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A B S T R A C T

Evaluations of economic interventions usually focus on one target behavior. This study extends the evaluation
scope to multiple untargeted behaviors. We evaluate a hot water saving intervention in a natural field
experiment. Despite an exclusive focus on hot water, the intervention changes multiple behaviors. Notably, we
find a 5.6 percent reduction in room heating energy consumption that persists one year after the intervention.
We show that the room heating spillover has important welfare implications.
1. Introduction

Economists have long recognized that individual behaviors are in-
terrelated. Hicks and Allen (1934) formalize the idea of substitutes
and complements in consumption, Tinbergen (1952) studies multiple
targets for economic policy, and Heckman and Smith (1998) emphasize
the importance of considering multiple margins in policy evaluation.
Influential empirical work studies multiple outcomes. Leading exam-
ples are evaluations of the Perry Preschool Program (Rolnick and
Grunewald, 2003; Belfield et al., 2006; Heckman et al., 2010) and
Moving to Opportunity (Kling et al., 2007; Ludwig et al., 2008; Fryer
and Katz, 2013; Ludwig et al., 2013), investigating effects on educa-
tion, employment, earnings, crime, tax revenues, and the use of the
welfare system. Non-targeted behaviors, frequently called ‘‘behavioral
spillovers’’, are particularly relevant in the environmental domain.

An extensive literature evaluates interventions promoting natural
resource conservation (Allcott, 2011b; Ferraro et al., 2011; Harding and
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Hsiaw, 2014; Brent et al., 2015; Bradley et al., 2016; Hahn et al., 2016;
Wichman et al., 2016; Jessoe et al., 2021a). These studies typically
focus on a target behavior, such as water or electricity consumption,
but we know little about potential spillovers on other behaviors. Policy
makers might be afraid that promoting one pro-environmental behav-
ior crowds out other pro-environmental behaviors, akin to retirement
saving policies that crowd out other forms of saving (Chetty et al.,
2014; Blau, 2016; Choukhmane, 2024). Behavioral spillovers can also
reinforce the effectiveness of an intervention, like a water saving in-
tervention that reduces electricity consumption (Jessoe et al., 2021b).
In either case, comprehensive evaluations are crucial to understand the
full welfare implications of interventions in the environmental domain.

In this paper, we evaluate a hot water conservation intervention in
a natural field experiment. We randomized 782 apartment buildings
in Switzerland, with a total of 4,775 tenant households. To limit
experimenter demand effects, all households remained unaware of
vailable online 5 July 2024
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the intervention’s experimental nature. The intervention applies es-
tablished behavioral instruments to promote hot water conservation:
consumption information, social comparison, conservation tips, a sav-
ing goal, and a lottery incentive. We study how this intervention, which
focuses exclusively on hot water, impacts the consumption of cold
water, electricity, and room heating energy.

We propose a taxonomy with three behavioral spillover mecha-
nisms: complementarities, direct spillovers, and self-image spillovers.
A spillover results from complementarities if the target and spillover
behavior are either complementary or substitutable. Direct spillovers
occur if the intervention makes not only the environmental conse-
quences of the target behavior more salient but also those of similar
behaviors. Such direct spillovers can explain positive spillovers that
attenuate over time. Finally, a change in the target behavior may in-
fluence the household’s environmental self-image, potentially changing
behavior in the long term. Depending on whether environmental self-
image and moral utility from environmental behavior are substitutes or
complements, the self-image mechanism accommodates transient nega-
tive spillovers in the spirit of moral licensing (Monin and Miller, 2001)
or persistent positive spillovers in the spirit of cognitive dissonance the-
ory, where households strive to be consistent with their environmental
self-image (Festinger, 1962). We provide evidence on multiple spillover
behaviors (including behaviors not subject to complementarities) and
on the persistence of spillovers to shed light on the mechanisms at
play.

We find that the effects of the hot water intervention extend beyond
the target behavior. The intervention decreases the target behavior
by 4.96% (𝑝 < 0.001) during the four intervention months, an effect
that attenuates somewhat during the 24 observed post-intervention
months. The intervention does not change cold water consumption
at the household level, and we find no evidence for a spillover on
electricity consumption. Our most consequential finding is that the
intervention reduces room heating energy consumption by 5.63% (𝑝 =
0.021). This effect corresponds to less than a 1 ◦C reduction in room
emperature. Estimated elasticities of demand suggest that a 24%–33%
rice increase would have similar effects on room heating (Auffhammer
nd Rubin, 2018). The effect on room heating is persistent, at 5.92%
𝑝 = 0.074), one year later.

Unique tap-level data, available for 30% of the buildings in our
ample, reveal additional insights. With these data, we study comple-
entarities in mixer taps (shower, kitchen sink, and vanity basin) and

nvestigate the persistence of spillovers where complementarities with
ot water are less of a concern (dishwasher use and toilet flushing). Our
ixer tap results show that households save hot water predominantly in

itchen sink use (−9.32%, 𝑝 = 0.067). In terms of cold water spillovers,
e find large reductions in dishwasher use (−21.28%, 𝑝 = 0.020, during

he intervention) that persist eight months post-intervention. Persistent
ehavioral spillovers may arise from self-image spillovers in the spirit
f cognitive dissonance theory.

Our findings have considerable welfare implications because room
eating requires substantially more energy than hot water heating. Ig-
oring spillovers, we estimate a marginal value of public funds (MVPF)
f −0.34. This value becomes even more negative, at −1.06, when
e take the room heating spillover into account. Disregarding profit

osses by utility companies, we find MVPF estimates of 0.26 (without
pillovers) and 1.60 (with spillovers). Spillovers are also important in
cost effectiveness analysis, where we find costs of CHF 698 per tonne
f CO2 abatement when we ignore spillovers; CHF 57 per tonne of CO2
f we include the room heating spillover.

This paper contributes to a large literature on behavioral spillovers
hat originates in psychology. The idea that a behavioral change in one
omain can cause a behavioral change in related domains has been
tudied extensively. The literature has a rich array of empirical studies
nd psychological explanations for spillovers (Truelove et al., 2014;
olan and Galizzi, 2015; Nilsson et al., 2017; Maki et al., 2019), but
2

hey are subject to important methodological concerns, including ‘‘a d
eliance on self-reported behavior, which is known to be only weakly
orrelated with actual behavior’’ and ‘‘a reliance on correlational or lon-
itudinal designs which are unable to shed light on causal processes’’.
n addition, ‘‘few studies also conduct follow-up measurements, so the
urability of any immediate spillover effects is unknown’’ (Galizzi and
hitmarsh, 2019, p. 3). Our study contributes to this literature by

tudying a natural field experiment that allows causal conclusions and
heds light on the persistence of behavioral spillovers.

Our paper also contributes to a growing economics literature on
ehavioral spillovers in the residential sector. Prior research primar-
ly examines spillovers from water-saving interventions on electricity
onsumption (Tiefenbeck et al., 2013; Carlsson et al., 2020; Jessoe
t al., 2021b) and spillovers in the context of waste collection (Ek
nd Miliute-Plepiene, 2018; Xu et al., 2018; Alacevich et al., 2021;
herif, 2021). Our study advances this literature with multiple spillover
ehaviors and a focus on the persistence of spillovers. To the best of
ur knowledge, our study is the first to measure multiple spillover
ehaviors. Counting the different water taps separately, we identify
even spillover behaviors. This detailed account of behaviors, over the
ong time periods under consideration, facilitates new insights into the
echanisms behind behavioral spillovers. In addition, our study is the

irst to investigate spillovers on water consumption and room heating.
hese environmentally consequential behaviors are, as it turns out,
articularly susceptible to spillovers.

Finally, our results touch upon several related topics in the eco-
omics literature. An emerging literature studies spillovers caused by
imited attention, also called ‘‘cognitive spillovers’’ (Nafziger, 2020;
ltmann et al., 2021; Hall and Madsen, 2021; Medina, 2021; Tra-
htman, 2021). In the context of fundraising, a strand of literature
nvestigates how donation appeals for one charity affect subsequent
onations (Donkers et al., 2017; Meer, 2017; Adena and Huck, 2019;
eryugina and Marx, 2021; Grieder et al., 2021). A recent study
ssesses unintended consequences of financial vaccination incentives
Schneider et al., 2023). The main implication of our results—that
pillovers can have important welfare implications—is relevant in the
ontext of the flourishing literature on the welfare effects of economic
nterventions (DellaVigna et al., 2012; Damgaard and Gravert, 2018;
imenez-Gomez, 2018; Taubinsky and Rees-Jones, 2018; Allcott and
essler, 2019; Taylor, 2020; Butera et al., 2022).

The rest of the paper proceeds as follows. Section 2 describes
ur theoretical framework. Section 3 describes our field experiment’s
etting and design. Section 4 presents the data, and Section 5 presents
he results. Section 6 discusses potential spillover mechanisms and the
elfare implications of our findings. Section 7 concludes.

. A taxonomy of spillovers

In this section we build on Dolan and Galizzi (2015) and propose
simple theoretical framework with three spillover mechanisms: com-
lementarities, direct spillovers, and self-image. The framework yields
mpirical predictions for the persistence of behavioral spillovers.1

.1. Household problem

We consider 𝑇 time periods 𝑡 ∈ {1, 2,… , 𝑇 }. A household with
ncome 𝑦𝑡 consumes 𝑥𝑡 = (𝑥𝑎𝑡 , 𝑥

𝑏
𝑡 ) at prices 𝑝𝑡 = (𝑝𝑎𝑡 , 𝑝

𝑏
𝑡 ) and a numeraire

ood. We call 𝑥𝑎𝑡 the intervention’s target behavior and 𝑥𝑏𝑡 the spillover
behavior. The household enjoys consumption utility 𝑢(𝑥𝑡).

We incorporate environmental preferences similar to Dolan and
alizzi (2015), in the spirit of the ‘‘beliefs as assets’’ model by Bén-
bou and Tirole (2011). In addition to consumption utility 𝑢(𝑥𝑡), the

1 In the interest of full disclosure, these are not ex ante predictions as we
id not specify a theoretical framework in our pre-analysis plan.
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household cares about moral utility and environmental self-image 𝐼𝑡.2
e model moral utility as 𝑚 − 𝑥𝑡 ⋅ 𝜇𝑡, where 𝜇𝑡 = (𝜇𝑎

𝑡 , 𝜇
𝑏
𝑡 ) are moral

prices that reflect the psychological costs of immoral behavior and 𝑚
is the moral utility from 𝑥𝑎𝑡 = 𝑥𝑏𝑡 = 0. Environmental self-image is

alleable and follows a dynamic process, where choices serve as signals
or the household’s environmental self-image and 𝐼𝑡 = 𝐼(𝑥𝑡−1, 𝐼𝑡−1).
oral behavior and environmental self-image may be complements or

ubstitutes, depending on the substitution parameter 𝜌 of a constant
lasticity of substitution function. At time 𝑡, the household chooses
arget behavior and spillover behavior to maximize the following utility
unction:

max
𝑥𝑡

𝑈𝑡 = 𝑦𝑡 − 𝑥𝑡 ⋅ 𝑝𝑡 + 𝑢(𝑥𝑡) +
[

(𝑚 − 𝑥𝑡 ⋅ 𝜇𝑡)𝜌 + 𝐼(𝑥𝑡−1, 𝐼𝑡−1)𝜌
]

1
𝜌
. (1)

We then consider an intervention in period 𝑡 = 1. This intervention
increases the target behavior’s moral price, 𝜇𝑎

1 , leading the household
to reduce 𝑥𝑎1.

2.2. Spillover mechanisms

Spillovers may result from three distinct mechanisms. In what fol-
lows, we discuss these mechanisms in detail.

Complementarities. A spillover results from complementarities if the
target and spillover behavior are either complementary or substitutable
( 𝜕𝑥

𝑏

𝜕𝑝𝑎 ≠ 0). We expect positive spillovers where target and spillover
behavior are complements, whereas in the case of substitutes, we
expect negative spillovers. The intervention’s effect on the spillover
behavior is more similar to the effect on the target behavior the more
complementary the two behaviors are. Complementarities can be due to
preferences or so-called mechanical linkages. An example for the latter
would be the washing machine, which uses both water and electricity.

Direct spillovers. The intervention may make not only the environ-
mental consequences of the target behavior more salient but also the
consequences of other behaviors. We call a spillover resulting from an
increase in 𝜇𝑏

1 a direct spillover. More generally, a direct spillover may
result from any mechanism that drives the target behavior, like rational
inattention (Gabaix, 2014; Sallee, 2014; Bronchetti et al., 2020; Costa
and Gerard, 2021) or biased beliefs (Allcott, 2011a; Werthschulte and
Löschel, 2021).

Direct spillovers are transient and mimic the effect on the target
behavior. If the intervention leads to higher moral prices 𝜇𝑎

1 and 𝜇𝑏
1, we

xpect 𝑥𝑎1 and 𝑥𝑏1 to decrease. As both effects go in the same direction,
his mechanism can only explain positive spillovers. The effects of
ehavioral interventions for resource use typically attenuate over time
Allcott and Rogers, 2014; Bernedo et al., 2014; Brandon et al., 2017).
ccordingly, direct spillovers are expected to attenuate over time as
ell.

elf-image. A change in the target behavior influences self-image,
hich may in turn influence the spillover behavior in the subsequent
eriod. We use a loose definition of self-image, with the idea that a
hange in the target behavior influences a stock variable (e.g., self-
mage, identity, or habit) that eventually has an effect on the spillover
ehavior. As described by Dolan and Galizzi (2015), a broad defi-
ition of self-image captures a wide range of psychological spillover
echanisms.

2 Bénabou and Tirole (2011) consider multidimensional identities, where
ouseholds care about different domains or ‘‘life-satisfaction accounts’’
e.g., health, wealth, morality, environment). Our specification includes a
tandard consumption domain (where identity does not play a role) and an
nvironmental domain, where both moral utility and identity matter. We refer
he interested reader to Dolan and Galizzi (2015), who present a model of
3

pillovers with multidimensional identities.
A positive spillover via self-image relies on two conditions. The
first condition is that the intervention changes environmental self-
image. The psychological literature offers instruments to measure this
concept (Sparks and Shepherd, 1992; Dunlap et al., 2000; Martin and
Czellar, 2016) and indicates that past environmental behavior indeed
influences environmental self-identity (Van der Werff et al., 2013,
2014). The second condition is that environmental self-image translates
into pro-environmental behavior. Recent evidence from psychology
suggests that this is indeed the case (Carfora et al., 2017).

In our theoretical framework, self-image causes a spillover if moral
utility depends on the household’s self-image. If 𝜌 > 0, self-image is a
substitute for the moral utility derived from the spillover behavior. The
resulting negative spillover is akin to moral licensing—a moral initial
behavior leads to an undesired behavior later on (Monin and Miller,
2001; Effron et al., 2009; Merritt et al., 2010; Blanken et al., 2015).
Conversely, if 𝜌 < 0, self-image and moral utility from the spillover
behavior are complements. This case accommodates the theory of
cognitive dissonance, which stipulates that individuals strive to be
consistent in their beliefs and actions (Festinger, 1962; Cialdini et al.,
1995; Gawronski, 2012).3

The persistence of self-image spillovers depends on the sign of 𝜌.
If 𝜌 > 0, an increase in self-image causes environmentally problematic
spillover behavior. Such a behavior change reverts self-image toward
its original level so that the negative spillover would be transient. If
𝜌 < 0, an increase in self-image causes more environmentally friendly
spillover behavior, further increasing self-image. The positive spillover
would build up over time and be highly persistent. To summarize, 𝜌 > 0
implies a transient negative spillover, while 𝜌 < 0 implies a positive
spillover that builds up over time.

In the next section, we describe the experimental design. We return
to the theoretical framework for the discussion in Section 6.

3. Experimental design

This section describes the setting of our field experiment and the
details of the intervention, the study sample, and the randomization
procedure.

3.1. General setting

We collaborated with a large real estate owner in Switzerland
(henceforth the Owning Company). The Owning Company is one of
the largest real estate owners in Switzerland with a portfolio of business
and private properties. Our study focuses on apartment buildings. Most
apartment buildings in our sample are of moderate size, with a median
of 5 apartments (the interquartile range spans from 4 to 7 apartments).

he buildings are spread across the three main language regions of
witzerland (German, French, and Italian), and cover urban, suburban,
nd rural settings. A subsidiary of the Owning Company (henceforth
he Managing Company) provides real estate management services
or the Owning Company. The Managing Company oversees tenant
elations, including advertising vacant apartments, managing property,
nd overseeing all rent-related communications. It contacts tenants on
imited occasions, including sending utility bills. Communication in
he name of the Managing Company is familiar to and trusted by the
enants.

The intervention was implemented as a natural field experiment in
he spirit of Harrison and List (2004). Households in the intervention
roup received the intervention, and a separate control group was not
ontacted until the end of the intervention. The intervention was imple-
ented as an email campaign, called the ‘‘Hot Water Challenge’’, from

3 The case where 𝜌 < 0 is conceptually similar to habit formation (Becker
and Murphy, 1988; Byrne et al., 2022). Loosely speaking, 𝐼𝑡 may represent a
habit stock at time 𝑡, which is determined by previous consumption choices.
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Fig. 1. Timeline of the intervention.
the Managing Company, which had not run comparable interventions
before. The research team’s involvement was only disclosed after the
end of the intervention, as required by ETH Zurich’s institutional review
board (reference: EK-2019-N-85). The intervention applied to every
household in the intervention group by default. Households could opt
out at any time, in which case they would not receive any further
intervention emails. Because the research team only gained access to
fully anonymized data, opting out precluded neither the collection nor
the analysis of the household’s data.

3.2. Intervention

The intervention combined five behavioral instruments: information
on the household’s hot water consumption, social comparison, hot
water conservation tips, a 5% saving goal, and a lottery tied to the
attainment of the saving goal. Households received the following infor-
mation about all households that had the same number of rooms: the
average hot water consumption and the average hot water consumption
among the 20% with the lowest consumption values. Each household’s
personal saving goal was set to 5% of its hot water consumption in
September 2019, the baseline month of the intervention.

The saving goal was kept constant throughout the intervention.
In each of the four intervention months, households that attained
the saving goal could win a month’s paid rent in the lottery. Online
Appendix A provides English transcriptions of the intervention emails
and the hot water conservation tips, which were provided in German,
French, or Italian, according to the household’s preferred language.
Online Appendix A also depicts the graphical illustrations used in the
intervention emails.

Fig. 1 shows the intervention’s timeline. The email Basic Information,
sent on September 23, 2019, informed households about the aim and
content of the planned intervention, addressed privacy and legal issues,
and offered an opt-out option at a mouse’s click. The intervention
started with the email Baseline Consumption, sent on October 11, 2019,
which informed households about their hot water consumption during
the preceding month, September 2019, and their personal saving goal.

Households received two emails at the beginning of each of the
subsequent four months, November 2019 to February 2020. In early
November, for instance, the email Consumption 1 informed households
about their consumption in the previous month and indicated whether
the saving goal was reached in that month or not. The email Draw 1,
sent the next day, informed them about the lottery draw. The very
last email (Draw 4), sent on February 12, 2020, disclosed that the
research team would analyze the effects of the intervention based on
anonymized data.

The intervention was concluded in February 2020, before the onset
of the COVID-19 pandemic in Switzerland. Appendix E describes how
COVID-19 affected Switzerland and discusses how the pandemic may
4

influence the interpretation of our long-term findings.
Two features of the intervention were varied in a cross-randomized
design, as depicted in Online Appendix A. First, 50% of the households
received social comparison information. The other 50% received only
information about their individual consumption. Second, 50% of the
households were subject to a regret lottery. These households would
learn whether they were drawn in the lottery irrespective of their goal
attainment.4 The other 50% were subject to a standard lottery, and
they would only learn about having been drawn if they had attained
the saving goal. Figures A.3 and A.4 in the Online Appendix show that
the provision of social comparison decreases hot water consumption
(estimated effect of −2.9%, 𝑝 < 0.01), while the type of lottery does not
influence hot water consumption (estimated effect of 0.22%, 𝑝 = 0.749).
In terms of spillovers, Figures A.5 and A.6 show that neither social
comparison (estimated effect of −0.45%, 𝑝 = 0.227) nor the lottery
type (estimated effect of 0.52%, 𝑝 = 0.508) have a significant effect
on cold water consumption. The cross-randomized treatment variations
do not appear to influence the spillovers investigated in this paper. We
abstract from the cross-randomized nature of our experiment in the rest
of this paper and use the term ‘‘intervention’’ to refer to all treatment
variations.

3.3. Study sample and randomization

The study sample includes all households that fulfilled the following
technical requirements. Buildings had to have hot water meters at
the household level, which had to be remotely read every month. We
restricted the sample to households with valid hot water readings for
August 2019. Eligible households had to have a valid email address
in the Managing Company’s database before the intervention started.
In addition, tenants were only included in the sample if they rented
exactly one apartment.5 Finally, households that terminated their rental
agreement before the intervention started were excluded. These criteria
left us with a sample of 4,775 households in 782 buildings.

The intervention was randomly allocated at the building level. All
households in a building were either assigned to the intervention group
or to the control group. This form of randomization prevented control
group households from learning about the intervention from other
tenants in the same building. Furthermore, it avoided the possibility
that a household could win in a lottery while a neighbor in the same
building could not, a scenario that could be perceived as unfair. Twenty

4 In a regret lottery, households learn about being drawn, even if they do
not meet the goal to be eligible for the prize. The idea is that the anticipated
feeling of regret motivates behavior change. This approach contrasts with a
standard lottery, where households are only informed of the lottery draw if
they have achieved the goal. The Dutch postcode lottery is a well-studied
example of a regret lottery (Zeelenberg and Pieters, 2004).

5 Very few tenants rent multiple apartments. Including them would have
unduly complicated the intervention’s implementation.
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percent of our sample were allocated to the control group, and the
remaining 80% were subject to the intervention. The randomization
was performed within strata, as described in detail in Online Appendix
A, on September 20, 2019.

4. Data

We use three main types of data. The first type is monthly data for
hot and cold water consumption on the household level, which were
delivered by a specialized company that is contracted to maintain sub-
metering data for the Managing Company. The second type is electricity
consumption data on the building level, and the third is data on heating
energy consumption on the cost center level. A cost center represents
the expenditures of a physical heating system, which may comprise one
or multiple buildings. In the following subsection, we describe the three
types of data in detail.

4.1. Hot and cold water consumption

Our outcome variables for hot and cold water are based on house-
hold-level data. We measure the consumed volumes (in m3) of hot and
cold water separately and denote hot water consumption of a household
𝑖 in time period 𝑡 as 𝐻𝑊𝑖,𝑡 and the respective cold water consumption
as 𝐶𝑊𝑖,𝑡. The following equations refer to hot water, but equivalent
equations apply for cold water. We average the household-level data on
the level of building 𝑏 (the unit of randomization with 𝑁𝑏 households)
and normalize to monthly values (with 𝑁𝑡 months in time period 𝑡):

𝐻𝑊𝑏,𝑡 =
∑

𝑖∈𝑏 𝐻𝑊𝑖,𝑡

𝑁𝑏 ⋅𝑁𝑡
. (2)

The intervention period 𝑡 = 1 covers the four intervention months from
October 2019 to January 2020. We consider post-intervention periods
of equal duration. 𝑡 = 2 covers the four months from February to May
2020, 𝑡 = 3 covers June to September 2020, and so on. The last time
period in our data (𝑡 = 7) covers October 2021 to January 2022. For
each time period 𝑡, we denote the percentage change of consumption
(compared to the baseline month September 2019) as 𝑑𝐻𝑊𝑏,𝑡, where

𝑑𝐻𝑊𝑏,𝑡 =
𝐻𝑊𝑏,𝑡 −𝐻𝑊𝑏,𝑠𝑒𝑝

𝐻𝑊𝑏,𝑠𝑒𝑝
⋅ 100. (3)

See Figures B.1 and B.2 in the Online Appendix for histograms of the
outcome variables 𝑑𝐻𝑊𝑏,𝑡=1 and 𝑑𝐶𝑊𝑏,𝑡=1.

In addition to household-level hot and cold water data, tap-level
data are available for a sub-sample. This sub-sample, comprising 231
of the 782 buildings in the full sample, has hot and cold water meters
for the mixer taps in the shower, sink, and vanity basin as well as a cold
water meter for toilet flushing. 167 buildings have positive readings for

meter at the dishwasher.

.2. Electricity consumption

Local electric utility companies provide us with annual electricity
ata on the building level. The buildings in our sample are served by
5 companies; 12 responded to a request for data, providing data for
24 of the 782 buildings in our sample (41%).

Since the intervention starts in October 2019, we use the year 2018
s our baseline period. We use the percentage change in electricity
onsumption from 2018 to 2019 and 2020 as our outcome variables.

𝐸𝑏,2019 =
𝐸𝑏,2019 − 𝐸𝑏,2018

𝐸𝑏,2018
⋅ 100, (4)

𝐸𝑏,2020 =
𝐸𝑏,2020 − 𝐸𝑏,2018

𝐸𝑏,2018
⋅ 100. (5)

See Figures B.3 and B.4 in the Online Appendix for histograms of
he outcome variables 𝑑𝐸 and 𝑑𝐸 .
5

𝑐,2019 𝑐,2020 b
.3. Heating energy consumption

Our analysis of heating energy consumption is based on cost cen-
er data, which are regularly used to bill households. A cost center
epresents the expenditures of a physical heating system for natural
as, district heating, oil, electricity, or a mixture of those. The energy
onsumption of a given cost center is calculated by converting physical
uantities (e.g., liters of oil) into energy content (kWh). These values
nclude not only energy for room heating but also energy for hot water.
ur estimation strategy takes this caveat into account (see Section 5.3).

Some buildings share a heating system and, consequently, a cost
enter. The 782 buildings in our sample share 333 cost centers. As
e randomized on the building level, an individual cost center may

nclude buildings from the intervention group and the control group.
or a cost center 𝑐, we calculate the intervention share 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐
s the number of intervention households over the total number of
ouseholds. A cost center with only control group buildings has an
ntervention share of zero, whereas a cost center that includes only
ntervention buildings has an intervention share of one. A cost center
ith both control and intervention buildings has an intervention share
etween zero and one.

Cost center data refer to yearly billing periods. We calculate the
elative change from the 2019 billing period to the 2020 billing period,
hich is potentially influenced by the intervention.6 We then exclude
3 cost centers that changed their energy sources from the 2019 billing
eriod to the 2020 billing period. Moreover, we exclude 20 cost centers
ith missing data. Our estimation sample hence comprises 300 of the

elevant 333 cost centers. We calculate the outcome variable 𝑑𝐻𝐸𝑐,2020
s the percentage change from the 2019 billing period to the 2020
illing period:

𝐻𝐸𝑐,2020 =
𝐻𝐸𝑐,2020 −𝐻𝐸𝑐,2019

𝐻𝐸𝑐,2019
⋅ 100. (6)

We also use data on the 2021 billing period, by starting with the 300
ost centers from the 2020 billing period and excluding 3 cost centers
hat changed their energy sources from the 2020 billing period to the
021 billing period. Hence, the estimation sample for the 2021 billing
eriod comprises 297 cost centers. Similar to above, we calculate the
utcome variable 𝑑𝐻𝐸𝑐,2021 as the percentage change from the 2019
illing period to the 2021 billing period:

𝐻𝐸𝑐,2021 =
𝐻𝐸𝑐,2021 −𝐻𝐸𝑐,2019

𝐻𝐸𝑐,2019
⋅ 100. (7)

igures B.5 and B.6 in the Online Appendix show histograms of the
utcome variables 𝑑𝐻𝐸𝑐,2020 and 𝑑𝐻𝐸𝑐,2021. Figure B.7 depicts the
ntervention share 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 .

. Empirical approach and results

This section describes our empirical approach and results for water
onsumption, electricity consumption, and heating energy consump-
ion.

.1. Water consumption

stimation. Before using the data, we exclude outliers in two steps.
irst, we exclude households with the lowest 5% consumption values in
he baseline month, September. Low baseline values (caused, e.g., by
vacation in September 2019) would artificially inflate our outcome

ariables. Second, for the remaining sample, we exclude the bottom

6 The billing date is March 31 in the majority of cost centers. Other billing
ates are April 30, May 31, June 30, and August 31. The different billing dates
re not a significant concern for our analysis because all billing dates cover
he entire intervention period (October 2019 to January 2020) in the 2020
illing period.
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and top 1% households based on the respective outcome variable to
account for errors (e.g., due to defective meters). The exclusion criteria
in both steps (5% and 1%) are pre-specified.

We then estimate intention-to-treat effects, which consider the dif-
ference in outcomes between those who were initially assigned to the
intervention and the control group irrespective of whether they com-
plied with their treatment assignment (Heckman, 2010). Consequently,
our estimation sample includes households whose emails bounced, who
opted out, or who did not open the intervention emails. We include
these households to ensure that our estimates apply to the full targeted
population rather than just to the households that actually took part in
the intervention. This approach allows us to avoid selection bias and
measure effects that are directly policy relevant.

The randomized nature of our data allows for a straightforward
empirical analysis. Following the recommendation of Athey and Imbens
(2017), we conduct our analysis on the building level, i.e., the level of
treatment assignment. We regress the outcome variables of interest on
a constant and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛, an indicator that equals one if the building

as assigned to the intervention group and zero if it was assigned
o the control group. The following equation refers to hot water, but
quivalent equations apply for cold water and tap-level consumption:

𝐻𝑊𝑏,𝑡 = 𝛼ℎ𝑤 + 𝛽ℎ𝑤𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑏 + 𝜖𝑏. (8)

We estimate Eq. (8) with ordinary least squares (OLS) and calculate
heteroscedasticity robust standard errors. 𝛼ℎ𝑤 yields the mean in the
control group, while 𝛽ℎ𝑤 is the intervention effect.

uality of randomization. Table C.1 in the Online Appendix presents
hot water consumption values before the intervention started. The
table shows data from June, July, August, and September 2019 for
the estimation sample in the intervention period (𝑡 = 1). Columns (1)
and (2) report mean and median values for all buildings in the control
group. The average building in the control group uses 2.5 m3 of
hot water per household in June 2019, 2.1 m3 in July, 2.3 m3 in
August, and 2.5 m3 in the baseline month of September. Among the
households with available tap-level data, hot water is used in the
shower (1.4 m3 in September), kitchen sink (0.7 m3), and vanity basin
(0.4 m3). Columns (3) and (4) report mean and median values for all
buildings in the intervention group. To assess the quality of random-
ization, columns (5) and (6) show differences between the control and
intervention group, with 𝑝-values in column (7). All differences are
statistically insignificant.

Table C.2 in the Online Appendix presents cold water consumption
values. Cold water consumption in the control group is 5.7 m3 in June
2019, 5.5 m3 in July, 5.6 m3 in August, and 5.4 m3 in September.
Among the households with available tap-level data, cold water is
used in the shower (1.3 m3 in September), kitchen sink (0.8 m3),
vanity basin (0.6 m3), dishwasher (0.3 m3), and during toilet flushing
(2.9 m3). These values are similar in the intervention group, and all
differences are statistically insignificant, suggesting that the random-
ization achieved a balance of pre-intervention cold water consumption
values.

Results for household-level water consumption. Fig. 2 summarizes the
results for our target behavior, hot water consumption, during the
intervention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2
o 𝑡 = 7) (see Table C.3 in the Online Appendix for detailed results).7

7 Table C.3 in the Online Appendix shows results for all time periods 𝑡 = 1
to 𝑡 = 7 as well as monthly results. The first and second column report
the constant terms and intervention effects respectively, with standard errors
shown in parentheses. The third column lists the p-values for the intervention
effects. The fourth column indicates the number of buildings in the main
estimation sample for each time period. Fig. 2 summarizes the effect estimates
in the second column and the 𝑝-values in the third column for the time periods
6

𝑡 = 1 to 𝑡 = 7.
Fig. 2. Effects on hot water.
Note. The figure shows the effects on hot water for the intervention period (𝑡 = 1) and
the post-intervention periods (𝑡 = 2 to 𝑡 = 7), where each period 𝑡 represents an average
over four months. Detailed results are available in Table C.3 in the Online Appendix.
Bars correspond to the estimated intervention effects. The error bars represent 95%
confidence intervals.

Fig. 3. Effects on cold water.
Note. The figure shows the effects on cold water for the intervention period (𝑡 = 1) and
the post-intervention periods (𝑡 = 2 to 𝑡 = 7), where each period 𝑡 represents an average
over four months. Detailed results are available in Table C.4 in the Online Appendix.
Bars correspond to the estimated intervention effects. The error bars represent 95%
confidence intervals.

We see a strong effect of the intervention. During period 𝑡 = 1, the
intervention has an effect of −4.96% (𝑝 < 0.01). The impact of the
intervention persists in the corresponding post-intervention period 𝑡 =
2, with a −4.79% effect (𝑝 = 0.016). In 𝑡 = 3, the effect of the intervention
attenuates at −2.72% (𝑝 = 0.159), to recur in 𝑡 = 4, one year after the
intervention, at −7.24% (𝑝 = 0.009). After that, the effect attenuates to
−4.67% in 𝑡 = 5 (𝑝 = 0.116) and is not statistically significant in 𝑡 = 6
and 𝑡 = 7.

Fig. 3 displays the results for the cold water consumption spillover
(see Table C.4 in the Online Appendix for detailed results). The first
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bar depicts the intervention period 𝑡 = 1. The effect of −1.16% is not
statistically significant at conventional levels (𝑝 = 0.279). The bars for
𝑡 = 2 to 𝑡 = 7 show that the intervention effect hovers between −0.65%
and −3.32%, but neither of these effects reaches statistical significance.
In summary, we see a large reduction in hot water consumption but no
significant evidence for cold water spillovers at the household level.8
In the following subsection, we dig deeper and investigate water effects
on the tap level.

Results for tap-level water consumption. We further investigate spillovers
on cold water in the sub-sample with tap-level data. We discuss selec-
tion into this sub-sample in Section 6.2.

Fig. 4 summarizes the effects in the intervention period (𝑡 = 1)
and the post-intervention periods (𝑡 = 2 to 𝑡 = 7), for hot and
cold water (see Tables C.6–C.13 in the Online Appendix for detailed
results). The bars correspond to the estimated differences between the
control and intervention group means. The three leftmost columns
in the figure show results for the mixer taps in the shower, kitchen
sink, and vanity basin. The intervention seems to reduce hot and cold
water consumption in the post-intervention period, but these effects
are mostly statistically insignificant. The kitchen sink appears pivotal
in the intervention’s effect on the target behavior: households strongly
reduce their hot water usage when using the kitchen sink, with effect
sizes between −9.32% (in 𝑡 = 1) and −29.39% (in 𝑡 = 4). The hot water
reductions for kitchen sink use are statistically significant with 𝑝 <
0.067 in 𝑡 = 1 to 𝑡 = 3 and with 𝑝 < 0.10 in 𝑡 = 4. Cold water consumption
in kitchen sink use, however, sees no statistically significant effects. We
find no statistically significant intervention effects on hot or cold water
for the shower and the vanity basin.

The remaining two graphs in Fig. 4 show results for the dishwasher
and toilet flushing. These taps are particularly interesting because they
use only cold water and are hence less affected by complementarities
with hot water. We find a large reduction in dishwasher use during the
intervention period (−21.28%, 𝑝 = 0.02) that appears persistent in the
post-intervention periods (effect sizes between −10.93% and −21.06%,
with 𝑝 < 0.051 in 𝑡 = 2 and 𝑡 = 3). This effect is strong enough
to generate substantial electricity spillovers. A back-of-the-envelope
calculation indicates that the change in dishwasher use decreases elec-
tricity consumption by approximately 2%.9 For toilet flushing, we see
no statistically significant effect during the intervention period or the
post-intervention period 𝑡 = 2 but do see a significant −10.82% effect
(𝑝 = 0.038) in the post-intervention period 𝑡 = 3.

The tap-level results in Fig. 4, in combination with baseline con-
sumption by tap in Table C.1, allow us to decompose the hot water
effect in Fig. 2 into individual taps. Focusing on intervention effects in
𝑡 = 1, with baseline consumption for the control group in September
2019, we find that the kitchen sink is the main driver of the hot water
reduction, with 57% (2.66 percentage points) of the total effect. The
vanity basin and shower contribute 25% and 18% respectively. A simi-
lar exercise would be possible for cold water. Since the effects in Fig. 3
are not statistically significant, we refrain from such a decomposition
for cold water.

In Online Appendix D we assess the robustness of our water con-
sumption results in two ways. We change the statistical test to the
non-parametric Mann–Whitney U test and vary our outlier exclusion
criteria. The results are generally robust to these estimation choices.

Fig. 4 includes a large number of hypothesis tests. The results
presented above are not corrected for multiple testing. We investigate
multiple testing in Section 6.1 and find that the tap-level results have
to be taken with caution, as they are not robust to multiple testing
corrections.

8 Table C.5 in the Online Appendix shows the effects on total water
onsumption.

9 A Swiss tenant household with two people uses approximately 9.6% of
ts electricity consumption for the dishwasher (BFE Bundesamt für Energie,
021b). A 20% reduction in dishwasher use thus reduces total electricity
7

onsumption by 1.92%. e
Table 1
Effects on electricity.

Year Constant Intervention 𝑝-value Observations

2019 −1.37 (1.26) −0.00 (1.36) 0.997 299
2020 −12.64 (2.99) 1.50 (3.34) 0.654 299

Note. The table displays regression estimates for the effects on electricity consumption.
The first and second column report the constant terms and intervention effects
respectively, with standard errors shown in parentheses. The third column lists the p-
values for the intervention effects. The fourth column indicates the number of buildings
in the main estimation sample for each time period.

5.2. Electricity consumption

Estimation. To estimate the effects on electricity consumption, we fol-
low the same estimation procedure as for water consumption. We hence
exclude households with the lowest 5% consumption values in the
baseline year 2018. For the remaining sample, we exclude the bottom
and top 1% of households based on the respective outcome variable.
Our results report means and medians for the control group and the
intervention group. The intervention effects are calculated as the dif-
ferences between the control group and the intervention group, and
we use heteroscedasticity-robust standard errors to assess the statistical
significance of these estimates.

Results. Table 1 shows the results for electricity consumption in the
years 2019 and 2020. The regression estimates, including the constant
and the coefficient for the intervention, are detailed for each year. The
main estimates in the second column represent intervention effects on
electricity consumption, with 𝑝-values in the third column. We find
small differences in the years 2019 (mean difference −0.00%) and 2020
(mean difference 1.50%) that are not statistically significant.

Our analysis is powered to detect a 3.4% effect on electricity
consumption.10 We do not find large electricity spillovers like the −9%
in Carlsson et al. (2020) or the 5.6% in Tiefenbeck et al. (2013).
Conversely, our null result is in line with Jessoe et al. (2021b), who find
electricity spillovers during summer months and indirect evidence for
this effect being due to decreased cooling. Our null result is consistent
with this explanation as cooling accounts for only 0.1% of energy con-
sumption in Swiss households. The bulk of energy consumption in Swiss
households (67% in 2019) is due to room heating (BFE Bundesamt für
Energie, 2021a). We investigate potential room heating spillovers in the
next subsection.

In Online Appendix D, we conduct robustness checks using the
Mann–Whitney U test and for different outlier exclusion criteria. Again,
we find no evidence for electricity spillovers.

5.3. Heating energy consumption

Estimation. We use a simple regression framework on the level of
cost center 𝑐 to regress the change in heating energy consumption
(𝑑𝐻𝐸𝑐,2020 or 𝑑𝐻𝐸𝑐,2021) on the intervention share (𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐):

𝑑𝐻𝐸𝑐,2020 = 𝛼ℎ + 𝛽ℎ𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 + 𝜖𝑐 . (9)

e estimate Eq. (9) with OLS and calculate heteroscedasticity robust
tandard errors. Our preferred specification does not include additional
ontrol variables because 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 is exogenous by randomiza-
ion. However, we also provide estimates from two specifications with
dditional control variables.

10 We use the following numbers to calculate the minimum detectable effect.
The outcome variable 𝑑𝐸𝑏,2019 has a standard deviation of 8.3 after excluding
outliers. Our sample includes 58 control buildings and 141 intervention build-
ings. We use standard values for power (0.8) and significance level (0.05).
Employing the standard formula, we obtain a minimum detectable effect of
3.4. Hence, we lack adequate power to detect a potential −1.92% effect on

lectricity use that would result from reduced dishwasher use (see footnote 9).
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Fig. 4. Tap-level results.
Note. The figure summarizes intervention effects in the sub-sample with tap-level data. It shows the effects on hot and cold water taps for the intervention period (𝑡 = 1) and the
post-intervention periods (𝑡 = 2 to 𝑡 = 7), where each period 𝑡 represents an average over four months. Detailed results are available in Tables C.6–C.13 in the Online Appendix.
Bars correspond to the estimated intervention effects. The error bars represent 95% confidence intervals.
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As discussed in Section 4, the cost center data include both heating
energy for room heating and the preparation of hot water. Even if
households do not change their use of heating energy for room heating,
the effect on hot water implies 𝛽ℎ < 0. We denote the coefficient we
would expect in the absence of an effect on room heating as 𝛽0. Our
null hypothesis is 𝐻0 ∶ 𝛽ℎ − 𝛽0 = 0.

We quantify 𝛽0 using the effect of the intervention on hot water
consumption. As a first step, we calculate the hot water effect for the
part of the billing period 2020 that is potentially influenced by the
intervention. Using the approach from Section 5.1, we find a −5.45%
effect (standard error: 1.35) on hot water consumption from October
2019 to March 2020. For the billing period 2021, we find a −6.71%
effect (standard error: 2.06). These effects are relative to the baseline
month September 2019.

At baseline, households in the analyzed cost centers use 10,092
m3 of hot water in aggregate. According to the Metering Company,
one m3 of hot water requires 71 kWh of energy.11 Hence, households

11 This value is based on a circulation loss factor of 1.25 and a temperature
ifference between hot and cold water of 49◦ C. It is somewhat outdated as the
8

use 716,530 kWh of energy for hot water in the baseline month. The
hot water energy savings then add up to 234,305 kWh for the 2020
billing period and 567,950 kWh for the 2021 billing period. Putting the
estimated hot water energy savings in relation to the baseline energy
consumption in the sample of cost centers (71,817 MWh), we obtain
𝛽0 = −0.33% for the 2020 billing period and 𝛽0 = −0.80% for the 2021
illing period.

Importantly, 𝛽0 is measured with error 𝜎0. The standard error of the
ot water effect translates into a standard error 𝜎0 of 0.08 for the billing
eriod 2020. For the billing period 2021, we obtain 𝜎0 = 0.25. To test
ur null hypothesis, we calculate the 𝑡-statistic 𝑡 = 𝛽ℎ−𝛽0

√

𝜎2ℎ+𝜎
2
0

and report

-values.

esults. Table 2 shows the results of our heating energy analysis.
olumn (1) shows OLS coefficients for our preferred specification that

Metering Company uses a lower value (65.4 kWh per m3) for modern heating
systems that tend to provide lower hot water temperatures. We use the higher
value as a conservative choice.
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Table 2
Effects on heating energy.

Billing period 2020 Billing period 2021

(1) (2) (3) (4) (5) (6)

Intervention −5.96 −6.45 −9.61 −6.72 −6.84 −9.56
(2.43) (2.34) (3.44) (3.29) (3.25) (4.88)
[0.021] [0.009] [0.007] [0.074] [0.065] [0.074]

Billing period April −2.45 −0.82 7.06 22.77
(3.00) (18.55) (3.41) (10.10)

Billing period May −5.76 −11.30 0.89 −5.59
(1.86) (3.89) (1.80) (4.33)

Billing period June −11.49 −12.61 2.02 −7.59
(2.17) (3.51) (3.02) (6.97)

Renewable heating −3.17 −10.24 −7.58 −8.81
(1.75) (3.57) (2.02) (5.18)

April x Intervention −1.48 −17.49
(19.17) (12.01)

May x Intervention 7.13 8.26
(4.53) (5.09)

June x Intervention 1.63 13.07
(4.78) (7.97)

Ren. heating x Intervention 8.97 1.72
(3.93) (5.93)

Constant 7.81 10.82 13.28 14.47 15.46 17.58
(2.38) (2.63) (3.46) (2.97) (3.19) (4.47)

Observations 300 300 300 297 297 297

Note. The table reports coefficients from OLS regressions. Column (1) reports regression
coefficients of 𝑑𝐻𝐸𝑐,2020 (the change in heating energy consumption from the 2019
billing period to the 2020 billing period) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 (the share of intervention
ouseholds in the cost center). The specification in column (2) adds indicators for
ifferent billing periods (reference category March). The specification in column (3)
dds interactions between these billing periods and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 . Column (4) reports
egression coefficients of 𝑑𝐻𝐸𝑐,2021 (the change in heating energy consumption from
he 2019 billing period to the 2021 billing period) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 . The specification
n column (5) adds indicators for different billing periods (reference category March).
he specification in column (6) adds interactions between these billing periods and
𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 . Standard errors are reported in parentheses. The values in brackets
epresent 𝑝-values from tests of the main coefficient against 𝛽0. All results are evaluated
n the cost center level.

egresses 𝑑𝐻𝐸𝑐,2020 on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 . The values in parentheses rep-
esent standard errors, and the values in brackets represent 𝑝-values
rom tests of the main coefficient against 𝛽0. The intervention reduces
eating energy consumption by 5.96%. As discussed above, we do not
est the coefficient on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 against zero but against −0.33. The

effect on room heating is significant with a 𝑝-value of 0.021.
The specification in column (2) of Table 2 includes control vari-

ables for billing periods, with March as the reference category, and
an indicator for renewable heating.12 As compared to our preferred
specification, the coefficient of interest in column (2) is slightly larger
at −6.45; this estimate is different from −0.33 with 𝑝 < 0.01. The spec-
ification in column (3) adds interaction terms of the control variables
in column (2) and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 . The coefficient of interest (−9.61) is
larger than the coefficients in columns (1) and (2) and is statistically
significant against −0.33 (𝑝 < 0.01). This effect refers to cost centers
with fossil energy sources and a March billing period. All billing period
interactions are statistically insignificant, but the interaction term for
renewable heating is notable. With a coefficient of 8.97, it suggests
that the intervention hardly changes heating energy consumption in
cost centers with renewable heating systems. Conversely, the effect on
heating energy seems to be driven by households that rely on fossil
fuels.

Columns (4) to (6) in Table 2 reports results for the 2021 billing
period. The room heating spillover appears to be remarkably persistent.

12 Of the 300 cost centers in our sample, 238 use fossil energy sources.
he remaining 62 cost centers use renewable heating systems, predominantly
istrict heating. In Switzerland, district heating comes mostly from waste
ncineration, renewables, and waste heat (Nussbaumer et al., 2021).
9

The coefficient in column (4) indicates that the intervention reduces
heating energy consumption in the post-intervention 2021 billing pe-
riod by 6.72%. Again, we take the intervention’s effect on hot water
into account, with 𝛽0 = −0.80%. The test against this null hypothesis
yields a 𝑝-value of 0.074. Columns (5) and (6) add the same control
variables used in columns (2) and (3). The results are quantitatively
similar to those columns and marginally significant, with 𝑝-values of
0.065 and 0.074, respectively.

To summarize, we find strong positive spillovers of our hot water
intervention on room heating. Our preferred specification turns out to
be the conservative choice, with a coefficient of −5.96. Correcting for
the −0.33% influence of hot water, we find a −5.63% spillover effect
on energy consumption for room heating. The room heating spillover
appears to persist one year later. Correcting the coefficient of −6.72%
for the −0.80% influence of hot water, the effect of the intervention on
room heating is −5.92%.

The −5.63% effect on room heating energy is large yet not implausi-
ble. The timing of the hot water intervention at the start of the heating
period may have been opportune for a spillover on room heating,
and a behavioral change at this time of the year may be persistent
if households do not re-adjust their thermostat. Even a small decrease
in room temperature causes substantial energy savings. In the Swiss
context, decreasing the indoor temperature by 1 ◦C saves between 6%
and 10% of room heating energy (BFE Bundesamt für Energie, 2014).13

The 5.63% reduction of room heating energy hence corresponds to a
reduction in indoor temperatures of less than 1 ◦C.

What level of price increase would be necessary to achieve the
−5.63% effect on room heating energy? The demand for room heating is
price inelastic (Auffhammer and Rubin, 2018; Brewer, 2021). Auffham-
mer and Rubin (2018) estimate the elasticity of demand for natural gas
in California between −0.23 and −0.17. Using these estimates, we find
that the −5.63% room heating spillover could be roughly equivalent to
a 24%–33% price increase.

In Online Appendix D, we assess the robustness of the room heating
spillover in three ways. First, we exclude outliers according to the
procedure we use for our analysis of water data. Second, we weight cost
centers by the number of households in our sample. Third, we weight
cost centers by their energy consumption in the baseline billing period
2019. These robustness checks corroborate our results.

6. Discussion

6.1. Pre-registration and multiple hypothesis testing

Our pre-analysis plan (RCT ID AEARCTR-0004995) was uploaded
on November 7, 2019, before the research team got access to data on
the intervention period. It is publicly available on www.socialscienc
eregistry.org. The pre-analysis plan includes a power simulation and
pre-specifies all estimation choices for our water consumption analysis.
Note that our pre-analysis plan specifies the Mann–Whitney U test. We
opt for a regression framework because it provides us with confidence
intervals and allows us to account for multiple hypothesis testing.

The analysis of heating energy consumption was pre-specified, but
heating energy data were only obtainable on the level of the cost center
and not, as originally foreseen, on the household level. The analysis
of electricity consumption was not pre-specified because we did not
foresee data availability.

6.2. Sample composition by outcome

We observe hot and cold water consumption for all households in
our sample, but tap-level data, electricity data, and heating energy

13 Brown et al. (2013) use an estimate of 7% to evaluate the energy savings
of an intervention in France.

http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
http://www.socialscienceregistry.org
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data are only available for sub-samples. In this section, we discuss
selection into the respective sub-samples and potential implications for
the interpretation of our results.

As explained in Section 6.1, these data sources were not anticipated
in the experimental design and our pre-analysis plan. The availabil-
ity of these data sources allows us to investigate spillovers on addi-
tional outcomes. We make use of these opportunities, acknowledging
their exploratory nature and the selective nature of the respective
sub-samples.

Tap-level consumption. Tap-level meters are small devices with a dis-
lay that shows the current reading. They are installed at each tap and
an be read remotely. Tap-level meters are used where household-level
ubmeters are not feasible. This is typically the case in older buildings,
here the plumbing system is not apartment-specific. 231 of the 782

buildings in our sample have tap-level meters.
To assess how this sub-sample compares to our full sample, Tables

C.1 and C.2 report pre-intervention household-level hot and cold wa-
ter consumption values for the full sample and the sub-sample with
tap-level data. The two samples appear almost identical in terms of
pre-intervention hot water consumption. Cold water consumption is
somewhat higher in the sub-sample with tap-level data, with the largest
difference in the control group in June 2019 (5.68 m3 in the full
sample and 6.19 in the sub-sample, 𝑝 = 0.38). The differences are not
statistically significant, suggesting that the sub-sample with tap-level
data is representative of the full sample.

We can also assess the intervention effects in the sub-sample with
tap-level data. Tables C.14 and C.15 in the Online Appendix show
estimates of the effects on hot and cold water consumption. The effects
in the sub-sample are somewhat larger than the effects in the full
sample, particularly in later time periods. Larger intervention effects
in the sub-sample with tap-level data could be plausible due to the
visibility of tap-level meters, potentially reminding households of the
intervention. In any case, the differences in effect sizes between the full
sample and the sub-sample are not statistically significant.

Electricity consumption. Our sample is served by 55 different electricity
providers. These electricity providers are local monopolies and house-
holds cannot choose their provider. We requested data from all 55
companies, with 12 responding to our request, a response rate of 22%.
These 12 companies are relatively large, as they serve 41% of the
buildings in our sample (324 of 782). Unfortunately, we cannot assess
water consumption in this sub-sample. The reason is that the water
consumption data are fully anonymized and cannot be merged to the
electricity data.

Heating energy consumption. We observe heating energy consumption
for 300 of 333 cost centers in our sample. Of the remaining 33 cost
centers, 13 changed their heating system to a different energy source
and 20 have missing data. Again, we do not know water consumption in
this sub-sample because the water consumption data are anonymized.
However, with heating energy data for more than 90% of cost centers,
selection into this sub-sample is not a major concern.

Main hypotheses. The pre-analysis plan documents our a priori inter-
est in spillovers on two specific behaviors: cold water consumption
and heating energy consumption (see p. 20 in the pre-analysis plan).
After the end of the intervention, we learned about the availability
of post-intervention data, tap-level data and electricity data. In the
spirit of Banerjee et al. (2020), we make use of these opportunities to
maximize knowledge gain from the field experiment. Abstracting from
these unforeseen and exploratory analyses, we test two main spillover
hypotheses: does the intervention change cold water consumption and
heating energy consumption in the intervention period? The corre-
sponding estimates are in Table C.4 (the first row, with a 𝑝-value of
0.218) and Table 2 (column 1, with a 𝑝-value of 0.021). We employ
the Bonferroni correction (Bonferroni, 1936; Dunn, 1961) and multiply
these 𝑝-values by two, i.e., the number of hypotheses. The Bonferroni
10
correction is simple, but particularly conservative, as it ignores the
correlation between test statistics. The resulting 𝑝-values 0.436 (cold
water) and 0.042 (room heating) do not change our conclusions.

A critical reader may argue that the effect on hot water consump-
tion, the target behavior, should count as a third hypothesis. We
chose not to, because this study is primarily interested in behavioral
spillovers. The adjusted 𝑝-value for the room heating spillover is 0.063
if we apply the Bonferroni correction with three hypotheses.

Water consumption outcomes. The exploratory water consumption anal-
ysis in Section 5.1 tests a large number of hypotheses. Figs. 2, 3, and
4 assesses ten behaviors over seven time periods, for a total of 70
hypothesis tests. Since all these results come from one dataset on the
building level, we can use the method proposed by List et al. (2019)
and the implementation provided by Steinmayr (2020) to account for
multiple hypothesis testing.

We find that the intervention effect on the target outcome hot water
is robust to multiple hypothesis testing, while the tap-level results are
generally not. If we focus only on the intervention period 𝑡 = 1, we
ind that the hot water reduction remains significant with 𝑝 < 0.01,
hile cold water and all tap-level results do not. Looking at individual
utcomes over time, we find hot water consumption to be significantly
educed in 𝑡 = 1 (𝑝 < 0.01) and 𝑡 = 4 𝑝 = 0.048, but not in other periods.
o other outcome is significant in any period, once multiple hypothesis

ests over time are accounted for. Finally, we account for multiple
ypothesis tests across outcomes and time periods. The result for hot
ater consumption in 𝑡 = 1 remains highly statistically significant
𝑝 < 0.01), while the remaining 69 hypothesis tests are not significant
t the 10% level.

.3. Spillover mechanisms

In this section, we discuss which mechanisms may give rise to
he results reported in Section 5. A better understanding of spillover
echanisms offers practical insights that can be leveraged to design
ore effective interventions in the future. This is particularly important

or researchers, policy makers, and practitioners aiming to replicate
he success of the intervention in different contexts. In light of our
heoretical framework outlined in Section 2, spillovers may result from
hree distinct mechanisms.14 We discuss each mechanism in turn.

omplementarities. Mixer taps use both hot and cold water, allowing
s to empirically investigate the role of complementarities. Hot and
old water consumption are tightly linked in shower, kitchen sink,
nd vanity basin use. Swiss authorities prescribe a minimum hot water
emperature of 50 ◦C to prevent legionellosis, an infection caused by
egionella bacteria (BAG Bundesamt für Gesundheit and BLV Bunde-
amt für Lebensmittelsicherheit und Veterinärwesen, 2018). Modern
ixer taps conveniently mix hot and cold water to regulate the water

emperature; we refer to this mixture as warm water.
Hot water consumption can be reduced in two ways. First, house-

olds can use warm water at a lower temperature. They may, for
nstance, wash their hands at 34 ◦C instead of 40 ◦C. However, this
ehavior would also increase cold water consumption—a negative
pillover.15 Second, households may reduce the quantity of warm water

14 Behavioral spillovers can be explained by mechanisms that are not
included in our theoretical framework. In Online Appendix F, we discuss
imperfect procedural knowledge, physical investments, and cognitive spillovers
in light of our results.

15 Assuming 10 ◦C for cold water and 55 ◦C for hot water, using water
at 34 ◦C instead of 40 ◦C decreases the hot water share from 67% to 53%.
The use of cold water increases accordingly. The hot water share is the share
of hot water in the mix of hot water (at temperature 𝑇ℎ𝑜𝑡) and cold water
(at temperature 𝑇𝑐𝑜𝑙𝑑). For water at temperature 𝑇 , the hot water share is

𝑇−𝑇𝑐𝑜𝑙𝑑 .
calculated as
𝑇ℎ𝑜𝑡−𝑇𝑐𝑜𝑙𝑑
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used rather than its temperature. This can be achieved, for instance,
by showering for four minutes instead of five while keeping the tem-
perature constant. Doing so decreases both hot water and cold water
consumption by exactly 20%, implying a positive spillover from the
hot water reduction on cold water consumption.

Hot and cold water are likely complementary in the shower. Tiefen-
beck et al. (2018) provide households with real-time feedback during
showering and measure their shower time and temperature. They find
a 21% decrease in shower time but only a 0.3 ◦C reduction in tem-
perature. These findings indicate that hot and cold water are strong
complements—households appear to resist deviations from their pre-
ferred shower temperature. Our results confirm this assessment as we
find negative intervention effect estimates for cold water in the shower.

As compared to the shower, hot and cold water may be more
substitutable in kitchen sink and vanity basin use. Tap producers even
sell taps with a ‘‘cold start’’ feature, which provides cold water in
the mixer lever’s default position (Nording and Bennich, 2021). The
popularity of this cold water default indicates that hot and cold water
are more substitutable in kitchen sink and vanity basin use than in
shower use. We find no evidence for substitutability. If anything, hot
and cold water may be substitutable for vanity basin use, where we
see occasional and statistically insignificant increases in cold water
consumption.

Direct spillovers or self-image? As elaborated in Section 2, the persis-
tence of behavioral spillovers informs the distinction between direct
spillovers and self-image spillovers. Direct spillovers are expected to
be transient and positive, mirroring the effect on the target behavior.
The persistence of self-image spillovers depends on the sign of 𝜌, where
𝜌 > 0 implies a transient negative spillover and 𝜌 < 0 implies a positive
spillover that builds up over time. We focus the discussion of direct
spillovers and self-image on dishwasher use, toilet flushing, and room
heating, where complementarities hardly apply.16

Our findings suggest persistent spillovers. The sizable reduction in
dishwasher use is statistically significant until the post-intervention
period 𝑡 = 3, but we cannot rule out similarly large effects in the subse-
quent periods. The spillover effect in toilet flushing is not statistically
significant in most periods, but the point estimates are consistent with
a persistent effect. Finally, the room heating spillover appears fully
persistent one year after the intervention. While our study does not
provide a rigorous test of spillover mechanisms, the time patterns in
our results are in line with self-image spillovers with 𝜌 < 0, where
households strive to be consistent with their environmental self-image.

6.4. Welfare implications

The spillover on room heating may have considerable welfare impli-
cations. In this section, we provide welfare estimates using the marginal
value of public funds (MVPF) approach (Hendren and Sprung-Keyser,
2020, 2022) and Cost Effectiveness Analysis (CEA).

We define the MVPF as:

MVPF = 𝛥𝑊
𝛥𝐸 − 𝛥𝐶

=
𝜂𝑙𝛥𝑊𝑙 + 𝜂𝑔𝛥𝑊𝑔 + 𝜂ℎ𝛥𝑊ℎ + 𝜂𝑝𝛥𝑊𝑝

𝛥𝐸 − 𝛥𝐶CO2
− 𝛥𝐶𝑉 𝐴𝑇

, (10)

16 Toilet flushing does not use hot water. Also, the dishwasher uses cold
ater (heated with electricity), but this may not be obvious. Households may
istakenly believe that the dishwasher uses hot water, a case we discuss in
nline Appendix F. Room heating is independent of hot water consumption.
lthough both hot water and room heating may be provided by the same
nergy source, they are distributed via distinct systems. Hot water is heated
n a boiler and is distributed to the apartment’s faucets. Once used, it leaves
he apartment through the sewer system. Room heating is delivered through
n entirely separate system. A typical heating system heats up water to send
eat to the building’s radiators, floor heating, or wall heating. The medium
ools down as it warms up the housing space, returns in a circulation system,
nd is heated up again.
11
where 𝛥𝑊 are the benefits provided to the population, 𝛥𝐸 is the
overnment’s expenditure on the intervention, and 𝛥𝐶 is the long-run
eduction in government costs that is caused by the intervention. In our
ontext, 𝛥𝑊 includes changes in local (𝛥𝑊𝑙) and global (𝛥𝑊𝑔) emission
eductions, household utility (𝛥𝑊ℎ), and profits of utility companies
𝛥𝑊𝑝). 𝜂𝑙, 𝜂𝑔 , 𝜂ℎ, and 𝜂𝑝 represent the social marginal utility of income
f the respective population groups. 𝛥𝐶 includes effects on CO2 levy
evenues (𝛥𝐶CO2

) and VAT revenues (𝛥𝐶𝑉 𝐴𝑇 ).
Our welfare calculations cover a period of 12 months; we ac-

nowledge that this simplification ignores longer-term effects of the
ntervention. We account for local environmental externalities (𝛥𝑊𝑙)
esulting from NO𝑥, SO2, and NMVOCs using cost factors from the
ntegrated impact assessment model EcoSense (Schmid and Im, 2019).

e further account for global environmental externalities (𝛥𝑊𝑔) from
O2 emissions, using a social cost of carbon of USD 190 per tonne
f CO2 (EPA, 2023). Households’ utility does not change as long as
ouseholds are indifferent between their consumption choice without
he intervention and the lower consumption choice with the inter-
ention.17 We follow Jessoe et al. (2021b) and use wholesale prices
o approximate profits of utility companies and estimate 𝛥𝑊𝑝. 𝛥𝑊CO2
ncludes one third of the CO2 levy (CHF 96 per tCO2 at the time), as
wo thirds of the revenue are redistributed. 𝛥𝑊𝑉 𝐴𝑇 accounts for VAT

(2.6% on water, 7.7% on heating fuels). All monetary values are in CHF.
USD/CHF traded close to parity during the intervention period. Online
Appendix G describes the assumptions behind our welfare estimates in
detail.

Table 3 presents our MVPF estimates. Column (1) focuses on the
target behavior hot water. During the 12 months after the start of the
intervention, the average household’s reduction of local externalities is
valued at CHF 0.20. The reduction of global externalities is valued at
CHF 3.44. The hot water savings reduce profits of utility companies by
an estimated CHF 8.41. We estimate that repeating the intervention
in a similar sample would cost CHF 12.63 per household. The hot
water effect reduces CO2 levy revenues (excluding lump-sum refunds)
by 0.58 and VAT revenues by CHF 0.75. The resulting MVPF, ignoring
the spillover on room heating, is negative at −0.34. The 95% confidence
interval ranges from −0.50 to −0.17.18

The spillover effect is depicted in column (2) of Table 3. Room heat-
ing needs more energy than hot water heating, especially in buildings
with low energy efficiency. The average household’s reduction in room
heating implies large benefits from reduced local (CHF 2.25) and global
(CHF 38.91) externalities, but also sizable losses in profits (CHF 66.19),
CO2 levies (6.55) and VAT revenue (CHF 7.49). Column (3) shows that
overall, including effects on the target behavior and spillover effects,
we obtain an MVPF of CHF −1.06 (with a confidence interval between
−1.28 and −0.53).

We find a negative MVPF, especially when we account for the
spillover on room heating. In our setting, per-unit profits are larger

17 This assumption is motivated by our theoretical framework in Section 2,
where the intervention increases the moral price of energy consumption. In this
case, the intervention causes psychological costs, that may be (partly or fully)
offset by monetary savings. The pure information aspect of our intervention
is not modeled in our theoretical framework, but may increase welfare for
misinformed households. The cross-randomized features of our experimental
design, described in Section 3.2, are relevant in this discussion. Depending
on the experimental group, households receive social comparison information
or not; a standard lottery or a regret lottery. Social comparison and the regret
lottery may induce moral or psychological costs. This is important to consider,
given that different types of nudges, working through different behavioral
mechanisms, induce heterogeneity in welfare effects (Sánchez et al., 2022).
The assumption 𝛥𝑊ℎ = 0 is an approximation that may be reasonable on
average, i.e., across experimental conditions.

18 To calculate confidence intervals, we simulate 10,000,000 independent
draws from the estimated effects and their standard errors for hot water (Table
C.3) and room heating (Table 2). We calculate the MVPF (or CEA) for each
sample and report the 5% and 95% quantiles.
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Table 3
Marginal value of public funds.

(1) (2) (3)
Hot water Heating Total

Population
Local externalities 𝛥𝑊𝑙 0.20 2.25 2.45
Global externalities 𝛥𝑊𝑔 3.44 38.91 42.35
Profits 𝛥𝑊𝑝 −8.41 −66.19 −74.60

Government
Expenditures 𝛥𝐸 12.63 12.63
CO2 levy revenue 𝛥𝐶𝐶𝑂2

−0.58 −6.55 −7.13
VAT revenue 𝛥𝐶𝑉 𝐴𝑇 −0.75 −7.49 −8.24

Marginal value of public funds
𝜂𝑙 = 𝜂𝑔 = 𝜂𝑝 = 1 −0.34 −1.06

[−0.50, −0.17] [−1.28, −0.53]
𝜂𝑙 = 𝜂𝑔 = 1; 𝜂𝑝 = 0 0.26 1.60

[0.13, 0.38] [0.62, 2.00]

Note. The table reports marginal value of public funds (MVPF) estimates. The values
in brackets represent 95% confidence intervals.

than per-unit externalities. This means that the MVPF is negative for
any consumption reduction and any (positive) intervention cost. Taken
to the extreme, an intervention that decreases energy consumption at
infinitesimal costs to government has a MVPF of minus infinity. This
observation raises questions about the consideration of profits in our
welfare evaluation, and the social marginal utilities of income 𝜂𝑙, 𝜂𝑔 ,
nd 𝜂𝑝.
𝛥𝑊 comprises effects on different population groups. Local exter-

alities affect the population living in the vicinity of the buildings;
lobal externalities affect the world population; profits affect the share-
olders of natural gas and heating oil suppliers. Social marginal utility
f income may differ across these groups, for two reasons. First, the
arginal utility of income may be lower for high-income households.

econd, a policy maker may apply different social welfare weights to
he different population groups. Social welfare weights are ultimately
political question.

A policy maker may propose 𝜂𝑝 = 0, as decarbonization implies that
he profits of the fossil fuel industry go to zero. Table 3 also shows the
orresponding MVPF estimates. The last row in column (1) does not
ccount for profit losses. Ignoring the room heating spillover, the MVPF
s 0.26. This value is positive but clearly smaller than 1. The MVPF in
olumn (3) accounts for the room heating spillover and finds an MVPF
f 1.60, with a confidence interval between 0.62 and 2.00. This finding
uggests that the intervention improves welfare when policy makers put
low weight on profit losses and take the room heating spillover into

ccount.
We also consider a cost effectiveness analysis (CEA) to compare

he costs of the intervention to the abatement of CO2, NO𝑥, SO2, and
NMVOC. This approach may be useful for private decision makers like
the Owning Company, who do not necessarily consider effects on the
government’s budget or profits of utility companies. Table 4 shows
the CEA estimates. We focus on CO2, the primary externality in our
setting. The intervention costs CHF 12.63 per household. If we only
consider the effect on the target behavior hot water in column (1),
the intervention saves 0.018 tonnes of CO2 for the average household.
Hence, if we ignore the room heating spillover, the intervention costs
CHF 698 per tonne of CO2 abatement. The room heating spillover in
column (2) saves 0.205 tonnes of CO2. The total effect in column (3) is
0.223 tonnes of CO2 abatement, with a cost of CHF 57 per tonne. The
confidence interval is relatively wide, but this value is arguably lower
than the social cost of carbon (EPA, 2023; Rennert et al., 2022).

7. Conclusions

This paper presents a large-scale field experiment to measure spil-
12

lover effects of a behavioral intervention in the environmental domain.
Table 4
Cost effectiveness analysis.

(1) (2) (3)
Hot water Heating Total

Costs
Expenditures 𝛥𝐸 12.63 12.63

Benefits
CO2 abatement [t] 0.018 0.205 0.223
NO𝑥 abatement [kg] 0.006 0.067 0.073
SO2 abatement [kg] 0.001 0.010 0.011
NMVOC abatement [kg] 0.001 0.009 0.009

Cost effectiveness
CO2 [CHF/t] 698 57

[452, 1,518] [31, 219]
NO𝑥 [CHF/kg] 2,131 173

[1,381, 4,637] [95, 760]
SO2 [CHF/kg] 14,139 1,148

[9,161, 30,768] [630, 4,447]
NMVOC [CHF/kg] 16,372 1,330

[10,605, 35,620] [729, 5,149]

Note. The table reports cost effectiveness analysis (CEA) estimates. The values in
brackets represent 95% confidence intervals.

The intervention exclusively focuses on hot water consumption, but
its impact extends beyond this target behavior. Unique tap-level data
suggest potential spillovers on cold water consumption in dishwasher
use and toilet flushing. We find no electricity spillover but find a large
positive spillover on energy consumption for room heating, which was
reduced by 5.63%. The room heating spillover implies substantial util-
ity bill savings and reductions in environmental externalities. Taking it
into account has important consequences for welfare evaluation.

A growing literature investigates behavioral spillovers. The emerg-
ing evidence indicates that behavioral interventions in the environmen-
tal domain may have positive side effects on other resource-related
behaviors. Concerns about negative side effects of energy-efficiency
policies (Gillingham et al., 2013) may indeed be unfounded, but more
evidence is needed. What are the spillover effects of the most widely
used economic interventions? Where should we be concerned about
negative spillovers, and where can we count on positive spillovers
to reinforce interventions? Answering the broad question of external
validity may allow us to reveal the conditions under which positive or
negative spillovers prevail.

Further insights into the mechanisms behind behavioral spillovers
may facilitate a deeper understanding of economic interventions. Our
theoretical framework distinguishes three broad spillover mechanisms.
Empirical tests require rich data, such as the multiple spillover behav-
iors over long time periods in this study. Future research may evaluate
spillovers in different settings, perhaps with high frequency data, and
study entirely new target and spillover behaviors. In many ways, we are
just starting to understand the side effects of economic interventions.
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