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Abstract
Cigarette filters, the most commonly littered item worldwide, are one of the main 
sources of marine pollution. However, reducing cigarette littering is a serious chal-
lenge for policy makers and environmental authorities: traditional instruments like 
bans and fines are generally ineffective. In this article, we evaluate the impact of two 
interventions aimed at reducing smokers’ littering in public areas, like beaches. We 
run a field experiment at eight beach resorts in the north east coast of Italy. Resorts 
were randomly assigned to three groups: in the first, we introduced portable ashtrays 
to test whether smokers respond to the lower effort costs (time plus inconvenience) 
by disposing of litter properly. In the second set, we added a social cue. The third 
group of resorts was used as a control with no intervention. Results suggest that 
reducing the private costs of a proper disposal through mobile ashtrays significantly 
affects littering, leading to a reduction of 10–12% in the number of cigarette filters 
dropped in the sand compared to beaches with no ashtrays. Reinforcing this measure 
with social prompts does not significantly increase the impact driven by the intro-
duction of mobile ashtrays.
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1 Introduction

Cigarette filters are the most littered item worldwide; they are ubiquitous on streets, 
sidewalks, parks and other open areas. It is estimated that roughly 4.5 of the 6 tril-
lion cigarettes smoked across the world every year are discarded into the environ-
ment (Novotny and Slaughter 2014). In addition to aesthetic concerns, cigarette lit-
tering poses a serious threat to the environment and human health, due to both their 
plastic elements and their toxic and carcinogen components. Plastic components that 
make up the filter, like cellulose acetate, eventually can be broken down into smaller 
pieces, but they accumulate in the environment due to their slow degradation rate 
(Bonanomi et al. 2015). According to some studies, their source material never dis-
appears (Novotny et al. 2009). Chemicals and hazardous components contained in 
cigarette ends, such as nicotine, heavy metals, benzene and volatile organic com-
pounds, may leach out, contaminating soils and aquatic environments (Lombardi 
et al. 2009; Slaughter et al. 2011; Green et al. 2014, 2019).

Filters littered in beaches represent a serious risk to marine ecosystems. They 
may reach the sea where they contribute to the release and accumulation of pollut-
ants and create acute harm to marine organisms (Moerman and Potts 2011; Wright 
et al. 2015). Filters have a negative impact on marine wildlife: ingestion and entan-
glement of smoking debris by seabirds, turtles, mammals and fishes have been 
widely documented by the literature (Derraik 2002; Wilcox et al. 2016). The inges-
tion of microplastics released by filters transfers pollutants to animals’ bodies, caus-
ing various health impacts for them (Rochman et al. 2013) but also for humans, as 
microplastics have been found in marine organisms destined for human consumption 
(Van Cauwenberghe and Janssen 2014).

Due to the small size of filters, monitoring and cleaning operations are costly and 
often ineffective. Differently from other types of littering, traditional policy instru-
ments, mainly based on bans and monetary sanctions, have been proved to have only 
a modest impact in reducing the number of discarded butts. Tackling cigarette litter-
ing is then a serious challenge for policy makers and environmental authorities.

In order to understand the drivers of cigarette littering and to suggest potential 
policy strategies, we run a field experiment. The theoretical framework of our exper-
imental design can be summarized as follows.

In the economic literature, littering is a classic externality arising from the diver-
gence between private and social costs. When taking waste home or walking in 
search of an ashtray entails private costs (time plus effort) which exceed the cost of 
throwing waste on the ground, agents will choose to litter (Dobbs 1991), disregard-
ing the large social costs (in terms of health, environmental, and aesthetic impact) 
caused by the accumulation of litter. As a result, the extent of litter is distorted 
towards the less desirable alternative from a social perspective (Choe and Fraser 
1998; Kinnaman and Fullerton 1999; Ferrara 2008, among others). In this theoreti-
cal set-up, changing the relative cost of different waste disposal options, by increas-
ing private costs of littering and/or making non-littering more convenient, should 
lead to reduced litter.
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In the case of cigarette butt disposal, however, changing individual behavior 
raises challenges different from other types of littering, since cigarette butts are 
habitually and even unconsciously flicked away after smoking. This type of lit-
tering may then be a case where social incentives, such as social sanctions and 
norms, can be more powerful than economic incentives, as suggested by a recent 
behavioral and psychological literature.

Drawing on these considerations, in this article we study the causal effect of 
two interventions aimed at lowering cigarette end littering. The first follows a 
“more conventional” economic approach aiming at reducing the effort costs of 
proper cigarette butt disposal. The second attempts to alter the attitude to littering 
through increasing individual awareness of the social benefits of litter reduction.

We carried out a small-scale field experiment at eight beach resorts in the 
Emilia-Romagna region, on the northeast coast of Italy, in the period June–August 
2015. Overall, more than 56,000 visitors of the beaches have been involved by 
the experiment. The northeast Adriatic cost of Italy is a particularly interesting 
environment where running the experiment. These beaches are vulnerable to litter 
accumulation from land sources, due to waste discharged by rivers, and popula-
tion concentration along the coasts, especially in the summer season, when rec-
reational marine activities multiply the production of litter (Munari et al. 2016).

We sorted beach resorts randomly into three groups. In the first group, we 
provided free portable ashtrays. These ashtrays, which beach visitors could take 
freely and use near where they were sunbathing, reduced the hassle of proper 
disposal by avoiding the need to walk to a central trash bin to dispose of the ciga-
rette butt. For the second group of beaches we provided free portable ashtrays but 
also added signboards with messages explicitly encouraging the use of ashtrays to 
keep the beach clean. The aim was to activate a social injunctive norm. The third 
group of beaches was the control group, with no intervention.

Our results suggest a beneficial effect of free portable ashtrays: in treated 
beaches, we had a statistically significant reduction in butts dropped in the sand, 
compared to untreated beaches. Specifically, portable ashtrays (with and without 
the message) caused a reduction of cigarette butts in the sand (per visitor and per 
total number of cigarettes smoked) in the range 10–12% compared to beaches 
with no ashtrays, according to different model specifications. The slightly dif-
ferent effect obtained when the presence of ashtrays was reinforced with sign-
boards turned out not to be statistically significant compared to results obtained 
on beaches with only portable ashtrays (reductions range from 7 to 13%). Our 
experiment then suggests that, in the case of smokers’ littering, the adoption of 
an economic incentive, which reduces the effort cost of a proper disposal, can be 
effective in tackling improper dumping.

Our findings provide policy recommendations for an effective strategy towards 
cigarette littering reduction. It is worth to note that, after our experiment, in sum-
mer 2019, the local authority of the province where participating beach resorts are 
located promulgated a new ordinance (Ordinanza TL n.1140, 11/07/2019) along the 
lines suggested by our findings. Specifically, the ordinance mandates that, “in order 
to avoid waste dumping, beach visitors are required to have a proper (disposable or 
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reusable) receptacle for filters and other smoking related residues, to reduce the risk 
of creating environmental damages and hazards to people’ safety”.1

This policy suggestion is also coherent with the EU Marine Strategy Framework 
Directive (2008/56/EC), which establishes a framework for Member States to take 
action in order to achieve Good Environmental Status (GES) for the marine envi-
ronment. Marine litter, defined as any persistent, manufactured or processed solid 
material discarded, disposed of or abandoned in the marine and coastal environment 
(UNEP 2009), is one of the eleven Descriptors of the Strategy.

Even though marine litter is a serious problem in the Mediterranean area, due to 
the peculiar characteristics of its ecosystems, only very few studies have explored 
the environmental consequences of the problem so far. By looking at Italy, some 
studies show that both seabed and sandy shore litter is a serious threat to the envi-
ronment and biotic marine communities (Strafella et  al. 2019; Poeta et  al. 2014). 
Munari et al. (2016), in a study conducted in five beaches in the Northeast coast of 
Italy, find that the great majority of litter (81.1%) is made of plastic items, within 
which cigarette butts accounts for the highest percentage (22.9%).

Our research contributes to both the economic and the psychological literatures 
investigating the determinants of littering behavior. Our main innovation relative to 
previous studies is the random assignment of the treatments. Indeed, to the best of 
our knowledge, ours is the first field experiment where the effects of increasing the 
convenience of proper waste disposal and adding a social prompt are investigated 
through randomized interventions. The random assignment and the chosen experi-
mental setting reduce the risk of having spurious correlation between littering and 
the presence of ashtrays. The beach resorts in our field experiment have similar char-
acteristics in terms of the pre-treatment availability of ashtrays and generic bins. 
This allows us to exclude the possibility that the availability of ashtrays at a particu-
lar resort could have influenced ex-ante the choice of whether to visit that resort. 
Finally, the randomization check ensures that beaches in different treatments are bal-
anced in terms of background characteristics.2

The remainder of the paper is structured as follows. Section 2 reviews the rel-
evant literature to frame conceptually the environmental and social problems related 

2 In other words, the random assignment of treatments reduces the risk of having a spurious correlation 
between littering and the availability of ashtrays due to the possibility that resorts’ unobserved character-
istics are causing easy availability of ashtrays and of individuals inclined to dispose of their butts prop-
erly. Another, possibly less plausible, source of spurious correlation might be that people who dislike lit-
tering choose to patronize locations with an abundant availability of ashtrays in order to reduce the effort 
cost of avoiding littering. This is unlikely in the specific environment considered in this study: we pre-
liminary checked that beach resorts in our field experiment provided quite similar services, also in terms 
of the availability of ashtrays and generic bins. People tend to choose which resort to patronize according 
to a variety of reasons, from the type of restaurant to the company available. Smoking is allowed and it is 
relatively easy and effortless to hide cigarette butts in the sand; it seems unlikely that the availability of 
ashtrays at a particular resort should influence the choice of whether to visit that resort.

1 English translation for the second article of the ordinance. In Italian, the article states that “essendo 
in ogni modo vietato l’abbandono di rifiuti, è necessario munirsi di un idoneo contenitore riutilizzabile 
oppure “usa e getta” utile per la raccolta di mozziconi o altri rifiuti di prodotti da fumo, al fine di evitare 
danni all’ambiente, nonché possibili pericoli per l’incolumità e la sicurezza delle persone”.
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to cigarette butt littering, and the potential applicability of economic and behavioral 
instruments. Section  3 provides details of the experimental design and its imple-
mentation. Section 4 describes the dataset and introduces the econometric strategy, 
while Sect. 5 reports the empirical findings and some robustness checks. Section 6 
concludes.

2  Cigarette littering

Cigarette filters are the most common form of litter in the world (Curtis et al. 2014; 
Novotny and Slaughter 2014; Moerman and Potts, 2011). Filters that end up on 
beaches are a serious source of concern for marine pollution. Ocean Conservancy, a 
non-profit environmental advocacy group in the US that organizes the world’s larg-
est annual coastal cleanup, reports cigarette butts as the most collected item, with 
more than 5,716,000 filters collected in the 2018 campaign (Ocean Conservancy 
2019).3

Contrary to the health consequences of tobacco use, the damage caused by filters 
is only just beginning to be investigated.4 According to recent studies, it is indisput-
able that the toxic, irritant, and carcinogenic content of filters has the potential to 
create serious damages to human health and the environment. Novotny et al. (2011) 
provide a summary of reports of ingestion from the relevant literature, showing that 
accidental ingestion of cigarette butts is frequent among children, especially very 
young children, who can choke or be poisoned by toxic substances in the filter. 
Some reports show severe toxicity effects such as respiratory problems, arrhythmia, 
and convulsions (see CDC 1997; Malizia et al. 1983, among others).

Ingestion and entanglement episodes are widely documented for marine wildlife: 
every year, hundreds of thousands of fish, sea turtles, marine mammals, and more 
than a million seabirds die from ingesting marine debris, including cigarette butts5 . 
Wilcox et al. (2016) collect information from experts on the threat of entanglement, 
ingestion and chemical contamination for seabirds, sea turtles and marine mammals. 
The plastic components and the toxic metal contents of cigarette butts introduce 
critical risks also to human health, when polluted marine organisms enter the food 
chain and are used for human consumption (Van Cauwenberghe and Janssen 2014; 
Rochman et al. 2015; Dobaradaran et al. 2018).

3 Several sources confirm that cigarette butts dominate among the items littered on coastlines all around 
the world. Together with the reports by Ocean Conservancy (https ://ocean conse rvanc y.org/trash -free-
seas/inter natio nal-coast al-clean up/annua l-data-relea se/), see also the Great Canadian Shoreline Report 
(2018) at https ://www.shore linec leanu p.ca/annua l-repor t or the annual reports by Legambiente for Italian 
beaches (https://www.legambiente.it/indagine-beach-litter/). Last accessed 20/03/2020.
4 Studies which provide a quantitative analysis of the negative impact of cigarette butts are complicated 
because data on their chemical components are not exhaustive, and depend on several factors, such as the 
type of additives used by the tobacco industries, tobacco residues, etc. (ENEA 2010).
5 https://tobaccofreelife.org/resources/marine-life-cigarettes-pollution/; http://www.seeturtles.org/ocean-
plastic/ - last accessed 20/03/2020).

https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/annual-data-release/
https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/annual-data-release/
https://www.shorelinecleanup.ca/annual-report
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Given their small size, collecting cigarette ends is both difficult and costly since 
they are often trapped in cracks in sidewalks, in manholes, bushes, and of course 
beaches .6 In natural environments, such as beaches and parks, mechanical cleanup 
is impossible and manual operations are often necessary to remove filters from the 
sand and vegetation. Besides their costs, cleaning operations are not completely 
effective. Loizidou et al. (2018), for instance, report results from cleanups organized 
by the responsible authorities on nine Blue Flag beaches in Cyprus, showing that 
efforts are quite successful at collecting larger pieces of marine litter, but that small 
pieces, such as cigarette butts, remain on the beach.

Growing concerns over the health and environmental impact of cigarette related 
litter have led governments to undertake a variety of policy initiatives, including 
enforcing anti-littering laws, the introduction of fines and/or smoking bans in public 
areas, and waste fees (Barnes 2011). Unlike the case of other littered items, however, 
traditional policy instruments have proved to have only a modest impact in reducing 
cigarette butt littering. Fines, for instance, are often impractical, due to the difficulty 
of monitoring and the related enforcement costs,7 while schemes such as deposit-
refunds cannot apply to cigarette butts due to the low value of their components, 
aesthetics reasons (smell), toxicity of the chemicals they release, and the special 
treatment required to handle, dispose of, and transport them (Curtis et al. 2014).

While the impact of governments’ “negative penalty structures” which discour-
age littering by increasing its cost seems to be modest, the provision of “positive” 
incentives which reduce the effort costs of a proper disposal might be more effec-
tive8 (Bell et al. 2017). A common finding in the psychological literature on litter-
ing behavior is that the presence and attractiveness of receptacles can reduce litter-
ing rates (Finnie, 1973; Geller et al. 1979; O’Neill et al. 1980). Exceptions in this 
respect are Burgess et  al. (1971), which shows that doubling the number of trash 
cans does not have any effect on litter in theaters, and Roales-Nieto (1988), which 
shows that increasing the number of trash receptacles (with or without publicity 
campaigns) causes only a minimal decrease in litter. By distinguishing between cig-
arette and non-cigarette waste, Sibley and Liu (2003) collect observational data in a 

6 Schneider et al. (2011) report that the total public costs involved in removing tobacco related products 
range from some US$0.5 million to US$6 million depending on the city size. In their study, they estimate 
total cigarette related waste costs to S. Francisco as around US$5.6 million.
7 Fines discourage littering by increasing the relative cost of bad disposal, providing, at the same time, 
a source of revenue for local communities, which could adopt it to finance, for instance, clean-up costs. 
This is clearly a positive feature of this instrument, which, however, should be balanced with the admin-
istrative costs of implementing the related monitoring and enforcement system. It may be difficult and 
costly to monitor and punish littering behaviors, especially in the case of small littered items. Accord-
ingly, the perceived low probability of being caught, together with the low probability of being subject to 
a penalty, if caught, can explain why fines provide a weak stimulus to change behavior.
8 In this respect, our work relates to the recent literature which explores the relevance of the oppor-
tunity cost of time on household recycling decisions (Halvorsen 2008) and the role of positive incen-
tives to reduce recycling inconvenience (Ong and Sovacool 2012; Bell et al. 2017). Bell et al. (2017), for 
instance, highlight that governments’ effort has evolved from imposing costs on households that do not 
recycle to mechanisms that increase households’ participation by reducing the time and effort needed 
to recycle, i.e. increasing the number and convenience of drop-off centers or introducing single-stream 
recycling.
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university quad for two interventions aimed at reducing active and passive littering.9 
They find that, while posting daily feedback on the percentage of men and women 
who have littered is only slightly effective for reducing cigarette litter, the introduc-
tion of ashtrays has a relevant impact, although the major increase is in the active 
disposal of butts since passive disposal remains low across different conditions. 
These findings suggest that ashtrays help individuals to overcome one of the major 
obstacles to proper disposal, namely the difficulty of finding a suitable bin. Surveys 
conducted on smokers reveal that 42% of them find it difficult to dispose of cigarette 
butts without littering due to problems related to finding a proper bin and the poten-
tial risk of fire from placing butts in an ordinary bin (Mcgregor Marketing 1998).

Other studies argue that the density of ashtrays can be a relevant predictor of lit-
tering behavior.10 Schultz et al. (2013), for instance, find that both the presence and 
number of ashtrays are significant predictors of littering behavior. In particular, by 
adopting an observational protocol in several different places in the US, they find 
that cigarette end littering rates are lower if the number of ashtrays available in the 
monitored area is larger, and that littering increases significantly with the distance to 
the receptacle at the time of disposing. These findings are consistent with the idea 
that butt littering can be affected by increasing the convenience of proper disposal, 
and provide theoretical support for our treatments.

Difficulties in reducing cigarette waste littering also emerge due to the complex 
nature of smokers’ behavior regarding cigarette end disposal. Indeed, tossing ends 
away is an unconscious and largely “ignored behavior” among smokers, an action 
they are not aware of, and which is part of the smoking ritual (Novotny et al. 2009). 
Lack of attention and limited concentration on the specific action they perform, 
together with the idea that end littering is so widespread that it can be considered 
to be almost acceptable (Cope et al. 1993; Healton et al. 2011; Smith and Novotny 
2011, Rath et al. 2012) may be factors to explain improper butt disposal behavior. 
Results in Rath et al. (2012) show that individuals “who do not believe or are not 
sure whether cigarette butts are litter” are over 3.5 times as likely to report having 
thrown their cigarette butts on the ground or out of a car window at some point dur-
ing their lifetime.

In cases where personal motivations and values may be relevant, behavioral eco-
nomics suggests complementing traditional policy instruments with new forms of 
intervention aimed at subtly altering individual choices and helping people to pur-
sue their own interests (Chetty 2015). In the littering context, the observation that 
individuals care about what others are doing and how they may be judged by oth-
ers has led some authors to explore the use of social norms. Cialdini et al. (1990) 
argue that both descriptive norms, defined as “what most others do”, and injunctive 

9 The difference between active and passive littering is given by the latency between the placement of 
litter and the vacation of the area.
10 An exception is Cope et al. (1993) which reports on two different experiments conducted at a univer-
sity campus in North Carolina, to evaluate the impact of both an increased number of ashtrays and the 
introduction of decorated ashtrays. Their findings suggest that the presence of ashtrays decreases ciga-
rette litter compared to the baseline scenario without ashtrays, but the density of receptacles does not 
significantly affect litter.
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norms, “what is socially accepted within a culture”, affect littering behavior, but that 
it is necessary to distinguish between them, because both types of norms can coexist 
and push behavior in either direction. In their experiments, the authors observe indi-
vidual littering behavior after a change in the amount of litter in the environment, 
and note that people tend to discard less in a clean environment than in a littered 
environment.11 Kallgren et al. (2000) asked colleagues to exhibit clean behavior (by 
picking up a crumpled fast-food bag from the ground in a parking lot) to check the 
reactions of other people. Their findings confirm that an unobtrusive intervention 
such as “setting a good example” is effective for reducing littering. In order to com-
pare the impact of different types of norms, De Kort et al. (2008) attached to trash-
cans signboards with different messages, to show that messages activating personal 
and injunctive norms reduced litter more compared to messages related to descrip-
tive norms.

Our experimental design is inspired by the above reviewed literature. Based on 
previous findings, we can formulate the following research hypotheses with respect 
to the treatment effects:

Hypothesis 1 The availability of portable ashtrays for smokers, who may decide 
freely to use them or not, decreases the number of cigarette butts on the beach.

Hypothesis 2 Providing a social cue, which explicitly invites people to keep the 
beach clean, strengthens the effect of free portable ashtrays.

3  Experimental design

We carried out a field experiment at eight12 beach resorts in Emilia Romagna, in 
northeastern Italy (see map in Fig. 2 in the Appendix for the location of the beach 
resorts).

The cooperation of resorts’ managers and workers who clean the beaches was 
indispensable to run the experiment, as it required the separate collection of butts 
found in the sand and in ashtrays/generic bins. This clearly involved an extra effort 
for beach workers, in the period of the highest customers’ attendance. Among 
resorts which agreed to participate in the experiment and to help us, we selected 
those beach resorts that had similar characteristics, in terms of infrastructures and 

11 More recently, Dur and Vollaard (2015) show that public cleaning policies may stimulate both posi-
tive behaviors of litter reduction and free-riding actions. Through a natural field experiment, the authors 
find that reducing the frequency of cleaning services at garbage container locations has the main effect 
of increasing the tendency to litter (by 75%). Nevertheless, they also find evidence that some people start 
to clean up after themselves, as suggested by the increase in the number of appointments for pick-up of 
discarded household items.
12 While the small number of participating resorts defines the experiment as a case-study, the use of 
small-scale field experiment is increasingly used to investigate environmental behaviors. Kurz (2018), for 
instance, assesses the impact of a nudge in increasing the share of vegetarian lunches sold at two univer-
sity restaurants.
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cleanliness of the beach, and that were not neighboring, to avoid contamination and 
to guarantee the absence of spillover effects.13

Furthermore, we checked that resorts had not adopted any kind of portable recep-
tacles for smokers, before the introduction of our treatments.

The resorts were split randomly into three different groups, labelled: ashtray, 
ashtray plus message, and control group. As argued in the Introduction, the ran-
domization process helps to control for potential correlation between the unob-
served characteristics of the beach resorts and the attitudes of the people visiting 
them. By assigning treatments randomly across beach resorts, we can identify the 
causal effect of intervention on the reduction of cigarette litter. The between-subject 
design avoids most of the confounding effects that might arise in a within-subject 
design14 (Charness et al. 2012). Since in this experiment the subjects, the visitors 
to the resorts, are unaware of participating, we feel entitled to draw causal estimates 
from our treatment effects (Levitt and List 2009).

The experiment lasted 53 days, from the end of June to mid-August 2015.15 This 
is the peak holiday season: on average, 80% of the annual visits to these beaches 
occur in this period. The total number of people visiting the beach resorts during the 
period was about 56,000 individuals. The characteristics of the holiday season in the 
region and the pattern of visitors’ attendance limited the timespan of the experiment 
and made a possible pre-treatment period unlikely to be meaningful. The pre-season 
period is fundamentally different: tourists are different (more walkers, fewer sun-
bathers), restaurants are closed, and the owners do not clean the beach every day, as 
they do in July and August.

The detailed experimental design is as follows. The Ashtrays treatment involved 
three beach resorts. In these resorts, portable ashtrays were made freely available: 
they could be taken from baskets located in very visible points near the boardwalk 
leading to the beach16 (see Fig.  3 in the Appendix) allowing people to take one 
before they reached the beach to sit down for the day. In this group of resorts, the 
availability of ashtrays was not accompanied by any encouragement.

The ashtrays plus message treatment involved three other beach resorts where 
the provision of free portable ashtrays was accompanied by posters near the baskets 
containing the ashtrays and in other visible locations such as near the entrance to the 

16 The portable receptacles were constructed of recycled polypropylene which in turn is 100% recycla-
ble. Each portable receptacle cost 0.36 euros and can be re-used several times before being recycled with 
plastic materials.

13 Operators in the resorts are used to cleaning the beach every evening, to guarantee the sand clean for 
the customers of the next day. Cleaning operations are usually performed in the resorts, independently of 
our experiment; this means that we can exclude that the treatments increased the cleanliness of beaches 
and that the number of customers was consequently affected. In the following, we check the balancing of 
the number of customers in the three groups of beaches (see Table 3).
14 Potentially confounding effects due to learning may arise due to the nature of attendance in these 
beach resorts, where customers tend to spend quite long periods (visiting for at least 15 days), and week-
ends visitors generally patronize the same resort.
15 This corresponds to around 42 observations for each resort. The missing data are due mainly to 
adverse weather conditions, causing both customers’ non-attendance and suspension of the waste collec-
tion process from the sand since wet sand constitutes a major obstacle to the collection of litter.
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resort and by the coffee shop. Posters displayed the anti-litter message in a slightly 
jocular Italian sentence that translates as “One more thought for your beach, one 
less cigarette filter in your sand”17 (Fig. 4). We chose the text of the message to be 
consistent with suggestions in the psychology literature which highlights the impor-
tance of well-crafted messages, especially in environmental contexts, and underlines 
the need to account for what the majority of people consider to be desirable (Cial-
dini 2003). We made the specific decision to employ a positively phrased message 
since this is considered to be more effective than a negatively phrased prompt18 (de 
Kort et al. 2008; Hansmann et al. 2009).

Two resorts were assigned to the control group and did not receive any 
treatment.

To evaluate the impact of the treatments, we counted the number of filters left 
in the sand, and the filters disposed of by smokers in portable ashtrays and in other 
trash bins placed around the beach, i.e. in generic bins, to capture the contents of 
ashtrays that people had emptied.19

Resort managers and the researchers monitored the collection of cigarette butts 
which were gathered and counted by the authors (Fig.  5). It should be noted that 
our treatments did not stop smokers from tossing filters into the sand: they were not 
obliged either to take or to use the ashtrays. However, at the same time, the availabil-
ity of portable ashtrays and the elicitation of the social norm might have stimulated 
more appropriate disposal behavior.

4  Empirical model

To test our research hypotheses, in most of our empirical analysis we examine the 
effect of the treatments on the ratio of the number of cigarette ends collected from 
the sand and the number of customers (Litter), according to the following economet-
ric specification20:

(1)

Litterit = � + �1ashtrays + �2ashtrays plus message

+ �1DailyFEt + �2DayOfWeekFEt + �Xit + �Zi

+ �Weathert + �it;

17 It was not necessary to translate the message into English because almost all beach visitors to our 
resorts are Italian.
18 Reich and Robertson (1979) perform three experiments to show that anti-littering messages may have 
different effects in terms of the social pressure they impose. Their findings suggest that the provision of 
positive messages (internal pressure) reduce litter more, compared to explicit commands prohibiting lit-
ter (external pressure). Analogously, in Reiter and Samuel (1980), a control condition is compared with 
a threatening message (“Littering is unlawful and subject to a $10 fine”) and with a cooperative prompt 
(“Pitch in!”). They find that the threatening message reduces litter with respect to the control setting but 
the cooperative message achieves the best results.
19 It is worth to explain that the separated collection and counting of butts were done in all resorts of the 
three groups, to compare the average effect of the treatments compared to the control.
20 The equation is estimated by using the least squares dummy variable (LSDV) approach.
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The dependent variable is defined as follows:

where sit is the number of cigarette butts dropped in the sand of the beach resort i on 
day t and cit is the number of customers21 who visited the same beach resort i on day 
t. The choice of the “per capita” number of cigarettes discarded in the sand allows us 
to account for between-day or between-beach resort variations in visitor attendance. 
As we explain in what follows, in a second model specification, the number of per 
capita cigarette butts is specified at the week rather than the day level, in order to 
reduce potential daily variability.

To check the robustness of the treatments, we use as alternative dependent vari-
able the ratio of the number of cigarette butts collected from the sand and the overall 
number of cigarettes butts found at each beach resort, corresponding to the sum of 
the filters in the sand and in trash bins or portable ashtrays. Formally:

where nit is the number of cigarette ends collected from the portable ashtrays and 
generic bins in beach resort i on day t. This variable, which can be interpreted as a 
measure of the “incidence” of butts improperly disposed of over the total number of 
cigarettes discarded, properly and improperly, allows us to take account of poten-
tially different smoking habits of customers in different beach resorts.

ashtrays and ashtrays plus message are two dummy variables taking the value 1 
if beach resorts are in the respective treatment group and 0 otherwise. Xit is a vec-
tor of time-variant beach resorts’ characteristics, including the number of covers at 
the restaurant or bar in each resort (Restaurantit), and a dummy variable for spe-
cial events taking place at the resort (Eventsit) in order to account for the attractive-
ness of beach resorts and the potential increase of cigarette waste due to particular 
activities or events. Furthermore, we include the average rental prices of holiday 
flats within a 1  km distance from each beach resort (Rentalpriceit). We extracted 
data from a large real estate platform in Italy, Immobiliare.it. The data were updated 
weekly, on Mondays, during the 53 days of the experiment. This variable captures 
the socio-economic conditions of customers, reflecting their disposable income, 
keeping distance constant. According to the dependent variable adopted in different 
specifications, we include also the number of cigarette butts collected from ashtrays/
bins, or the number of customers as additional controls.

Zi includes beach resort characteristics which are constant over time, i.e. the num-
ber of sunshades (Shadei) and the overall area (Areai,).

In order to consider short-term trends, we include both day fixed effects and 
day-of-the-week fixed effects. The latter is intended to capture habitual trends, such 

(2)Litterit =
sit

cit
,

(3)Litter2it =
sit

nit + sit
,

21 The number of customers was provided by beach resort managers, based on the number of deckchairs 
rented by the visitors, a necessary requirement to remain on the beach.
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as, for instance, higher customer attendance on specific days due to organizational 
agreements of beach resorts with local hotels, as well as the presence of occasional 
smokers during weekends.

We perform some sensitivity analyses by including climatic variables (summa-
rized by the variable Weathert in Eq.  1), since the number of visitors, the length 
of their daily stay at beach resorts, and therefore the number of cigarettes smoked 
may be influenced by weather conditions.22 Specifically, we consider the daily mean 
temperature (Tempt), the daily average solar radiation intensity (Sunt), and the daily 
average wind speed (Windt), between 7 am and 7 pm (respective opening and clos-
ing times of the beaches). Wind speed is included in the regressions since it can 
affect the movement of floating butts; moreover, if the wind is particularly strong, 
local regulations force resort managers to close sunshades, thereby reducing attend-
ance. We gathered data from the Environmental Agency in Emilia-Romagna (ARPA 
- Emilia Romagna), which collects and publishes hourly climatic data. Our data 
come from the weather stations of Cesena and Cesenatico Porto, located near the 
beach resorts involved, the former reporting the average daily solar radiation, the lat-
ter the daily mean temperature and wind speed.

Figure 1 provides the pattern of the number of filters per capita over time. As the 
figure shows, the pattern is quite regular in the three groups and it does not display 
any particular trend during weekends, when occasional customers are more likely to 
visit the beach resorts.

Summary statistics for the dependent variables and beach resort characteristics 
are provided in Table 1; Table 2 presents summary statistics per treatment group for 
Litter and Litter2 and their components.

To test for the existence of potential imbalances in beach resort characteristics 
across the three groups, we report the results of a regression testing for significant 
differences, following the approach in Altmann and Traxler (2014). Table 3 shows 
the average values and standard deviations for relevant beach resort characteristics23 
by treatment group, and the respective p-values of the F-test and t-test. Results sug-
gest that, at most with the possible exception for the low statistical significance of 
the variable “Events”, resort characteristics are reasonably balanced between treat-
ments and control.

As suggested by Fig. 1 and confirmed by the box-plot in Fig. 6 (in the Appendix), 
the dependent variables Litter and Litter2 contain some outliers, including observa-
tions above 60%, which represent 3% of the total sample. To check whether they 
bias the significance of the treatments, in Table 5 in the Appendix we show regres-
sion results by excluding outliers from the analysis.

22 When we include climatic variables, day fixed effect are excluded from the empirical model.
23 We cannot provide t-test results for the variables fixed at beach level, however these are quite similar 
across treatment groups (average values for Area: ASHTRAYS 3870; ASHTRAYS PLUS MESSAGE 
3887.7; control 3757.5; average values for Shade: ASHTRAYS 158.66; ASHTRAYS PLUS MESSAGE 
149; control 166.5).
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5  Econometric results

Preliminary, we perform t-tests for the equivalency of mean respectively between 
ashtrays and ashtrays plus message with respect to the control group (i.e. 
H0 = X̄TREATED = X̄UNTREATED ). Specifically, we find that, for the variable Litter 
(the ratio of the number of cigarette ends in the sand and the number of custom-
ers), the difference in means between ashtrays and control is highly statistically 
significant (t = − 2.911; p < 0.001) and weakly significant for ashtrays plus mes-
sage (t = − 1.599; p < 0.05). For Litter2 (the ratio of cigarette butts in the sand 
and the overall number of cigarettes butts), the difference in means is highly sta-
tistically significant both between ashtrays and control and ashtrays plus mes-
sage and control (t = − 5.420 and t = − 6.603; p < 0.001 level).

Nevertheless, as noted by List (2011), since the significance of the treatment 
effects may be the result of variables left uncontrolled, we supplement the results 
of the statistical tests with the estimates resulting from running regressions of 
Eq. 1 for both dependent variables.

Table 4 reports the estimation results. The first two rows show that both treat-
ments are statistically significant compared to the control group under different 
model specifications. Standard errors are clustered at the beach-week level to 
account for potential customer turnover. When we use the daily number of per 
capita cigarette ends found into the sand (Litter, defined in eq. 2) as the dependent 
variable, treatment ashtrays provides a reduction in a range from − 10 to − 12%, 
while the ashtrays plus message treatment corresponds to a reduction from – 7 to 
− 10%, depending on the control variables included in the model (Columns 1 and 
5–7 which include weather variables).

Column 2 estimates the model using Litter as the dependent variable, calcu-
lated at the weekly rather than the daily level to exclude potential biases due to 
lower attendance on some days or at some beach resorts, which could overes-
timate the effect of the interventions. Treatments continue to be significant for 
reducing cigarette butt littering even when this smoother outcome variable is 
adopted.

Column 3 in Table 4 shows that also the incidence of butts in the sand (meas-
ured by the variable Litter2, defined in Eq. 3) is significantly reduced by the treat-
ments, corresponding to −  10% and −  13.6% for treatment ashtrays and treat-
ment ashtrays plus message, respectively.

Column 4 excludes from the analysis the first quartile of Litter (with values 
roughly up to 12% of the sample), in order to avoid potential measurement errors. 
Both treatments continue to have a statistically significant effect on reducing the 
ratio of cigarette ends thrown onto the sand although the significance is stronger 
for the treatment ashtrays.

As it is shown by Table 5 in the Appendix, the significance of the treatments 
is confirmed also when we exclude from the analysis potential outliers (values 
above 60% of the observations). Even though the value of the coefficients is 
slightly lower, the bulk of the results is not affected by extreme values.
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Overall, we can conclude that the findings support our first research hypothesis: 
portable ashtrays, which increase the convenience of a proper disposal, reduce ciga-
rette waste in the sand.

Fig. 1  Evolution of the average 
number of per capita cigarette 
butts overtime. Week-ends 
specified in shadowed areas

Table 1  Summary statistics 
of dependent and explanatory 
variables (total sample)

Litter is defined as the number of cigarette butts collected in the sand 
(Butts in sand) per customer in each day (see Eq. 2); Litter2 is the 
ratio between the number of cigarette ends collected in the sand and 
the total number of cigarette ends (Butts in sand + Butts in ashtrays/
bins) collected in each day (see Eq. 3). Customers is the daily num-
ber of visitors in each beach resort. Rental price (average rental price 
of holiday flats within a distance of 1 km from each beach resort), 
Restaurant (the number of covers at the restaurant/bar beach resort), 
and Events (special events in the beach resort) change across time, 
while Shade (number of sunshades in the resort) and Area (area of 
the beach resort) are constant. Meteorological variables (Temp, Sun 
and Wind) are updated daily and measured respectively in degree 
Celsius, Watt/sqm and m/s

Variable Mean SD Min Max

Litter 0.21 0.17 0.01 1.16
Litter2 0.23 0.15 0.01 0.88
Butts in sand 26.16 22.53 1 158
Butts in ashtrays/bins 95.70 70.52 3 470
Customers 134.82 65.70 35 260
Rental price 15.02 9.44 9.58 57.63
Restaurant 114.98 53.29 57 270
Shade 164.87 66.35 90 260
Area 3848.5 1333.45 1800 5330
Events 0.072 0.26 0 1
Temp 25.45 2.76 19.48 29.1
Sun 534.62 83.28 262.95 634.25
Wind 3.61 0.75 1.81 5.13
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For all the model specifications in Table  4, the difference between the coeffi-
cients of the two treatments is not statistically significant, as shown by the Fischer 
test results presented at the bottom of Table  4. This suggests that, in the present 

Table 2  Summary statistics of 
dependent variables and their 
main components, per treatment 
group and daily level

Litter is defined as the number of cigarette butts collected in the sand 
per customer in each day (see Eq. 2); Litter2 is the ratio between the 
number of cigarette ends collected in the sand and the total number 
of cigarette ends collected in each day (see Eq. 3). Customers is the 
daily number of visitors in each beach resort

Variable Mean SD Min Max

Control
Litter 0.24 0.20 0.25 1.16
Litter2 0.32 0.16 0.05 0.88
Butts in sand 25.81 12.96 6 87
Butts in ashtrays/bins 79.05 77.99 6 470
Customers 157.64 80.34 70 260
Ashtrays
Litter 0.18 0.11 0.02 0.71
Litter2 0.21 0.13 0.01 0.78
Butts in sand 23.51 15.90 1 81
Butts in ashtrays/bins 96.20 57.16 3 375
Customers 132.69 68.46 35 250
Ashtrays Plus Message
Litter 0.20 0.18 0.01 0.85
Litter2 0.19 0.13 0.02 0.61
Butts in sand 29.12 31.82 1 158
Butts in ashtrays/bins 106.63 74.96 13 414
Customers 121.73 45.34 50 220

Table 3  Comparison of resorts’ characteristics between treated and control groups

Mean values (standard deviations in parentheses). The final two columns report (i) p-values of F-tests 
from regressions of the respective characteristic on treatment dummies and (ii) p-values of t-tests com-
paring the characteristic in the control group vs all treated resorts. Events is estimated through probit 
regression (Wald chi2 value is reported)

Control Ashtrays Ashtrays plus mes-
sage

F-test (p-values) t-test (p-values)

Rental price 12.14 (3.53) 20.35 (13.53) 11.61 (1.11) 0.496 0.407
Restaurant 142 (58.28) 119.94 (60.66) 92 (24.91) 0.497 0.476
Events 0.173 (0.38) 0.058 (0.23) 0.019 (0.13) 0.109 0.066
Customers 157.64 (80.34) 132.68 (68.45) 121.73 (45.33) 0.853 0.649
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case-study, the two treatments have a similar effect on reducing improper butt 
disposal behavior.24 In contrast to our expectations related to the second research 
hypothesis, reinforcing the effect of the ashtrays with a social message provides no 
additional effect. Specifically, in our setting we cannot identify either a crowding out 
or a crowding in effect of the message compared to the simple availability of free 
portable ashtrays.

Finally, to account for potentially unwanted side-effects induced by treatments in 
terms of smoking incentives, we consider the total number of cigarette filters col-
lected as the dependent variable. This allows us to evaluate whether the introduc-
tion of portable ashtrays and the social cue affected customers’ smoking habits. The 
results are presented in Column 8 in Table 4. It can be seen that none of the treat-
ments seems to have affected the total number of cigarette ends collected (and hence 
“smoked”) at beach resorts.

6  Discussion and concluding remarks

Our field experiment shows that the availability of portable ashtrays which makes 
proper butt disposal “less costly” has a substantial effect on reducing littering. On 
the other hand, accompanying ashtrays with a message encouraging proper disposal 
does not appear to induce a statistically significant additional effect on pro-environ-
mental behavior compared to the first treatment.

Our findings suggest that the effort cost of proper disposal is the main driver 
behind cigarette end littering behavior, and that the impact of an intervention aimed 
at reducing this cost seems to be of first-order importance compared to the impact 
of a behavioral incentive. According to our experiment, therefore, cigarette butt lit-
tering is another example supporting the idea that behavioral tools should be used 
to complement rather than substitute policies grounded in conventional economics 
(Loewenstein et al. 2012).

Although some caution is advised when interpreting our results since they are 
based on a small sample of beach resorts, the current case study offers some sugges-
tions about the drivers of cigarette butt littering, and contributes to the policy debate 
on the issue by providing further empirical evidence. Specifically, the experimental 
results and the subsequent decision of local authorities to mandate the use of mobile 
receptacles in beach resorts to reduce cigarette littering highlight the importance of 
investigating the main drivers behind improper environmental behaviors, in order to 
correct them. Policy interventions and environmental policies, in particular, should 
be designed by taking into account individual motivations and the different role that 
economic and non-economic incentives may play in affecting people’s behaviors.

In our specific case, even though the limited impact of the message is in line with 
previous studies investigating the effect of prompts on littering behavior (Finnie 
1973; Sibley and Liu 2003), it may also be the consequence of the text we adopted 
to activate a social norm. In particular, by encouraging people to make an effort to 

24 This result s confirmed also when we exclude outliers (Table 5 in the Appendix).
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preserve the cleanliness of their beach, the message was intended to encourage a 
sense of community pride in each resort. Nevertheless, to be effective in changing 
behavior, it is likely that this kind of norm needs to be internalized by individuals 
(Mols et al. 2015), which would require a much longer period compared to the times-
pan of the experiment. A further extension of the work could entail the use of differ-
ent messages. Given the context we have considered, the display of notices on the 
risks of marine creatures ingesting butts might provide interesting insights, especially 
if combined with a prompt based on “social proof” that referent others are changing 
their behavior. Indeed, social comparative feedback can stimulate pro-environmental 
behaviors because individuals tend to be more inclined to choose appropriate actions 
if they perceive others to be complying with them, as shown by recent research on 
recycling (Schultz 1999; Dupré and Meineri 2016), reduction of bottled water con-
sumption (van der Linden 2015), and public littering (Cialdini et al. 1990).

The particular “environment” of our experiment is interesting because of its char-
acteristics. On the one hand, during the summer, people spend several hours in the 
same spot sunbathing. While it is extremely easy and effortless to discard (and hide) 
a cigarette butt in the sand after smoking, proper disposal can be inconvenient since 
it requires the individual to get up from the beach and walk to find an ashtray. In the 
involved resorts, central trash bins (in a number between 6 and 8 depending on the 
size of the resort) are located near the runway to enter the beach and near the cof-
fee shop/restaurant. This implies that, in order to reach the ashtray, smokers have 
to walk on the sand even few minutes to reach the bin (according to the distance of 
their deckchairs from the bins), an action which can be unpleasant especially in the 
hottest part of the day. Therefore, this context is ideal to evaluate the cost-reduction 
effect of portable ashtrays which can be placed on the sand near the beach deckchair, 
or carried around. At the same time, studying people who spend the day in the same 
place allows us to observe the effect of our interventions on passive littering, which, 
as underlined by Sibley and Liu (2003) is more resistant to change than active litter-
ing, and less likely to entail negative social consequences since it is less overt.
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Fig. 2  Location of beach resorts involved in the experiment

Fig. 3  An example of portable 
ashtrays location
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Fig. 4  The message (in Italian)

Fig. 5  The collection process
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