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a b s t r a c t

This paper investigates the short-term effects of public smoking bans on individual smoking behavior. In
2007 and 2008, state-level smoking bans were gradually introduced in all of Germany’s federal states. We
exploit this variation to identify the effect that smoke-free policies had on individuals’ smoking propensity
and smoking intensity. Using rich longitudinal data from the German Socio-Economic Panel Study, our
difference-in-differences estimates show that the introduction of smoke-free legislation in Germany did
not change average smoking behavior within the population. However, our estimates point to important
heterogeneous effects. Individuals who go out more often to bars and restaurants did adjust their smoking
behavior. Following the ban, they became less likely to smoke and also smoked less.

© 2011 Elsevier B.V. All rights reserved.
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. Introduction

Smoking has serious short- and long-term health impacts. Both
ctive and passive smoking have indeed been identified as leading
auses of preventable death (World Health Organization, 2009). In
ecent years, a growing awareness of the deadly effects of smoking
as led to the enactment of tobacco control policies throughout
he industrialized world. Public smoking bans have been imple-

ented in many countries as a means of reducing the exposure of
on-smokers to second-hand smoke. Yet such bans also impact the
ehavior of smokers—for example, by affecting smoking cessation
r smoking intensity in smokers, smoking initiation in younger age
ohorts, and the overall prevalence of smoking within the popula-
ion. To date, however, surprisingly little research has been done
n behavioral changes in smokers following the introduction of
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

moking bans.
This paper investigates the short-term effects of public smok-

ng bans on individual smoking behavior in Germany, a country

∗ Corresponding author at: DIW Berlin, SOEP Department, Mohrenstr. 58, 10117
erlin, Germany. Tel.: +49 30 89789 464; fax: +49 30 89789 109.
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ith relatively high smoking rates among industrialized countries
Tobacco Atlas, 2009). In 2007 and 2008, state-level smoking bans
ere gradually introduced in Germany. In this study, we exploit

he fact that smoking bans were introduced on different dates
n different states to identify the effects that smoking bans had
n individuals’ smoking propensity and intensity. The individual-
evel data employed in this study are taken from the German
ocio-Economic Panel Study (SOEP), an annual household panel of
oughly 20,000 individuals in around 11,000 households.

Our results show that the introduction of smoke-free policies in
ermany did not change the population’s average smoking behav-

or in the short term: following the introduction of smoking bans,
ndividuals were neither less likely to smoke on average, nor did
hey smoke fewer cigarettes. However, individuals who reported
oing to bars and restaurants regularly—and hence were more
xposed to the constraints of public smoking bans in everyday
ife—did adjust their smoking habits. People who go out more often
o bars and restaurants (i.e., individuals with a propensity to go out
bove the median) exhibited a two percentage point lower propen-
blic smoking bans and smoking behavior. J. Health Econ. (2011),

ity to smoke following the introduction of a smoking ban. Their
ikelihood to smoke regularly (ten or more cigarettes per day) also
ell, as did their average daily cigarette consumption. The effects
ere even more pronounced for individuals in the top quartile of

dx.doi.org/10.1016/j.jhealeco.2011.03.003
dx.doi.org/10.1016/j.jhealeco.2011.03.003
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
mailto:tsiedler@diw.de
dx.doi.org/10.1016/j.jhealeco.2011.03.003


 IN PRESSG Model

J

2 lth Economics xxx (2011) xxx–xxx

t
c
a
s
p
t
e
i

s
i
h
c
y
m
o
p
t
a
w
a
w
i
r
e
t
g
m
b
T
a
a
b
s
r
o
t
c
e

2
r
a
t
i
c

2

s
m
t
2
o
i

B
p
t

s
A

Table 1
Dates of enforcement of state smoking bans in Germany.

Federal state Enforcement of state smoking bans

Baden-Wurttemberg August 2007
Bavaria January 2008
Berlin July 2008
Brandenburg July 2008
Bremen July 2008
Hamburg January 2008
Hesse October 2007
Lower Saxony November 2007
Mecklenburg-West Pomerania August 2008
North Rhine-Westphalia July 2008
Rhineland-Palatinate February 2008
Saarland June 2008
Saxony February 2008
Saxony-Anhalt July 2008
Schleswig-Holstein January 2008
Thuringia July 2008

Note: Information on individual states was compiled from original law texts and
from a survey of state-level smoking ban legislation by the German Hotels and
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hose regularly going to bars and restaurants, leading to a four per-
entage point reduction in these individuals’ smoking probability
fter implementation of the smoking ban. Our findings therefore
uggest that smoking bans can be an effective tobacco control
olicy, at least for certain subgroups of the population. As such,
hey can provide important health benefits beyond reducing the
xposure of non-smokers to second-hand smoke—which is their
mmediate and prime objective.

This study makes several contributions to the literature. Our
tudy is the first to investigate the effects of smoking bans on smok-
ng behavior in a country with high smoking rates. Research to date
as concentrated on the United States, where smoking rates are
onsiderably lower than in European countries, particularly among
oung adults aged 18–25 (Tobacco Atlas, 2009).1 Smoke-free laws
ay have different effects on individual smoking behavior when

verall smoking prevalence in a country is high and when potential
eer group effects are stronger. Furthermore, smokers in a coun-
ry with low smoking prevalence, like the US, are likely to differ in
number of characteristics from smokers in European countries,
here smoking is more widespread, (still) more socially acceptable,

nd less of a lower-class phenomenon.2 Second, our data contain a
ealth of information on respondents’ socio-economic character-

stics and behavior, including the frequency of going out to bars and
estaurants. This information enables us to examine whether the
ffects of smoking bans vary across individuals who are affected
o different degrees by the law depending on how frequently they
o out. Individuals who regularly go to bars and restaurants are
ost affected by public smoking bans. All else being equal, smoking

ans should therefore exert the greatest effect on these individuals.
hird, to identify the causal effects of public smoking bans, we are
ble to exploit variation in the exposure to smoking bans over time,
cross states, and also within states. Smoking bans have gradually
een introduced in all German federal states within a relatively
hort period of time. Our data enables us to separate time and
eform effects even within federal states, as the interview months
f survey respondents in the SOEP vary within states. Exploiting
his variation reduces the risk that potential unobserved effects
oinciding with the introduction of public smoking bans and influ-
ncing individuals’ smoking behavior might bias our estimates.

The remainder of the article is structured as follows. Section
discusses the timing and coverage of smoking bans in bars and

estaurants in Germany. Section 3 reviews the relevant literature,
nd Section 4 describes the data. Section 5 presents our estima-
ion methods and results. Several robustness checks are discussed
n Section 6. Finally, Section 7 summarizes our main findings and
oncludes.

. Institutional background

The implementation of smoking bans in Germany is the respon-
ibility of the individual states. On March 22, 2007, state health
inisters convened and agreed to introduce public smoking bans in
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

he hospitality industry (bars, restaurants, and dance clubs) (Blum,
007). As a result, smoke-free policies were implemented in all
f Germany’s sixteen federal states. The state smoking bans went
nto effect on different dates, however, and varied to some extent

1 Smoking prevalence in continental European countries such as Germany, France,
elgium and the Netherlands ranges from 30 to 39 percent, compared to only 23.6
ercent in the US (Tobacco Atlas, 2009). With about 35 percent of adults smoking,
he smoking prevalence in Germany exceeds that of the US by nearly 50 percent.

2 For example, more than 50 percent of all health professionals in Germany
moked in 2004. In the US, the respective share was less than 10 percent (Tobacco
tlas, 2009).
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estaurants Federation (DEHOGA, 2008). All smoking bans were enforced at the
tart of the month with the exception of Rhineland-Palatinate, which introduced
he smoking ban on February 15, 2008.

n their scope. Table 1 presents an overview of when each of the
ixteen federal states put its ban into effect. Baden-Wuerttemberg
as the first to implement a state smoking ban (in August 2007).

t was followed in October 2007 by Hesse, in November 2007
y Lower Saxony, and in January 2008 by Bavaria, Hamburg,
nd Schleswig-Holstein. In February 2008, Rhineland-Palatinate
nd Saxony imposed state smoking bans, followed by six further
tates in July 2008: Berlin, Brandenburg, Bremen, North-Rhine

estphalia, Saxony-Anhalt, and Thuringia. Mecklenburg-Western
omerania was the last to ban smoking (in August 2008). All of
he states, except Bavaria, continued to allow smoking in separate
smoking rooms” in bars and restaurants if this was possible, and
ome states allowed for additional exemptions.3 Due to the excep-
ions granted, state smoking bans in Germany can be described as
ess comprehensive than those introduced in other countries such
s the United States, England, Ireland, and Scotland. Nevertheless,
nitial empirical evidence suggests that cigarette sales at vending

achines in bars and restaurants declined, on average, by 15 per-
ent following the introduction of state smoking bans in Germany
Kvasnicka, 2010).

Opposition to smoking bans in Germany was fierce from the
tart. Bar owners even filed a constitutional complaint against the
ans in two states (Berlin and Baden-Wuerttemberg). Furthermore,

n July 2008, the German Federal Constitutional Court ruled parts of
he smoking ban legislation unconstitutional on the grounds that it
iscriminates against small pubs that cannot create separate rooms
or smokers. Federal states had up to December 31, 2009, to modify
heir smoking bans. Up until this date, bars smaller than 75 square

eters were allowed to declare themselves as “smoking pubs” if
oung people aged 18 or less were denied entry and if food was not
erved. As it turned out, the majority of states followed the Consti-
utional Court’s ruling by simply adding this exemption clause to
heir state smoking ban legislation.

The timing of state smoking bans may be related to specific state
blic smoking bans and smoking behavior. J. Health Econ. (2011),

haracteristics. In the analysis, we will control for state fixed effects.
t is therefore not necessary that the timing of state bans be unre-
ated to state characteristics (see Black et al., 2005). Nevertheless, it

3 For example, twelve states permitted smoking in specially designated smoking
ooms in dance clubs, two permitted smoking rooms in dance clubs with a minimum
ge of 18, and several state laws allowed for the establishment of smoking clubs
Hamburg, Bavaria, Hesse, and North-Rhine Westphalia).

dx.doi.org/10.1016/j.jhealeco.2011.03.003
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5

To estimate the effects of the state-level public smoking bans
in Germany on the smoking behavior of individuals, we start by

4 In our analysis, we consider only cigarette consumption, as two of the three
outcome measures are quantity based and no objective scale exists by which units
of one type of tobacco could be sensibly converted into units of another. In any case,
cigar/pipe smoking is very rare in our data (only about 1% of individuals consume
such tobacco products).

5 The youngest person in the sample is aged 16 years, and the oldest person 98
ARTICLEHE-1472; No. of Pages 11

S. Anger et al. / Journal of Hea

s of interest to see whether the timing of the implementation of the
moking bans followed some pattern. For this purpose, we ran OLS
nd ordered probit regressions of the timing of state smoking bans
month in which the ban was put into effect) on various pre-ban
haracteristics of the states (see Table A1 in Appendix A). There
ppears to be no systematic relationship of the timing of imple-
entation with the percentage of smokers in a state’s population,
hether the state government is conservative, the average age of

tate residents, the proportion of singles and university graduates
n the state’s population, or the state’s GDP per capita. There is some
albeit tentative) evidence that state elections scheduled for early
008 caused states to adopt a smoking ban earlier.

. Previous literature

A large and growing body of literature has examined the effects
f different tobacco control policies on smoking and health-related
utcomes. Previous studies investigated, among other topics, the
ffects of price changes or increases in excise taxes on cigarette
onsumption (see, for example, Wasserman et al., 1991; Becker
t al., 1994), the impact of legal restrictions on youth access to
obacco products (Chaloupka and Grossman, 1996; Gruber and
inman, 2000), the dissemination of information on the adverse
ealth effects of smoking (Chaloupka and Warner, 2000), and the
ffects of public smoking bans on the exposure of non-smokers to
econd-hand smoke (Adda and Cornaglia, 2010; Carpenter, 2009).

More closely related to our paper are studies that have explored
he effects of workplace smoking bans. One of the first of these was
he study by Evans et al. (1999), who find that workplace bans in the
nited States significantly reduced smoking prevalence and daily

obacco consumption among employed smokers. A comprehen-
ive review by Fichtenberg and Glantz (2002) also concludes that
orkplace smoking restrictions were effective in reducing cigarette

onsumption and smoking prevalence.
The studies that come closest to ours are those on the effects of

ublic smoking bans on individual smoking behavior. Work in this
rea, however, has produced ambiguous findings and has focused
ainly on the US. Early research from the beginning of the 1990s

n the impact of indoor air legislation on smoking behavior pro-
uced inconclusive results (e.g., Keeler et al., 1993; Sung et al.,
994; Wasserman et al., 1991; Chaloupka and Grossman, 1996;
haloupka, 1992; Chaloupka and Saffer, 1992). The same applies
o more recent studies (Yurekli and Zhang, 2000; Tauras, 2006;
dda and Cornaglia, 2010). These employed a quasi-experimental

ramework that is similar to ours. They use regional variation in
he timing of smoking ban implementation to identify the effect of
ublic smoking bans on smoking prevalence and smoking intensity.
auras (2006) finds that smoke-free air laws reduced the aver-
ge smoking intensity of adult smokers but did not strongly affect
verall smoking prevalence. Yurekli and Zhang (2000), using state
anel data, find a significant negative effect of public smoking bans
n states’ per capita cigarette consumption. Adda and Cornaglia
2010), in contrast, do not find any evidence that smoking bans in
he US had a direct causal impact either on smoking prevalence or
n smoking cessation. Using biomarkers (cotinine concentration),
hey even show that smoking bans had adverse effects on non-
mokers, especially on young children, by displacing smokers from
ublic to private places.

Note, however, that none of these latter three papers inves-
igated heterogeneous effects of the impact of smoking bans on
moking behavior, distinguishing between subgroups of the popu-
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

ation that are affected differently by the law. A unique aspect of our
tudy is that we use detailed information on individual propensities
o go to bars and restaurants to study the existence and magni-
ude of such potential heterogeneous effects. Depending on how
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ften people go out, they are differentially exposed in everyday life
o the restrictions imposed by smoking bans. As a consequence,
ndividuals may well react differently, in terms of both their likeli-
ood to change smoking habits and the degree of any changes they
ndertake.

. Data

We use data from the German Socio-Economic Panel (SOEP), an
nnual ongoing household panel of roughly 20,000 individuals in
round 11,000 households (Wagner et al., 2007). Adult household
embers are regularly interviewed on socio-economic and demo-

raphic characteristics including education, income, employment,
nd health. In the years 2002, 2004, 2006, and 2008, respondents
ere also asked whether they currently smoked, and if so, how
any cigarettes they smoked on average per day. Exploiting this

nformation, we consider three outcome measures in the empirical
nalysis: (i) whether an individual currently smokes (smoking), (ii)
hether an individual is a regular smoker who smokes on average

en or more cigarettes per day (smoking 10+), and (iii) the average
aily cigarette consumption of an individual (number of cigarettes).4

The SOEP also provides information on the months in which
urvey respondents were interviewed. The majority of survey
espondents are interviewed in February and March. However,
nterview months do vary to some extent, ranging from January
o November. This introduces variation in smoking ban coverage in
008 even within states, which we can exploit for identification of
he causal effects of state smoking bans on smoking behavior (see
ection 5 for a more thorough discussion of this point).

Table 2 provides descriptive statistics for all outcome and
xplanatory variables, both for the entire sample and separately
y state smoking ban coverage. In the entire sample (survey years
002, 2004, 2006, and 2008), 28 percent of individuals smoke and
2 percent smoke regularly (10 or more cigarettes per day). The
verage daily number of cigarettes consumed is 4.5. Average smok-
ng propensities and average smoking intensities are similar among
ndividuals who are not covered by a smoking ban when surveyed
n 2008 (column 2), and somewhat smaller among individuals who
re covered (column 3). The average age of individuals in the entire
ample (survey years 2002, 2004, 2006, and 2008) is 47 years,5

7 percent of survey respondents are male, 61 percent are mar-
ied, and 30 percent live in a city with at least 100,000 inhabitants.
ighty percent have at least a high school education, 20 percent co-
eside with minors (children aged fourteen or less), and 38 percent
ork full time. Individuals in the two sub-samples are very similar

n terms of most socio-economic characteristics. Somewhat larger
ean differences between the two groups are observable in their

hare of foreigners and their average monthly household incomes,
hile the largest differences exist between their respective prob-

bilities to reside in a city.

. Empirical strategy and results
blic smoking bans and smoking behavior. J. Health Econ. (2011),

ears. In unreported regressions, we restricted our sample to individuals aged 65
70) years and younger. These sample restrictions do not considerable change any
f our estimates. The SOEP first interviews individuals in the year they turn 17. The
OEP data does not, therefore, allow us to study the smoking behavior of individuals
ged 15 or younger.

dx.doi.org/10.1016/j.jhealeco.2011.03.003
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Table 2
Descriptive statistics.

Variable Full samplea Sample 2008

Smoking ban not enforced Smoking ban enforced
(1) (2) (3)

Outcome variables
Smoking 0.28 0.28 0.25
Smoking 10+ 0.22 0.22 0.19
Number of cigarettes 4.46 (8.60) 4.17 (8.02) 3.73 (7.84)
Explanatory variables
Male 0.47 0.47 0.47
Age 47.10 (17.26) 48.82 (17.75) 48.15 (17.63)
Foreign nationality 0.07 0.04 0.07
Marital status

Married 0.61 0.58 0.61
Separated or divorced 0.09 0.10 0.09
Never married 0.23 0.25 0.24
Widowed 0.07 0.07 0.07

Education
Less than high school 0.20 0.17 0.20
High school 0.59 0.60 0.59
More than high school 0.21 0.22 0.21

Monthly equivalent household income (euros) 1850.61 (2507.16) 1803.90 (1418.11) 1996.33 (2684.87)
Children aged ≤ 14 in household 0.25 0.21 0.24
Household size

1-person household 0.14 0.16 0.15
2-person household 0.38 0.41 0.39
3-person household 0.20 0.21 0.19
4 and more-person household 0.27 0.22 0.26

Employment status
Full-time employed 0.38 0.35 0.37
Part-time employed 0.22 0.21 0.23
Unemployed 0.05 0.06 0.03
Out of the labor force 0.35 0.39 0.38

Living in a city (≥100,000 inhabitants) 0.30 0.40 0.24
Person-year observations 85,695 7,279 12,052
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otes: SOEP waves 2002, 2004, 2006 and 2008. Table shows means, with standard d
a Full sample includes all individuals surveyed in 2002, 2004, 2006, and 2008.

unning the following reduced-form baseline linear regressions6:

MOKEist = ˇ BANist + Xist� + εist, (1)

here SMOKEist represents one of the three smoking outcomes
escribed above for individual i living in federal state s at sur-
ey time t. The variable BANist, our prime variable of interest, is
dichotomous variable which equals one if a smoking ban is in

orce in individual i’s state s at survey time t, and zero otherwise. In
urvey years 2002, 2004, and 2006, that is, prior to the introduction
f state smoking bans, BANist takes the value zero for all individuals.
n the survey year 2008, BANist takes the value one for all individ-
als who live in a state that had already enforced a smoking ban
rior to the date of interview at time t, and zero otherwise.

For the outcome smoking (smoking 10+), the key coefficient ˇ
easures the average change in the probability of smoking (ten

r more cigarettes) due to the introduction of a smoking ban. For
he outcome number of cigarettes, in turn, ˇ captures the aver-
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

ge change in the number of cigarettes smoked per day due to a
moking ban.7 The vector Xist contains controls for various socio-
conomic characteristics of individuals that have been found to
e correlated with cigarette consumption (e.g., Wasserman et al.,

6 We estimate and report results of linear probability models for the ease of
nterpretation. Our findings are robust to the use of alternative estimation meth-
ds (probit regressions for the two dichotomous outcome measures and a tobit
egression for the cigarette demand equation).

7 We use, as an outcome measure, the average number of cigarettes consumed
er day by individuals in a given survey year (unconditional demand) rather than
he average number of cigarettes among smokers (conditional demand), since con-
itional effects do not have a causal interpretation (Angrist and Pischke, 2009).

o
a
t
i
n
i

s
p
f
s

ions for continuous variables in parentheses.

991; Tauras, 2006; Hahn et al., 2008). These include individuals’
ge and age squared, indicators for individuals’ gender, foreign
ationality, marital status, education, and employment status;

ndicators for household income quartiles and household size;
nd an indicator for the presence of minors (aged 14 or less)
n the household. In addition, Xist contains a maximum set of
tate dummies, time (month-year) dummies, linear and quadratic
tate-specific time trends, and dummies for the different SOEP
ub-samples.8 We include state fixed effects to control for time-
nvariant differences in smoking prevalence and smoking patterns
etween states. Year-month fixed effects account for potential
ommon time trends across states and state-specific time trends for
otential different time trends between states in smoking behav-

or. Standard errors are clustered at the state level throughout and
alculated by a Wild cluster bootstrap with 400 bootstrap repli-
ations to account for the small number of clusters (see Cameron
t al., 2008).

The key identifying assumption of Eq. (1) is that, in the absence
f a smoking ban, the estimated coefficient ˇ will be zero, i.e., there
re no significant differences in smoking behavior between the
reated (BANist = 1) and the non-treated (BANist = 0). The difference-
blic smoking bans and smoking behavior. J. Health Econ. (2011),

n-differences approach we use, therefore, assumes that there are
o other policy changes or regional shocks that coincide with the

ntroduction of a smoking ban and affect individuals’ smoking out-

8 To date, the SOEP consists of eight different sub-samples (e.g., West German
ample, guest worker sample, East German sample, etc.). These sub-samples vary
artially in the date they were drawn and also in their sampling schemes (see,
or example, Kroh (2009) and references therein for detailed information on these
ub-samples).

dx.doi.org/10.1016/j.jhealeco.2011.03.003
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Fig. 1. (a) Pre- and post-ban smoking rates, by exposure to a smoking ban at the
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omes. Identification, therefore, requires that relative trends in the
utcome variables would have had to be the same across federal
tates, had a smoking ban not been introduced.9 Although SOEP
espondents are regularly surveyed in spring, survey times vary
omewhat, a spread that provides us with variation in smoking
an coverage in 2008 also across individuals who live in one and
he same state.10

To investigate whether the interview month is systematically
elated to individual smoking behavior, we ran ordered probit
egressions of individuals’ survey month on individuals’ socio-
conomic characteristics, their smoking status (overall and regular
moker status), and their smoking intensity (average daily con-
umption levels), both for the entire sample (all years) and for the
008 survey wave. In none of the specifications that we estimated
oes individual survey month significantly correlate with individ-
al smoking status or smoking intensity (see Table A2 in Appendix
). This suggests that the date of interview is random with respect

o the three smoking outcomes.
A first and commonly used, albeit descriptive, test of the validity

f this identifying assumption is to compare pre-treatment trends
n the smoking behavior of individuals who live in a federal state

here a smoking ban is in force at the time of their interview in
008 (treatment group) with those individuals who live in federal
tates with no smoking ban in force at the time of their interview in
008 (control group). Fig. 1 provides strong visual evidence that the
ssumption of a common time trend for the treatment and control
roup holds for all three outcome measures. The data reveal similar
nd parallel downward trends in the pre-ban smoking behavior of
ndividuals who live in states where a smoking ban is in force at the
ime of their interview in 2008 and individuals who do not. There
re no marked differences between the groups in their respective
hanges in overall smoking behavior between 2006 and 2008, the
ast pre-ban and first post-ban sampling points in the SOEP. If any-
hing, the decline over this period appears slightly stronger for
ndividuals who are not yet covered by a smoking ban, a differ-
nce that is, however, marginal. Although merely descriptive, this
nding suggests that average smoking propensities and the aver-
ge number of cigarettes consumed within state populations have
ot been markedly affected by the introduction of state smoking
ans. It remains to be seen, of course, whether regression-adjusted
nalyses support this view.

Table 3 presents the results of our baseline regressions (Eq. (1)).
he table shows OLS estimates of the effects that public smok-
ng bans had on our three different smoking outcomes: whether

respondent currently smokes (smoking), whether he or she is a
egular smoker and smokes on average ten or more cigarettes per
ay (smoking 10+), and the average daily consumption of cigarettes
number of cigarettes). In all three regressions, we control for the
forementioned individuals’ socio-economic characteristics, a full
et of state and year-month fixed effects, state-specific time trends,
nd a constant. The linear probability estimates in Table 3 show
egative, yet small and statistically insignificant effects of state
moking bans on our three outcomes measures. State smoking
ans in Germany, therefore, do not appear to have altered average
moking behavior within the population at large.
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

The lack of an average effect in the population, however, does
ot imply that state smoking bans in Germany were entirely inef-

ective in changing individuals’ smoking habits. Smoking bans may

9 In Section 6, we discuss several robustness checks that we conducted to see
hether this assumption seems to be plausible in the context of this study.

10 In 2008, we observe individuals in five states both before and after the intro-
uction of a public smoking ban. These states are Berlin, Brandenburg, North
hine-Westphalia, Saxony-Anhalt, and Thuringia.

time of the interview in 2008. (b) Pre- and post-ban proportion of regular smokers,
b
p
i

h
o
m
e
t

y exposure to a smoking ban at the time of the interview in 2008. (c) Pre- and
ost-ban cigarette consumption, by exposure to a smoking ban at the time of the

nterview in 2008.

ave produced heterogeneous effects across different subgroups
blic smoking bans and smoking behavior. J. Health Econ. (2011),

f the population. Individuals who go out to bars and restaurants
ore frequently are more exposed to smoking bans. All else being

qual, we would expect such individuals to be more responsive in
heir smoking habits than individuals who rarely go out to bars
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Table 3
The effects of public smoking bans on smoking behavior.

Outcome variables Smoking Smoking 10+ Number of cigarettes

Age 0.008** 0.011** 0.282**

(0.001) (0.001) (0.011)
Male 0.074** 0.089** 2.145**

(0.003) (0.003) (0.060)
Smoking ban −0.004 −0.005 −0.035

(0.008) (0.007) (0.143)
Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. OLS regressions. Standard errors,
clustered at the state level, in parentheses. Standard errors are Wild cluster boot-
strap standard errors with 400 bootstrap replications to account for a small number
of clusters (Cameron et al., 2008). Regressions also control for age-squared, marital
status (4 groups), education (3 groups), household income quartiles, household size
(4 groups), whether young children aged ≤ 14 are present in the household, employ-
ment status (4 groups), foreign nationality, living in a city (≥100,000 inhabitants), a
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of smoking bans, we use a third specification that allows the effects
of the new laws to vary across quartiles of the distribution of the
aximum set of state dummies, time (month-year) dummies, linear and quadratic
tate-specific time trends, dummies for the different SOEP samples, and a constant.
** Significant at 1% level.

nd restaurants. The above specification (Eq. (1)) ignores that not
ll members of a state are equally at risk of changing their smoking
abits following the introduction of public smoking bans.

Table 4 shows that average rates of going out to bars and restau-
ants vary markedly across gender, age groups, type of residence
urban and rural areas), and marital status.11 Weekly visits to
ars, restaurants, and cafés are much more common among men,
ounger age cohorts, city dwellers, and unmarried individuals. To
ate, however, little is known about how the smoking behavior of
hese groups is affected by public smoking bans. Smokers, of course,

ay react in many different ways to public smoking bans. They may
o out less often than before (yet smoke virtually the same amount
s before), go out as often as before (but reduce smoking when going
ut), or opt for a combination of the two. In Germany, the rates at
hich the aforementioned groups go out appear to have changed

ittle from the pre-ban to the post-ban period (see columns 4–6 in
able 4). Since these groups did not change their frequency of visits
o bars and restaurants, they may well have changed their smoking
abits instead. However, it may also be that whatever changes did
ccur are disguised by composition effects, i.e., smokers and non-
mokers within these groups changed their behavior (rate of going
o bars and restaurants) in opposite directions, leading to a zero
et effect. The bottom part of Table 4 shows that smokers have a
igher propensity to go out frequently than non-smokers (at least
nce a week) both before and after the introduction of the smok-
ng ban. This difference narrows somewhat in the post-ban period
elative to the pre-ban period. Some smokers might therefore also
ave responded to state smoking bans with their feet. This observa-
ion is in line with the findings of Adda and Cornaglia (2010), who
how that smokers in the US have cut down significantly on their
ime spent in bars following the introduction of smoking bans.

To investigate whether the effects of smoking bans vary with
eople’s exposure to these bans, we follow a methodological
pproach that was applied to the study of tobacco-control policies
nd their effects by Gruber and Mullainathan (2005).12 Specifi-
ally, we first estimate a regression that relates pre-ban behavior
the rate of going to bars and restaurants) to observable pre-ban
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

xplanatory variables (the set of X’s included in regression Eq. (1)).
e use going out frequently (at least once a week) as a binary out-

ome variable, and estimate such an equation for each year that has

11 In 2003 and 2008 (but not in 2002, 2004, and 2006), the SOEP asked respondents
ow often they go out to cafés, bars, or restaurants.
12 Gruber and Mullainathan (2005) study the effects of cigarette tax increases on
he happiness of smokers in the US and Canada.
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nformation on the pre-ban behavior of individuals.13 The results of
he first-stage regressions for the years 2003 and 2008 are reported
n Table A3 in Appendix A. Consistent with the descriptive findings
n Table 4, we find men, younger age cohorts, city dwellers, and
nmarried individuals to go out more frequently. A higher propen-
ity to go out is also observable for more educated individuals,
icher households, individuals employed full-time, and individuals
hat do not co-reside with minors aged 14 or less.

The predicted probability of going out frequently (PGOist) is then
sed in the second stage as an additional explanatory variable.
here, we regress individual smoking outcomes on the same set
f covariates Xist as in the first stage, plus the predicted probability
f going out (main effect) and its interaction with the smoking ban
ndicator:

SMOKEist = ˇ1 PGOist + ˇ2 BANist + ˇ3 BANist ∗ PGOist + Xist� + �ist .

(2)

The key coefficient of interest in this second stage is that on the
nteraction term BANist * PGOist. The coefficient ˇ3 captures to what
xtent, if any, the effects of smoking bans vary with individuals’
xposure to a smoking ban.

Table 5 shows our main findings from this approach.14 None of
ur three outcome measures is correlated with either the smoking
an indicator or the predicted outgoing propensity of individuals.
heir interaction term, however, is both negative and highly statis-
ically significant in each regression. In other words, smoking bans
id reduce both the smoking propensity and the smoking inten-
ity of individuals with a higher propensity to go out regularly. To
nterpret the magnitude of these coefficients we compare the effect
or those individuals who actually go out at least once a week and
hose who go out less often. The mean of predicted outgoing prob-
bility is 0.25 in the group of individuals who go out regularly, and
.15 in the comparison group. The introduction of a smoking ban
educes the smoking rate of those individuals who go out regularly
y 1.1 percentage points, relative to those who are less likely to go
ut.

Next, we investigate whether the relationship between the
ropensity of going out regularly and smoking behavior is non-

inear. Table 6 reports the results of an alternative specification
hat allows the effects of smoking bans to vary between individ-
als that have an above median predicted propensity to go out
egularly and individuals that do not. The estimated coefficients
f the interaction term between smoking ban and a dummy for
high propensity to go out are negative and statistically signifi-

ant for each of our three outcome measures. Among individuals
ith an above-median weekly outgoing propensity, the likelihood

o smoke and the propensity to smoke regularly (ten or more
igarettes per day) each declined by about 2 percentage points fol-
owing the introduction of a smoking ban and their average daily
igarette demand fell by 0.42 cigarettes. In contrast, individuals
ith a below median propensity to go out regularly do not seem to
ave adjusted their smoking habits in response to smoking bans.

To obtain a more detailed picture of the heterogeneous effects
blic smoking bans and smoking behavior. J. Health Econ. (2011),

stimated individual propensities to go out regularly. The results

13 Estimated coefficients from the 2003 (2008) regression are used to form pre-
icted probabilities of going out for individuals in 2002 and 2004 (2006 and 2008).
he 2008 regressions are restricted to individuals who were not yet exposed to the
moking ban at the time of their interview (pre-ban probability).
14 Table 5 reports estimated stage-two coefficients ˇ1, ˇ2, and ˇ3. Complete regres-
ion results for Table 5 (and also for Tables 6 and 7) are available from the authors
pon request.
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Table 4
The frequency of visits to bars, restaurants, and cafés in 2003 and 2008, by personal characteristics.

2003 2008

Never Rarely/once a month At least once a week Never Rarely/once a month At least once a week

Gender
Male 0.10 0.64 0.27 0.09 0.64 0.26
Female 0.13 0.69 0.17 0.12 0.70 0.18

Age categories
Aged ≤ 30 0.05 0.57 0.38 0.04 0.57 0.38
Aged 31–40 0.07 0.72 0.21 0.07 0.73 0.19
Aged 41–50 0.09 0.72 0.20 0.09 0.74 0.18
Aged >50 0.17 0.66 0.17 0.16 0.67 0.17

Residence
Living in a rural area 0.12 0.69 0.19 0.12 0.69 0.19
Living in a city 0.11 0.62 0.27 0.09 0.63 0.27

Marital status
Married 0.11 0.74 0.15 0.10 0.75 0.15
Not married 0.12 0.57 0.31 0.12 0.59 0.29

Smoking statusa

Smoker 0.10 0.63 0.27 0.12 0.63 0.24
Non-smoker 0.12 0.68 0.20 0.10 0.69 0.21

Observations 21,824 19,331

Notes: SOEP waves 2003 and 2008. Table shows weighted means.
a Smoking status in 2003 is approximated by smoking status in 2002, or by smoking status in 2004 if smoking status in 2002 is not available.

Table 5
The effects of public smoking bans on smoking behavior by propensity to go out to
bars, restaurants, and cafés.

Outcome variables Smoking Smoking
10+

Number of
cigarettes

Propensity to go out −0.072 −0.050 −0.162
(0.053) (0.050) (1.026)

Smoking ban 0.010 0.009 0.241
(0.009) (0.008) (0.170)

Smoking
ban * Propensity
to go out

−0.111**

(0.034)
−0.100**

(0.031)
−1.828**

(0.597)

Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. OLS regressions. Standard errors,
clustered at the state level, in parentheses. Standard errors are Wild cluster
bootstrap standard errors with 400 bootstrap replications to account for a small
number of clusters (Cameron et al., 2008). Regressions also control for gender, age,
age-squared, marital status (4 groups), education (3 groups), household income
quartiles, household size (4 groups), whether young children aged ≤ 14 are present
in the household, employment status (4 groups), foreign nationality, living in a city
(≥100,000 inhabitants), a maximum set of state dummies, time (month-year) dum-
m
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Table 6
The effects of public smoking bans on smoking behavior by high propensity to go
out to restaurants, bars and cafés.

Outcome variables Smoking Smoking 10+ Number of cigarettes

High propensity to go
out

0.032** 0.026** 0.628**

(0.005) (0.005) (0.105)
Smoking ban 0.009 0.007 0.213

(0.009) (0.008) (0.142)
Smoking ban * High
propensity to go out

−0.022** −0.021** −0.423**

(0.008) (0.007) (0.165)
Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. OLS regressions. Standard errors,
clustered at the state level, in parentheses. Standard errors are Wild cluster boot-
strap standard errors with 400 bootstrap replications to account for a small number
of clusters (Cameron et al., 2008). The variable “High propensity to go out” equals
one if the propensity to go out to bars, restaurants, and cafés is higher than the
median, and zero otherwise. Regressions also control for gender, age, age-squared,
marital status (4 groups), education (3 groups), household income quartiles, house-
hold size (4 groups), whether young children aged ≤ 14 are present in the household,
employment status (4 groups), foreign nationality, living in a city (≥100,000 inhab-
itants), a maximum set of state dummies, time (month-year) dummies, linear and
q
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ies, linear and quadratic state-specific time trends, dummies for the different SOEP
amples, and a constant.
** Significant at 1% level.

eported in Table 7 show that the estimated coefficients of the
nteraction terms are all negatively signed and increase in absolute

agnitude from the second to the fourth quartile in each of the
hree regressions (for each outcome measure). For the top quar-
ile, estimated coefficients of the interaction terms are statistically
ignificant. The propensity to smoke fell among top quartile indi-
iduals by 4 percentage points, their likelihood to be a regular
moker by 3 percentage points, and their average daily cigarette
onsumption by 0.72 cigarettes. These are sizeable effects, given
hat among individuals in the top quartile of those going out on
regular basis, the proportion of smokers was 31 percent shortly
efore the introduction of a ban (in 2006), 23 percent were reg-
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

lar smokers, and the average number of cigarettes was 4.5. The
moking probability and intensity was hence reduced by roughly
5 percent following the ban.15

15 These findings are robust to the use of alternative estimation methods (probit
egressions for the two dichotomous outcome measures and a tobit regression for
he cigarette demand equation), as shown in Table A4 in Appendix A. The use of

a

a
i
n
R

uadratic state-specific time trends, dummies for the different SOEP samples, and
constant.
** Significant at 1% level.

In sum, therefore, our results show that the introduction of state
moking bans in Germany reduced neither the average smoking
ropensity nor the average smoking intensity within the overall
opulation. However, we do find evidence of such effects for indi-
iduals who are more likely to be affected by the new law because
hey have a higher propensity to go out regularly to bars and restau-
ants. In particular, for individuals in the top quartile for going out
egularly, the smoking ban leads to a substantial decline in both
he smoking propensity and intensity.

. Robustness section
blic smoking bans and smoking behavior. J. Health Econ. (2011),

For a causal interpretation of our results, we have to rule out that
ny other factors than those considered might drive our estimates.

higher polynomial (third order) of age instead of age and age squared, or the
nclusion of a maximum set of age dummy variables, affects neither the magnitudes
or the standard errors of the estimated coefficients of our smoking ban indicator.
esults are available from the authors upon request.
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Table 7
The effects of public smoking bans on smoking behavior by propensity quartiles to
go out to bars, restaurants, and cafés.

Outcome variables Smoking Smoking 10+ Number of cigarettes

Propensity to go out:
2nd quartile −0.005 0.025** 0.019

(0.005) (0.005) (0.099)
3rd quartile 0.000 0.050** 0.040

(0.007) (0.007) (0.139)
4th quartile −0.021 0.038** 0.028

(0.011) (0.010) (0.211)
Smoking ban 0.016 0.011 0.312

(0.009) (0.008) (0.175)
Interactions:

2nd quartile * smoking ban −0.013 −0.007 −0.141
(0.010) (0.009) (0.192)

3rd quartile * smoking ban −0.022 −0.020 −0.357
(0.012) (0.011) (0.230)

4th quartile * smoking ban −0.041** −0.032** −0.720**

(0.013) (0.012) (0.226)
Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. OLS regressions. Standard errors,
clustered at the state level, in parentheses. Standard errors are Wild cluster
bootstrap standard errors with 400 bootstrap replications to account for a small
number of clusters (Cameron et al., 2008). Regressions also control for gender, age,
age-squared, marital status (4 groups), education (3 groups), household income
quartiles, household size (4 groups), whether young children aged ≤ 14 are present
in the household, employment status (4 groups), foreign nationality, living in a city
(≥100,000 inhabitants), a maximum set of state dummies, time (month-year) dum-
mies, linear and quadratic state-specific time trends, dummies for the different SOEP
s
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amples, and a constant.
** Significant at 1% level.

his section discusses several robustness checks that we carried
ut. Tabulated results are provided in Appendix A.

.1. Confounding anti-tobacco policies

The present estimates are identified through a difference-
n-differences design. Changes in other state-level anti-tobacco
olicies that were introduced concurrently with state smoking
ans and that may also have affected the smoking habits of
tate residents could have confounded the relationship between
o-smoking laws and smoking behavior.16 Such policy changes,
owever, did not occur. Cigarette prices in Germany, unlike in the
S, do not vary across states or regions. All taxes on cigarettes, such
s sales tax and tobacco tax, are federal taxes and, as such, uniform
cross states. Furthermore, the tobacco tax was constant between
006 and 2008 (it was last increased in September 2005), and the
ales tax was only increased once, in January 2007, a country-
ide level effect that we control for in our regression analysis

hrough the inclusion of time dummies as explanatory variables.
here were also no state-specific changes in the regulations cir-
umscribing tobacco advertising during this period. Cigarette ads
n radio and television had been banned in Germany since 1975,
nd ads in newspapers, magazines, and on the Internet—again for
he whole of the country—since 2006.17 Our observation period did
ee an increase in the minimum legal smoking age (from 16 to 18) in
Please cite this article in press as: Anger, S., et al., One last puff? Pu
doi:10.1016/j.jhealeco.2011.03.003

eptember 2007, and the introduction, in January 2007, of technical
evices in cigarette vending machines for the electronic verifica-
ion of customers’ age. All of these changes, however, applied to

16 Note, however, that all of our models already control for state-specific linear
ime trends and squared time trends (e.g., Wolfers, 2006).
17 Another federal government initiative that came into effect on September 1,
007, was a smoking ban in public transport facilities and federal buildings. Again,
his ban applied throughout Germany. Its effects should, therefore, also be captured
y our time dummy variables.
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he entire country and their impact is captured by the time fixed
ffects.

.2. Regressions with additional time-varying state-level
ariables

In Table A5 in Appendix A, we also control for several time-
arying potential confounders at the state level that might
ave changed at the same time that state smoking bans were

ntroduced.18 In particular, we control for the proportion of uni-
ersity graduates, the proportion of singles, the average population
ge, GDP per capita (in 2002 prices), and the state governing
arty. The estimates are barely affected by the inclusion of these
ariables.

.3. Public smoking bans and cross-border shopping

Smokers living in federal states with recently introduced smok-
ng bans may be traveling to locations abroad or to federal states
hat still permit smoking in bars and restaurants to avoid hav-
ng to make any compromises in their smoking behavior when
oing out. A recent study by Adams and Cotti (2008) for the US
eports that more people have been caught driving while under
he influence of alcohol after the passage of smoking bans because
mokers drive longer distances to bars in states with no smok-
ng bans. Indeed, on July 31, 2008, the New York Times reported
n the introduction of smoking bans in Germany: “Local news-
apers in eastern border regions published articles at the start of
he year about smokers fleeing for their evening drinks to Polish
ubs, where smoking was still permitted.” In regressions reported

n Table A6, we checked for the importance of such behavior for
ur results by restricting our estimation sample to individuals
hat live in counties which do not border other German states
r neighboring countries that still allowed smoking in bars and
estaurants. Our interaction term coefficients remain negatively
igned and continue to increase in absolute size from the second
o the fourth quartile. However, they are also all larger in magni-
ude than those reported in Table 7. In counties without “smoky
orders,” sizeable effects of smoking bans are evident also for indi-
iduals in the third (and sometimes even the second) quartile of
he distribution of the going out propensities. These findings sug-
est that the inability to evade a state smoking ban does add to its
ite and hence also to the effect that it has on people’s smoking
abits. They therefore provide some evidence that stricter smok-

ng bans are more effective in reducing smoking prevalence and
ntensity.

Overall, our sensitivity analysis shows that the estimates are
ot affected by various potentially confounding influences. If at
ll, we find some evidence that individuals’ cross-border smoking
ay weaken the effects of the new policies, and that the strict-

ess of smoking bans increases their effectiveness in reducing
moking prevalence and intensity. Hence, our results should be
onsidered as lower bound effects of smoking bans on smoking
ehavior.

. Conclusions
blic smoking bans and smoking behavior. J. Health Econ. (2011),

In this paper, we have examined the effects of state smoking
ans on the smoking propensity and smoking intensity of individ-
als in Germany. Public smoking bans were gradually implemented

n all of Germany’s sixteen federal states between August 2007

18 For the sake of brevity, we only report results for our most flexible specification.

dx.doi.org/10.1016/j.jhealeco.2011.03.003
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Tables A1–A6

Table A1
Timing of smoking ban implementation and state characteristics.

Late
implementationa

(OLS)

Month of
implementationb

(Ordered probit)

Proportion of smokers 0.041 1.338
(0.056) (0.930)

Conservative
government

0.030 −3.887
(0.276) (3.022)

Next election early
2008

−0.641+ −5.157
(0.296) (4.127)

Average population age 0.150 1.687
(0.120) (1.041)

Proportion of singles 0.003 −0.705
(0.099) (0.956)

Proportion of
university graduates

0.014 0.126
(0.068) (0.410)

GDP per capita 0.020 0.171
(0.018) (0.151)

Constant −7.537
(6.071)

Observations 16 16
Adjusted R-squared 0.23
Pseudo R-squared 0.50

Notes. The regressors are pre-ban state characteristics from administrative data
sources. Proportion of smokers: Federal Statistical Office 2005; proportion of uni-
versity graduates/proportion of singles/average population age/GDP per capita:
Federal Statistical Office 2006; governing party/election dates: www.election.de.
OLS, respectively ordered probit regressions. The indicator variable conservative
government equals one if a state’s prime minister is from the Christian Democratic
Union (CDU), and zero otherwise. Standard errors in parentheses.

+ Significant at 10% level.
a Dummy variable for implementation of the smoking ban in 2008.
b Month of implementation ranging from 1 (January 2007) to 24 (December 2008).

Table A2
Month of interview and smoking behavior.

Month of interview
(all years)

Month of interview
(2008)

Smoking 0.008 0.012
(0.011) (0.018)

Smoking 10+ −0.002 −0.008
(0.012) (0.020)

Number of cigarettes −0.001 −0.001
(0.001) (0.001)

Observations 85,695 85,695 85,695 19,331 19,331 19,331

Notes: SOEP waves 2002, 2004, 2006 and 2008. Ordered probit regressions. The out-
come variable is the month of interview, ranging from 1 (January) to 11 (November).
Standard errors, clustered at the individual level, in parentheses.
Regressions also control for gender, age, age-squared, marital status (4 groups), edu-
cation (3 groups), household income quartiles, household size (4 groups), whether
ARTICLEHE-1472; No. of Pages 11
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nd August 2008. We exploit this variation across time and fed-
ral states to identify causal effects of the public smoking bans.
sing data from the German Socio-Economic Panel Study (SOEP)

or the years 2002, 2004, 2006, and 2008, we find no significant
eduction in either the average smoking propensity or the aver-
ge smoking intensity within the population in the short term.
owever, we do find evidence of sizeable short-term effects for

ndividuals who tend to go out to bars, restaurants, and cafés
ore frequently, such as the young, the unmarried, and city

wellers. These effects can be explained by the greater expo-
ure of these individuals, in everyday life, to the constraints of
ublic smoking bans. Among individuals with an above-median
ropensity to go out, the propensity to smoke and the propen-
ity to smoke regularly (ten or more cigarettes per day) each
eclined by about 2 percentage points following the introduction
f a smoking ban and average daily cigarette demand fell by 0.42
igarettes. The effects of the new law are about twice as large
or individuals in the top quartile for the propensity to go out.
hese are considerable effects, leading to a roughly 15 percent
eduction in smoking probability and intensity among top-quartile
ndividuals.

We also find evidence that the impact of public smoking bans
n individual smoking habits is stronger if these bans are stricter.
moking bans have greater effects on individuals who live in
ounties that do not border other German states or neighboring
ountries without smoking bans. Hence, for smoking bans to be
ully effective, it seems to be crucial that individuals have no way
f evading the new law. Our results should be considered as lower-
ound effects of smoking bans on smoking behavior, not only due to
ross-border effects but also due to the exceptions granted in most
f the federal states, which lead to lax enforcement in Germany
ompared to other countries.

A limitation of our analysis is the restriction to short-term
ffects, which is due to the recent nature of state smoking bans
n Germany. Short-term effects might well differ from longer-term
ffects, but it is not clear a priori which effects are larger. On the
ne hand, the impact of smoking bans may be larger in the long
un as individuals may need some time to adjust their smoking
ehavior. On the other hand, any effects may be smaller if indi-
iduals first respond strongly but then, as time proceeds, return
at least to some extent) to old habits. However, an analysis of
uch longer-term effects will have to wait until more data becomes
vailable.

Overall, our findings show that the recent introduction of state
moking bans in Germany has been successful in reducing the
moking propensity and intensity of significant parts of the pop-
lation over the short run. This suggests that public smoking
ans have the potential to achieve major health benefits even
eyond reducing the exposure of non-smokers to second-hand
moke.
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ppendix A.
blic smoking bans and smoking behavior. J. Health Econ. (2011),

oung children aged ≤ 14 are present in the household, employment status (4
roups), foreign nationality, living in a city (≥100,000 inhabitants), a maximum
et of state dummies, dummies for the different SOEP samples, and a constant.
egressions for all years (columns 1-3) also control for a maximum set of year
ummies.
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Table A3
First stage regressions: the (pre-ban) probability of going out to bars and restaurants
at least once a week.

Going out at least
once a week in
2003

Going out at least
once a week in
2008a

Age −0.009** −0.008**

(0.001) (0.001)
Age2 0.006** 0.005*

(0.001) (0.002)
Male 0.086** 0.064**

(0.007) (0.009)
Married −0.163** −0.109**

(0.022) (0.019)
Separated or divorced −0.090** −0.076**

(0.015) (0.022)
Widowed −0.131** −0.059

(0.025) (0.026)
High school 0.027** 0.044**

(0.006) (0.010)
More than high school 0.047** 0.081**

(0.008) (0.014)
Equivalent household
income: second
quartile

0.041** 0.057**

(0.009) (0.013)

Equivalent household
income: third quartile

0.085** 0.066**

(0.008) (0.011)
Equivalent household
income: fourth quartile

0.191** 0.163**

(0.011) (0.017)
Foreign nationality 0.007 0.020

(0.024) (0.029)
Children aged ≤ 14 in
household

−0.073** −0.065**

(0.021) (0.016)
2-person household −0.049** −0.036

(0.012) (0.026)
3-person household −0.089** −0.077**

(0.017) (0.023)
4-and-more-person
household

−0.082** −0.055*

(0.015) (0.025)
Full-time employed −0.019* −0.049**

(0.009) (0.010)
Part-time employed −0.000 −0.014

(0.008) (0.008)
Unemployed −0.042* −0.085**

(0.015) (0.010)
Living in a city
(≥100,000 inhabitants)

0.041* 0.047**

(0.019) (0.006)
Observations 21,824 7279
Adjusted R-squared 0.14 0.12

Notes: SOEP waves 2003 and 2008. OLS regressions. Standard errors, clustered at
the state level, in parentheses. Regressions also control for a maximum set of state
dummies, dummies for the different SOEP samples, and a constant.

* Significant at 5% level.
** Significant at 1% level.
a Subsample includes only individuals that were surveyed in 2008 at a time when

they were not covered by a state smoking ban.

Table A4
Alternative estimation methods (probit and tobit regressions).

Smoking
(1)

Smoking 10+
(2)

Number of
cigarettes
(3)

Smoking ban 0.017 0.013 0.996
(0.012) (0.011) (0.756)

Propensity to go out
2nd quartile 0.028** 0.021** 1.640**

(0.006) (0.005) (0.451)
3rd quartile 0.053** 0.041** 3.164**

(0.006) (0.006) (0.424)
4th quartile 0.037** 0.027* 2.400*

(0.010) (0.013) (0.948)
Interactions

2nd quartile*
smoking ban

−0.016*

(0.007)
−0.013
(0.008)

−0.695
(0.547)

3rd quartile*
smoking ban

−0.022
(0.014)

−0.024
(0.015)

−1.505
(1.000)

4th quartile*
smoking ban

−0.041**

(0.008)
−0.034**

(0.007)
−2.483**

(0.555)
Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. Estimates in columns (1) and (2) are
marginal effects from probit regressions, and estimates in column (3) are marginal
effects from a tobit regression. Standard errors, clustered at the state level, in
parentheses. Regressions also control for gender, age, age-squared, marital status
(4 groups), education (3 groups), household income quartiles, household size (4
groups), whether young children aged ≤ 14 are present in the household, employ-
ment status (4 groups), foreign nationality, living in a city (≥100,000 inhabitants), a
maximum set of state dummies, time (month-year) dummies, linear and quadratic
state-specific time trends, dummies for the different SOEP samples, and a constant.

* Significant at 5% level.
** Significant at 1% level.

Table A5
Regressions with additional time-varying state-level variables.

Smoking Smoking 10+ Number of
cigarettes

Smoking Ban 0.014 0.013 0.430*

(0.010) (0.009) (0.190)
Propensity to go out

2nd quartile 0.024** 0.020** 0.472**

(0.005) (0.005) (0.102)
3rd quartile 0.047** 0.038** 0.956**

(0.007) (0.007) (0.134)
4th quartile 0.037* 0.028* 0.841**

(0.011) (0.011) (0.213)
Interactions

2nd quartile * smoking ban −0.004 −0.004 −0.132
(0.010) (0.010) (0.195)

3rd quartile * smoking ban −0.016 −0.018* −0.348*

(0.011) (0.010) (0.215)
4th quartile * smoking ban −0.037** −0.033** −0.686**

(0.011) (0.010) (0.121)
Observations 85,695 85,695 85,695

Notes: SOEP waves 2002, 2004, 2006 and 2008. OLS regressions. Standard errors,
clustered at the state level, in parentheses. Standard errors are Wild cluster boot-
strap standard errors with 400 bootstrap replications to account for a small number
of clusters (Cameron et al., 2008). State level variables include the proportion of
university graduates, the proportion of singles, the average population age, GDP
per capita in 2002 prices (source: Federal Statistical Office 2002, 2004, 2006, 2008),
and type of governing party (source: www.election.de). Regressions also control for
gender, age, age-squared, marital status (4 groups), education (3 groups), household
income quartiles, household size (4 groups), whether young children aged ≤ 14 are
present in the household, employment status (4 groups), foreign nationality, living
in a city (≥100,000 inhabitants), a maximum set of state dummies, time (month-
year) dummies, linear and quadratic state-specific time trends, dummies for the
Please cite this article in press as: Anger, S., et al., One last puff? Public smoking bans and smoking behavior. J. Health Econ. (2011),
doi:10.1016/j.jhealeco.2011.03.003

different SOEP samples, and a constant.
* Significant at 5% level.

** Significant at 1% level.
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Table A6
Public smoking bans and cross-border shopping.

Smoking Smoking 10+ Number of
cigarettes

Smoking ban 0.021 0.010 0.393
(0.011) (0.010) (0.192)

Propensity to go out
2nd quartile 0.003 −0.002 0.011

(0.005) (0.005) (0.098)
3rd quartile 0.008 −0.001 0.112

(0.007) (0.007) (0.139)
4th quartile −0.018 −0.028* −0.409

(0.011) (0.011) (0.226)
Interactions

2nd quartile * smoking ban −0.030* −0.016 −0.468*

(0.011) (0.011) (0.209)
3rd quartile * smoking ban −0.041* −0.032* −0.686**

(0.013) (0.012) (0.238)
4th quartile * smoking ban −0.051** −0.038** −1.030**

(0.013) (0.012) (0.223)
Observations 82,985 82,985 82,985

Notes: SOEP waves 2002, 2004, 2006 and 2008. Sample without individuals who live
in counties which border other German states or neighboring countries that do not
have smoking bans in force. OLS regressions. Standard errors, clustered at the state
level, in parentheses. Standard errors are Wild cluster bootstrap standard errors
with 400 bootstrap replications to account for a small number of clusters (Cameron
et al., 2008). Regressions also control for gender, age, age-squared, marital status
(4 groups), education (3 groups), household income quartiles, household size (4
groups), whether young children aged ≤ 14 are present in the household, employ-
ment status (4 groups), foreign nationality, living in a city (≥100,000 inhabitants), a
maximum set of state dummies, time (month-year) dummies, linear and quadratic
s

R

A

A

A

B

B

B

C

C

C

C

C

C

D

E

F

G

G

H

K

K

K

S

T

T

W

W

W

tate-specific time trends, dummies for the different SOEP samples, and a constant.
* Significant at 5% level.

** Significant at 1% level.
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