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Abstract

The 16 German federal states introduced smoking bans oeretiff dates during 2007 and
2008. These bans restricted smoking in enclosed publi@p)grarticularly in restaurants and
bars. This study examines the effects of smoking bans orassHssed health. Using data from
the Socio-Economic Panel (SOEP), difference-in-diffeemnestimations provide evidence for
health improvements for the population at large. Healthreiemfrom the secondhand smoke-
free environment are equivalent to an increase in housémodane of approximately 30%. Fur-

ther subgroup analyses show that health improvements estaamong young non-smokers
(below 30 years) whereas smokers report no or even adveattb béects in response to bans.
Exploiting differences in the dates of introduction andaeoément, we find no evidence that
the effects of bans depend on enforcement measures.
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1 Introduction

Passive smoking represents a significant public healtleiasd cause of mortality, as an es-
timated 600,000 people die each year from the exposure tmdhand smoke (Oberg et al.
2011). Indeed, numerous medical studies conclusively dstrate that even the shortest expo-
sure to secondhand smoke negatively affects health (fovarview, see, DHHS 2006). Over
the past ten years, governments in many countries havengsgdy implementing policies
aimed at reducing the exposure to secondhand smoke andhabiimg public awareness about
the dangers of smoking (WHO 2013). As one legislative meaggoeernments introduced
smoking bans to restrict smoking in public areas, partitylia restaurants and bars.

While it seems straightforward to expect that smoking bawsiyee positive health out-
comes, negative externalities might also exist. For exapfudlda and Cornaglia (2010) show
that the exposure to secondhand smoke at home increasewifa@lthe introduction of anti-
smoking policies in US states. Since smokers shifted sngokimm public to private places,
non-smokers, and particularly young children, experidncmgher exposure to secondhand
smoke. Moreover, restricted opportunities for smoking ra#sp negatively affect smokers
because earliest smoking withdrawal symptoms occur wigBiminutes of abstinence (Hen-
dricks et al. 2006). In this context, Origo and Lucifora (@Dprovide empirical evidence for
increased levels of mental distress among smokers due sitv&uropean workplaces.

Despite the ambiguous effects that smoking bans may genferadifferent subgroups, re-
search to date has tended to focus on average populatiatseffairthermore, most studies on
smoking bans were carried out for the US (for an overview, seg, Hahn 2010). In conse-
guence, far too little attention has been paid to potemtiaditerogeneous effects, and data on

other countries are underexploited.



This study investigates the causal effect of smoking barsetirassessed health (SAH) for
various subgroups using data from the German Socio-EcanBamel (SOEP). We make the
following contributions to the literature. First, we extkethe literature that has focused so far
on objective health outcomes, such as cardiovascularstisea heart attacks (Hahn 2010), by
analysing SAH as an alternative indicator of health. SAH wsed before only by Wildman
and Hollingsworth (2013) to evaluate the Scottish smokiag.bHowever, SAH lends itself
ideally to the evaluation of smoking bans because it caeelaighly with health service us-
age, specific health conditions, mortality and recovernnfitiness, even when objective health
indicators and other relevant variables are controlledltber and Benyamini 1997, Contoyan-
nis et al. 2004, Bowling 2005, Frijters et al. 2005). Since S#Bly respond more quickly to
changes in individuals’ health and health-related envirental conditions than objective health
indicators, SAH may furthermore serve as a leading indrdatgotential long-term health out-
comes that are unlikely to be captured by objective indisatuch as short-term mortality and
hospitalisation rates (Shetty et al. 2009).

Second, we contribute to the literature by providing evadean heterogeneous effects for
different population subgroups. While previous researoldee to focus on the consequences
of smoking bans either for the entire population of for thégoup of smokers, this study
exploits information on SAH, which is available for all segwrespondents, to present additional
evidence for subgroups by gender, age, and smoking status.

Third, this study extends the international literature lo@ ¢ffects of anti-smoking policies
by providing first evidence on the causal effect of smokingsian SAH in Germany, a country
that displays relatively high smoking rates (about 30%) jgarad to other European countries

(Storr et al. 2010).



Fourth, we investigate for the first time the question of \kkethealth effects of smoking
bans depend on enforcement measures. No other study hasseldithis particularly policy-
relevant to the best of our knowledge before. Here, the patktimplementation of smoking
bans in Germany allows us to disentangle the separatesiecttroduction and enforcement.

We estimate the causal effect of smoking bans on SAH usindferelce-in-differences
approach that exploits the staggered introduction of sngpkans on the state-level in Germany.
We find significant health improvements following the impkartation of smoking bans for the
population at large. Subgroup analyses provide evidenchdterogeneous responses: while
non-smokers exhibit significant health improvements, ssmokeport no or even adverse health
effects, supporting the hypothesis that reduced smokippmpnities may negatively impact
on smokers’ health. We find particularly large effects fougg non-smokers (i.e. aged less
than 30) who are likely to benefit from less exposure to selsand smoke in bars, clubs and
restaurants. Exploiting further temporal variation in tfaées of enforcement, we show that the
health effects do not depend on enforcement measures bettialiae with the legal introduction
of the smoking bans. Our results are robust to alternatieeifipations of the time trend, the
inclusion of state-specific time trends, the assumptionaodlioality or ordinality of SAH, as
well as a placebo reform test.

The paper is organised as follows. In Section 2, we proviéendgcessary background in
terms of institutional details and previous literaturect®ms 3 and 4 present our empirical strat-
egy and data description, respectively. Section 5 presemsliscusses the empirical results,
and provides a number of sensitivity checks confirming theistness of our results. Section 6

concludes.



2 Background

In Germany, the 16 federal states introduced smoking bamkffement dates during 2007 and
2008 (see Table 1). The bans aimed at reducing the exposseedadhand smoke, which has
extensively been shown to cause serious illnesses and @&t 2013). Although the smok-
ing bans differ to some extent between states in terms ofesaod strictness, they generally
prohibit smoking in restaurants and bars as well as in otheoeed public areas, such as hospi-
tals, theatres, museums, cinemas, concert halls, urtiestsind airports. Baden-Wuerttemberg,
Lower Saxony, and Mecklenburg-West Pomerania were thestagts to introduce bans in Au-
gust 2007. By July 2008, all 16 states were covered by a smdieangWhile ten out of the 16
federal states legally enforced smoking bans when these cdameffect, six federal states de-
layed enforcement measures to a later date. Penaltiedémdrig smokers and bars/restaurants
depend on the state and can be up to 10,000 Euros.

German smoking bans have already been the subject of a nafrdtedies. Analysing hos-
pital admissions due to myocardial infarctions before dtet $he introduction of smoking bans
in Bremen and Lower Saxony, Schmucker et al. (2013) find afsignit decline of admissions
for non-smokers, but not for smokers. However, no study éxesithe effects of smoking bans
on health for other federal states or Germany in total. \é#pect to smoking behaviour, Anger
et al. (2011) find no effect of smoking bans on average. Howdve study provides evidence
for a decline in smoking propensity and intensity for thodewegularly go out. Kvasnicka
(2010) and Kvasnicka and Tauchmann (2012) find that eleictiexge-verification in cigarette
vending machines negatively affected cigarette salesyemsea nationwide smoking ban in
federal buildings had no effect.

A concise review of the international medical literaturesmnoking bans can be found in

Hahn (2010). Most of the studies reviewed document positeath outcomes following the



introduction of a smoking ban. For example, Sargent et &l042 report a 40% decline in
acute myocardial infarction (AMI) after a local smoking beame into effect. However, the
study does not control for confounding factors or an undeglyime trend. Two similar studies
also report declining rates of AMIs following a smoking-b@uartecchi et al. 2006, Khuder
et al. 2007). For Canada, Carpenter et al. (2011) show thahtb&isg ban lowered exposure
to environment tobacco smoke (ETS) in public places butithditd not significantly reduce
smoking prevalence or intensity. Due to data constraihtsstudy was not able to assess the
effect on health outcomes, however.

Outside of the US, few studies investigates the health tsffiees European countries. In
a recent paper, Wildman and Hollingsworth (2013) inveséighe effect of the introduction
of smoking-bans on SAH in Scotland. The authors find sigmfi¢eealth improvements only
for women who have never smoked. Studies from Scotland amthétm Ireland (Allwright
et al. 2005, Menzies et al. 2006, Goodman et al. 2007) exathmeffects of smoking bans
on workers in bars and restaurants. The authors provideres@for significant improvements
in the respiratory health of non-smoking bar workers as altred the reduced exposure to
secondhand smoke. In a meta-study, Bska et al. (2011) show that the levels of nicotine
absorbed in the blood (cotinine) by workers in the hospytalector reduced significantly after
the introduction of a total smoking ban in bars.

Only little research examines the effects for different ylapon subgroups (see, for in-
stance, Hahn 2010). Notably, Adda and Cornaglia (2010) fimatthe introduction of smoking-
bans in the US produced unintended negative consequenicestddy shows that the level of
cotinine in children increased substantially after theadtiction of a smoking-ban in the US.

Adams et al. (2013) examine the impact of smoke-free wodelaws on fatal heart attacks



and find heterogeneous responses for different age groapbgeaeffect generally decreases

with age. However, we are not aware of similar studies fomazeny.

3 Empirical strategy

To identify the causal effect of smoking bans on SAH, we em@lalifference-in-differences
(DID) approach that exploits regional variation in implentegion dates across German federal
states. Intuitively, the DID estimate of the effect is basedhe difference in the before-after
change in SAH between federal states with a ban and thosewvithban. The regression

equation is

SAHig = abang + v'states+ 8'time + B'Xig + Sig, (1)

whereSAH is the self-assessed health of individuial federal stats at timet. ban is an indica-
tor variable that equals one if the individual lives in asttitat is covered by a smoking ban at
timet. We define thdvan variable according to the introduction dates (see Tabld@h¢.coeffi-
cient of interestp, measures the causal effect of smoking bans on SAH. Thervectmtains
controls for socio-economic characteristics, includigg @and its square, (the logarithms of)
household income and household size, the number of yeadsio&gon, indicator variables for
marital status (married, divorced, and widowed, with sng$ the reference group), the pres-
ence of children below age 6 and aged 6 and older, immigratusstand unemployment. The
DID approach takes account of unobserved variables thditraitect SRH on the federal state
level and/or over time by controlling for state effects ainokt effects:state is a set of indicator
variables for the German federal states ain@ represents the time trenfl, y andé represent

additional parameters to be estimated amslthe error term.



We use two different specifications for the time trend in SAdtst, we employ a piece-
wise linear trend that allows for slopes and intercepts ty vath each wave. However, an
over-parsimonious specification of the time trend may fglattribute changes in slope or non-
linearities not captured by the model to the smoking barmg,(Huesch et al. 2012). To accom-
modate this concern, we also use a fully nonparametric metdetetime represents a full set
of indicator variables for each day of the interview peri@y. not imposing any (parametric)
restrictions on the functional form, this specification he tmost flexible one as it nests any
parametric specification of the time trend.

To examine the sensitivity of our results with respect todbmamon time trend, which is
the key identifying assumption for the DID approach, we gerftwo robustness checks. First,
we extend the basic specification in equation 1 by includadjtaonal state-specific linear time
trends. If a common time trend exists between treated andreated states, the estimatecof
should not change much by the inclusion of these variablagiist and Pischke 2009). Second,
we estimate the effect of a placebo reform, using false diction dates that are known to have
no effect on SAH. Hence, we expect insignificant coefficiarftshe placebo reform while
significant coefficients would cast doubt on the interpretedf a as a causal effect of smoking
bans.

Since our research design uses repeated observationsgleltstered in federal states, OLS
standard errors that ignore the clustering are incongigBartrand et al. 2004). To address the
clustering problem, we first compute cluster-robust steshéarors! However, cluster-robust
standard errors are valid only asymptotically and standayunptotic tests may over-reject the
null hypothesis when the number of clusters is small. Tleegfthe need arises to further

correct the estimated variance-covariance matrix (e.gnaldl and Lang 2007). Using Monte

1 We calculate cluster-robust standard errors using theckes#ér) option in Stata 12.



Carlo simulations, Cameron et al. (2008) show that the wildtelubootstrap-t method does
especially well when the number of clusters is very smalll¢gasas six). Although we have
16 clusters, we additionally report p-values for our coédfit of interesta, obtained from the

wild cluster bootstrap-t methdd.

4 Data

We use survey data from the German-Socio-Economic PaneER$Qvhich is a nationally
representative household survey carried out annually. il analysis covers the reform
years 2007 and 2008. For a robustness check with a placebarefe use additional data from
2005 and 2006. The SOEP provides detailed information osdbm®-economic characteristics
of respondents, their health status, and, most importdotlpur identification strategy, their
place of residence and the interview date. Since answetbjedive survey questions may be
affected by panel and learning effects (Ehrhardt et al. 20@€ drop the first three interviews of
each responderitTo examine heterogeneous effects of smoking bans, we pecslilisamples
by smoking status, gender, and age. Table Al in the appeegortts the sample sizes.

The SOEP surveys the smoking status only every second yeacd;we use information
from the pre-regulation years 2002, 2004, and 2006 to gendra smoking status. We do this
for two reasons: first, we refrain from using informationfr@008, as the reform could have
directly affected the smoking status in 2008. Second, sinoge smokers only quit temporarily,
the information about smoking status may be prone to meamneerror resulting from on-and-
off smoking. Information from multiple periods may help tstthguish more clearly between

smokers and non-smokers. We therefore consider a respoadamoker if he or she reports

2 We thank Doug Miller for sharing his code, which we have medifior our purposes, on calculating p-values
obtained from the wild cluster bootstrap-t method.
3 Our results are generally not affected by this sample detectiterion.



smoking at one of these pre-regulation interviéwas.total, 36% of our observations are coded
as smokers, 64% as non-smokers.

SAH is measured on a five-point scale ranging from 1 (very yood (bad), i.e., higher
values indicate poorer health status. The variable has a wfeéa7 and standard deviation of
0.95. Table 2 shows descriptive statistics for the wholegarand by smoking status. Non-
smokers report better subjective health than smokers,itdesppotential age-related health
deteriorations associated with being about eight yeaes @d average than smokers.

Next, we graphically inspect the time trend in SAH for indivals in our sample. The DID
approach rests on the key assumption of a common time trerdpr@vide a first descriptive
assessment of the common trends assumption by invesggdigntrends in SAH before the
reform was introduced. Figure 1 shows average values of SAkhéividuals living in a state
with a smoking ban in 2007 (early-implementing states) andidividuals living in a state with
a smoking ban in 2008 (late-implementing states). The tnereds in both early-implementing
states and late-implementing states show a similar pasiednthey tend to move in the same
direction. Since the graphs only use information aboutmiddials that we observe in 2007 and
2008, the continuous upward trend over the period 2003-28i0&:ts the ageing of respondents.

Finally, Table 3 presents mean values of SAH by state, alatigtive change in the health
outcome following the introduction of smoking bans. In ter of 16 states, we find negative
values for the change, indicating health improvementsWalg the introduction of a smoking
ban. These ten states cover approximately 75% of the topallatbon. On average, we observe

an improvement in SAH by 0.02 points on the five-point scale.

4In principle, one may use alternative definitions of the simgkstatus. For example, Wildman and
Hollingsworth (2013) use an even stricter definition of remnekers, regarding only individuals who have
never smoked during the entire survey period of the Britislus¢hold Panel Survey, spanning the years 1991
to 2007, as non-smokers. We have experimented with a nunfilslefiaitions and the results are qualitatively
identical.



5 Empirical results

5.1 Average effect of smoking bans

Table 4 presents the estimation results for the causalteffemoking bansy in equation 1, for
the entire population and for population subgroups. Eatimate is obtained from a separate
regression. The columns show results by smoking statustendotvs differentiate between
gender and age.

The empirical evidence presented in Panel A shows that thkementation of smoking bans
leads to a significant improvement in SAH for the populatibfaege® The coefficient of the
ban indicator is statistically significantly negative. Tp@int estimate reveals an improvement
of SAH by about 0.05 points on the five-point scéle.

To put this effect into perspective, we calculate the corspgng income variation (CIV).
Since secondhand smoke represents an important source pafllaition, the CIV can be re-
garded as a measure of the monetary equivalent of a smaketikeronment. The coefficient
of the (logarithm of the) household income is estimated teCb®9, suggesting that higher in-
come is associated with better health (Currie 2009). Thezefibe health benefits from the
secondhand smoke-free environment are equivalent to agaise in household income of ap-
proximately 3098 Another benchmark against which to compare the effect oftheking
ban is the coefficient of the unemployment variable. AltHoogcent research shows that un-
employment does not causally affect SAH (e.g. Béckerman bnakiunnas 2009), we make

use of the coefficient to illustrate the size of the effectafs® The comparison of coefficients

5 Column 1 in Table 5 contains the full estimation results far éntire sample.

6 Due to the coding of the SAH variable, a negative coefficiefiects health improvements. See Section 4.

" The concept of using subjective information to calculagerionetary equivalent of externalities is frequently
used in studies on subjective well-being, for example tatjfiathe effects of air pollution (Welsch 2006).

8 Calculated agexp(0.05/0.19) — 1) - 100%.
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shows that the effect of smoking bans is about one third §3@153) of the difference in SAH
between unemployed individuals and not-unemployed iddiis. In sum, both comparisons

demonstrate that the smoking bans have quite substarfeat®bn SAH.

5.2 Effects by smoking status, gender and age

This subsection presents the empirical evidence on hetegiiges in relevant subgroups that
are expected to respond differently to smoking bans. Algioa smoke-free environment is
generally expected to improve objective health outcomeavanage (see Section 2), we hy-
pothesise heterogeneous effects on SAH for non-smokersranllers. Consistent with prior
studies (Hendricks et al. 2006, Origo and Lucifora 2010),finst expect that smokers expe-
rience stress from withdrawal symptoms resulting from oedlusmoking opportunities. Sec-
ond, we expect health improvements for non-smokers in respto a reduction in exposure to
second-hand smoke.

The empirical results in columns 2 and 3 in Table 4 providelence supporting these hy-
potheses$. For non-smokers, the effect of the ban (-0.097) is almostehas large as that for the
entire population (-0.05) and statistically significanbr Bmokers, we estimate a small positive
coefficient (0.03) with large p-values, indicating nonrsiigance. However, the positive sign
Is consistent with the hypothesis that smoking bans imposgesstress on smokers. There-
fore, non-smokers benefit strongly from the smoking ban eveihokers subjectively do not
experience health benefits.

Next, we split the previously analysed samples by gendez.résults for females and males
are presented in panels B and C in Table 4, respectively. @pirieal evidence points towards

gender-specific responses to the introduction of smokings baith stronger effects among

9 Columns 2 and 3 in Table 5 show the full estimation resultsfmr-smokers and smokers, respectively.

11



females than males. On average, bans improve SAH for ferbglabout 0.09 points whereas
the estimate is smaller (-0.02) and statistically insigatfit for males.

Taking smoking status into account, the results again shawrton-smokers benefit from
the smoking ban whereas smokers do not. Female non-smo&eesitoparticularly strongly
from the ban, as reflected in the estimate (-0.12). Male mookers also benefit (-0.074), but
the coefficient marginally misses the 10% significance le@ehsistent with our first hypothesis
on smoking withdrawal symptoms, we find a deterioratingafier male smokers (0.06) which,
however, is estimated imprecisely and not statisticatipisicantly different from zero.

Finally, in panels B and C in Table 4, we investigate furthetenogeneities by distinguishing
between three age groups that may differ in their behavisee Section 2)—a young group
(below 30), a middle group (aged 30-49), and an aged grou@ii@over). On average, we
observe the strongest effects for the young group, a findiagright reflect the patterns of
going-out, as the young group is expected to go out more aftdrars and clubs compared
to the older age groups. For females, the effects of bangdserin absolute terms with age
ranging from -0.178 for the young group to -0.038 for the agexip. The effects for females
are almost exclusively driven by female non-smokers, asffexts for female smokers are
generally insignificant. For males, the effect is also gest for the young group (-0.052), but
differs clearly between smokers and non-smokers: whilenganale non-smokers report very
large health improvements (-0.397), young smokers expegieeteriorating SAH (0.270).

Comparing the coefficients in column 1 (Table 4) between mehvaamen, we generally
find that the female coefficients are larger in absolute téhas the male ones. This finding is
consistent with evidence by Meurer et al. (2001) who repdrigh tobacco smoke sensitivity
among females. Furthermore, a particularly large gendérdnces arise in the middle age

group, where the average effect of the smoking ban is langezdonen (-0.111) and basically

12



zero (0.001) for men. It is possible that women in this agaigra.e. women in child-rearing
age, may be particularly sensitive towards health risksdednl, a number of studies argue
that women make health judgements on a broader and moresivelset of information than
men (Benyamini et al. 2000, Dowd and Todd 2011). Althoughetstadies do not distinguish

between age groups, they provide a potential explanatioinégender difference.

5.3 Does enforcement matter ?

We now extend the empirical evidence by examining a modédiséinguishes between the in-
troduction and enforcement of smoking bans. Most fedeaé¢stiegally enforced their smoking
bans right from the first day. However, six federal statediaggnforcement measures only at
a later date (see Table 1). In these states, authoritiesadigdursue or punish non-compliance
with the law between the date of introduction and the datenfifreement.

To investigate whether the effects of bans depend on enfacemeasures, we employ an
extended model that exploits variation in dates of intraidecand dates of enforcement. We
therefore use two ban indicators, i.e. one for the date oddhiction {ntro) and one for the date
of enforcementénfor), instead of the single ban indicator in equation 1. Theredgée model

is

SAHig¢ = Ojintrog + 0penfor 4 + y'states + 8'time; + B'Xig + Eig - (2)

Table 6 presents the estimation results for the parameieasda,. By splitting the effect
of the smoking ban into two separate effects, no single effemdividually significant any
more on average (column 1). Column 2, however, reveals tlainthoduction of smoking
bans has an instantaneous positive effect on SAH of non-srmolpproximately 90% of the

health improvements for non-smokers emerge immediately the introduction, whereas the

13



enforcement of the ban produces hardly additional benéfithough this study is unable to

make inferences on the total rate of compliance, our findsngpnsistent with the notion that
people complied with the introduction of the law, and thatoetement measures were not
crucial for compliance. Indeed, this conclusion is in linghvwa recent study which found that
Germany, alongside the US and the Netherlands, belonge wrtup of countries that highly

value adherence to social rules (Dragolov et al. 2013).

A different pattern emerges for smokers, though the coefitsiare estimated imprecisely.
Smokers first experience a deterioration with the introdacof the smoking ban, followed
by an improvement with the enforcement of the smoking bare tEimporary deterioration of
SAH following the introduction is almost completely offd®t the improvement following the
enforcement of the ban. This pattern may reflect an adaptatiocess among smokers who
may first experience substantial stress with the introdaatif the smoking ban, but learn how

to deal with the restrictions over time so that their heathot affected in the long-run.

5.4 Robustnesschecks

This section provides three robustness checks validatingnain empirical results by (1) es-
timating extended specifications for the time trend, (2)ning a placebo estimation, and (3)
running an ordered probit regression to relax the assumpficardinality of SAH scores.

First, we turn to extended estimations in Table 7 to inveséighe robustness of the results
with respect to different specifications of the time trermdgéneral, all model specifications of
the time trend in columns 1 to 4 estimate effects of similagnitade, confirming that our main
results are robust to the modelling of the time trend. Columeplicates the results from our
preferred model with a piecewise linear time trend. Theltesucolumn 2 are based on a fully

nonparametric model that allows for arbitrarily nonlinéare trends. The estimates are almost

14



identical to that of model 1. Columns 3 and 4 extend the twoiptesymodels (models 1 and 2)
with state-specific linear time trends. We find no evidenceizeable changes compared to the
restricted specifications, providing support to the asdionpf common time trends in SAH
among federal states.

As a second robustness check, column 5 in Table 7 reporteases of the effect of a
placebo ban. We use data for the pre-regulation years 2002606 to estimate the same
model specification as for 2007 and 2008. In particular, thegbo ban exactly mirrors the
staggered time pattern of the true ban, only two years eahtighe absence of a smoking ban
in the pre-regulation period, the placebo ban should hawffeat on SAH. Results in column
5 show that eight out of nine effects are estimated to be sandlinot statistically significantly
different from zero. Only the coefficient for male smokerstatistically significant at the 10
percent level. However, performing 10 significance testhatlO percent level, we expect to
incorrectly reject one of the null hypotheses, when all hyfpotheses are true. Therefore, we
argue that the placebo test confirms that the changes in Sétided earlier for the years 2007
and 2008 can indeed be causally attributed to the smoking} ban

Finally, we report an additional robustness check in whietr@lax the assumption underly-
ing OLS that reported health scores are cardinal. We estiordered probit regressions that use
the assumption of ordinality, instea.Overall, the results of the OLS regressions are clearly
confirmed by the ordered probit regressions. In particularfind a statistically significantly
negative coefficient for the entire sample (column 1). THegsoup-specific results by smoking
status indicate that the effect is driven by non-smokerki(on 2), while the effect for smokers
Is insignificant (column 3). We conclude that the resultsateaffected by assuming ordinality

or cardinality of SAH.

10 The results are in Table A2 in the appendix.
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6 Conclusion

The exposure to secondhand smoke represents an imponaetaiserious illnesses and death.
In recent years, legislative measure were implementeddwadk to protect the health of indi-
viduals in public places. In Germany, the 16 federal stat@educed smoking bans on different
dates during 2007 and 2008, prohibiting smoking not onlyestaurants and bars, but also in
other enclosed public areas such as hospitals, theatregums, cinemas, concert halls, uni-
versities, and airports.

This study uses a difference-in-differences approachteneithe international literature by
providing evidence on the effect of smoking bans on SAH. Tiyesis of subjective data has
two particular advantages: first, SAH data allow a comprsiverevaluation because they are
available for all respondents. Thus, we are able to prowdkeeace on heterogeneous responses
by estimating the effects for subgroups that are assumespmnd differently to smoking bans.
Second, since SAH may serve as a leading indicator for leng-health outcomes, our study
provides a first indication of potential long-term effectsmoking bans.

We find that smoking bans successfully improve SAH on averdgethermore, our ev-
idence provides evidence for heterogeneous effects by isgskatus and age: non-smokers
benefit from smoking bans while smokers do not benefit or, #ssicase of young male smok-
ers, even report health deterioration. Presumably, sreakgyerience stress from the reduced
opportunities for nicotine intake. In general, the largegirovements were found among young
non-smokers (below 30 years). The results indicate gespleriic responses, as women on av-
erage respond more strongly to the ban than men. Howevearesh# for women is almost ex-
clusively driven by improvements in health for non-smokéngarticular, female non-smokers
in the aged 30-49 are most responsive, while males in thigeme show no improvements.

This finding may potentially be explained by gender-spesiiasitivities regarding health, as it
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has been shown that females assess their health on a broadeoee inclusive set of informa-
tion than males (Benyamini et al. 2000).

Although this study has proven that smoking bans are antefameasure to improve health
among non-smokers, they apparently do not reach smokettee light of no or even adverse ef-
fects among smokers, we recommend that countries planmingroduce smoking bans should
target smokers with further health campaigns. For exanitpigay be useful to combine smok-
ing bans with specific anti-smoking campaigns to motivatelsng cessation. In this way, the
combination of several anti-smoking policies may push ¢obéfree lifestyles to a broad social

acceptance.
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Figuresand tables

Figurel
Aver age self-rated health over timein Germany
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Note: Average self-rated health for early-implementing and-iaiplementing federal states. Individuals with ban
in 2007 live in early-implementing states that introduceking bans during 2007. Individuals with ban in 2008
live in late-implementing states that introduced smokiag$during 2008. The vertical line indicates the year
2007, when first smoking bans were introduced.

Source: SOEPv28.
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Tablel
Dates of introduction and enforcement of state smoking bansin Germany

Federal state Date of introduction Date of enforcement
(sanctions)
Baden-Wuerttemberg August 2007 August 2007
Bavaria January 2008 January 2008
Berlin January 2008 July 2008
Brandenburg January 2008 July 2008
Bremen January 2008 January 2008
Hamburg January 2008 January 2008
Hesse October 2007 October 2007
Lower Saxony August 2007 November 2007
Mecklenburg-West Pomerania August 2007 August 2008
North Rhine-Westphalia January 2008 January 2008
Rhineland-Palatinate February 15, 2008 February 15, 2008
Saarland February 15, 2008 June 2008
Saxony February 2008 February 2008
Saxony-Anhalt January 2008 July 2008
Schleswig-Holstein January 2008 January 2008
Thuringia July 2008 July 2008

Note: The dates were compiled based on the original state law.tExr all states apart from
Rhineland-Palatinate and Saarland the bans came intd effehe first of the month. For these states, the bans
came into affect on the 15th of February.
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Table2
Descriptive statistics

Variable

Sample

All Non-Smokers Smokers

Self-assessed health
Smoking ban

Year 2008

Day of the year

Age

Immigrant (0/1)
Unemployed (0/1)
Children<6 (0/1)
Children>6 (0/1)

Log of household income
Log of household size
Married (0/1)
Divorced (0/1)
Widowed (0/1)
Education (in years)
Female
Baden-Wuerttemberg
Bavaria

Berlin

Brandenburg

Bremen

Hamburg

Hesse

Lower Saxony
Mecklenburg-West Pomerania
North Rhine-Westphalia
Rhineland-Palatinate
Saarland

Saxony
Saxony-Anhalt
Schleswig - Holstein

2.716 0.946 2.738 0.951 2.679 0.935
0.458 0.498 0.456 0.498 0.461 0.499
0.481 0.500 0.481 0.500 0.482 0.500
87.56 50.42 86.876 50.287 88.761 50.632

50.872 16.617 53.876 17.185 45.596 14.096
0.155 0.362 0.146 0.353 0.172 0.377
0.068 0.251 0.043 0.203 0.110 0.313
0.104 0.305 0.098 0.297 0.113 0.317
0.227 0.419 0.203 0.402 0.269 0.443

7.703 0.540 7.723 0.529 7.666 0.556
0.841 0.487 0.830 0.48 0.859 0.498
0.650 0.477 0.687 0.464 0.586 0.493
0.084 0.278 0.060 0.238 0.126 0.332
0.072 0.259 0.090 0.286 0.041 0.198
12.005 2.568 12.176 2.684 11.704 2.320
0.526 0.499 0.562 0.496 0.462 0.499
0.118 0.323 0.122 0.327 0.112 0.315
0.134 0.341 0.135 0.342 0.132 0.338
0.034 0.181 0.031 0.173 0.040 0.195
0.045 0.208 0.048 0.213 0.041 0.198
0.007 0.085 0.007 0.086 0.007 0.083
0.014 0.116 0.013 0.112 0.015 0.122
0.064 0.245 0.062 0.240 0.069 0.253
0.087 0.282 0.091 0.287 0.082 0.274

0.025 0.156 0.025 0.157 0.025 .1550
0.204 0.403 0.194 0.396 0.221 0.415

0.048 0.213 0.046 0.209 0.051 0.221
0.013 0.112 0.012 0.109 0.014 0.118

0.082 0.275 0.090 0.286 0.069 0.253
0.047 0.212 0.045 0.208 0.050 0.217
0.029 0.168 0.029 0.168 0.029 0.167

Thuringia 0.048 0.215 0.050 0.218 0.045 0.208
Individuals 15,342 9,772 5570
Person-year observations 28,111 17,913 10,198

Source: SOEPV28, 2007, 2008.
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Table 3
Aver age self-assessed health before and after smoking ban by state

State Average self-assessed health Population
Before After Change share
Schleswig-Holstein 2.69 2.70 0.01 0.037
Hamburg 2.58 2.64 0.06 0.018
Lower Saxony 271 2.69 -0.02 0.095
Bremen 2.76 2.74 -0.02 0.011
North Rhine-Westphalia 2.75 2.73 -0.02 0.214
Hesse 2.72 2.73 0.01 0.075
Rhineland-Palatinate 2.67 2.60 -0.07 0.044
Baden-Wirttemberg 2.65 2.59 -0.06 0.127
Bavaria 2.70 2.66 -0.04 0.150
Saarland 2.80 2.79 -0.01 0.015
Berlin 2.77 2.82 0.05 0.043
Brandenburg 2.74 2.70 -0.04 0.031
Mecklenburg-West Pomerania 2.72 2.64 -0.08 0.022
Saxony 2.72 2.69 -0.04 0.058
Saxony-Anhalt 2.74 2.76 0.02 0.031
Thuringia 2.69 2.72 0.03 0.029
All states 271 2.69 -0.022 1.000

Note: Sample is weighted by SOEP cross-sectional weights.
Source: SOEP 2007, 2008.
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Table4
Effects of smoking bans

1) (2 3)
All Non-smokers Smokers
Panel A: both genders
All -0.053 -0.097 0.029
(0.002)*** (0.001)*** (0.591)
[0.078]* [0.046]** [0.610]
Panel B: females
All -0.087 -0.119 -0.003
(0.000)*** (0.001)*** (0.973)
[0.081]* [0.035]** [0.983]
Age <30 -0.178 -0.310 -0.070
(0.096)* (0.075)* (0.672)
[0.087]* [0.089]* [0.667]
Age 30-49 -0.111 -0.191 0.027
(0.024)** (0.085)* (0.703)
[0.080]* [0.094]* [0.648]
Age > 50 -0.038 -0.051 0.027
(0.561) (0.419) (0.871)
[0.855] [0.709] [0.855]
Panel C: males
All -0.020 -0.074 0.057
(0.205) (0.114) (0.493)
[0.317] [0.103] [0.741]
Age <30 -0.052 -0.397 0.270
(0.607) (0.005)*** (0.060)*
[0.620] [0.185] [0.300]
Age 30-49 0.001 0.012 -0.004
(0.974) (0.896) (0.969)
[0.985] [0.919] [0.969]
Age > 50 -0.008 -0.058 0.084
(0.856) (0.288) (0.455)
[0.865] [0.314] [0.581]

Note: The parameters were estimated separately for each sulesafjuster-robust p-values are in parenthe-

ses. Wild cluster bootstrap-t generated p-values are ickbta. Number of bootstrap replications is 5,000. All

estimation models include a piecewise linear time trendstaokstate indicator variables, and a set of standard
socio-economic control variables. Significance level®.15*<0.05, ***<0.01.

Source: SOEPv28, 2007-2008.
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Tableb5
Estimation results: all, smokers, and non-smokers

1) ) 3)
Variable All Non-smokers Smokers
Ban indicator (0/1) -0.053*** -0.097*** 0.029
(0.014) (0.023) (0.052)
Year (0/1) 0.018 0.040 -0.025
(0.018) (0.026) (0.058)
Day of year -0.000 0.000 -0.000
(0.000) (0.000) (0.000)
Year x day of year 0.000* 0.001** -0.000
(0.000) (0.000) (0.000)
Age 0.027*** 0.021%** 0.041%**
(0.004) (0.005) (0.008)
Age squared/100 -0.005 0.001 -0.020**
(0.004) (0.004) (0.008)
Immigrant (0/1) 0.005 0.032 -0.033
(0.020) (0.027) (0.030)
Unemployed (0/1) 0.153*** 0.174*** 0.115**
(0.045) (0.054) (0.051)
Children<6 (0/1) -0.032 -0.025 -0.040
(0.027) (0.027) (0.056)
Children>6 (0/1) -0.037* -0.054* -0.032
(0.019) (0.026) (0.023)
Log of household income -0.195*** -0.186*** -0.215%**
(0.015) (0.019) (0.034)
Log of household size 0.056* 0.066** 0.063
(0.027) (0.030) (0.054)
Married (0/1) 0.015 0.023 0.006
(0.026) (0.031) (0.034)
Divorced (0/1) 0.018 0.081* -0.077*
(0.023) (0.041) (0.042)
Widowed (0/1) -0.017 -0.017 0.012
(0.028) (0.041) (0.062)
Education (in years) -0.030*** -0.027*** -0.031***
(0.003) (0.004) (0.005)
Constant 3.266*** 3.235%** 3.151%**
(0.171) (0.159) (0.260)
State fixed effects included included included
Person-year observations 28,111 17,913 10,198

Note: Results from ordinary least squares estimations withtefu®bust standard errors in parentheses.
Significance levels: *<0.1, *<0.05, ***<0.01.
Source: SOEP v28, 2007, 2008.
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Table 6
Extension: introduction ver sus enfor cement

(1) (2 3)
All Non-smokers Smokers
Introduction -0.033 -0.089** 0.071
(0.025) (0.034) (0.061)
Enforcement -0.025 -0.010 -0.054
(0.025) (0.030) (0.038)

Note: The parameters were estimated separately for each sulesa@ipster-robust standard errors are in paren-
theses. All estimation models include a piecewise lineaetirend and a set of standard socio-economic control
variables. Significance levels: *<0.1, *<0.05, ***<0.01.

Source: SOEPv28, 2007-2008.
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Table7

Robustness
(1) (2) 3 (4) 5)

Sample piecewise fully non- (1) plus state  (2) plus state  cqlla
linear parametric specific trend  specific trend ban

Panel A: both genders

1. All -0.053 -0.048 -0.051 -0.041 0.004
(0.002)*** (0.027)** (0.012)** (0.060)* (0.824)
[0.078]* [0.365] [0.154] [0.412] [0.843]

2. Non-smokers -0.097 -0.082 -0.096 -0.078 0.020
(0.001)*** (0.004)**=* (0.005)*** (0.003)*** (0.243)
[0.046]* [0.096]* [0.049]** [0.082]* [0.359]

3. Smokers 0.029 0.005 0.035 0.013 -0.023
(0.591) (0.897) (0.569) (0.787) (0.312)
[0.610] [0.901] [0.574] [0.809] [0.293]

Panel B: females

4. All -0.087 -0.066 -0.097 -0.069 0.011
(0.000)*** (0.061)* (0.000)*** (0.059)* (0.664)
[0.081]* [0.373] [0.102] [0.374] [0.695]

5. Non-smokers -0.119 -0.091 -0.129 -0.086 0.008
(0.001)*** (0.001)*** (0.006)*** (0.004)*** (0.773)
[0.035]* [0.070]* [0.056]* [0.087]* [0.799]

6. Smokers -0.003 -0.043 -0.013 -0.062 0.017
(0.973) (0.595) (0.898) (0.494) (0.615)
[0.983] [0.649] [0.944] [0.559] [0.667]

Panel C: males

7. All -0.020 -0.033 -0.006 -0.017 -0.005
(0.205) (0.144) (0.804) (0.544) (0.771)
[0.317] [0.290] [0.830] [0.743] [0.760]

8. Non-smokers -0.074 -0.082 -0.056 -0.070 0.036
(0.114) (0.099)* (0.074)* (0.037)** (0.135)
[0.103] [0.175] [0.084]* [0.160] [0.210]

9. Smokers 0.057 0.073 0.066 0.089 -0.058
(0.493) (0.432) (0.489) (0.460) (0.079)*
[0.741] [0.486] [0.652] [0.546] [0.066]*

Note: The parameters were estimated separately for each sulesabhpster-robust p-values are in parentheses.
Wild cluster bootstrap-t generated p-values are in brackétmber of bootstrap replications is 5,000. Col. (1) -
(4) show results for models with different specificationshaf time trend and use data from 2007 and 2008. Col.
(5) applies a piecewise linear time trend and uses data f@f¥d and 2006. All estimation models include a set of
state indicator variables and standard socio-economic@orariables. Significance levels: *<0.1, *<0.05,
***<0.01.

Source: SOEPV28, 2005-2008.
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A Appendix

Table Al
Sample size by subgroups

@)

)

®3)

All Non-smokers Smokers
Panel A
All 28,111 17,913 10,198
Panel B
Females 14,779 10,075 4,704
Age <30 1,703 937 766
Age 30-49 5,686 3,348 2,338
Age > 50 7,390 5,790 1,600
Panel C
Males 13,322 7,838 5,494
Age <30 1,442 729 713
Age 30-49 5,186 2,586 2,600
Age > 50 6,704 4523 2,181

Note: Number of person-year observations.

Source: SOEPV28, 2007-2008.
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Table A2

Alternative estimation method: ordered probit

1) ) 3)
Variable All Non-smokers Smokers
Ban indicator (0/1) -0.068*** -0.127*** 0.037
(0.016) (0.036) (0.059)
Year 0.017 0.045 -0.035
(0.019) (0.037) (0.065)
Day of year (0/1) -0.000 0.000 -0.000
(0.000) (0.000) (0.000)
Yearx day of year 0.000*** 0.001*** -0.000
(0.000) (0.000) (0.000)
Age 0.040*** 0.034*** 0.056***
(0.006) (0.007) (0.010)
Age squared/100 -0.013*** -0.005 -0.030%***
(0.005) (0.006) (0.010)
Immigrant (0/1) -0.003 0.030 -0.047
(0.025) (0.034) (0.037)
Unemployed (0/1) 0.187*** 0.218*** 0.133**
(0.053) (0.065) (0.062)
Children<6 (0/1) -0.034 -0.027 -0.041
(0.036) (0.038) (0.072)
Children>6 (0/1) -0.040 -0.065* -0.028
(0.025) (0.036) (0.030)
Log of household income -0.241*** -0.237*** -0.254***
(0.019) (0.024) (0.042)
Log of household size 0.065* 0.082** 0.068
(0.035) (0.042) (0.066)
Married (0/1) 0.029 0.040 0.016
(0.033) (0.042) (0.042)
Divorced (0/1) 0.021 0.103** -0.095*
(0.028) (0.051) (0.050)
Widowed (0/1) -0.017 -0.012 0.009
(0.033) (0.049) (0.069)
Education (in years) -0.039*** -0.035*** -0.038***
(0.004) (0.005) (0.007)
State fixed effects included included included
cutl -2.213 -2.202 -2.013
(0.231) (0.219) (0.338)
cut2 -0.653 -0.619 -0.474
(0.234) (0.221) (0.343)
cut3 0.454 0.505 0.611
(0.235) (0.226) (0.340)
cutd 1.414 1.499 1.515
(0.231) (0.226) (0.326)
Person-year observations 28,111 17,913 10,198

Note: Cluster-robust standard errors in parentheses. Signdeckevels: *<0.1, *<0.05, ***<0.01.
Source: SOEP v28, 2007, 2008.
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