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Abstract

This paper evaluates the effect of smoking bans in public placds @xposure to tobacco
smoke of non-smokers and contrasts it with the effect of excise. tBxploiting data on
cotinine- a metabolite of nicotine- as well as state and tiariation in anti-smoking policies
across US states, we show that smoking bans in public places rearsply increase the
exposure of non-smokers to tobacco smoke by displacing smokers to ptaeds where
they contaminate non smokers, and in particular young children. In stontra find that
higher taxes are an efficient way to decrease exposuredoctmlsmoke, especially in those
most exposed.
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1 Introduction

In the US, 15% of the population smokes regularly. Yet, deteciads|of tobacco related
chemicals can be found in body fluids in 84% of non smokers of all*ayéamrge medical
and epidemiological literature has stressed the dangers of egpgomvironmental tobacco
smoke? Passive smoking has been linked to a number of serious illnesses $uich eancer
or heart disease in the adult population. Passive smokingtsaffarticularly the health of
young children and babies, causing asthma, bronchitis or sudden inéht symdrome.
Exposure to smoke causes about 200,000 lower respiratory tract inféstiansig children
each year, resulting in 10,000 hospitalizations (Environmental Pmtedgency, 1992).
Medical studies consistently find that smokers impose a inegatternality on non-smokers.
As a result, governments have come under pressure by the gar#iaband by anti-tobacco
groups to limit the exposure of non-smokers and generally to discosmageng. Since the
mid eighties, support for smoking bans in public places has stesdity The proportion of
individuals supporting a total ban in restaurants has increased2f®gmnn 1985 to 54% in
20052 Public intervention uses two instruments to discourage smokirggtlghi by limiting

or banning smoking in public places, and indirectly by raising taxes on cggarett

In this paper, we evaluate the effect of these policies on non-ssimkeneasuring directly
cotinine levels (a metabolite of nicotine) in body fluids. We caittiae effect of smoking
bans in different public places with the effect of higher extages. We develop a simple
model of passive smoking and show that smoking bans can have tmetdisfects on
exposure to tobacco smoke: they decrease exposure in public placesnblead to a

perverse increase in exposure by displacing smoking towards private areas.

We show that during the nineties, bans in bars, restaurants andioealesreas have lead to
a relative increase in the exposure of young children. We hyjsehtbat such bans displace

smoking to places where non-smokers are more exposed. We testypbihesis by

! See descriptive evidence in section 3.1

2 See for instance Law et al (1997), Hackshaw é1297), He et al (1999), Otsuka (2001), Whincuplet
(2004), for adults and Strachan and Cook (199@fgeén et al (1998), Kriz et al (2000), Lam et &J2),
Mannino et al (2001)for children who all find that exposure to passéveoke is harmful for non-smokers
health.

® Source: Gallup poll (http:/poll.gallup.com/).
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contrasting the effect of smoking bans on children living in smokimg) @on smoking
families and by investigating the seasonal effects of banlsese two groups. The evidence
support the hypothesis of a displacement of smokers to places shiredrnvsmokers who

then get more exposure to tobacco smoke.

We also show that bans on smoking in other public places havesheeeassful in
limiting exposure, so that on average bans havenbadfects on non-smokers, once one
controls for state and year effects. In contrast, we find thaigelsain tobacco taxes have
a significant effect on the exposure to environmental smoke. Weftag-elasticity of
passive smoking of about -0.3 to -0.4, which is three to four times Hilgherthe tax-
elasticity of cigarette consumption. The effect is partitylsizable for children who are
exposed to their parents’ smoke. This suggests that excisea@xeas efficient tool to
curb passive smoking as smokers cut down on cigarettes smoked in coofipaomy

smokers, especially children.

The economic literature has focused on the effect of pricésxes onsmokers. Following
the work of Becker and Murphy (1988), most papers estimate pridecigles both in the
short and the long ruhThe evidence in these papers suggests that prices have aroeffec
cigarette consumption. However, some recent papers disputddabeadfprices. DeCicca et
al (2002) show that cigarette prices do not affect initiation at young ages. Addaraag|@
(2006) show that although taxes affect the number of cigarette dirmkekers compensate
by smoking each cigarette more intensively. Few papers angtgzeffect of bans on
smoking. Among these, Evans et al. (1999) show that workplace bansasgedie

prevalence of smoking in those who work.

While the literature on the effect of taxes or prices on snsakequite large, there is hardly
any evidence on the effectiveness of these measures nor oretttevefiess of restricting

smoking on reducing smoking exposure fion-smoker.®® Yet, the debate in public circles

“ See for instance the paper by Becker et al(1994aloupka (1991), and references in Chaloupka and
Warner (2000).

® One exception is the effect of maternal smokingbath weight, see for instance Rosenzweig and Bchu
(1983) and Evans and Ringel (1999).

® The epidemiological literature has examined tBaesof passive smoking, mostly from its health egognces.
This literature has produced a measure of passivekiag by analyzing the concentration of cotinirze,



Passive Smoking 4

and in the media on the effectiveness of different measuresebastly intensified, and
policies to ban smoking are often justified by the protection of non emmakather than
smoker$. There is to our knowledge no study evaluating the response of psisgikeng to
the growing set of regulation and clean air acts passed inghedaade or to changes in
excise taxes One of the main reasons why there is hardly any work in theoggon
literature on the exposure of non-smokers to environmental smake &pparent difficulty

of measuring passive smoking directly. This paper fills this gap.

The remainder of the paper is structured as follows. Sectioregemqs the theoretical
framework used for analyzing the effect of passive smoke expoautk outlines the
estimation strategy. Section 3 contains a description of our datdns&ection 4, we
investigate the effect of different state interventions orsipassmoking, measured by the
cotinine concentration present in non-smokers. Finally, Section Sud@scand discusses the

implications of our results.

2 Methodology

This section discusses our framework for analyzing the effechanges in smoking bans
and in tax on passive smoking. In particular, we define our meatpassive smoking and

describe our identification strategy.

2.1 A Model of Passive Smoking

To fix ideas, we present a simple model of the effect of smoiegglation on passive
smoking. Suppose that a smoker derives utility from the numbegarettes in two places,
C, (smoked at home) ant, (smoked in bars). The smokers also derive utility from a
composite goodg. Denote byp, the relative price of tobacco and pyotal income. The
problem of the smoker is:

(@D) maxu(c, ,Cg,0d) subjecto y=p(c, +c;)+q

Ch,Cg.0

metabolite of nicotine, in blood, saliva or urinamples. The amount of cotinine is a good markethef
exposure to environmental smoke (Jarvis et al 19849 epidemiological literature has also trie¢haracterize
the socio-economic groups that are more prone po®xe to environmental smoke (Pirkle et al, 1396yard
et al, 1998; Siegel, 1993; Jarvis et al, 2001; Wik et al, 1998; Jarvis et al, 2000; Strachan@ook, 1997).

’ See for instance ASH (2005) for a summary of tmedor smoke free public places.

8 A search in EconLit for the key words “passive &ng” generates only 4 hits that are unrelatech®issue
discussed here.
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Suppose that the utility function takes the following fomnc, ,c,,q) =ci*c5eq™. The
optimal number of cigarettes for a smoker in bd#tes is:

2) c, = #’M% and C = O,H+Z+%%

The government can impose a smoking ban in bars but not withime. lifiosuch a smoking
ban is imposed, the smoker is allowed to smoke only in a fragtiof0,1]of all bars. We
discuss later the case when this policy changes the predésrewer cigarettes or location.
Assuming constant preferences and no change in locations, theloptimizer of cigarettes
smoked at home is then:

~ a a .
€)) C, =9 ¥ 1-p———2—|>¢,
ay +a, p ay +ag +a,

When a ban is in place, a smoker will compensate by incredsgngumber of cigarettes
smoked at home.
First, consider a non-smoker who does not live with a smoker. Exposuares solely from
outside home. A ban on smoking in public places will unambiguouslyibémegfindividual.
Second, consider a non-smoker living with a smoker and who spendsanfraatf his time
at home and the rest in bars. In each of these placeseixpased to a fractiod of each
cigarette smoked by the smoker. Hence exposure is equal to:

Expo=dic, +o(1-A)c,
The effect of the ban on non-smokers is ambiguous and depends anetspédint at home
and in bars. After some simple algebra, the change in exposurengefdin a ban can be
expressed as:
@) AExpo = —afcfi_fc)% % (1-A) and A= —:;H :‘Z
Non-smokers spending all their time in bak=0) have a decrease in their exposure, while
those spending most of their time away from bars (e.g. childeam) &n increase in exposure

as A <1.

Smoking can also be regulated through higher cigarette pricpacdfs are increased by a

factor y>1, the change in exposure for non smokers (living with a smoker) can be written as:
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0 y-1ly
5 AEXpo = — = A, —a,)+a
(5) PO aray y p @)

Here again, the effect is ambiguousaif > a,, then the change in exposure is larger for

those who spend more time at home.

The model predicts an ambiguous effect of smokiagsbdue to a displacement of
smoking from public areas, where smoking is banredprivate areas (home). Non
smokers who live with smokers and spend most of thee at home (e.g. infants) may
suffer from an increase in exposure. An increadebacco prices leads to heterogeneous
changes in exposure to tobacco smoke, with a bigffect for those who spend more

time at home.

It is possible that smoking bans affect not onlg thoices of how many cigarettes to
consume, but also preferences towards tobacco lamidecof locatior?. Extending the
model to allow for an endogenous choice of locatiould lead to more exposure of
non-smokers as smokers turn away from bars. Dtleetaddictive nature of tobacco, it is
also possible that in the longer-run smokers adedad to smoke less as their stock of

habit is decreased by a ban.

The model shows that it is not straightforward to infer thecefié government interventions
on non-smokers by looking at the effect of these interventionssowokers (i.e. measuring the
change in prevalence, or the change in the number of cigasetigleed). In general, the
change in passive exposure is not proportional to the change in thEemofcigarettes
smoked because smokers and non smokers do not spend the same ammantnoéach
location. Therefore, an empirical analysis should measure passankingdirectly in non-

smokers.

2.2 Cotinine as a Proxy for Smoking Intake
In order to analyze the effect of state interventions on non-smakaeed a measure of the

amount of tobacco smoke inhaled by non smokers. We use as a proxytihiee

° Adda et al (2006) provides evidence that a smokimgintroduced in Scotland decreased the number of
customers.
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concentration in body fluids. Cotinine is a metabolite of nicotine. Whidetine is unstable
and is degraded within a few hours of absorption, cotinine has afgatf-the body of about

20 hours and is, therefore, a biological marker often used as armatordimf passive
smoking'® It can be measured in, among other things, saliva or serum.

The use of cotinine has several advantages. First, cotiningaited to the exposure to
cigarette smoke. Figurd plots the relationship between the total number of cigarettes
smoked in the household and the cotinine level observed in the body fluide aimokers

sharing the house with smokers.

[Figure 1]

The relationship between the number of cigarettes smoked in thehotdisind the cotinine
level in non smokers living with smokers is upward sloping. Secondjremtinand nicotine
from which it is derived- is a good proxy for the intake of tiettireatening substances in
cigarettes. The nicotine yield of a cigarette is highly elated with the level of tar and
carbon monoxide, which causes cancer and asphyxiattéEotinine is, therefore, a good
indicator of health hazards due to exposure to passive smoking. Thimhedtvels reveal
rapidly variations in exposure due to changes in policy, which isheotase with other
markers such as tobacco related diseases which take tirdevébop. Finally, there is
minimal measurement error, compared with self-declared expasuigarettesywhich has
been used as a measure of passive smoking. Cotmitherefore a straightforward and
precise measure of passive smoking, particularlieduo evaluate policies aimed at
reducing smoking.

2.3 Econometric Specification
We consider the following econometric model of exposure to enviroairembke for a non

smoker indexed by in states and in period:

°The elimination of cotinine is slow enough to allcomparing measurements done in the morning ¢inén
afternoon.

' Based on our data set (the National Health andithtut Examination Survey), which report for soneays the
nicotine, tar and carbon monoxide yield of eactate, the correlations between nicotine and tethand
carbon monoxide are high, 0.96 and 0.85.

2 The main health impacts of exposure to environalebacco smoke (ETS) are lung cancer (more tiftan 5
epidemiological studies have examined the relakignbetween passive smoking and lung cancer; feveew
see NHS Scotland, 2005), coronary heart diseasggiratory disorders, and ETS in pregnancy can tiedow
birth weight and poor gestational growth.
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(6)  Coty=a,+> ¥R, +Blogtax, +Y 7R D, + B logtax,D +a, X, +J, + A +ug
i j

where Cotg is the cotinine concentration (expressed in ng/mRl), is a measure of

restrictions on smoking in public plagen the state at the period of interest; We consider
different places: j60is a measure of restrictions on smoking in bars, restaurant and othe
recreational places (“going out”); T restrictions in public transport; BM restrictions in

shopping malls; j3VP restrictions in the work place; ch restrictions at schootax, is
the state excise tax on tobacco (adjusted for inflation) in angivate and periodD, a

variable indicating whether an individual belongs to a particulaugfor whom there is no
direct effect of a given anti-smoking policy, perhaps becausenitiidual does not go to
certain public places,, is a vector of individual characteristics that affect exposuch as

age, sex, occupation or race. It also includes (detrended) st&ea&D may be correlated

both with smoking and with excise taxes if they are used as atmaike state revenué is

a set of state of residence dummies, whijles a set of year dummies.

The coefficients of interest are the effect of smoking i@giris and the effect of taxes on

cotinine measures. We relate exposure to excise taxes as tihesrelevant policy variable

from a public health point of viewVe test for displacement effects by testing wheifier
or y; are zero. If any of these coefficients are posijtivmeans that the policy has some

unintended consequences on non-smokers as smakitigpiaced from public to private

places We discuss in detail which groups we consider in sectidn 4.

The identification of the effect of regulation and taxes fr@m variation across states and
time, and not from cross-sectional differences in the levebté segulations or taxes, which

are taken into account by state dummies. Our identificatibesren the exogeneity of

* Note that under the assumption tia{x | D,) = E(x ), E(xu. |D,)=E(xu) and E(uD,) =0,
where X is either bans or taxes, the estimator,fbfor y; are consistent even if bans or taxes are
endogenous. The intuition behind this result is thase coefficients capture the differential inpztcX;

across groups characterized D,{ and by assumption, the endogeneity affects bathgy in the same
way. Proof available upon request.
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changes in taxes and regulatiomithin states, but not on the heterogeneity in levels of

regulations and exposure to passive smoking.

The coefficients of interests would be biased despite the number of controls gLt

changes in unobserved factors affect both changes in exposurestee pgmoking and
smoking regulations. This could occur for at least two reasond, Ft®ducing tougher
smoking regulations in states where the prevalence of smokimigadseasing could be
politically easier as the median voter would shift towards a non-smokess I§tthie case, the
estimate of smoking regulations would be biased downwards. Anothabiliysss that

tougher regulations are more likely to be enforced on health groustistes where smoking
is on the increase, or in relative increase compared to shefr¢he country. In this case,

estimates would be biased upwards.

We control for both these potential biases by includingXp, the (lagged) prevalence rate

of smoking at state level. The prevalence rate would be thewbwzontrol variable if the
endogeneity comes through a shift in the political power of non-smolkessalso a key
variable to monitor smoking trends in relation to health issuedecklto smoking and is
easily observable by policy regulators. On the contrary, moeetdineasures of exposure,
such as cotinine concentrations, are much more difficult to obtadnare more difficult to

monitor.

The model is estimated by OLS, and standard errors are adjasteeteroskedasticity and
clustered at state levEl.This correction accounts for the presence of a common random
effect at the state level. We therefore allow for sertatelation in the error term following
Bertrand et al (2004) who show that difference-in-differencenaibns can be seriously

biased in the presence of autocorrelation.

14 Cotinine is constantly eliminated by the bodyhaitgh at a slow rate. Some of the variation innioé
levels depends on the timing of the examinationinduthe day. To the extent that the timing of the
examination is uncorrelated with changes in taxek lavel of regulation in the state, we do not ex@e
bias in the coefficient of interest. The same argnintan be made for biological diversity in theespat

which cotinine is cleared from the body.
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3 The Data and Descriptive Statistics

3.1 Exposure to Passive Smoking
We use data from the National Health and Nutrition Exanana8urvey (NHANES IIl and

NHANES 1999-2002). NHANES is a nationwide representative saofplee US civilian
population. It provides information, from 1988 to 1994 and from 1999 to 2002, for 51,835
individuals, aged zero and above. The data set reports informatidme cage, sex, race,

health, education and occupation of the individual, as well as infermat the household

level such as family composition, income or geographical locatoaddition, the cotinine
concentration in both smokers and non smokers (aged four and above), andbe of
cigarettes smoked in the household are reported. This last infomadiows distinguishing
between non smokers that are exposed to passive smoke at home and non smokers that live in

smoke-free households.

From the available sample we select non-smoking individuals. Weatirolividuals who
report them-selves as smoker or report consuming cigaratjaess,ipe, snuff or chewing
tobacco. We also drop all individuals who have a cotinine levelgassxof 10 ng/ml. This
rule is often use in epidemiological studies to distinguish smdkens non smoker¥. It
represents about 5% of the declared non smokers. In total, we o0B8€&/& non-smokers

with a valid measure of cotinine concentrattdn.
[Table 1]
Table 1 provides a summary statistic of the data set. Columfers te the whole sample,

columns 2 and 3 provide descriptive statistics for non-smokeng lin household where the
other members either smoke or not. The average cotinine concentratioal iesd4ng/ml.

1% See Jarvis et al, 1987. This threshold also domesi the upper level of exposure of younger céildiaged 6
or less) for whom we can presumably assume thgtafeegenuinely non smokers. The distribution dindoe is

very skewed and mainly concentrated in the 0 -/hhgegion which contains more than 90% of the glam

16 All valid cotinine measures below the detectioreginold (0.035 ng/ml), were set to the thresholdeza
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84% of the sample has a cotinine concentration higher than theatigethreshold of
0.035ng/ml, while 14% have a value higher than 1ng/ml. The amourdtiafne in non
smokers living in a non smoking household is more than five times kbaerthe amount of
cotinine present in individuals living with smokers (0.26 n/ml in noioeers living in non-
smoking households compared to a level of 1.47 n/ml in individuals livitig smnokers).
Individuals living in households with smokers have almost all tiiée levels of cotinine,
and are much more likely than non smokers living in non smoking househodtdseoa

concentration of cotinine above 1ng/ml.

3.2 Smoking Restrictions to Tobacco Exposure and Excise Taxes
We merge information on smoke free laws in the different US states to the E&ldatasets.

Regulations on smoking bans in the US are obtained from the ImpawEdesite, based on
state clean air act$This data set reports the regulationplace by year and by state in
different locations. Note that while the data istdte level it combines both state level
regulations and an aggregation of county leverietgins. The advantage of aggregating
data at state level is to minimize cross-bounddigces. The disadvantage is a lack of
precision if there is dispersion around the stat@amwithin state.

The data set provides information on the severityhe restrictions and on the place
where the restriction is enforced (e.g. government worksitesatpriwork sites, public
transits, schools, and restaurants). Eleven different locationg wgulations were enacted
were identified: Government worksites, Private worksites,dCbére centers, Health care
facilities, Restaurants, Recreational facilities, Cultueadilities, Public transit, Shopping
malls, Public schools, and Private schools. For each of thesmiscthe dataset records the
degree of restrictions enforced in each year (1991-2001). Welegbe severity of the
restriction into four categories: zero if no restrictions; d@hemoking is restricted to
designated areas; two if smoking is restricted to sepamds;ahree if there is a total ban on

smoking.

" http://www.impacteen.orgThe data wasompiled by researchers in the Department of HeRdthavior at
the Roswell Park Cancer Institute (RPCI) in Buffalew York, in conjunction with researchers at the
MayaTech Corporation in Washington, DC.
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Over the nineties, regulations have become more stringent. Moreover, the propbstiates
with no restriction in any places falls from 50% in 1991 to 36% in 2001ile®iyn in 1991
only 27% of the states had at least a total ban on smoking in one gpdtie, whereas the
figure is 51% in 2001. Our identification strategy relies on witstate variation in excise
taxes and smoking regulation. While the range of our regulatiorbl@isbetween zero (no
ban) and three (full ban), a one standard deviation within @ statespond to a change of
about 0.2 to 0.3 for most of the regulations we consider.

We also merge information on state level excise taxes andirgmnoggulations to the
NHANES datasets. The data on excise taxes are from thBurden on Tobacco, published
by The Tobacco Institute until 1998 and updated by Orzechowski and MWab@1). It
reports taxes by state and year. We deflate taxes using theremgrice index. Most of the
variation is cross-sectional, where taxes can vary by about 80%re is differential
variation over time and across states that we exploit to identify finet ef taxes. Taxes have
on average increased by 2 cents per year.

3.3 Trends in Passive Smoking
The cotinine concentration in non-smokers has halved over the nineties, from abouin0.8 ng/

in 1988 to 0.4 ng/ml in 2002 (Figure 2). This remarkable trend may iedibat policies
regulating smoking have been successful. This decrease ivepassoking can also be
observed in non smokers at the upper end of the distribution of exposureh{Svegriod,
the proportion of individuals with a cotinine level in excess of 1 hges decreased from
21% to 11962

[Figure 2]

Next, we separate non smokers who share their household with smakersioih smokers
who live in “smoke free” households. Figure 3 plots the cotinimecentration in non-
smokers living in non smoking households from 1988 to 2000. Figure 4 shows &arhe

time period, the cotinine concentration of non smokers sharing the house withsmoker

[Figure 3 and Figure 4]

'8 We arbitrarily report the trend at the level aig/ml, which corresponds to the 15% upper peraentil
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The level of cotinine has been halved in non snwkeing 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 exposurbogetwho live with smokers. In the
period considered (1988-2002) the concentrationotihine in non-smokers living with
smokers does not show a similar tr¢Rajure 4).Despite the increasing level of severity
in regulations and higher excise taxes, this evidesuggests that tobacco exposure of
non smokers living in smoking households did narease’®

4 Empirical Results: Passive Smoking and State
Intervention

4.1 Passive Smoking and Anti-Smoking Policies
We first analyse the impact of bans and taxes on passive smiokheywhole sample of non

smokers. We first group bans in all locations into a singlexintieis is formed by taking the
average of all regulations across all public places and rd@egen 0 (no bans anywhere)
to 3 (bans everywhere). The results are presented in TaWlle 2onsider first the effect of
smoking bans on cotinine concentration in non smokers, then of excise daxefinally of

both bans and taxes togetfler
[Table 2]

Column (1) displays the effect of regulations on smoking and showstbae standard
deviation increase in regulations would decrease the cotinine caatoanin non-smokers
by 0.03 ng/ml. This result is in accordance with many epidegicdl analyses which views
bans as a successful tool to limit passive smoking. Controllingtdte effects reduces by a

% An alternative interpretation is that of a chamgeomposition in the pool of smokers. If highexda 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 checljave also done the analysis by re-weighting theptmaso that
each year becomes comparable, in terms of obsesyatal the first year of our sample. This methogypls
developed in DiNardo et al (1996) to study charigewage inequality and relies on a change in coritipos
which can be corrected by matching on observalitethis way, we are comparing groups of individuatso
are similar in a number of observable charactedstiVe re-weighted the sample by matching on a eurab
observable characteristics (sex, race, age grodpnmome group). We found that the results are @aige to
the aralysis presented above.

% Controlling in addition for income level does mhiange the results.
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third the effect of regulations on passive smoking, but we canrglout a zero effect
(Column 2). As discussed in the previous section, smoking bans have bacoenprevalent
through the eighties and nineties, and exposure decreased during that pesi therefore
important to control for an aggregate time effect. Column 3 shioatsathen both time and
state fixed effects are used, the effect of a ban is futthied and becomes statistically
insignificant. Moreover, the standard error of the estimatews The evidence in Table 2
shows that the decrease in exposure to tobacco smoke occurred lstdtesnwith and
without these regulations, so that smoking bans appears to have nim q@eventing

exposure.

We now turn to the effect of (log) excise taxes on passive smokitigput controlling
neither for state of residence nor for year of survey (columiilg effect is identified here
through variations through time and state differences. A standaratidevchange in state
taxes would lead to a reduction in exposure of about 0.02 ng/ml. Notehthatverage
concentration of cotinine is equal to 0.44 ng/ml and that a one stasheldedion in excise
taxes represents about 25 cents. Thus each dollar increasesmdeduces exposure by about
18%. Column 5 controls for year of survey and state of residehceeliminates state level
characteristics and aggregate changes in passive smoking.ffétieoé taxes is slightly
stronger. A one standard deviation change in taxes leadsreéduation in exposure of
0.03ng/ml. Thus each dollar increase in taxes reduces exposure by about 27%.

Columns 6 and 7 of Table 2 introduce both taxes and regulation in the. Mbeedffects of
excise taxes are larger than those estimated in column Z{@mgard deviation change in
taxes leads to a reduction in exposure of 0.05ng/ml). This corresporuats diasticity of
about -0.3 to -0.4. This is higher than the tax elasticity of etgaconsumption. The price
elasticity of smoking is usually estimated at around -0.5 (fipkia and Warner 2000), and
the tax-price elasticity is around 0.17 during that period, whiatshzte into a -0.08 tax
elasticity of smoking® The fact that passive smoking is more reactive to a changees
than smoking it-self is an indication that smokers do not cut dowokisag uniformly, but

are more prone to cut down on the cigarettes smoked when non-smokers are presmit. We |

2L Using NHANES 1988-2002, we estimate the tax atdgtof smoking at -0.16, controlling for state airde
effects.
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further into this result below when we break down the effect byaagl by family smoking

status.

From column 6, regulations appear to have no overall effelse 95% confidence interval
for the effect of bans ranges from -0.006 to 0.014. Even if thetaffat the lowest part of
that interval, the effect of regulations would be small. Tipigears to contradict previous
epidemiological studies of bans, see for instance Hopkins et al (2004&) review, and

Travers et al. (2003) and Siegel et al (2004) for more raxeritibutions. The contradiction
is, however, only apparent. Most of the epidemiological work find$ #hsmoking ban

reduces the concentration of ETS in the places where théctiess apply, but do not

measure it directly in non smokers so they do not address thaoguektdisplacement.

Second, when exposure is measured at the individual level, the stigiysdare often simple,
relying on cross-sectional data or time series evidence. Wheatowot control for state or
year effect, we also find a negative and significant effect of smoking bans.

Column 7 of Table 2 includes the lagged prevalence rate. The rasiltsmarkably stable.
We interpret this as an indication that there is little erdegy of taxes or bans once we

control for state and time effects.

4.2 Passive Smoking in Different Public Places
Until now we have referred to cigarette smoking regulatiogarddess of the place where

these regulations are enforced. Smoking bans may in fact apply to veryndiffiarees.

Table 3 displays the effect of regulation and taxes on passioking considering separately
different places where regulation may be enforced. In particukardigtinguish between
places where individuals spend their leisure time, and calleth ttgoing out” (i.e.

restaurants, recreational and cultural facilities), and putdicsportation, shopping malls,

workplaces, and schools.

[Table 3]
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Tighter regulations have different effects on the cotinine eatnation depending on where
they are enforced. The effect of tighter smoking regulations in waw&plis not significantly
different from zero. It seems therefore that there is no pe&ef an effect of bans on non
smokers’ exposure in such places. However, the precision of theatetidoes not exclude
the fact that a workplace ban could decrease exposure: it dfoulated that the lower point
of the confidence interval implies a reduction of about 0.16ng/ml fotahban, a non trivial
amount. Tighter regulations in public transportation do not seem te aaveffect on
reducing the exposure of non smokers. On the other hand, tighter ragulaice an impact
on the cotinine levels in non-smokers in schools (a one standardi@ewhange in state
regulation in schools decreases cotinine levels by 0.04ng/ml inmokess) and in shopping
malls (a one standard deviation increase in bans leads to a decreaseria teis of about
0.3 ng/ml).

Most interesting is the observed impact of tighter regulationsublic places such as bars
and restaurants. We observe a significant increase in th@neotevel in non-smoking
individuals when bans are enforced in such places: a one standatiotevicrease in bans
lead to an increase in cotinine levels of more than 0.2 ng/nd. éffféct cannot be explained
by a direct effect of the ban on non-smokers, which would have dedréses exposure of
those who spend time in such places. The only explanation for an adneagposure is
through an indirect contamination due to the displacement of smokeasdtowon-smokers

as derived in equation (4). We now investigate this point further.

4.3 Characterizing Displacement Effects
To uncover displacement effects due to tougher smoking regulatigriaces where people

go out, we focus on non-smokers who would not be directly affected byesyiations. We
focus our attention on children. First it is likely that childrem lasss prone than adults to go
to bars, restaurants and, perhaps, recreational public places. Skeodidptacement effect
should be larger for children whose parents are smoking. Third, spgackment effect
should also be larger when people are more likely to be indoors, sirctviaser, especially

at a young age.
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4.4.1 - Policy | mpact by Age Group

We now proceed in analysing the effect of taxes and regulatiqgrassive smoking across
age groups. Table 4 separates non-smokers by age groups. Columergljorefie overall
sample of non smokers. Columns (2) to (5) of Tabfisstinguish between four different age
groups. The first age group is from 4 to 8, an age where childeenastly either at home or
in school or day-care, and supervised by an adult. At that ageuntikely that any peers
would be smoking. These individuals are therefore exposed either t@tEi@ne, where
parents or other adults in the household smoke, or in public placesetbed age group
ranges from 9 to 12, an intermediate age group between eddjad and adolescence.
The third age group ranges from 13 to 20. Exposure for these individaald come from
parents and also from peers. Finally, we group all individuals 2@ed above into group 4.
We have experimented with different cut-off ages, in partionltr young and elder adults,

and have found similar resufis.

[Table 4]

The first row of Table 4 decomposes the effect of regulatiorsgkygroups. In places like
restaurants, bars and other recreational places (“going-autf)e standard deviation change
in regulations in such places increase the exposure of children by@bbutg/ml. This is
also the case for the next age group, 8 to 12 years old. Theieféecaller for teen-agers and
beneficial for adults, although this effect is not statidijcaifferent from zero. This can be
interpreted as the existence of a displacement effectdidtsabetween leisure activities in
public places, where regulation can be enforced, and in privatesylwhere no restriction to
smoking can be enforced leading to a displacement of smoking devpdaces where

children and adults interact.

It is worth putting this increase into context. On avermgenoker gets 12 ng/ml per cigarette
(see Adda and Cornaglia, 2006). The increase in cotinine followirghieing of smoking

bans in places where people go out amounts to smokind' df28 cigarette. Even if the

% The data set contains about 8698 children of aget @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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increase in exposure is sizable for children, it is consistghta displacement where adults

smoke a few cigarettes more at home.

Tighter regulations in public places other than recreationakplaave on average negative
coefficients, especially for young children. The effect of a imaschools has the expected
sign, and is significantly different from zero, for children oe&yto 12. A one standard
deviation increase results in a decrease in exposure of ahGuh@ml, a 15 % decrease.
Tighter regulations in shopping malls have an impact only onxpesere of children. In
particular, a one standard deviation increase leads to a sedreaposure of about 0.60
ng/ml in small children and of 0.45 ng/ml in children aged 8 to 12. Inrger@moking
regulations have a larger impact, either beneficial orirdetital, on young children. For
adults, we cannot find evidence of an effect of smoking regulationsyewer they are
enforced. This is consistent with a displacement of smoking, witeresmokers accompany
smokers to places where smoking is allowed.

The last row of Table 4 displays the effect of taxes by agepg. The effect of taxes
decreases with age. Young children are the most sensitvetiange in taxes. For children
aged 4 to 8, a one standard deviation in taxes decreases theecotingentration by 0.2
ng/ml. This corresponds to a tax elasticity of about -0.8. For atdériduals, taxes have no
significant effect on exposure to tobacco smoke. This is furthielereee that cigarettes
smoked in the presence of non-smokers and especially childreheafiest to be cut as a
result of a change in taxes. This is line with the predictioegoftion (5). This suggests that
smoking is partly a social activity so that smokers deriveenutitity to smoke with other
adults. An alternative explanation could be that adults withrdienl are poorer and face
liquidity constraints, which would make them more sensitive ¢thange in tobacco prices.
The empirical literature has documented the higher priceictagor poorer individuals
(Chaloupka (1991), Farrelly et al (1998)). However, controllingrfioome does not change
the results.

4.4.2. - Policy | mpact by Household Smoking Statusin children

The previous analysis shows that the group of individuals th#teismost affected by

changes in taxes and regulations are children. In Table 5 pegase children by family
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smoking status and report the effect of one standard deviatiaxes and regulation on
children, by place of enforcement and household smoking status. Colunansltoechildren
that live in non-smoking households; column 2 refers to childreimgliin smoking

households.

[Table 5]
The observed effects of changes in regulations are considereggy ia children living in

smoking households than in children living in non-smoking households.

The effect of tighter regulations on children in smoking householdsrsliffecording to
where the regulations are enforced. In bars, restaurants andestreational places (row 1
of table 5) the coefficient of regulation is positive and sigaiftqa one standard deviation in
regulation leads to an increase in the cotinine level i@l of more than 1 ng/ml). On the
other hand, the effect of regulations on children living in non smofanglies is not
significant and the point estimate is very close to zero.€lfesallts are in accordance with a
displacement effect of adults (smokers) toward h&hiote that the argument about the
endogeneity of smoking bans that we discussed in section 2 becaresantrived when
we analyze the effect of bans in places such as bars dadregdgs. These are in fact often
introduced to protect employee from exposure to tobacco smoke and doedhdavelfare
of children in mind, a group of the population that hardly goes to such places.

Regarding the effect of regulation in other public places werabslat tighter regulations in
shopping malls leads to a statistically significant reductiotihé cotinine levels observed in
children living in smoking households. Again this does not have a siaaldlesignificant

effect on children in non smoking households.

Children in smoking households benefit from an increase in excise (@@se standard
deviation in taxes leads to a reduction in the cotinine levedrebd in children of about -0.3

ng/ml. The effect is larger in magnitude than the one lfahédren irrespective of smoking

% An alternative explanation is that the introductafrtighter bans induces light smokers to quit jrtipnally
more than heavy smokers. This would lead to a Elesample of heavy smoking parents within the sngpk
household group and would lead to a positive biake effect of regulations. Our attempt to contoolthis bias
using the methodology detailed in footnote 19 watssapportive of this alternative explanation.
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status presented in Table 4. Children in non-smoking household areeuéeafby changes

in taxations, as the coefficient is close to zero and is not statissgghificant from zero.

4.4.3. - Policy | mpact by Season

To substantiate further the displacement effect due to tougheatiegslin bars, restaurants

and recreational places, we investigate the differenfiettedf these measures during winter
and summer. In colder months it is more likely that smokerdliglit up cigarettes indoors,
exposing therefore non-smokers to a higher level of environmiebi@tco smoke than when
they have the option to be outdoor. More particularly, we are stégteon how seasonal
pattern interact with anti-smoking policies.

NHANES 1988-1994 reports the month of the interview and we categbezenonths as

winter (October to April) or summer. We interact taxes and smgokegulation with an

indicator of being examined during the winter months. We concetnatgildren given that

this group appears to be more subject to displacement effectseduits are presented in
Table 62

[Table 6]
The first row of Table 6 indicates that children in smoking houselhai@ higher levels of

cotinine during winter periods. We find no seasonal effects fodremil living in non
smoking households. For this group, we do not find significant differeetiabsal effects of
taxes or regulations either. In contrast, when we look at childremoking families, we find
strong seasonal effects. The effect of smoking restrictiongaep where individuals go out
is more pronounced in winter than in summer. We also find tivatHildren in smoking
households ‘other regulations’ are more efficient in winter than in summer.

Similarly, taxes appear to have a stronger effect in winkéchwis consistent with adults and
children being in-door$.

24 A caveat is that the time span is limited to 19994, as we do not have information on smoking riprs
prior to 1991, nor information on month of intemwiafter 1994. With limited time variations, we cabiontrol

for state effects, but rely instead on regionad&f. We use four regional dummies, North East, Wiabt, South
and West. We also group together bans imposed hier gilaces than “going out” as their effect is more
homogenous.

% Taxes and anti-smoking regulations do not charigfe season and if sampling is random across seasons
the requirement listed in footnote 12 are met. differential effect of taxes and smoking regulatios
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Throughout this section, we track the effect of a ban in recrebptates which appeared to
increase the exposure of tobacco smoke in non-smokers of all ade.thihieffect may be
surprising in the first place, we show that it is consistett widisplacement effect, where
adult smokers chose to smoke at home instead of in bars or retstatlitenresults show that
the effect is present for the group which is more likely toffexid by displacement: young
children whose parents are smoking, especially in periods durindh ity stay indoor.

This is consistent with the simple model we derived in Section 2.

4.4 Health and Economic Consequences of Anti-Smoking Policies
The results presented so far are about the effect of anti4sgpklicies on the exposure of

non-smokers. As we discuss in the introduction, passive smoking hasridexhtb cardio-
vascular diseases, cancers and respiratory diseases, &specihildren. To put our results
in perspective, we briefly present some evidence of theteffqrassive smoking on health.
Given the lack of evidence of any large effect of excigedar smoking bans on adults, we
concentrate on the exposure of children. The purpose of this analysi is reproduce
results established in the medical literature, but to provadeesrough estimates to convert
the effects of state interventions uncovered in our previou®sento health and economic

effects.

We exploit the information on health outcomes contained in the NHANER\s the
incidence of cardio-vascular diseases or tobacco-relate@rsaimcchildren is very low, we
consider symptoms of respiratory diseases such as asthmaisvhégiorted in the data set.
This respiratory disease is a serious condition which resuftgspitalisation and is the most
commoncause of school absenteeism due to chronic conditibhe prevalence of asthma

for children of this age is about 10%.

We estimate a simple linear probability model of the prexaef asthma and we control for
the cotinine concentration as well as for age, sex and raeeéndide all children aged four

to twelve. We find that an increase of one ng/ml in cotinine cdret®on leads to a 0.8

therefore consistently estimated even if their alleffect may be biased due to endogeneity of anti
tobacco regulations. This will also be true if @@ndition the regressions on household smokingstat
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percentage point increase in the prevalence of astfifiaese estimates obviously do not
consider the possibility of confounding by other unmeasured variabiesh wvere not
included in the regression. With this caveat in mind, we can efdctihe effect of anti-
smoking interventions on the incidence of asthma in childreneviduate the economic
consequences we use estimates in Wang et al (2005). They edtimatgerall cost of
asthma at $ 791 per child and that each child with asthmagisé® days of schooling per
year. From the NHANES IIl, we estimate the number of céildsf age 4 to 12 to be around
36 millions.

From Table 4, a one standard deviation increase in taxesadltb a 0.16 percentage point
decrease in the prevalence of asthma for children aged 4 to &ieFage group 8 to 12, the
reduction would correspond to 0.1 percentage points. Hence a one standattrde
increase in taxes across all states would reduce the numitgldoén suffering from asthma
by about 45,000 cases, corresponding to a saving of about $36 millioryggreand a

reduction of 116,000 days of school missed.

Similarly, a one standard deviation increase in regulation s, bastaurants and other
recreational places leads to an increase of 0.5% in the prevaleasthma for the youngest
age group. This back-of-the-envelope calculation suggests thgttaning of smoking bans
across all states would lead to an average increase isheluwe to asthma of about $126
millions and about 400,000 days of school missed every year (oubtal aft approximately
7.5 billion days).

5 Conclusion
The effect of passive smoking is of increasing public concerthoagh the economic

literature has evaluated the effect of government intesendin smoking intensity or

prevalence, there has been, so far, no direct evaluation of these measuresnookeos.-s

In this paper we characterize the extent of exposure to environmental smoke, aatklial

effect of changes in excise taxes and bans on passive smokingeVéedirect measure of

% The standard error is equal to 0.3.
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passive smoking which has not been used in the economic literatutegnitentration of
cotinine, a metabolite of nicotine, in body fluids of non smokerss &lhows us to precisely

identify the effect of state intervention on non-smokers.

We find that increasing taxes on cigarettes reduces on aveqa@guee to cigarette smoke of
non smokers. The effect of state excise taxes also \amiess demographic groups. We find
that taxes have a strong effect on young children living with sradket no effect on non
smoking adults. This suggests that smokers cut down on the cigdhetyesmoke at home

but not those in social activities with other adults.

Using information on the implementation of the Clean Air Act axtose and different US
states, we also find that smoking regulations have on averagéfend on exposure. We
show that this latter result is not due to a lack of stadisfiower to detect a precise effect but
rather to the fact that regulations have contrasting sffdepending on where they are
imposed and depending on which group of the population is affectede Wank in public
transportation, shopping malls, and schools lead to the desired decrexp®sure of non
smokers, we find that bans in recreational public places can pelywencrease tobacco
exposure of non smokers by displacing smokers to private places tiey contaminate
non smokers. Children seem to be particularly affected by this désptnt. The level of
cotinine in small children considerably increases as a resdlans in recreational public

places, while decreases if tighter bans are put in place in public traospbdpping malls.

Our results question the usefulness of bans in reducing smoking expmsoon fsmokers.
More precisely, we show that policies aimed at reducing exptsuadacco smoke induce
changes in behaviors which can offset these policies. It isfoheref crucial importance to
understand how smoking behaviors are affected by regulations. Soefditerature has not
gone far enough in studying smoking behavior to be able to evahgiteeffect on non
smokers. It is not enough to show that smokers react to pritasest Information on which
particular cigarette is cut down during the day, where smokersesanok with whom are
also relevant. There are complex interactions at play anddewable heterogeneity in their
effects across socio-demographic groups. Using a biomarkemasumtinine concentrations
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is a very direct way of evaluating the overall effectr@éiventions and the induced changes

in behaviors.

On the policy side, it seems therefore important when designing pudiices aimed at
reducing tobacco exposure of non smokers to distinguish between thendiffablic places
where bans are introduced. Displacing smoking towards place® wbarsmokers live is
particularly inefficient. It may also increase health dispgEgiacross socio-economic groups
and in particular in children. There are several reasons whgnagevant to protect children.
They constitute a vulnerable group with little choices to avoidaromiation. This age group
is particular prone to tobacco related diseases and poor healttildhood has lasting
consequences not only for future health but also for the accumulation ahtoapital (Case
et al, 2005).

Governments in many countries are under pressure to limitvpagsioking. Some pressure
groups can be very vocal about these issues and suggest bold aaldrefalims. Their point

of view is laudable, but too simplistic in the sense that theyot take into account how
public policies can generate perverse incentives and effguts paper provides insights on

how to design optimal policies to curb passive smoking.
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Table 1 - Descriptive Statistics

Whole Individuals in Individuals in
sample smoking families  Nonsmoking families

# of observations 29687 5770 23897
Average level of cotinine (ng/ml) 0.44 1.47 0.26
(2.02) (1.59) (0.75)
Proportion with detectable cotinine
megsure (>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 whkalaple consists of all non-smoking individuals wiave a
valid cotinine measure lower than 10ng/ml.

Table 2 - Effects of One Standard Deviation in Smoking Bans and Taxea Passive
Smoking

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

() ) ®) (4) () (6) @)

Smoking Bans -0.032* -0.012** -0.006 0.005 0.004
(0.009) (0.002) (0.008) (0.006) (0.005)
Log Tax -0.02**  -0.03*  -0.04**  -0.05*
(0.012) (0.012) (0.015) (0.019)
Control¢ N
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 clusteringaét $evel in parenthesis. ** significant at 5%significant at
10%
*Controlling in addition for income level does nabstantially change the results.
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Table 3 - Effects of One Standard Deviation of Taxes and Regulation on Pagsi
Smoking, by place of enforcement. Dependent variable: cotinine.

All ages
Average Cotinine Level 0.44ng/ml
(Standard Deviation) (1.00)
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)
Log Tax -0.04**
(0.02)
Controls:
Year Dummies X
State Dummies X
Age, sex, race, state GDP X
State smoking prevalence X

Regressions controls for age, sex, race, state G2t of residence and year
of survey. Robust standard errors adjusted forteting at state level in
parenthesis. ** significant at 5%, * significant1%.

Table 4 - Effect of One Standard Deviation of Taxes and Regulation on Passive
Smoking, by place of enforcement. Dependent variable: 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  0.74 ng/ml  0.43 ng/ml
(Standard Deviation) (1.00) (1.47) (1.03) (1.26) (0.84)
Regulation Going out 0.21** 0.65** 0.46** 0.07 -0.03
(0.07) (0.14) (0.10) (0.112) (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) (0.112)
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)
Log Tax -0.04** -0.20** -0.12** -0.01 -0.01
(0.02) (0.06) (0.03) (0.05) (0.02)

Regressions controls for age, sex, race, state G, of residence and year of survey. Robustiatdrerrors
adjusted for clustering at state level in parenhés significant at 5%, * significant at 10%.
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Table 5: Effect of One Standard Deviation in Taxes and Regulation d@hildren, by
Place of Enforcement and Household Smoking Status

@) 2
Non Smoking Smoking
Households Households
Average Cotinine Level 0.27 ng/ml 1.97 ng/ml
(Standard Deviation) (0.44) (1.85)
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)
Log Tax 0.012 -0.30**
(0.02) (0.06)
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 adjdstedustering at
state level in parenthesis.** significant at 5%significant at 10%.

Table 6 — Seasonality Effect in Children, by Household Smoking Statu®iie
Standard Deviation Effect)

Children Children
Non Smoking Households Smoking Households
Winter 0.001 0.59**
(0.04) (0.21)
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)
Log Tax -0.13 0.04
(0.09) (0.08)
Tax*Winter 0.12 -0.27**
(0.09) (0.12)
Controls:
Year Dummies X X
Regional Dummies X X
Age, sex, race X X

Robust standard errors adjusted for clusteringeét saind

year level in parenthesis. ** significant at 5%significant at 10%
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Figure 1: Cotinine Level by Number of Cigarettes Smoked in the Household
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Figure 2: Average Cotinine Concentration in Non-Smokers.
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Figure 3: Average Cotinine Concentration in Non-Smokers — Non Smoking
Households
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Figure 4: Average Cotinine Concentration in Non-Smokers — Smoking Houselds

2 _
[
S
©
I
w —
o2 '
Q
[
=
o
O
1 7 I I I I
1988 1992 1996 2000

Year



