85.

" The main health impacts of exposure to environalelwbacco smoke (ETS) are lung cancer (more tflan 5
epidemiological studies have examined the relatignbetween passive smoking and lung cancer; feviw
see NHS Scotland, 2005), coronary heart diseassgiratory disorders, and ETS in pregnancy can teaodw
birth weight and poor gestational growth.
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where Cot, is the cotinine concentration (expressed in ng/ta, is the state excise tax on
tobacco (adjusted for inflation) in a given statel period; R, is a measure of restrictions on

smoking in the state at the period of interesy; is a vector of individual characteristics that

affect exposure such as age, sex, occupation er ltagso includes (detrended) state GDP as
it may be correlated both with smoking and withisgaaxes if they are used as a tool to

raise state revenue, is a set of state of residence dummies, whijlées a set of year

dummies. The coefficients of interest are the efigictaxes and the effect of smoking
restrictions on cotinine measures. We relate exgoguexcise taxes as this is the relevant

policy variable from a public health point of view.

The coefficients3 and y measure both the direct and indirect effects aktaand

smoking bansSmoking bans have a direct effect on non-smokersheg guarantee a
smoke-free environment. Changes in excise taxestpmdirectly as they can only have an
effect through the behaviour of smokers. To sonmergxthis indirect effect is also present in
smoking bans given that they may induce changekerway smokers smoke. To interpret
the effect of bans on non-smokers, it is necessamnderstand the effect on smokers and the

extent to which smokers and non smokers cohabitrdachct.

The identification of the effect of taxes and regn comes from variation across states and
time, and not from cross-sectional differencesmlevel of state regulations or taxes, which
are taken into account by state dummies. Our ifiesiion relies on the exogeneity of

changes in taxes and regulatiowithin states, but not on the heterogeneity in levels of

regulations and exposure to passive smoking.

The coefficients of interests would be biased degpie number of controls in equation (1), if
changes in unobserved factors affect both changesxposure to passive smoking and
smoking regulations. This could occur for at lesb reasons. First, introducing tougher
smoking regulations in states where prevalencenufking is on the decrease could be
politically easier as the median voter would stuftards a non-smoker. If this is the case, the
estimate of smoking regulations would be biased mdeavds. Another possibility is that

tougher regulations are more likely to be enforopdealth grounds in states where smoking
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is on the increase, or in relative increase contp&wethe rest of the country. In this case,

estimates would be biased upwards.

We control for both these potential biases by idelg in X the (lagged) prevalence rate

of smoking at state level. The prevalence rate ddnd the obvious control variable if the
endogeneity comes through a shift in the politigaver of non-smokers. It is also a key
variable to monitor smoking trends in relation teahh issues related to smoking and is
easily observable by policy regulators. On the @wgt more direct measures of exposure,
such as cotinine concentrations, are much moreculiffto obtain and are more difficult to

monitor.

Cotinine is constantly eliminated by the body, althh at a slow rate. Some of the variation
in cotinine levels depends on the timing of themexetion during the day. To the extent that
the timing of the examination is uncorrelated wittanges in taxes and level of regulation in
the state, we do not expect a bias in the coeffioié interest. The same argument can be

made for biological diversity in the speed at whiciinine is cleared from the body.

The model is estimated by OLS, and standard em@sadjusted for heteroskedasticity and
clustered at state level. This correction accotortshe presence of a common random effect
at the state level. We therefore allow for seriatrelation in the error term following

Bertrand et al (2004) who show that difference-iifedence estimations can be seriously

biased in the presence of autocorrelation.

2.3 Effect of Restrictions in Different Public Places
In equation (1) we use an overall measure of tivergg of bans within a state. Smoking

restrictions in public places may have differenpaunts on non-smokers, depending on where
they are enforced. We therefore consider the faligunodel:

Cot, =a,+Blogtax, +Y ¥R +a,X  +0, +A +u, j=GO,PT,SM WP, Sch. 2)
j
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wheretax, is the tax of tobacco (adjusted for inflation) imyigen state and perio@Ois a

measure of restrictions on smoking in bars, reatsuand other recreational places (“going

out”); PT restrictions in public transportSM restrictions in shopping malls\WP

restrictions in the work placesch restrictions at schoolX,, is a vector of individual and

state characteristics as in equation @d)is a set of state of residence dummies, whjlis a

set of year dummies. As in (1), the identificatmfnthe effect of taxes and regulation comes

from changes within states.

2.4 Measuring Displacement Effects
Excise taxes and smoking restrictions may induceaflocation of smoking across different

places and different moments throughout the dayis displacement of smoking may benefit
or harm non smokers depending on where it occunesé effects are captured in the two
specifications proposed above, but we cannot disgie the direct and indirect effects of

anti-smoking policies in a straightforward way.

To demonstrate the importance of displacement wed rte evaluate the effect of such

policies for groups of individuals for whom a ditexffect is less likely to occur. We first

discuss how taxes and bans can lead to a displateshemoking and we then propose a
formal statistical test. Our goal is not to fullgabmpose the effect of policies as direct or
indirect effects, but our aim is to demonstratd #wane policies can induce perverse effects.
For instance, smokers can change locations if amgoid not allowed as well as, to some
extent, the period within a day during which cigae are smoked. Tighter regulations may
therefore induce a perverse displacement of smoHihg literature has shown the negative
effect of taxes (and prices) on the demand forreitieg?. However, this does not mean that
regular smokers reduce smoking in a uniform wayinguthe day, some cigarettes may in
fact be easier to cut down. If smoking is a soadivity, a smoker may reduce the number of
cigarettes consumed when alone or at home, anthosé consumed in company of other
adults. In this case, adult non smokers may notfiteat all from a rise in excise taxes,

whereas children would be less exposed.

12 See for instance Becker et al (1994), ChaloupRa1), and references in Chaloupka and Warner (2000)
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We now outline our identification strategy. We fiinéghlight the methodological approach in
a general setting. Suppose the following model iédd individuali:

Cot. =a,+a,x +a,D, +axD, +u, i=1,..N
where D, is an indicator variable anct is a measure of public intervention with
E(x |D)=E(x), E(xu |D,)=E(xu) and E(uD,) =0. We place no restriction on the
covariance betweer andu , i.e. we allow for the possible endogeneityxpf Denote

a,, a,, anda,, the OLS estimators of the parameters a, anda;.
Proposition:
Under the assumptions detailed above, when N teniddinity,

R;"m(ﬁl“ -a,) %20

legm(c?zyN -a,) =0

plim(a,, —ay =0
N -

For a proof, we refer the reader to appendix A. fitegosition above states that everx ifis
endogenous, OLS consistently estimates the effdctxofor individuals with
characteristicdD, . The intuition behind this result is that the dmént a, captures the

differential impact ofx across groups characterized By and by assumption, the

endogeneity affects both groups in the same wawcelealthough the effect of public
intervention may be biased due to endogeneity, ldtais is of the same magnitude for both
groups and therefore differenced out when considedifferential effects.

In the context of passive smoking, IBf be a variable indicating whether an individual

belongs to a particular group for whom there isdirect effect of a given anti-smoking
policy, perhaps because this individual does notogoertain public places. We define the

displacement effect as the differential impact pbécy on this group.

We extend model (2) to
Cot, =a, + S logtax, + B logtax,D + 3 ;R o + D FR oD + & Xy +6, + A +Uy )
i ]
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wherej=GO, PT, SM, WP, Sch.

We test for displacement by testing whetlgor y, are zeroln section 4, we propose to

test the existence of displacement effect and weuds in detail which groups we consider.

3 The Data and Descriptive Statistics

3.1 Exposure to Passive Smoking
We use data from the National Health and Nutritor@amination Survey (NHANES Il and

NHANES 1999-2002). NHANES is a nationwide repreagwé sample of the US civilian
population. It provides information, from 1988 t89% and from 1999 to 2002, for 51,835
individuals, aged zero and above. The data setrtejiformation on the age, sex, race,
health, education and occupation of the individaalwell as information at the household
level such as family composition, income or geolbiegd location. In addition, the cotinine
concentration in both smokers and non smokers (fm&dand above), and the number of
cigarettes smoked in the household are reported. [&st information allows distinguishing
between non smokers that are exposed to passivesahbome and non smokers that live in
smoke-free households.

From the available sample we select non-smokingyithgals. We drop all individuals who
report them-selves as smoker or report consumigareites, cigars, pipe, snuff or chewing
tobacco. We also drop all individuals who have tiniwe level in excess of 10 ng/ml. This
rule is often use in epidemiological studies tatidguish smokers from non smokérdt
represents about 5% of the declared non smokeitetdh) we observe 29667 non-smokers

with a valid measure of cotinine concentrattdn.

[Table 1]

13 See Jarvis et al, 1987. This threshold also comesi the upper level of exposure of younger childiaged 6
or less) for whom we can presumably assume thgtategenuinely non smokers. The distribution dindioe is

very skewed and mainly concentrated in the O -/Bhhgegion which contains more than 90% of the gam

14 Al valid cotinine measures below the detectioresinold (0.035 ng/ml), were set to the thresholdeza
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Table 1 provides a summary statistic of the dataGelumn 1 refers to the whole sample,
columns 2 and 3 provide descriptive statisticsnimn-smokers living in household where the
other members either smoke or not. The averageigetconcentration is equal to 0.44ng/ml.
84% of the sample has a cotinine concentration drighan the detectable threshold of
0.035ng/ml, while 14% have a value higher than rmhgThe amount of cotinine in non

smokers living in a non smoking household is mbentfive times lower than the amount of
cotinine present in individuals living with smokd26 n/ml in non-smokers living in non-

smoking households compared to a level of 1.47 ivinihdividuals living with smokers).

Individuals living in households with smokers halmost all detectable levels of cotinine,
and are much more likely than non smokers livingham smoking households to have a

concentration of cotinine above 1ng/ml.

3.2 Excise Taxes and Smoking Restrictions to Tobacco Exposure
We merge information on state level excise taxebksanoking regulations to the NHANES

datasets. The data on excise taxes are from theBlieden on Tobacco, published by The
Tobacco Institute until 1998 and updated by Orzectkband Walker (2001). It reports taxes
by state and year. We deflate taxes using the cosmisprice index. Most of the variation is
cross-sectional, where taxes can vary by about 80#ére is differential variation over time
and across states that we exploit to identify ffieceof taxes. Figure 2 plots the excise taxes
over time (1988-2002) in each of the US statesxe$dave on average increased by 2 cents

per year.

[Figure 2]

We also merge information on smoke free laws indifierent US states to the NHANES
datasets. Regulations on smoking bans in the USkdegned from the ImpacTeen web site,
based on state clean air atthis data set reports the regulation in place &gryand by

state in different locations. The data set provid®@®rmation on the severity of the

restrictions and on the place where the restriciloenforced (e.g. government worksites,

' http://www.impacteen.otgNote that restrictions on smoking are measuredaé $evel, combining both
state level regulations and an aggregation of golewel restrictions.
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private work sites, public transits, schools, aestaurants). We refer the reader to Appendix
A for a more detailed description of the dataset. Mtode the severity of the restriction into
four categories: zero if no restrictions; one ifaking is restricted to designated areas; two if
smoking is restricted to separate areas; threeeifetis a total ban on smokiffy.Figure 3
displays the average level of restrictions on smgkby US states over the period 1991-2000.
The restriction index is the average, by year daatksof all levels of restriction in all places.

[Figure 3]

Over the nineties, regulations have become mairggsint. Moreover, the proportion of states
with no restriction in any places falls from 50%1891 to 36% in 2001. Similarly, in 1991
only 27% of the states had at least a total basnooking in one public space, whereas the
figure is 51% in 2001.

[Table 2]

Our identification strategy relies on within statariation in excise taxes and smoking
regulation. Table 2 presents descriptive statigbcgaxes and regulations. In particular, the
last column presents the within-state standardatievi, which is important to interpret the
magnitude of the effects presented in the nexti@ecWhile the range of our regulation
variable is between zero (no ban) and three Iffail), a one standard deviation within a state
correspond to a change of about 0.2 to 0.3 for rob#te regulations we consider. In other
words, we never observe in the data a state goorg ho ban to a complete restriction on

smoking.

3.3 Trends in Passive Smoking
In the US the cotinine concentration in non-smolkers halved over the nineties, from about

0.8 ng/ml in 1988 to 0.4 ng/ml in 2002 (Figure #his remarkable trend may indicate that
policies regulating smoking have been successhik d@ecrease in passive smoking can also
be observed in non smokers at the upper end disiebution of exposure (Figure 5). Over

'® See appendix A for a detailed description of #gutations variables.
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this period, the proportion of individuals with atiwine level in excess of 1 ng/ml has
decreased from 21% to 11%.

[Figure 4 and Figure 5]

Next, we separate non smokers who share their holtsvith smokers, from non smokers

who live in “smoke free” households. Figure 6 plth® cotinine concentration in non-

smokers living in non smoking households from 1882000. Figure 7 shows, for the same
time period, the cotinine concentration of non sarslsharing the house with smokers.

[Figure 6 and Figure 7]

The level of cotinine has been halved in non snmokeing with non smokers over the
period of analysis (1988-2000), from about 0.4migb 0.2 ng/ml ().However, policies
have been less successful in reducing exposurkosetwho live with smokers. In the
period considered (1988-2002) the concentrationotihine in non-smokers living with
smokers does not show a similar tréRajure 7).Despite the increasing level of severity
in regulations and higher excise taxes, this evadesuggests that tobacco exposure of
non smokers living in smoking households did nardase’®

4 Empirical Results: Passive Smoking and State
Intervention

" We arbitrarily look at the cotinine level of 1 nij/ which corresponds to the 15% upper percentile.

'8 An alternative interpretation is that of a chamgeomposition in the pool of smokers. If higherda and
tougher regulation encourage proportionally mogatlismokers to quit, the sample of non smokersriaking
household will shift towards a population more esgubto passive smoking. This would bias upwardeffect
of taxes or regulations. As a robustness checlhjave also done the analysis by re-weighting thepiaso that
each year becomes comparable, in terms of obsesatul the first year of our sample. This methogyplis
developed in DiNardo et al (1996) to study chanigewage inequality and relies on a change in coritipos
which can be corrected by matching on observaliethis way, we are comparing groups of individualso
are similar in a number of observable charactedstWe reweighted the sample by matching on a nuwibe
observable characteristics (sex, race, age grodpnaome group). We found that the results are aratge to
the amlysis presented above.
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4.1 Passive Smoking and Anti-Smoking Policies
Figures 8 and 9 plot the average cotinine conceéoirdy state and year against the level of

excise tax and overall severity of smoking banse Télationship between exposure and
policy variables shows a clear negative correlatidhis could indicate that part of the
decrease in exposure is due to successful antiisggolicies. However, as argued in
section 2, one must be cautious to interpret tBisaacausal link, due to omitted factors
correlated both with exposure and anti-smoking laguns. Not surprisingly, exposure is
highest in the tobacco states such Kentucky or @esee where taxes are low and few bans
are in place and lowest in California or Utah whidve higher levels of taxes and tighter

bans.

[Figure 8 and Figure 9]

Figure 10 plots the cotinine concentration togetlvéh the excise tax and regulations in
three selected states, California, New York andaSexAll variables are presented in
deviation to state and (nationwide) time means.séhtiree states have contrasted anti-
smoking policies, with a sharp rise in bans anagax California, an increase in taxes in
New York, but no relative tightening of bans anubfly a relative decline in taxes and bans

in Texas.

The first striking thing to observe is that coti@inoncentration appears to be uncorrelated
with changes in smoking bans within states. Thee@®e in smoking bans which took place

in California in the mid nineties does not appearhave affected the exposure of non-

smokers. Nor does the relative softening of bariexas change the exposure in that state.

[Figure 10]
Taxes, on the other hand, appear to have an effeexposure. In California, the relative

exposure increased slightly during the ninetiesrwtases where on a relative decrease. The

sharp rise in 1999 is associated with a markedroeo exposure.



Passive Smoking 16

We now turn to a statistical analysis. We firstlge@ the impact of taxes and bans on passive
smoking in the whole sample of non smokers. Thealtesre presented in Table 3. We
consider first the effect of taxes on cotinine anmtcation in non smokers (columns 1 and 2),
then of bans (columns 3, 4 and 5), and finallyahltaxes and bans together (columns 6 and
7%

[Table 3]

Column (1) of Table 3 displays the effect of (I@xcise taxes on passive smoking without
controlling neither for state of residence nor year of survey. The effect is identified here
through variations through time and state diffeemncThis is equivalent to the results
presented in Figure 8, apart from the fact thatrélggession controls for age, sex and race.
A standard deviation change in state taxes wowdd e a reduction in exposure of about
0.02 ng/ml. Note that the average concentratiocotihine is equal to 0.44 ng/ml and that a
one standard deviation in excise taxes represéoist 5 cents. Thus each dollar increase in

taxes reduces exposure by about 18%.

Column (2) controls for year of survey and stateradidence. This eliminates state level
characteristics and aggregate changes in passivdrsgn The effect of taxes is stronger. One
standard deviation change in taxes leads to a tieduin exposure of 0.03ng/ml. Thus each

dollar increase in taxes reduces exposure by &9t

Column (3) displays the effect of regulations orokimg. The result reported in column (3)
shows that a one standard deviation increase inlatgns would decrease the cotinine
concentration in non-smokers by 0.03 ng/ml. Howgeentrolling for state effects reduces
considerably the effect of regulations on passiveleng but we can still rule out a zero
effect (Column 4). The apparent beneficial effeCsmoking bans come mainly from the
confounding by time effect (column 5). As showrthe previous section, smoking bans have
become more prevalent through the eighties andiesye&nd exposure decreased during that
period. The evidence in Table 3 shows that theedser occurred both in states with and

without these regulations.

19 Controlling in addition for income level does miange the results.
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Columns 6 and 7 of Table 3 introduce both taxesragulation in the model. The effects of
excise taxes are larger than those estimated umuoR (one standard deviation change in
taxes leads to a reduction in exposure of 0.059g/itlis corresponds to an elasticity of
about -0.3 to -0.4. This is higher than the tastiddy of cigarette consumption. The price
elasticity of smoking is usually estimated at aiu®.5 (Chaloupka and Warner 2000), and
the tax-price elasticity is around 0.17 during thatiod, which translate into a -0.08 tax
elasticity of smoking® The fact that passive smoking is more reactiva thange in taxes
than smoking it-self is an indication that smokdosnot cut down smoking uniformly, but
are more prone to cut down on the cigarettes smaketh non-smokers are present. We look

further into this result below when we break dowe effect by age.

From column 6, regulations appear to have no oveffdct. The 95% confidence interval
for the effect of bans ranges from -0.006 to 0.@ven if the effect is at the lowest part of
that interval, the effect of regulations would beadl. This appears to contradict previous
epidemiological studies of bans, see for instanopkiths et al (2001) for a review, and
Travers et al. (2003) and Siegel et al (2004) forarrecent contributions. The contradiction
is, however, only apparent. Most of the epidemimalgwork finds that a smoking ban
reduces the concentration of ETS in the places evilee restrictions apply, but do not
measure it directly in non smokers so they do mimireéss the question of displacement.
Second, when exposure is measured at the indivieuell, the study designs are often simple,
relying on cross-sectional data or time seriesexwid. When we do not control for state or
year effect, we also find a negative and significgifect of smoking bans (Table 3, columns
(3 and 4)).

Column 7 of Table 3 includes the lagged prevaleate The results are remarkably stable.
We interpret this as an indication that there titeliendogeneity of taxes or bans once we

control for state and time effects.

20 Using NHANES 1988-2002, we estimate the tax atigtof smoking at -0.16, controlling for state airde
effects.
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4.2 Distributional Effects of Smoking Regulations and Taxes

We now investigate whether state interventionscaffiedividuals differently according to
their socio-economic status. In many countries,lipurealth authorities seek not only to
improve the health of the population, but also éduce health inequalities across socio-
economic groups. We assess the effect of smokougatons and changes in excise taxes by
household income groups. We split our sample ierehincome groups of equal size and
estimate separately the effect on passive smoKimg results are presented in Table 4.

[Table 4]

For the lowest income group, the effect of taxesads significant, while the effect of

regulations is positive and significant. A totahbaould increase exposure by 0.06 ng/ml.
An explanation of the increase in exposure canueetd larger displacement effects for
low income individuals who are also more likelylitee with smokers, as the prevalence
of smoking is higher in poorer households. Forrmeliate levels of income, taxes have
a significant and negative effect, while bans appeéave no effect. Finally, for non-

smokers in high income households, introductiorsrabking regulations decreases the

exposure to tobacco smoke.

These results suggest that smoking regulations aalistributional effect, increasing the
exposure and putting at risk the health of pooesmtisn of the population while it

benefits individuals in higher socio-economic piosit The strengthening of smoking
regulations could possibly lead to a widening ialtredisparities across socio-economic

groups.

4.3 Passive Smoking in Different Public Places
Until now we have referred to cigarette smokingutations regardless of the place where

these regulations are enforced. Smoking bans miacirapply to very different places.

Table 4 displays the effect of taxes and regulatiopassive smoking considering separately
different places where regulation may be enfordadparticular, we distinguish between
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places where individuals spend their leisure tiraad called them “going out” (i.e.
restaurants, recreational and cultural facilitie®)d public transportation, shopping malls,
workplaces, and schodts The first row of Table 5 reports the coefficieft(log) excise
taxes. The other rows of the table report the s=joa coefficients of regulation in different

places.

[Table 5]

Higher taxes lead to a reduction in cotinine cotradion in non-smokers, while tighter
regulations have different effects on the cotinipacentration depending on where they are

enforced.

The effect of tighter smoking regulations in wokges is not significantly different from
zero. It seems therefore that there is no eviderican effect of bans on non smokers’
exposure in such places. However, the precisioth®festimates does not exclude the fact
that a workplace ban could decrease exposureoitldhbe noted that the lower point of the
confidence interval implies a reduction of about@hg/ml for a total ban, a non trivial
amount. Tighter regulations in public transportatido not seem to have an effect on
reducing the exposure of non smokers. On the dthed, tighter regulations have an impact
on the cotinine levels in non-smokers in schoolerfa standard deviation change in state
regulation in schools decreases cotinine level8.0¢ng/ml in non-smokers) and in shopping
malls (a one standard deviation increase in badsle a decrease in cotinine levels of about
0.3 ng/ml).

Most interesting is the observed impact of tightegulations in public recreational places.
We observe a significant increase in the cotingwell in non-smoking individuals when bans
are enforced in public recreational places. A otndard deviation increase in bans in
“going out” places lead to an increase in cotifievels of more than 0.2 ng/ml. This effect
cannot be explained by a direct effect of the bannon-smokers, which would have

decreased the exposure of those who spend timecin@aces. The only explanation for an

1 See Appendix A for a more detailed descriptiothefregulation data.
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increase in exposure is through an indirect comatiun due to the displacement of smokers
towards non-smokers. We now investigate this phoirther.

4.4 Characterizing Displacement Effects
To uncover displacement effects due to tougher smyalegulations in places where people

go out, we focus on non-smokers who would not bectly affected by such regulations. We
focus our attention on children. First it is liketyat children are less prone than adults to go
to bars, restaurants and, perhaps, recreationdicplaces. Second, the displacement effect
should be larger for children whose parents arekargo Third, the displacement effect
should also be larger when people are more likeelyetindoors, such as in winter, especially

at a young age. We apply the methodology develapedction 2.4.

4.4.1 - Policy | mpact by Age Group

In section 2.4, we listed the conditions under Whie are able to get consistent estimates of
the relevant parameter, regardless of whether tatesanti-smoking regulations are
endogenous. The first condition states that theageeexcise tax or smoking regulation is the
same across age groups. This is essentially amatism about random sampling. It would
be violated if, for instance, more children hadrbeampled in earlier periods when taxes
were lower. Given that we control for state andetifixed effects, it requires random
sampling within state, which is the case givendhesign of NHANES, and the fact that we
use weights to make the sample representative n€keassumption relates to the fact that
age is exogenous to unobserved shocks to expdsimadly, we assume that the (possible)
endogeneity of taxes or anti-smoking regulationthéssame across age groups. For instance,
this would be violated if (within state) taxes werhanged differently as a results of
unobservable shocks to exposure according to claimgthe relative size of different age

groups.

We now proceed in analysing the effect of taxes r@gdilation on passive smoking across
age groups. Table 6 separates non-smokers by agpsgrColumn (1) refers to the overall

sample of non smokers. Columns (2) to (5) of Td&btkstinguish between four different age
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groups. The first age group is from 4 to 8, anabere children are mostly either at home or
in school or day-care, and supervised by an adulthat age, it is unlikely that any peers
would be smoking. These individuals are therefoqeosed either to ETS at home, where
parents or other adults in the household smokén public places. The second age group
ranges from 9 to 12, an intermediate age group dmivearly childhood and adolescence.
The third age group ranges from 13 to 20. Exposuréhese individuals would come from

parents and also from peers. Finally, we groufndilviduals aged 21 or above into group 4.
We have experimented with different cut-off agesparticular with young and elder adults,
and have found similar resuffs.

[Table 6]

The first row of Table 6 displays the effect of éaxby age groups. The effect of taxes
decreases with age. Young children are the mositesento a change in taxes. For children
aged 4 to 8, a one standard deviation in taxesedees the cotinine concentration by 0.2
ng/ml. This corresponds to a tax elasticity of ab@u8. For older individuals, taxes have no
significant effect on exposure to tobacco smokeis T further evidence that cigarettes
smoked in the presence of non-smokers and espectaltdren are the first to be cut as a
result of a change in taxes. This suggests thakismas partly a social activity so that

smokers derive more utility to smoke with other l&&luAn alternative explanation could be
that adults with children are poorer and face tiyi constraints, which would make them

more sensitive to a change in tobacco prices. Theireal literature has documented the
higher price elasticity for poorer individuals (Ttnapka (1991), Farrelly et al (1998)).

However, controlling for income does not changerdseilts.

The next row of Table 6 decomposes the effect giilegions by age groups. In places like
restaurants, bars and other recreational placeén@eput”), a one standard deviation change
in regulations in such places increase the expasiuchildren by about 0.65 ng/ml. This is

also the case for the next age group, 8 to 12 y#drd he effect is smaller for teen-agers and

beneficial for adults, although this effect is statistically different from zero. This can be

2 The data set contains about 8698 children of aglet @r less, 2816 children of age 8 to 12, 4649
individuals of age 12 to 20 and 13504 adults of 2@er more.
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interpreted as the existence of a substitutionceffer adults between leisure activities in
public places, where regulation can be enforced,iauprivate places, where no restriction to
smoking can be enforced. This effect would leadatdisplacement of smoking towards

places where children and adults interact.

It is worth putting this increase into context. @rerage a smoker gets 12 ng/ml per cigarette
(see Adda and Cornaglia, 2006). The increase ininetfollowing a tightening of smoking
bans in places where people go out amounts to smaki2®' of a cigarette. Even if the
increase in exposure is sizable for children, itdasistent with a displacement where adults

smoke a few cigarettes more at home.

Tighter regulations in public places other tharr@ational places have on average negative
coefficients, especially for young children. Théeef of a ban in schools has the expected
sign, and is significantly different from zero, fohildren of age 8 to 12. A one standard
deviation increase results in a decrease in expasuabout 0.10 ng/ml, a 15 % decrease.
Tighter regulations in shopping malls have an impmady on the exposure of children. In
particular, a one standard deviation increase l¢ads decreased exposure of about 0.60
ng/ml in small children and of 0.45 ng/ml in chiédraged 8 to 12. In general, smoking
regulations have a larger impact, either benefiorabetrimental, on young children. For
adults, we cannot find evidence of an effect of kimp regulations, wherever they are
enforced. This is consistent with a displacemergmbking, where non-smokers accompany
smokers to places where smoking is allowed.

4.4.2. - Policy |l mpact by Household Smoking Statusin children

The previous analysis shows that the group of iddals that is the most affected by

changes in taxes and regulations are children.dbleT6 we separate children by family
smoking status. The assumptions required for thesistency of the differential effect of
taxes and anti-smoking regulations are less likelyhold when we consider household
smoking status. This has to be taken into accoletwvinterpreting the results.
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Table 7 reports the effect of one standard deviatiotaxes and regulation on children, by
place of enforcement and household smoking st&akimn 1 refers to children that live in
non-smoking households; column 2 refers to childirgng in smoking households.

[Table 7]

The observed effects of changes in regulationscansiderably larger in children living in
smoking households than in children living in none&king households. Children in smoking
households benefit from an increase in excise téxese standard deviation in taxes leads to
a reduction in the cotinine level observed in aleildof about -0.3 ng/ml (row 1 of table 6).
The effect is larger in magnitude to the one fdrchildren irrespective of smoking status
presented in Table 6. Children in non-smoking hbakk are not affected by changes in

taxations, as the coefficient is close to zeroiambt statistically significant from zero.

The effect of tighter regulations on children inakimg households differs according to
where the regulations are enforced. In bars, restésl and other recreational places (row 2
of table 7) the coefficient of regulation is poggtiand significant (a one standard deviation in
regulation leads to an increase in the cotininell@vchildren of more than 1 ng/ml). On the
other hand, the effect of regulations on childreing in non smoking families is not
significant and the point estimate is very closedm. These results are in accordance with a
displacement effect of adults (smokers) toward h&hMote that the argument about the
endogeneity of smoking bans that we discusseddtiose2 becomes more contrived when
we analyze the effect of bans in recreational @awechildren. This is the case for instance
of smoking regulations in bars, restaurants. Thasein fact often introduced to protect
employee from exposure to tobacco smoke and dbawa the welfare of children in mind, a

group of the population that hardly goes into spieltes.

Regarding the effect of regulation in other pulpliaces we observe that tighter regulations in
shopping malls (row 4 of table 7) leads to a dia@#ly significant reduction in the cotinine

% An alternative explanation is that the introductadrtighter bans induces light smokers to quit jartipnally
more than heavy smokers. This would lead to a salexsample of heavy smoking parents within the sngpk
household group and would lead to a positive biake effect of regulations.
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levels observed in children living in smoking hduskels. Again this does not have a sizable
and significant effect on children in non smokiraukeholds.

4.4.3. - Palicy Impact by Season
To substantiate further the displacement effecttdueugher regulations in bars, restaurants

and recreational places, we investigate the difiteaieeffect of these measures during winter
and summer. In colder months it is more likely tkatokers will light up cigarettes in

indoors places, exposing therefore non-smokers higlzer level of environmental tobacco
smoke than when they have the option to be outddore particularly, we are interested on

how seasonal pattern interact with anti-smokingcjes.

Coming back to the assumptions listed in Sectidn 2ason is an ideal variable to use as it
is likely to be exogenous. Taxes and anti-smokegylations do not change with season and
if sampling is random across seasons the threeresgents are met. The differential effect
of taxes and smoking regulations is therefore cpesily estimated even if their overall
effect may be biased due to endogeneity. This aldlo be true if we condition the

regressions on household smoking status.

NHANES 1988-1994 reports the month of the interviemd we categorize the months as
winter (October to April) or summer. We interackéa and smoking regulation with an
indicator of being examined during the winter ma@nt¥We concentrate on children given that
this group appears to be more subject to displaceeféects. The results are presented in
Table 82

[Table 8]

The first row of table 8 indicates that childrensmoking household have higher levels of
cotinine during winter periods. We find no seasoatiects for children living in non
smoking households. For this group, we do not $igaificant differential seasonal effects of

24 A caveat is that the time span is limited to 19984, as we do not have information on smoking ratiprs
prior to 1991, nor information on month of intemwiafter 1994. With limited time variations, we caticontrol

for state effects, but rely instead on regiona@f. We use four regional dummies, North East, Wabt, South
and West. We also group together bans imposed hiar gilaces than “going out” as their effect is more
homogenous.
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taxes or regulations either. In contrast, whenauwk lat children in smoking families, we find
strong seasonal effects. Taxes appear to havergstr effect in winter which is consistent
with adults and children being in-doors. Similatlye effect of smoking restrictions in places
where individuals go out is more pronounced in wifirthan in summer. Finally, we find that
for children in smoking households ‘other regulatioare more efficient in winter than in

summer.

Throughout this section, we track the effect bfa in recreational places which appeared to
increase the exposure of tobacco smoke in non-smakeall age. While this effect may be
surprising in the first place, we show that icmsistent with a displacement effect, where
adult smokers chose to smoke at home insteadlwdrs or restaurants. The results show that
the effect is present for the group which is mdkely to be affected by displacement: young

children whose parents are smoking, especiallyeiods during which they stay indoor.

4.5 Health and Economic Consequences of Anti-Smoking Policies
The results presented so far are about the effeamitésmoking policies on the exposure of

non-smokers. As we discuss in the introductionsiwassmoking has been linked to cardio-
vascular diseases, cancers and respiratory disessgecially in children. To put our results
in perspective, we briefly present some evidencthefeffect of passive smoking on health.
Given the lack of evidence of any large effectxafige taxes or smoking bans on addjtee

concentrate on children. The purpose of this amalgsnot to reproduce results established in
the medical literature, but to provide some roughngates to convert the effects of state

interventions uncovered in our previous section mtalth and economic effects.

We exploit the information on health outcomes comd in the NHANES I1ll. As the

incidence of cardio-vascular diseases or tobadatvet cancers in children is very low, we
consider symptoms of respiratory diseases suclstasna which is reported in the data set.
This respiratory disease is a serious conditiorclvinesults in hospitalisation and is the most
commoncause of school absenteeism due to chronic conditibhe prevalence of asthma

for children of this age is about 10%.

%5 See paragraph 4.2
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We estimate a simple linear probability model @& gnevalence of asthma and we control for
the cotinine concentration as well as for age,awkrace. We include all children aged four
to twelve. We find that an increase of one ng/mktatinine concentration leads to a 0.8
percentage point increase in the prevalence ofrastli These estimates obviously do not
consider the possibility of confounding by othermeasured variables which were not
included in the regression. With this caveat in emime can calculate the effect of anti-
smoking interventions on the incidence of asthmahidren. To evaluate the economic
consequences we use estimates in Wang et al (2008) estimate the overall cost of
asthma at $ 791 per child and that each child astihma misses 2.48 days of schooling per
year. From the NHANES lll, we estimate the numbechildren of age 4 to 12 to be around

36 millions.

From Table 6, a one standard deviation increasaxies will lead to a 0.16 percentage point
decrease in the prevalence of asthma for childgex & to 8. For the age group 8 to 12, the
reduction would correspond to 0.1 percentage poibence a one standard deviation
increase in taxes across all states would redwecaudmber of children suffering from asthma
by about 45,000 cases, corresponding to a savingbofit $36 millions per year and a

reduction of 116,000 days of school missed.

Similarly, a one standard deviation increase inul&gpn in bars, restaurants and other
recreational places leads to an increase of 0.58teiprevalence of asthma for the youngest
age group. This back-of-the-envelope calculatiaggests that a tightening of smoking bans
across all states would lead to an average inclieae cost due to asthma of about $126
millions and about 400,000 days of school misseatheyear (out of a total of approximately
7.5 billion days).

%6 The standard error is equal to 0.3.
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5 Conclusion
The effect of passive smoking is of increasing pulsloncern. Although the economic

literature has evaluated the effect of governmemérvention on smoking intensity or
prevalence, there has been, so far, no direct avatuof these measures on non-smokers.

In this paper we characterize the extent of exmosuenvironmental smoke, and evaluate the
effect of changes in excise taxes and bans onveassioking. We use a direct measure of
passive smoking which has not been used in theoeaanliterature, the concentration of

cotinine, a metabolite of nicotine, in body fluidsnon smokers. This allows us to precisely

identify the effect of state intervention on noneders.

We find that increasing taxes on cigarettes redooegverage exposure to cigarette smoke of
non smokers. The effect of state excise taxesvages across demographic groups. We find
that taxes have a strong effect on young childmng with smokers but no effect on non

smoking adults. This suggests that smokers cut dmwthe cigarettes they smoke at home

but not those in social activities with other adult

Using information on the implementation of the @le&ir Act across time and different US

states, we also find that smoking regulations hawweaverage no effect on exposure. We
show that this latter result is not due to a laicktatistical power to detect a precise effect but
rather to the fact that regulations have contrgstiffects depending on where they are
imposed and depending on which group of the pojamas affected. While bans in public

transportation, shopping malls, and schools leatth@éodesired decrease in exposure of non
smokers, we find that bans in recreational publaces can perversely increase tobacco
exposure of non smokers by displacing smokers it@aigr places where they contaminate
non smokers. Children seem to be particularly &éétdy this displacement. The level of

cotinine in small children considerably increasesaaresult of bans in recreational public

places, while decreases if tighter bans are pplaice in public transport or shopping malls.

A third and important finding is that smoking regibns increases exposure of poorer
individuals, while it is beneficial to individuais higher socio-economic position. The rise in
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the number of regulations observed over the nigseelikely to have increased health

inequalities related to passive smoking.

Our results question the usefulness of bans inciadulsmoking exposure for non smokers.
More precisely, we show that policies aimed at ocauly exposure to tobacco smoke induce
changes in behaviors which can offset these pslidias therefore of crucial importance to

understand how smoking behaviors are affected pylatons. So far, the literature has not
gone far enough in studying smoking behavior toabke to evaluate their effect on non

smokers. It is not enough to show that smokerd tegarices or taxes. Information on which

particular cigarette is cut down during the day.erehsmokers smoke and with whom are
also relevant. There are complex interactions @& phd considerable heterogeneity in their
effects across socio-demographic groups. Usingmdniker such as cotinine concentrations
is a very direct way of evaluating the overall effef interventions and the induced changes

in behaviors.

On the policy side, it seems therefore importanenvidesigning public policies aimed at
reducing tobacco exposure of non smokers to digighgbetween the different public places
where bans are introduced. Displacing smoking tde/golaces where non-smokers live is
particularly inefficient. It may also increase hballisparities across socio-economic groups
and in particular in children. Therefore, total anay not be the optimal policy. A better
policy may be to allow for alternative places toiethsmokers can turn to. It would benefit
children but harm non smoking adults. There aresrsgweasons why one may want to
protect children. They constitute a vulnerable growith little choices to avoid
contamination. This age group is particular pranébacco related diseases and poor health
in childhood has lasting consequences not onlyuire health but also for the accumulation

of human capital (Case et al, 2005).

Governments in many countries are under pressuimitopassive smoking. Some pressure
groups can be very vocal about these issues amgesuold and radical reforms. As often,
their point of view is laudable, but too simplisiit the sense that they do not take into

account how public policies can generate perversenitives and effects. Up to know there is
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little guidance on how to design optimal policiescurb passive smoking. This paper fills
this gap.
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Appendix A: Proof of Proposition (1)
Consider the following model:

Cot, =a,+ax +a,D +axD, +u, i=1..N
Assume thatE(x | D,) = E(x ) =X, where upper bar variables denote variable means.
Let Z=[1, %, D,,xD,] beN by 4 matrix and lev; denote the variance of, o,, and

o,, the covariance betweex andu. and D, andu. . The expression for the asymptotic
bias can be expressed (after some straightforwgede):
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Appendix B: Smoke free regulations data

The information contained in this appendix, arendrdrom the codebook for the “Tobacco
Control Policy and PrevalenceData: 1991-2081” compiled by researchers in the
Department of Health Behavior at the Roswell Paakd@r Institute (RPCI) in Buffalo, New
York, in conjunction with researchers at the MayaT€orporation in Washington, D€.
Eleven different locations were regulations wereoted were identified: Government
worksites, Private worksites, Child care centersgalth care facilities, Restaurants,
Recreational facilities, Cultural facilities, Publiransit, Shopping malls, Public schools, and
Private schools. And for each of these locationdids been measured the degree of
restrictions enforced in the various years (1992120

General Location Restriction Decisions

The following “standard coding scheme” was employed the majority of locations of
interest (including: government worksites, privaveorksites, health care facilities,
restaurants, public transit, and shopping malls).

%" http://www.impacteen.org/tobaccodata.htm
28 Coding for public schools, private schools andural facilities were developed by MayaTech frora #iate
smoke-free air law coding provided by RPCI.
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No provision/not meet a restriction

O

Restrict smoking to designated areas or require separate ventilation with exemptions for
locations of a certain size (e.g. restaurants with a seating capacity of less than 50)

2 | Restrict smoking to separately ventilated areas or a ban with exemptions for certain
locations where only a restriction applies

3 | Banat all times

For locations other than those mentioned in théetabove, different coding schemes were
used. In the following we report the coding schethas were used for each of them.

1. Child Care Centers coding scheme

0 | Noprovison/not meet a restriction

1 | Restrict smoking to designated areas

2 | Restrict smoking to separately ventilated areas or a ban when children are
present with exemptions

Ban when children are present (commercial daycare)

Ban at all times when children are present (explicitly including home-based)

g|h|w

Ban at all times (explicitly including home-based)

2. Recreational Facilities coding scheme

No restriction

Restricts smoking to DSAs in gyms or arenas

Restricts smoking to DSAs in both gyms and arenas

Restricts smoking to DSAsin all recreational facilities

HIWNF O

Bans smoking in gyms or arenas and restricts to DSA(S) in other recreational
area(s)

(3]

Bans smoking at all recreational locations

w

. Cultural Facilities coding scheme

No restriction

Restricts smoking to DSAs in fewer than 3 cultural areas

Restricts smoking to DSAsin 3-5 cultural areas

Restricts smoking to DSAs in more than 5 cultural areas

Restricts smoking to DSAsin all cultural facilities

A |W|IN|F|O

Bans smoking at all cultural locations

4. Schools coding scheme

No provision/not meet a restriction

1 | Redtrict smoking to designated areas

2 | Restrict smoking to separately ventilated areas or a ban when children are
present with exemptions

3 | Ban when children are present (school buildings)
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Ban at all times when children are present (buildings and grounds)

(G20

Ban at all times (buildings and grounds)

For details about the choices made in interpretiteglanguage of the laws and regulations
case by case in the different States we refer ¢oofficial codebook drawn by Impacteen
(http://www.impacteen.org).

We have aggregated these different locations imnaber of ways. First, we have constructed
a general measure of restriction, considering @amame of all the locations. In a second time,
we have aggregated the different public locationsli recreational activities (“going out”)
which includes restaurants, cultural and othere@@onal public places; 2. public transport; 3.
shopping malls; 4. workplaces, which includes lgkiernmental and private workplaces; 5.
school, which includes childcare centres, and pattiic and private schools.
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Table 1 - Descriptive Statistics
Whole Individuals in Individuals in
sample smoking families  Non smoking families
# of observations 29687 5770 23897
Average level of cotinine (ng/ml) 0.44 1.47 0.26
(1.02) (1.59) (0.75)
Proportion with detectable cotinine 0 0 0
measure (>0.035ng/ml) 84% 99% 79%
Proportion with cotinine>1ng/ml 14% 46% 5%
Proportion with cotinine>5ng/ml 1% 4% 0.5%
Average age 33.5 22.7 35.7
Age range 4-90 4-90 4-90
sex (% male) 46 46.8 45.8
% white 74 72 74
% black 12 18 11

Note: Standard deviations in parenthesis. The wbkalaple consists of all non-smoking individuals wiave a

valid cotinine measure lower than 10ng/ml.

Table 2 - Descriptive Statistics. Excise Taxes arRRegulations

Average Level Range Within State
Standard dev.

Log tax 3.43 0.97-4.62 0.27

Average Regulation 0.79 0-2.63 0.22
Bans Going-out 0.76 0-2.67 0.25
Bans public transportation 1.24 0-3 0.31
Bans shopping mall 0.27 0-3 0.31
Bans workplace 0.70 0-3 0.28

Bans schools 0.85 0-2 0.27
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Table 3 - Effects of One Standard Deviation in Taxeand Regulations on Passive
Smoking

Dependent variable: cotinine (ng/ml). Average Cotime Level: 0.44ng/ml

1) 2 ©)] 4) (5) (6) (1)
Log Tax -0.02*  -0.03* -0.04**  -0.05*
(0.012) (0.012) (0.015) (0.019)
Regulations -0.032* -0.012*  -0.006 0.005 0.004
(0.009) (0.002) (0.008) (0.006) (0.005)
Control§;
Year Dummies X X X X
State Dummies X X X X X
Age, sex, race, state GDP X X X X X X X
State smoking prevalence X

Robust standard errors adjusted for clusteringede $evel in parenthesis. ** significant at 5%significant at
10%
#Controlling in addition for income level does msoibstantially change the results.

Table 4 - Distributional Effects of Taxes and BangOne Standard Deviation Effect)

(1) 2 (3)

Household Income: Household Income: Household Income:

[0,33%] [33%,66%] [66%, 100%]

Log Tax -0.02 -0.09** -0.02

(0.03) (0.03) (0.03)
Regulations 0.02** 0.02 -0.01**

(0.01) (0.02) (0.01)
Controls:
Year Dummies X X X
State Dummies X X X
Age, sex, race X X X
State Smoking Prevalence X X X

Robust standard errors adjusted for clusteringgét sind year level in parenthesis. ** significan%, *

significant at 10%
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Table 5 - Effects of One Standard Deviation of Taxeand Regulation on Passive
Smoking, by place of enforcement. Dependent varidda cotinine.

All ages
Average Cotinine Level 0.44ng/ml
(Standard Deviation) (1.00)
Log Tax -0.04**
(0.02)
Regulation Going out 0.21**
(0.07)
Regulation Public Transport 0.05
(0.04)
Regulation Shopping Mall -0.28**
(0.10)
Regulation Workplace -0.001
(0.01)
Regulation Schools -0.04*
(0.015)
Controls:
Year Dummies X
State Dummies X
Age, sex, race, state GDP X
State smoking prevalence X

Regressions controls for age, sex, race, state Gate, of residence and year
of survey. Robust standard errors adjusted forteting at state level in
parenthesis. ** significant at 5%, * significant2%.

Table 6 - Effect of One Standard Deviation of Taxeand Regulation on Passive
Smoking, by place of enforcement. Dependent variéa cotinine.

@ @) 3 4 (5)
All ages Age<8 Age 8-12 Age 13-20 Age 20+
Average Cotinine Level 0.44ng/ml 0.94 ng/ml 0.63ng/ml  0.74ng/ml  0.43 ng/ml
(Standard Deviation) (1.00) (1.47) (1.03) (1.26) (0.84)
Log Tax -0.04** -0.20** -0.12* -0.01 -0.01
(0.02) (0.06) (0.03) (0.05) (0.02)
Regulation Going out 0.21** 0.65** 0.46** 0.07 -0.03
(0.07) (0.14) (0.10) (0.11) (0.14)
Regulation Public Transport 0.05 -0.04 -0.01 -0.03 0.04
(0.04) (0.10) (0.06) (0.09) (0.04)
Regulation Shopping Mall -0.28** -0.60** -0.45* -0.01 -0.19
(0.10) (0.22) (0.17) (0.15) (0.11)
Regulation Workplace -0.001 0.07
(0.01) (0.08)
Regulation Schools -0.04** 0.06 -0.10** -0.04
(0.015) (0.06) (0.05) (0.03)

Regressions controls for age, sex, race, state G, of residence and year of survey. Robustatdrerrors
adjusted for clustering at state level in parenhés significant at 5%, * significant at 10%.
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Table 7: Effect of One Standard Deviation in Taxeand Regulation onChildren, by

Place of Enforcement and Household Smoking Status

@ &)
Non Smoking Smoking
Households Households
Average Cotinine Level 0.27 ng/ml 1.97 ng/ml
(Standard Deviation) (0.44) (1.85)
Log Tax 0.012 -0.30**
(0.02) (0.06)
Regulation Going Out 0.03 1.08**
(0.04) (0.15)
Regulation Public 0.03 -0.03
Transport (0.02) (0.13)
Regulation Shopping Mall 0.01 -1.05**
(0.07) (0.23)
Regulation Schools 0.008 -0.09
(0.01) (0.07)
Controls:
Year Dummies X X
State Dummies X X
Age, sex, race, state GDP X X
State smoking prevalence X X

Regressions controls for age, sex, race, state G, of residence
and year of survey. Robust standard errors adjdsteddustering at
state level in parenthesis.** significant at 5%sidgnificant at 10%.

Table 8 — Seasonality Effect in Children, by Housedld Smoking Status One

Standard Deviation Effect)

Children Children
Non Smoking Households Smoking Households
Winter 0.001 0.59**
(0.04) (0.21)
Log Tax -0.13 0.04
(0.09) (0.08)
Tax*Winter 0.12 -0.27**
(0.09) (0.12)
Going out 0.07 0.08
(0.05) (0.11)
Going out*Winter 0.002 0.70**
(0.16) (0.32)
Other regulation -0.05 -0.02
(0.04) (0.13)
Other regulation*Winter -0.02 -0.95**
(0.13) (0.31)
Controls:
Year Dummies X X
Regional Dummies X X
Age, sex, race X X

Robust standard errors adjusted for clusteringase sind
year level in parenthesis. ** significant at 5%significant at 10%

40
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Figure 1: Cotinine Level by Number of Cigarettes Sraked in the Household
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Figure 2: State Excise Taxes, by US State 1988-2002
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Figure 3: Level of Restrictions on Smoking, by U&t8, 1991-2001.
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Figure 6: Average Cotinine Concentration in Non-Smkers — Non Smoking
Households
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Figure 8: Cotinine Concentration and Excise Tax
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Figure 10: Cotinine Concentration, Excise Tax and @oking Bans in Selected States.
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