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1 Introduction

Economic interventions that target a particular behavior may inadvertently

change other behaviors, frequently called “behavioral spillovers.” Negative

behavioral spillovers can diminish or even negate an intervention’s intended

effect, yet they can also be positive and augment the targeted effect. Both

negative and positive spillovers may have important welfare implications. A

soda tax, for instance, may influence the consumption of various other “sin

goods” (Allcott et al., 2019), retirement savings policies may crowd out other

forms of saving (Chetty et al., 2014), and a behavioral intervention focused on

water use may impact electricity consumption (Jessoe et al., 2021a).

The residential sector provides an ideal setting to study behavioral spillovers

for three reasons. First, multiple behaviors can be measured objectively, un-

obtrusively, and over long time periods. In this study, we use data on hot and

cold water consumption at the tap level, electricity consumption, and room

heating energy consumption. Comparably rich data on multiple behaviors are

unavailable in most other settings, especially when experimenter demand ef-

fects must be precluded. Second, both traditional economic instruments and

behavioral interventions are widely used to influence residential energy and

water use (Allcott, 2011b; Ito et al., 2018; Fowlie et al., 2021; Sears, 2021). An

extensive literature studies how these interventions change the respective tar-

get behavior, but we know little about potential spillovers. Third, residential

resource consumption is subject to negative externalities and is hence morally

relevant. This aspect is important because prominent psychological spillover

mechanisms hinge on moral considerations (Dolan and Galizzi, 2015).

In this paper, we evaluate a hot water conservation intervention in a nat-

ural field experiment. We randomized, at the building level, 782 apartment

buildings in Switzerland, with a total of 4,775 tenant households. To preclude

experimenter demand effects, all households remained unaware of the inter-

vention’s experimental nature. The intervention applies established behavioral

instruments to promote hot water conservation: consumption information, so-

cial comparison, conservation tips, a saving goal, and a lottery incentive (All-
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cott, 2011b; Ferraro et al., 2011; Jessoe et al., 2021b; Harding and Hsiaw, 2014;

Bradley et al., 2016).

Our unique data allow us to investigate spillovers on multiple behaviors.

We can observe monthly consumption of hot and cold water for each household

until 24 months post-intervention. Exceptionally detailed data on the water

tap level (shower, kitchen sink, vanity basin, dishwasher, toilet flushing) are

available for 30% of the buildings in our sample. To investigate electricity

spillovers, we received data from 12 local electric utility companies that serve

41% of the buildings in our sample. Electricity data are available for the pre-

intervention year 2018 and the subsequent years 2019 and 2020. We use billing

data on heating energy consumption to estimate spillovers on room heating

behavior. Heating energy data are available for the pre-intervention 2018/2019

billing period, the intervention 2019/2020 billing period, and the 2020/2021

post-intervention billing period.

We propose a taxonomy with three behavioral spillover mechanisms: com-

plementarities, direct spillovers, and self-image spillovers. A spillover results

from complementarities if the target and spillover behavior are either com-

plementary or substitutable. Direct spillovers occur if the intervention makes

not only the environmental consequences 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 influence 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 comple-

ments, the self-image mechanism accommodates transient negative spillovers

in the spirit of moral licensing (Monin and Miller, 2001) or persistent posi-

tive spillovers in the spirit of cognitive dissonance theory, 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.
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We find that the effects of the hot water intervention extend beyond the

target behavior. The intervention decreases the target behavior by 5.09% (𝑝 <

0.01) 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 = 0.02). This effect corresponds to less than a 1ºC reduction in room

temperature. Estimated elasticities of demand suggest that a 24%–33% price

increase would have similar effects on room heating (Auffhammer and Rubin,

2018). The effect on room heating is persistent, at 6.15% (𝑝 = 0.06), one year

later.

The tap-level data reveal additional insights. With these data, we study

complementarities in mixer taps (shower, kitchen sink, and vanity basin) and

investigate the persistence of spillovers where complementarities with hot wa-

ter are less of a concern (dishwasher use and toilet flushing). Our mixer tap

results show that households save hot water predominantly in kitchen sink use

(−9.92%, 𝑝 = 0.028). In terms of cold water spillovers, we find large reductions

in dishwasher use (−20.38%, 𝑝 = 0.021, during the intervention) that persist

eight months post-intervention. The intervention persistently reduces water

consumption in toilet flushing (−16.15%, 𝑝 = 0.012, two years after the inter-

vention). The sign and persistence of the spillovers we find in dishwasher use

and in toilet flushing is concordant with the persistent room heating spillover.

Such persistent behavioral spillovers may arise from self-image spillovers in the

spirit of cognitive dissonance theory.

Our findings have considerable welfare implications because room heat-

ing requires substantially more energy than hot water heating. We provide

approximate estimates for households’ utility bill savings, forgone profits of

utility companies, reduced local and global externalities, intervention costs,

and changes in households’ utility. The room heating spillover is more con-

sequential than the targeted effect on hot water consumption, both in terms

of utility bill savings (CHF 105 versus CHF 13) and reduced environmental
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externalities (CHF 23 versus CHF 2). If we ignore spillovers, the hot water

intervention appears to have a negative welfare effect. Taking the room heat-

ing spillover into account, our welfare estimates suggest that the intervention

causes a welfare gain—even under conservative assumptions.

This paper contributes to a large literature on behavioral spillovers that

originates in psychology. The idea that a behavioral change in one domain can

cause a behavioral change in related domains has been studied extensively. The

literature has a rich array of empirical studies and psychological explanations

for spillovers (Truelove et al., 2014; Dolan and Galizzi, 2015; Nilsson et al.,

2017; Maki et al., 2019), but they are subject to important methodological

concerns, including “a reliance on self-reported behavior, which is known to be

only weakly correlated with actual behavior” and “a reliance on correlational

or longitudinal designs which are unable to shed light on causal processes.” In

addition, “few studies also conduct follow-up measurements, so the durability

of any immediate spillover effects is unknown” (Galizzi and Whitmarsh, 2019,

p. 3). Our study contributes to this literature by studying a natural field

experiment that allows causal conclusions, precludes experimenter demand

effects, and sheds light on the persistence of behavioral spillovers.

Our paper also contributes to a growing economics literature on behav-

ioral spillovers in the residential sector. To date, this literature has focused on

spillovers from water-saving interventions on electricity consumption (Tiefen-

beck et al., 2013; Carlsson et al., 2020; Jessoe et al., 2021a) and spillovers in

the context of waste collection (Ek and Miliute-Plepiene, 2018; Xu et al., 2018;

Alacevich et al., 2021; Sherif, 2021). Our study advances this literature with

multiple spillover behaviors and a focus on the persistence of spillovers. To

the best of our knowledge, our study is the first to measure multiple spillover

behaviors. Counting the different water taps separately, we identify seven

spillover behaviors. This detailed account of behaviors, over the long time pe-

riods under consideration, facilitates new insights into the mechanisms behind

behavioral spillovers. In addition, our study is the first to investigate spillovers

on water consumption and room heating. These environmentally consequential

behaviors are, as it turns out, particularly susceptible to spillovers.
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Finally, our results touch upon several related topics in the economics lit-

erature. An emerging literature studies spillovers caused by limited attention,

also called “cognitive spillovers” (Nafziger, 2020; Altmann et al., 2021; Hall and

Madsen, 2021; Medina, 2021; Trachtman, 2021). In the context of fundraising,

recent research investigates how donation appeals for one charity affect subse-

quent donations (Donkers et al., 2017; Meer, 2017; Deryugina and Marx, 2021;

Grieder et al., 2021). The main implication of our results—that spillovers can

have important welfare implications—is relevant in the context of the flour-

ishing literature on the welfare effects of economic interventions (DellaVigna

et al., 2012; Damgaard and Gravert, 2018; Jimenez-Gomez, 2018; Taubinsky

and Rees-Jones, 2018; Allcott and Kessler, 2019; Taylor, 2020; Butera et al.,

2022).

The rest of the paper proceeds as follows. Section 2 describes our theoret-

ical framework. Section 3 describes our field experiment’s setting and design.

Section 4 presents the data, and Section 5 presents the results. Section 6

discusses potential spillover mechanisms and the welfare implications of our

findings. Section 7 concludes.

2 A taxonomy of spillovers

In this section we build on Dolan and Galizzi (2015) and propose a simple

theoretical framework with three spillover mechanisms: complementarities,

direct spillovers, and self-image. The framework yields empirical predictions

for the persistence of behavioral spillovers.1

2.1 Household problem

We consider 𝑇 time periods 𝑡 ∈ {1, 2, . . . , 𝑇}. A household with income 𝑦𝑡

consumes 𝑥𝑡 = (𝑥𝑎𝑡 , 𝑥𝑏𝑡 ) at prices 𝑝𝑡 = (𝑝𝑎𝑡 , 𝑝𝑏𝑡 ) and a numeraire good. We

call 𝑥𝑎𝑡 the intervention’s target behavior and 𝑥𝑏𝑡 the spillover behavior. The

1In the interest of full disclosure, these are not ex ante predictions as we did not specify
a theoretical framework in our pre-analysis plan.
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household enjoys consumption utility 𝑢(𝑥𝑡), which is strictly increasing and

concave in 𝑥𝑎𝑡 and 𝑥𝑏𝑡 .

We incorporate environmental preferences similar to Dolan and Galizzi

(2015), in the spirit of the “beliefs as assets” model by Bénabou and Ti-

role (2011). In addition to consumption utility 𝑢(𝑥𝑡), the household cares

about moral utility and environmental self-image 𝐼𝑡 . We model moral utility

as 𝑚 − 𝑥𝑡 × `𝑡 , where `𝑡 = (`𝑎𝑡 , `𝑏𝑡 ) are moral prices that reflect the psycho-

logical costs of immoral behavior and 𝑚 is the moral utility from 𝑥𝑎𝑡 = 𝑥𝑏𝑡 = 0.

Environmental self-image is malleable and follows a dynamic process, where

choices serve as signals for the household’s environmental self-image and 𝐼𝑡 =

𝐼 (𝑥𝑡−1, 𝐼𝑡−1). Moral behavior and environmental self-image may be comple-

ments or substitutes, depending on the substitution parameter 𝜌 of a constant

elasticity of substitution function. At time 𝑡, the household chooses target

behavior and spillover behavior to maximize the following utility function:

max
𝑥𝑡

𝑈𝑡 = 𝑦𝑡 − 𝑥𝑡 × 𝑝𝑡 + 𝑢(𝑥𝑡) +
[
(𝑚 − 𝑥𝑡 × `𝑡)𝜌 + 𝐼 (𝑥𝑡−1, 𝐼𝑡−1)𝜌

] 1
𝜌

. (1)

We then consider an intervention in period 𝑡 = 1. This intervention in-

creases the target behavior’s moral price, `𝑎1, leading the household to reduce

𝑥𝑎1.

2.2 Spillover mechanisms

Spillovers may result from three distinct mechanisms. In what follows, we

discuss these mechanisms in detail.

Complementarities A spillover results from complementarities if the target

and spillover behavior are either complementary or substitutable ( 𝜕2𝑢

𝜕𝑥𝑎𝜕𝑥𝑏
≠ 0).

We expect positive spillovers where target and spillover behavior are comple-

ments, 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. Moreover,
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spillovers through complementarities are sometimes referred to as “mechani-

cal linkages,” and thus their relevance needs to be assessed on a case-by-case

basis. Depending on the nature of the target and spillover behavior, the com-

plementarities can be significant (Jessoe et al., 2021a).

Direct spillovers The intervention may make not only the environmental

consequences of the target behavior more salient but also the consequences of

other behaviors. We call a spillover resulting from an increase in `𝑏1 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 (All-

cott, 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 `𝑎1 and `𝑏1, we expect 𝑥
𝑎
1 and 𝑥𝑏1

to decrease. As both effects go in the same direction, this mechanism can only

explain positive spillovers. The effects of behavioral interventions for resource

use typically attenuate over time (Allcott and Rogers, 2014; Bernedo et al.,

2014; Brandon et al., 2017). Accordingly, direct spillovers are expected to

attenuate over time as well.

Self-image A change in the target behavior influences self-image, which may

in turn influence the spillover behavior in the subsequent period. We use a

loose definition of self-image, with the idea that a change in the target behavior

influences a stock variable (e.g., self-image, identity, or habit) that eventually

has an effect on the spillover behavior. As described by Dolan and Galizzi

(2015), a broad definition of self-image captures a wide range of psychological

spillover mechanisms.

A positive spillover via self-image relies on two conditions. The first condi-

tion is that the intervention changes environmental self-image. The psychologi-

cal 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
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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 unde-

sired 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).2

The persistence of self-image spillovers depends on the sign of 𝜌. If 𝜌 > 0,

an increase in self-image causes environmentally problematic spillover behav-

ior. 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 increas-

ing 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.

2The 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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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 private household apartments, spread across the three main

language regions of Switzerland (German, French, and Italian). A subsidiary

of the Owning Company (henceforth the Managing Company) provides real es-

tate management services for the Owning Company. The Managing Company

oversees tenant relations, including advertising vacant apartments, managing

property, and overseeing all rent-related communications. It contacts tenants

on limited occasions, including sending utility bills. Communication in the

name of the Managing Company is familiar to and trusted by the tenants.

The intervention was implemented as a natural field experiment in the

spirit of Harrison and List (2004). Households in the intervention group re-

ceived the intervention, and a separate control group was not contacted until

the end of the intervention. The intervention was implemented as an email

campaign, called the “Hot Water Challenge,” from the Managing Company,

which had not run comparable interventions before. The research team’s in-

volvement 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 information about all households that

9



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 En-

glish 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.

Figure A.1 in the Online Appendix 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 subse-

quent four months, November 2019 to February 2020. In early November,

for instance, the email Consumption 1 informed households about their con-

sumption 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.

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. The other 50% were subject to a
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standard lottery, and they would only learn about having been drawn if they

had attained the saving goal.

Our analysis compares the intervention group to the control group. 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.

In principle, these variations could influence the estimated spillovers. We

address this concern and test for differences in cold water consumption across

both variations. Figures A.4 and A.5 in the Online Appendix show that neither

social comparison nor the lottery type have a significant effect on cold water

consumption. The cross-randomized treatment variations do not appear to

influence the spillovers investigated in this paper.

3.3 Study sample and randomization

The study sample includes all households that fulfilled the following technical

requirements. Households 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.3 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 house-

holds 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 lot-

tery while a neighbor in the same building could not, a scenario that could

be perceived as unfair. Twenty percent of our sample were allocated to the

control group, and the remaining 80% were subject to the intervention. The

3Very few tenants rent multiple apartments. Including them would have unduly com-
plicated the intervention’s implementation.
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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 household-level

data. We measure the consumed volumes (in m3) of hot and cold water sep-

arately 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
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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 30% of the 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.

Sixty-nine percent of the sub-sample have a dishwasher with an additional cold

water meter.

4.2 Electricity consumption

Local electric utility companies provide us with annual electricity data on the

building level. The buildings in our sample are served by 55 companies; 12

responded to a request for data, providing data for 324 of the 782 buildings in

our sample (41%).

Since the intervention starts in October 2019, we use the year 2018 as our

baseline period. We use the percentage change in electricity consumption from

2018 to 2019 and 2020 as our outcome variables.

𝑑𝐸𝑏,2019 =
𝐸𝑏,2019 − 𝐸𝑏,2018

𝐸𝑏,2018
× 100, (4)

𝑑𝐸𝑏,2020 =
𝐸𝑏,2020 − 𝐸𝑏,2018

𝐸𝑏,2018
× 100. (5)

See Figures B.3 and B.4 in the Online Appendix for histograms of the

outcome variables 𝑑𝐸𝑐,2019 and 𝑑𝐸𝑐,2020.
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4.3 Heating energy consumption

Our analysis of heating energy consumption is based on cost center data, which

are regularly used to bill households. A cost center represents the expenditures

of a physical heating system for natural gas, district heating, oil, electricity, or

a mixture of those. The energy consumption of a given cost center is calculated

by converting physical quantities (e.g., liters of oil) into energy content (kWh).

These values include not only energy for room heating but also energy for hot

water. Our estimation strategy takes this caveat into account (see Section 5.3).

Some buildings share a heating system and, consequently, a cost center.

The 782 buildings in our sample share 335 cost centers. As we randomized on

the building level, an individual cost center may include buildings from the

intervention group and the control group. For a cost center 𝑐, we calculate

the intervention share 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 as the number of intervention households

over the total number of households. A cost center with only control group

buildings has an intervention share of zero, whereas a cost center that includes

only intervention buildings has an intervention share of one. A cost center with

both control and intervention buildings has an intervention share between zero

and one.

Cost center data refer to yearly billing periods. We calculate the relative

change from the 2019 billing period to the 2020 billing period, which is poten-

tially influenced by the intervention.4 We then exclude 13 cost centers that

changed their energy sources from the 2019 billing period to the 2020 billing

period. Moreover, we exclude 20 cost centers with missing data. Our estima-

tion sample hence comprises 300 of the relevant 333 cost centers. We calculate

the outcome variable 𝑑𝐻𝐸𝑐,2020 as the percentage change from the 2019 billing

period to the 2020 billing period:

𝑑𝐻𝐸𝑐,2020 =
𝐻𝐸𝑐,2020 − 𝐻𝐸𝑐,2019

𝐻𝐸𝑐,2019
× 100. (6)

4The billing date is March 31 in the majority of cost centers. Other billing dates are April
30, May 31, June 30, and August 31. The different billing dates are not a significant concern
for our analysis because all billing dates cover the entire intervention period (October 2019
to January 2020) in the 2020 billing period.
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We also use data on the 2021 billing period, by starting with the 300 cost

centers from the 2020 billing period and excluding 3 cost centers that changed

their energy sources from the 2020 billing period to the 2021 billing period.

Hence, the estimation sample for the 2021 billing period comprises 297 cost

centers. Similar to above, we calculate the outcome variable 𝑑𝐻𝐸𝑐,2021 as the

percentage change from the 2019 billing period to the 2021 billing period:

𝑑𝐻𝐸𝑐,2021 =
𝐻𝐸𝑐,2021 − 𝐻𝐸𝑐,2019

𝐻𝐸𝑐,2019
× 100. (7)

Figures B.5 and B.6 in the Online Appendix show histograms of the outcome

variables 𝑑𝐻𝐸𝑐,2020 and 𝑑𝐻𝐸𝑐,2021. Figure B.7 depicts the intervention share

𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐.

5 Empirical approach and results

This section describes our empirical approach and results for water consump-

tion, electricity consumption, and heating energy consumption.5

5.1 Water consumption

Estimation Before using the data, we exclude outliers in two steps. First,

we exclude households with the lowest 5% consumption values in the base-

line month, September. Low baseline values (caused, e.g., by a vacation in

September 2019) would artificially inflate our outcome variables. Second, for

the remaining sample, we exclude the bottom 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.

5On November 7, 2019, our pre-analysis plan (RCT ID AEARCTR-0004995) was up-
loaded on www.socialscienceregistry.org. All estimation choices for our analysis of
household-level water consumption were pre-specified. We analyze tap-level data accord-
ing to the same estimation choices. 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. We deviate from the
initial plan to the extent it is necessary to accommodate the available data.
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We then estimate intention-to-treat effects, which consider the difference

in outcomes between those who were initially assigned to the intervention and

the control group irrespective of whether they complied 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 selec-

tion bias and measure effects that are directly policy relevant.

The randomized nature of our data allows for a straightforward empirical

analysis. We report means and medians for the control group and the inter-

vention group. The differences between the control and intervention group

yield the effects of interest. As specified in our pre-analysis plan, we use the

two-sided Mann-Whitney U test to assess the statistical significance of these

estimates.

Quality 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 randomization, 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
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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 randomization

achieved a balance of pre-intervention cold water consumption values.

Results for household-level water consumption Figure 1 summarizes

the results for our target behavior, hot water consumption, during the inter-

vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7) (see

Table C.3 in the Online Appendix for detailed results).6 We see a strong ef-

fect of the intervention. During period 𝑡 = 1, the intervention has an effect of

−5.09% (𝑝 < 0.01). The impact of the intervention persists in the correspond-

ing post-intervention period 𝑡 = 2, with a −4.81% effect (𝑝 < 0.01). In 𝑡 = 3,

the effect of the intervention attenuates at −2.75% (𝑝 = 0.073), to recur in

𝑡 = 4, one year after the intervention, at −7.22% (𝑝 = 0.010). After that, the

effect attenuates to −4.65% in 𝑡 = 5 (𝑝 = 0.091) and is no longer statistically

significant in 𝑡 = 6 and 𝑡 = 7.

Figure 2 displays the results for the cold water consumption spillover (see

Table C.4 in the Online Appendix for detailed results). The first bar depicts

the intervention period 𝑡 = 1. The effect of −1.07% is not statistically signif-

icant at conventional levels (𝑝 = 0.223). The bars for 𝑡 = 2 to 𝑡 = 7 show

that the intervention effect hovers between −0.82% and −3.30%, 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.7 In the following subsection, we dig deeper

and investigate water effects on the tap level.

6Table C.3 in the Online Appendix shows results for all time periods 𝑡 = 1 to 𝑡 = 7 as
well as monthly results. Columns (1) and (2) report mean and median percentage changes
from the baseline month September 2019 in the control group. Columns (3) and (4) report
means and medians in the intervention group. Columns (5) and (6) in Table C.3 report
differences in means and medians between the control and intervention group. Column (7)
reports 𝑝-values from the Mann-Whitney U test. Figure 1 summarizes the effect estimates
in column (5) and the 𝑝-values in column (7) for the time periods 𝑡 = 1 to 𝑡 = 7.

7Table C.5 in the Online Appendix shows the effects on total water consumption.
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Figure 1: Effects on hot water
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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). Detailed results are available in Table C.3 in the Online Appendix. Bars correspond
to the estimated differences between control and intervention group means. Stars indicate significance levels
90% (*), 95% (**), and 99% (***).

Figure 2: Effects on cold water
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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). Detailed results are available in Table C.4 in the Online Appendix. Bars correspond
to the estimated differences between control and intervention group means. Stars indicate significance levels
90% (*), 95% (**), and 99% (***).
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Results for tap-level water consumption We further investigate spillovers

on cold water in the sub-sample with tap-level data. To assess how this sub-

sample compares to our full sample, Tables C.6 and C.7 in the Online Appendix

show estimates of the effects on the household level. The effects in the sub-

sample are somewhat larger than the effects in the full sample, particularly in

later time periods.8

Figure 3 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 Ta-

bles C.8– C.15 in the Online Appendix for detailed results). The bars corre-

spond 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 be-

tween −9.92% (in 𝑡 = 1) and −31.77% (in 𝑡 = 4). The hot water reductions for

kitchen sink use are statistically significant with 𝑝 < 0.05 in 𝑡 = 1 to 𝑡 = 4 and

with 𝑝 < 0.10 in 𝑡 = 5 and 𝑡 = 6. Cold water consumption in kitchen sink use,

however, sees no statistically significant effects. We also find no statistically

significant intervention effect on hot or cold water for the vanity basin.

The remaining two graphs in Figure 3 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

(−20.38%, 𝑝 = 0.021) that appears persistent in the post-intervention periods

(effect sizes between −12.13% and −23.10%, with 𝑝 < 0.05 in 𝑡 = 3 and 𝑝 < 0.10

in 𝑡 = 2 and 𝑡 = 6). This effect is strong enough to generate substantial

electricity spillovers. A back-of-the-envelope calculation indicates that the

8The larger intervention effects in the sub-sample with tap-level data could be due to the
visibility of tap-level meters, which are small devices with a display that shows the current
reading. These devices are installed at each tap and are read remotely.
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Figure 3: Tap-level results
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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). Detailed results are available in Tables C.8–C.15 in the Online Appendix. Bars correspond to the
estimated differences between control and intervention group means. Stars indicate significance levels 90%
(*), 95% (**), and 99% (***).
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change in dishwasher use decreases electricity 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

−11.93% effect (𝑝 = 0.010) in the post-intervention period 𝑡 = 3. This delayed

spillover effect is remarkably persistent, with a −16.15% effect (𝑝 = 0.012) in

𝑡 = 7 (i.e., two full years after the intervention).

In Online Appendix D we assess the robustness of our water consump-

tion results in two ways. We first change the statistical test from the non-

parametric Mann-Whitney U test to a parametric t-test and then vary our

outlier exclusion criteria. The results are generally robust to these estimation

choices.

5.2 Electricity consumption

Estimation To estimate the effects on electricity consumption, we follow

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 medi-

ans for the control group and the intervention group. The intervention effects

are calculated as the differences between the control group and the interven-

tion group, and the two-sided Mann-Whitney U test assesses the statistical

significance of these estimates.

Results Table 1 shows the results for electricity consumption in the years

2019 (top panel) and 2020 (bottom panel). Columns (1) and (2) depict the

mean and median change in electricity consumption in the control group, and

columns (3) and (4) show the respective values for the intervention group.

The differences between the control and intervention group are shown in

columns (5) and (6), with 𝑝-values in column (7). We find small differences

9A Swiss tenant household with two people uses approximately 9.6% of its electricity
consumption for the dishwasher (BFE Bundesamt für Energie, 2021b). A 20% reduction in
dishwasher use thus reduces total electricity consumption by 1.92%.
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in the years 2019 (mean difference −0.00%) and 2020 (mean difference 1.50%)

that are not statistically significant.

Table 1: Effects on electricity

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Year Mean Median Mean Median Mean Median

Year 2019 -1.37 -1.49 -1.38 -1.02 -0.00 0.47 0.923
Observations 58 241

Year 2020 -12.64 -5.47 -11.14 -3.15 1.50 2.32 0.420
Observations 57 242

Note. The table presents the effects on electricity consumption for the years 2019
and 2020. Columns (1) and (2) show the mean and median percentage change from
the baseline month in the control group. Columns (3) and (4) show the mean and
median in the intervention group. Columns (5) and (6) show the differences between
the control and intervention group in means and medians. Column (7) shows 𝑝-values
derived from the Mann-Whitney U test, which tests for differences between the control
group and the intervention group. Observations indicate the number of buildings in
the main estimation samples.

Our analysis is powered to detect a 3.4% effect on electricity consump-

tion.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. (2021a), 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 ac-

counts for only 0.1% of energy consumption 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 a t-test instead

of the Mann-Whitney U test and for different outlier exclusion criteria. Again,

we find no evidence for electricity spillovers.

10The outcome variable 𝑑𝐸𝑏,2019 has a standard deviation of 8.3 after excluding outliers.
We use 58 control buildings and 141 intervention buildings. With standard values for power
(0.8) and the significance level (0.05), we obtain a minimum detectable effect of 3.4. Hence,
we lack adequate power to detect a potential −1.92% effect on electricity use that would
result from reduced dishwasher use (see footnote 9).
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5.3 Heating energy consumption

Estimation As discussed in Section 4.3, we cannot simply compare the con-

trol group to the intervention group in the heating data because some cost cen-

ters include buildings in both groups. 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 = 𝛼 + 𝛽𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 + 𝜖𝑐 . (8)

We estimate Equation 8 with ordinary least squares (OLS), calculating het-

eroscedasticity robust standard errors. Our preferred specification does not

include additional control variables because 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 is exogenous by

randomization. However, we also provide estimates from two specifications

with additional control variables.

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 𝛽 < 0. In what follows, we quantify the coefficient we would expect in

the absence of an effect on room heating, denoted as 𝛽0. The 4, 053 households

in the analyzed cost centers use 10, 067 m3 of hot water in the baseline month.

According to the Metering Company, one m3 of hot water requires 71 kWh

of energy.11 We multiply the resulting baseline value of 714, 772 kWh by the

intervention’s effect size of 5.09% to obtain monthly hot water energy savings

of 36, 382 kWh for each of the four intervention months.

We further account for post-intervention effects as the average cost center’s

2020 billing period ends only 2.5 months after the intervention. To do so, we

multiply the baseline value of 714, 772 kWh by the respective post-intervention

effects for February, March, and April 2020 in column (5) of Table C.3: 5.21%,

5.44%, and 0.5 × 5.13%. In total, the hot water energy savings add up to

11This value is based on a circulation loss factor of 1.25 and a temperature difference
between hot and cold water of 49ºC. It is somewhat outdated as the 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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239, 985 kWh. We input this number in relation to the total energy consump-

tion in the sample of cost centers (71, 817 MWh) to obtain 𝛽0 = −0.33% for

the 2020 billing period. We then report tests for the spillover on room heating

against the null hypothesis 𝐻0 : 𝛽 = 𝛽0.

Results Table 2 shows the results of our heating energy analysis. Column (1)

shows OLS coefficients for our preferred specification that regresses 𝑑𝐻𝐸𝑐,2020

on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. The values in parentheses represent standard errors, and

the values in brackets represent 𝑝-values from tests of the main coefficient

against 𝛽0. The intervention reduces heating energy consumption by 5.96%.

As discussed above, we do not test 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 variables for

billing periods, with March as the reference category, and an indicator for re-

newable 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 specification 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 renew-

able heating is remarkable. With a coefficient of 8.97, it indicates 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. The coef-

12Of the 300 cost centers in our sample, 238 use fossil energy sources. The remaining 62
cost centers use renewable heating systems, predominantly district heating. In Switzerland,
district heating comes mostly from waste incineration, renewables, and waste heat (Nuss-
baumer et al., 2021).
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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] [0.063] [0.055] [0.067]

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 coeffi-
cients 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 households in the cost center).
The specification in column (2) adds indicators for different billing periods (reference category
March). The specification in column (3) adds interactions between these billing periods and
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. Column (4) reports regression coefficients of 𝑑𝐻𝐸𝑐,2021 (the change in heating
energy consumption from the 2019 billing period to the 2021 billing period) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐.
The specification in column (5) adds indicators for different billing periods (reference category
March). The specification in column (6) adds interactions between these billing periods and
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. Standard errors are reported in parentheses. The values in brackets represent
𝑝-values from tests of the main coefficient against 𝛽0. All results are evaluated on the cost center
level.
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ficient in column (4) indicates that the intervention reduces heating energy

consumption in the post-intervention 2021 billing period by 6.72%. Again, we

take the intervention’s effect on hot water into account. With a 4.78% hot

water effect in the 2021 billing period, we obtain 𝛽0 = −0.57% for that pe-

riod. The test against this null hypothesis yields a 𝑝-value of 0.063. 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 0.055 and 0.067, respectively.

To summarize, we find strong positive spillovers of our hot water inter-

vention on room heating. Our preferred specification turns out to be the

conservative choice, with a coefficient of −5.96. Correcting for the −0.33% in-

fluence 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 −0.57% influence of hot water, the

effect of the intervention on room heating is −6.15%.

The −5.63% effect on room heating energy is large yet not implausible. 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 en-

ergy savings. In the Swiss context, decreasing the indoor temperature by 1ºC
saves between 6% and 10% of room heating energy (BFE Bundesamt für En-

ergie, 2014).13 The 5.63% reduction of room heating energy hence corresponds

to a reduction in indoor temperatures of less than 1ºC.
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 inelas-

tic (Auffhammer and Rubin, 2018; Brewer, 2021). Auffhammer 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 is roughly equivalent to a 24%–33% price increase.

13Brown et al. (2013) use an estimate of 7% to evaluate the energy savings of an inter-
vention in France.
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In Online Appendix D, we assess the robustness of the room heating

spillover in three ways. First, we exclude outliers according to the proce-

dure we use for our analysis of water data. Second, we restrict our estimation

sample to cost centers that are either exclusively in the intervention group

or exclusively in the control group. Third, we weight the cost centers by the

number of households in our sample. These robustness checks corroborate our

results.

6 Discussion

6.1 Spillover mechanisms

In light of our theoretical framework in Section 2, spillovers may result from

three distinct mechanisms. In this section, we discuss how these mechanisms

may give rise to the results reported in Section 5.14

Complementarities Mixer taps use both hot and cold water, allowing us

to empirically investigate the role of complementarities. Hot and cold wa-

ter consumption are tightly linked in shower, kitchen sink, and vanity basin

use. Swiss authorities prescribe a minimum hot water temperature of 50ºC to

prevent legionellosis, an infection caused by legionella bacteria (BAG, 2018).

Modern mixer taps conveniently mix hot and cold water to regulate the water

temperature; we refer to this mixture as warm water.

Hot water consumption can be reduced in two ways. First, households can

use warm water at a lower temperature. They may, for instance, wash their

hands at 34ºC instead of 40ºC. However, this behavior would also increase cold

14Behavioral spillovers can be explained by mechanisms that are not included in our
theoretical framework. In Online Appendix E, we discuss imperfect procedural knowledge,
physical investments, and cognitive spillovers in light of our results. We argue that these
alternative mechanisms cannot plausibly explain our results.
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water consumption—a negative spillover.15 Second, households may reduce

the quantity of warm water used rather than its temperature. This can be

achieved, for instance, by showering for four minutes instead of five while

keeping the temperature 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. Tiefenbeck

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 0.3ºC reduction in temperature. These findings indicate

that hot and cold water are strong complements—households appear to resist

deviations from their preferred 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 po-

sition (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-

15Assuming 10ºC for cold water and 55ºC for hot water, using water at 34ºC instead
of 40ºC 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 calculated as 𝑇−𝑇𝑐𝑜𝑙𝑑

𝑇ℎ𝑜𝑡−𝑇𝑐𝑜𝑙𝑑 .
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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

We find remarkably persistent spillovers. The sizable reduction in dish-

washer use is statistically significant until the post-intervention period 𝑡 = 3,

but we cannot rule out similarly large effects in the subsequent periods. The

spillover effect in toilet flushing builds up over time, becomes statistically

significant in the post-intervention period 𝑡 = 3, and persists until the last

observed time period 𝑡 = 7. 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.

6.2 Welfare implications

The spillover on room heating may have considerable welfare implications.

In this section, we provide estimates in the spirit of a back-of-the-envelope

calculation. We denote the intervention’s welfare effect as Δ𝑊 :

Δ𝑊 = −Δ𝑥 × (𝑝 − 𝜋 + 𝜙𝑙 + 𝜙𝑔) − 𝐶 + Δ𝑈. (9)

16Toilet flushing does not use hot water. Also, the dishwasher uses cold water (heated
with electricity), but this may not be obvious. Households may mistakenly believe that
the dishwasher uses hot water, a case we discuss in Online Appendix E. Room heating is
independent of hot water consumption. Although both hot water and room heating may be
provided by the same energy source, they are distributed via distinct systems. Hot water
is heated in a boiler and is distributed to the apartment’s faucets. Once used, it leaves
the apartment through the sewer system. Room heating is delivered through an entirely
separate system. A typical heating system heats up water to send heat to the building’s
radiators, floor heating, or wall heating. The medium cools down as it warms up the housing
space, returns in a circulation system, and is heated up again.
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The intervention induces savings of hot water and room heating energy. These

effects are reported in Section 5 and are summarized by the vector Δ𝑥.17 We

quantify benefits from households’ monetary savings (𝑝 is a vector of prices),

lost profits of utility companies (𝜋 is a vector of profit margins), and reduced

environmental externalities (𝜙𝑙 and 𝜙𝑔 represent vectors of local and global

externalities). 𝐶 denotes the costs of the intervention, including implementa-

tion costs and lottery incentives. Δ𝑈 summarizes all other costs and benefits

accruing to households, including effects on consumption utility, moral utility,

and environmental self-image.

We quantify costs and benefits in monetary units (CHF).18 The interven-

tion costs 𝐶 as well as households’ monetary savings of hot water, cold water,

and energy for room heating are naturally estimated in CHF. To ensure compa-

rability, we also value reductions in local and global externalities in monetary

units. Our welfare calculations cover a period of 12 months; we acknowledge

that this simplification ignores longer-term effects of the intervention. Online

Appendix F describes the assumptions behind our welfare estimates in detail.

Table 3 presents estimates for −Δ𝑥 × 𝑝, −Δ𝑥 × 𝜙𝑙 , −Δ𝑥 × 𝜙𝑔, and 𝐶 for the

average household. Column (1) shows our estimates for the target behavior for

hot water. During the 12 months after the start of the intervention, hot water

savings reduce the average household’s utility bill by CHF 12.95. These savings

reduce the profits of utility companies by an estimated CHF 9.27.19 The

households in our sample consume hot water heated with natural gas (54%),

district heating (24%), oil (21%), and electricity (0.18%). We account for local

environmental externalities resulting from NO𝑥, SO2, and NMVOCs using cost

factors from the integrated impact assessment model EcoSense (Schmid and

Im, 2019).

17Because households reduced their consumption due to our intervention, the components
of −Δ𝑥 are positive in our setting. We do not account for cold water savings in our welfare
estimates because the effects on cold water at the household level (see Figure 2) are not
statistically significant.

18USD/CHF traded close to parity during the intervention period.
19We follow Jessoe et al. (2021a) and use wholesale prices to approximate profits of utility

companies. Online Appendix F describes our calculations in detail.
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For hot water consumption during the 12 months after the start of the in-

tervention, the average household’s reduction of local externalities is valued at

CHF 0.20. We further account for global environmental externalities from CO2

emissions. Assuming a social cost of carbon of USD 100 per ton of CO2, the

hot water reductions of the average household are valued at CHF 1.83 (Stiglitz

et al., 2017).20 The intervention costs are estimated at CHF 12.63 per house-

hold. Arguably the most intricate part of our welfare estimates concerns other

costs and benefits accruing to households. As a rough approximation, we use

CHF −2.10, as estimated by Allcott and Kessler (2019).21 We acknowledge

that this value could be different in our setting and discuss alternative values

at the end of this section. In total (still ignoring spillovers), we estimate the

net benefit of the intervention at CHF −9.02 per household.

Table 3: Welfare estimates (CHF)

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

Utility bill (−Δ𝑥 × 𝑝) 12.95 104.69 117.64
Profits (Δ𝑥 × 𝜋) −9.27 −73.62 −82.89
Local externalities (−Δ𝑥 × 𝜙𝑙) 0.20 2.25 2.45
Global externalities (−Δ𝑥 × 𝜙𝑔) 1.83 20.46 22.29
Intervention costs (−𝐶) −12.63 −12.63
Other (Δ𝑈) −2.10 −2.10
Total −9.02 53.78 44.77

Note. The table reports welfare estimates for the intervention’s effects
on the average household’s utility bill savings (−Δ𝑥 × 𝑝), profits of utility
companies (Δ𝑥 × 𝜋), local externalities (−Δ𝑥 × 𝜙𝑙) and global externalities
(−Δ𝑥×𝜙𝑔), intervention costs (−𝐶), and other costs and benefits (Δ𝑈). All
values are in CHF.

The spillover effect is depicted in column (2) of Table 3. Room heating

needs more energy than hot water heating, especially in buildings with low

energy efficiency. On average, a household in the intervention group saves

20Switzerland is graced with abundant water even during periods of low precipita-
tion (Hudec, Jan, 2018). We hence do not consider externalities from clean water.

21We discuss potential implications of our findings for the method of Allcott and Kessler
(2019) in Online Appendix F.
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CHF 104.69 on energy for room heating. This effect comes with additional

benefits from reduced local (CHF 2.25) and global (CHF 20.46) externalities.

Column (3) in shows that overall, including effects on the target behavior and

spillover effects, we obtain a net benefit of CHF 44.77 per household. This

means that accounting for spillovers in our setting increases the net benefit of

the intervention from CHF −9.02 to CHF 44.77.

To summarize, we find that the intervention improves welfare if and only

if the room heating spillover is considered. This statement holds under a

wide range of assumptions. Ignoring spillovers, only a very large social cost of

carbon (e.g., USD 600 per ton of CO2) or sizable utility from the intervention

(e.g., Δ𝑈 = 7) would result in a positive welfare effect. When taking the

spillover into account, even the neglect of externalities (i.e., 𝜙𝑙 = 𝜙𝑔 = 0)

combined with a large disutility from the intervention (e.g., Δ𝑈 = −15) would
still lead to a positive welfare estimate.

7 Conclusions

This paper presents a large-scale field experiment to measure spillover effects

of a behavioral intervention in the environmental domain. The intervention

exclusively focuses on hot water consumption, but its impact extends beyond

this target behavior. Unique tap-level data reveal spillovers on cold water con-

sumption 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

utility bill savings and reductions in environmental externalities. Taking it

into account, the intervention improves welfare even under conservative as-

sumptions.

A growing literature investigates behavioral spillovers. The emerging evi-

dence indicates that behavioral interventions in the environmental 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
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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 fa-

cilitate a deeper understanding of economic interventions. Our theoretical

framework distinguishes three broad spillover mechanisms. Empirical tests re-

quire rich data, such as the multiple spillover behaviors 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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Online Appendix A Intervention details

Timeline

Figure A.1: Timeline of the intervention

Baseline 
period

Intervention period 
(t = 1)

Feb 20 Mar 20 Apr 20 May 20

Post-intervention period 
(t = 2)

Oct 19 Nov 19 Dec 19 Jan 20Sept 19

Measurement: Consumption data

Email: Consumption (Feedback on hot water consumption)

Email: Draw (Announcement if drawn or not drawn)

Email: Baseline consumption

Email: General information

Email: Survey invitation

Oct 21 Nov 21 Dec 21 Jan 22

Post-intervention period 
(t = 7)

Intervention 
group

Control 
group

Email types

Email basic information. This email described the intent and nature of the initiative.
The intervention was framed as an initiative by the Owning Company, carried out by the
Managing Company. The email contains links to view legal details on the lottery, information
on data privacy, hot water saving recommendations, and to opt out of future emails regarding
the ‘Hot Water Challenge’.

Email baseline consumption. This email showed the household’s hot water consumption
in the baseline month September 2019.

Emails consumption 1-4. These emails illustrated the consumption of hot water in the
months October 2019 to January 2020, as well as the consumption history since September
2019. They also inform the household whether the respective month’s savings target was
reached.

Emails draw 1-4. These emails arrived one day after the household learned whether
it reached last month’s savings target. They convey information about the monthly lottery
draw and the continuation (Email draw 1-3) or conclusion (Email draw 4) of the intervention.
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Email transcriptions

Email basic information

Subject: Hot Water Challenge

Dear Mr/Ms [Name]
Even small changes in behaviour and simple technical solutions can save a lot of hot
water, which on the one hand has a direct influence on your service charges and on
the other hand can make an important contribution to environmental protection.
With the Hot Water Challenge, [Real estate owner] wants to sensitize its tenants to
hot water consumption. We therefore take the liberty of contacting you as a tenant
of a [Real estate owner] property.
Procedure of the Hot Water Challenge
The aim is to achieve a 5% saving in monthly hot water consumption. To achieve
this, we will graphically display your hot water consumption over a period of four
months and encourage you to pay attention to your hot water consumption. We
will also send you valuable tips on how you can save hot water.
The hot water consumption data is already available today; it is the basis for your
service charge settlement. Within the scope of the Hot Water Challenge we prepare
your data graphically for you. We will also send you anonymous information about
the consumption averages of comparable households. No measures are necessary
on your part.
As a small motivation, we will hold a raffle every month, in which you can win a
monthly rent if you reach the savings target of 5%. You can find the raffle conditions
here (link to conditions microsite).
Data protection
Your personal hot water consumption data will only be transmitted to you. For
evaluation purposes, all data is completely anonymised, so that no conclusions can
be drawn about individual households. Details on data protection can be found
here (link to data protection microsite).
Join in!
We assume that you are interested in your hot water consumption and therefore
we will send you the evaluation of your household next month. If you do not wish
to do so, you can inform us here (link to opt-out). In this case, we will respect
your decision and will not send you any further information about the Hot Water
Challenge.
Questions about this challenge?
Our Customer Services Team will be happy to answer your questions. [Email and
phone number of Managing company]
Together we are committed to the future. We are delighted that you are taking
part in this challenge.
With best regards,
Your [Managing Company]
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Email baseline consumption

Subject: The Hot Water Challenge starts

Dear Mr/Ms [Name]
We are very pleased that you are participating in the Hot Water Challenge. You
can win a whole month’s rent if you reach the hot water savings target of 5% next
month. You can find the raffle conditions here (link to conditions microsite).
Next month, we will inform you whether you have reached your savings target. The
following day we will inform you in a separate e-mail, whether you were drawn at
the raffle and reached you savings target.
In the following, we will inform you about your hot water consumption in the past
month. The first graph shows your consumption in the last month. The second
graph shows how your consumption progresses during the Hot Water Challenge.
[Personal graph on consumption]
The Hot Water Challenge starts immediately. The consumption of the current
month is now measured. Can you manage to reduce your consumption by 5%?
here (link to saving tips microsite) you will find valuable tips on how to achieve the
savings target.
Thank you very much for participating in this challenge. As always, our Customer
Service [Email of Managing Company] will be happy to answer your questions.
With best regards,
Your [Managing Company]

Your personal hot water consumption data will only be transmitted to you. For evaluation
purposes, all data is completely anonymized, so that no conclusions can be drawn about individual
households. Details on data protection can be found here.

We assume that you are interested in your hot water consumption and therefore we will send you

the evaluation of your household next month. If you do not wish to do so, you can inform us here

(link to opt-out). In this case, we will respect your decision and will not send you any further

information about the Hot Water Challenge.
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Email consumption 1–4

Subject: Hot Water Challenge - 𝑛𝑡ℎ Evaluation

Dear Mr/Ms [Name]
[Only if goal is reached:] Congratulations, you have made it - you have reached the
savings goal of at least 5%! We are pleased to inform you about the development
of your hot water consumption in the following.
[Else:] We will be happy to inform you about the development of your hot water
consumption in the following. The target of 5% was not quite reached.
Next month, we will inform you whether you have reached your savings target.
The following day we will inform you in a separate e-mail, whether you were drawn
at the raffle. You will also find out tomorrow how the Hot Water Challenge will
continue.
In the following, you will find your personal evaluation.
[Personal graph on consumption]
We are very pleased to be able to make a contribution to sustainability together
with your commitment.
Do you have any questions? As always, we are at your disposal at the Customer
Service [Email of Managing Company].
With best regards,
Your [Managing Company]

Your personal hot water consumption data will only be transmitted to you. For evaluation

purposes, all data is completely anonymized, so that no conclusions can be drawn about individual

households. Details on data protection can be found here.
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Email draw 1–4

Subject: It goes on [If drawn: You were drawn]

Dear Mr/Ms [Name]
Congratulations, you have been drawn at the raffle! If you have reached the savings
target, you will receive a whole month’s rent. Please contact our Customer Service
so that we can process the payout. If you have not reached your savings target, we
will donate the prize to the Swiss project ”Fertile soils as natural CO2 sinks” from
myclimate.
The 𝑛𝑡ℎ month of our Hot Water Challenge is over and we randomly drew a house-
hold in the raffle among all participants.
Our Hot Water Challenge continues. Next month you can win a whole month’s
rent if you again reach the savings target of 5%. You can find the raffle conditions
here (link to conditions microsite).
One month from today, we will inform you again whether you have reached your
savings target. The following day we will inform you in a separate e-mail, whether
you have been drawn at the raffle this time [B: and reached you savings target].
The consumption of the current month is now measured. Can you manage to reduce
your consumption by 5%? Here (link to saving tip) you will find valuable tips on
how to achieve the savings target. We wish you every success in doing so.
Do you have any questions? As always, we are at your disposal at the Customer
Service [Email of Managing Company].
With best regards,
Your [Managing Company]

Your personal hot water consumption data will only be transmitted to you. For evaluation

purposes, all data is completely anonymized, so that no conclusions can be drawn about individual

households. Details on data protection can be found here.
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Illustration of email consumption

The emails consumption were delivered at approximately the ninth day of the month and
displayed the consumption of the household and its development from the baseline month.
An exemplary email is depicted in figure A.2.

Figure A.2: Illustration of email consumption

28/07/2020 nimbus screenshot app print

chrome-extension://bpconcjcammlapcogcnnelfmaeghhagj/edit.html 1/1

screenshot-mailchi.mp-2020.07.28-15_43_09
https://mailchi.mp/a432324fe066/warmwasser-challenge-818047?e=66959ec546

28.07.2020
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Saving tips

The tips were displayed on a microsite accessible to intervention group households. The tips
were translated to German, French, and Italian. The five tips were accompanied by a short
description as depicted in figure A.3

Figure A.3: Saving tips
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Transcription of saving tips In Switzerland, a person consumes on average about 50
liters of hot water per day. 61 percent of this hot water is heated with fossil fuels. Heating
up accounts for almost 15 percent of our energy consumption in the household. With a few
simple tips, you can save hot water and thus also energy.

Tip 1: Shower instead of bath
A full bathtub requires 150 liters of hot water, which is considerably more than the water
consumption of a typical shower. A full bath requires about five kilowatt hours of energy.
With this amount of energy, you can ride an e-bike from Basel to Paris.

Additional tip: Reduce temperature during showers
This not only saves you hot water, but also money. A 5 degree lower temperature already
means energy savings of 10 percent. If a three-person household reduces the showering
temperature, this saves approximately one annual electricity consumption of a household’s
mobile phone, computer, television and other electronic entertainment devices together.

Tip 2: Use water saving inserts
Shower heads or water-saving inserts with energy labels require less energy. Water-saving
shower heads (at least energy efficiency class B) can save up to 50 percent of hot water
compared to shower heads of lower classes.

Additional tip: Simply take a shorter shower
Showering for just one minute less enables a saving of almost a quarter of the energy required
for hot water.

Tip 3: Avoid running hot water
You can save hot water by reducing unnecessary hot water flows. For example, when soaping
up during a shower, you can turn off the water tab. Furthermore, it is not necessary to use
hot water when washing hands, as conventional soap completely removes germs and bacteria
even with cold water.

Tip 4: Pay attention to quantities of your hot water consumption
Become aware of how much water you use. As part of the Hot Water Challenge, you will
be informed about your consumption on a monthly basis. Like this, you can compare your
consumption with the previous month’s values.

Tip 5: Clean with cold water
Whether hands, table or floor; no matter what water temperature, soap and cleaning agents
kill 99.9 percent of bacteria. Wiping the floor with cold water even has advantages, because
warm water often leaves streaks because it often reacts with cleaning agents.
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Full cross-randomized design

The treatment groups (A, B, C, D) and the control group are of equal size, i.e., 20% of the
full sample.

Table A.1: Full experimental design

Lottery type 1 Lottery type 2
No Social Comparison A B
Social Comparison C D

Control

Randomization was performed within strata of the following household characteristics:

• 𝑅𝑜𝑜𝑚𝑠 ≥ 3 (binary)

• 𝑅𝑒𝑛𝑡 ≥ 𝐶𝐻𝐹 1, 500 (binary)

• 𝐴𝑔𝑒 ≥ 40 (binary + unknown)

• 𝐿𝑎𝑛𝑔𝑢𝑎𝑔𝑒 (German; French; Italian)

• 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑆𝑖𝑧𝑒 above median (binary)

• 𝐻𝐸𝑚𝑒𝑡𝑒𝑟𝑒𝑑 (binary, whether heating consumption is metered)

• 𝐻𝑊𝑎𝑢𝑔 (in quintiles)

Randomization was performed in two steps to accommodate two levels of randomization:

1. The control group was randomly allocated on the building level. Strata corresponded
to the mode on the building level for all above characteristics.

2. All other groups were randomly allocated on the household level.

Figure A.4: Effect of social comparison on cold water consumption
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Note. The figure compares intervention households who were randomly assigned to receive no social comparison information
(left bar) to those who received social comparison information (right bar). The dependent variable is the percent change of
cold water consumption during the intervention period 𝑡 = 1 (October 2019 to January 2020), as compared to the baseline
month September 2019. Results are based on the outlier exclusion criteria of the main estimation sample and evaluated on the
household level. ATE denotes the average treatment effect, i.e., the estimated difference between the two groups. The 𝑝-value
is derived from a Mann-Whitney U test.
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Figure A.5: Effect of lottery type on cold water consumption
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Note. The figure compares intervention households who were randomly assigned to a standard lottery (left bar) to those who
were subject to a regret lottery (right bar). The dependent variable is the percent change of cold water consumption during
the intervention period 𝑡 = 1 (October 2019 to January 2020), as compared to the baseline month September 2019. Results are
based on the outlier exclusion criteria of the main estimation sample and evaluated on the household level. ATE denotes the
average treatment effect, i.e., the estimated difference between the two groups. The 𝑝-value is derived from a Mann-Whitney
U test.
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Online Appendix B Additional figures

Figure B.1: Change in hot water consumption (𝑡 = 1)
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Note. The histogram shows the distribution of buildings’ change in hot water consumption (𝑑𝐻𝑊𝑏,𝑡=1) for the main estimation
sample (i.e., after outlier exclusion) on the building level.

Figure B.2: Change in cold water consumption (𝑡 = 1)
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Note. The histogram shows the distribution of buildings’ change in cold water consumption (𝑑𝐶𝑊𝑏,𝑡=1) for the main estimation
sample (i.e., after outlier exclusion).

Figure B.3: Change in electricity consumption (year 2019)
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Note. The histogram shows the distribution of buildings’ change in electricity consumption from the year 2018 to the year 2019
(𝑑𝐸𝑐,2019) for the main estimation sample (i.e., after outlier exclusion).
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Figure B.4: Change in electricity consumption (year 2020)
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Note. The histogram shows the distribution of buildings’ change in electricity consumption from the year 2018 to the year 2020
(𝑑𝐸𝑐,2020) for the main estimation sample (i.e., after outlier exclusion).

Figure B.5: Change in heating energy consumption (billing period 2020)
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Note. The histogram shows the distribution of cost centers’ change in heating energy consumption from the 2019 billing period
to the 2020 billing period (𝑑𝐻𝐸𝑐,2020).

Figure B.6: Change in heating energy consumption (billing period 2021)
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Note. The histogram shows the distribution of cost centers’ change in heating energy consumption from the 2019 billing period
to the 2021 billing period (𝑑𝐻𝐸𝑐,2021).
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Figure B.7: Intervention share
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Note. The histogram shows the distribution of cost centers’ intervention share (𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐).
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Online Appendix C Additional tables

Table C.1: Balance on pre-intervention hot water consumption

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Household
Jun 2019 2.53 2.34 2.54 2.31 0.01 -0.02 0.679
Jul 2019 2.09 1.98 2.22 1.98 0.12 -0.00 0.711
Aug 2019 2.28 2.11 2.31 2.17 0.03 0.06 0.873
Sep 2019 2.49 2.34 2.55 2.44 0.06 0.09 0.513

Observations 156 608

Shower
Jun 2019 1.49 1.42 1.29 1.24 -0.19 -0.18 0.110
Jul 2019 1.21 1.24 1.16 0.96 -0.05 -0.29 0.267
Aug 2019 1.25 1.16 1.23 1.08 -0.02 -0.08 0.535
Sep 2019 1.39 1.21 1.35 1.23 -0.04 0.02 0.793

Observations 45 180

Sink
Jun 2019 0.71 0.62 0.69 0.64 -0.02 0.02 0.768
Jul 2019 0.62 0.54 0.58 0.53 -0.03 -0.01 0.660
Aug 2019 0.67 0.55 0.65 0.58 -0.02 0.04 0.815
Sep 2019 0.74 0.63 0.72 0.67 -0.02 0.04 1.000

Observations 46 179

Vanity basin
Jun 2019 0.46 0.34 0.42 0.36 -0.04 0.02 0.413
Jul 2019 0.39 0.29 0.35 0.31 -0.03 0.02 0.885
Aug 2019 0.41 0.29 0.40 0.35 -0.01 0.06 0.401
Sep 2019 0.43 0.34 0.42 0.36 -0.01 0.02 0.659

Observations 47 180

Note. The table shows August and September 2019 consumption of hot water on
the building level for the intervention period (𝑡 = 1) estimation samples, in m3. The
top panel depicts household-level consumption, subsequent panels depict tap-level con-
sumption. Columns (1) and (2) show the mean and median consumption in the control
group. Columns (3) and (4) show the mean and median in the intervention group.
Columns (5) and (6) show the differences between the control and intervention group
in means and medians. Column (7) shows 𝑝-values derived from the Mann-Whitney U
test, which tests for differences between the control group and the intervention group.
Observations indicate the number of buildings in the control and intervention group.
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Table C.2: Balance on pre-intervention cold water consump-
tion

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Household
Jun 2019 5.68 5.30 5.61 5.16 -0.07 -0.14 0.802
Jul 2019 5.47 5.16 5.36 4.93 -0.11 -0.23 0.393
Aug 2019 5.57 5.22 5.42 5.09 -0.15 -0.13 0.389
Sep 2019 5.40 5.15 5.47 5.12 0.07 -0.03 0.762

Observations 134 529

Shower
Jun 2019 1.41 1.25 1.25 1.15 -0.16 -0.10 0.174
Jul 2019 1.30 1.21 1.24 1.07 -0.07 -0.14 0.354
Aug 2019 1.27 1.06 1.21 1.12 -0.06 0.05 0.725
Sep 2019 1.27 1.09 1.21 1.10 -0.06 0.01 0.971

Observations 47 180

Sink
Jun 2019 0.82 0.73 0.87 0.78 0.04 0.05 0.544
Jul 2019 0.85 0.82 0.88 0.79 0.03 -0.03 0.967
Aug 2019 0.79 0.65 0.85 0.77 0.06 0.11 0.552
Sep 2019 0.76 0.65 0.82 0.72 0.05 0.08 0.675

Observations 47 180

Vanity basin
Jun 2019 0.58 0.38 0.54 0.47 -0.04 0.10 0.151
Jul 2019 0.60 0.40 0.55 0.49 -0.05 0.09 0.252
Aug 2019 0.60 0.40 0.54 0.46 -0.06 0.06 0.247
Sep 2019 0.58 0.37 0.53 0.44 -0.04 0.07 0.225

Observations 46 179

Dishwasher
Jun 2019 0.33 0.21 0.29 0.23 -0.04 0.02 0.947
Jul 2019 0.32 0.18 0.26 0.21 -0.07 0.02 0.959
Aug 2019 0.34 0.19 0.27 0.23 -0.07 0.03 0.912
Sep 2019 0.29 0.21 0.28 0.25 -0.01 0.05 0.401

Observations 34 123

Toilet flush
Jun 2019 2.94 2.41 3.24 2.76 0.31 0.36 0.490
Jul 2019 2.88 2.45 3.07 2.60 0.18 0.15 0.774
Aug 2019 2.94 2.46 3.24 2.69 0.30 0.23 0.912
Sep 2019 2.86 2.59 3.37 2.71 0.51 0.13 0.385

Observations 45 182

Note. The table shows August and September 2019 consumption of cold water on
the building level for the intervention period (𝑡 = 1) estimation samples, in m3. The
top panel depicts household-level consumption, subsequent panels depict tap-level con-
sumption. Columns (1) and (2) show the mean and median consumption in the control
group. Columns (3) and (4) show the mean and median in the intervention group.
Columns (5) and (6) show the differences between the control and intervention group
in means and medians. Column (7) shows 𝑝-values derived from the Mann-Whitney U
test, which tests for differences between the control group and the intervention group.
Observations indicate the number of buildings in the control and intervention group.
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Table C.3: Effects on hot water

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 17.07 15.79 11.99 10.16 -5.09 -5.63 0.000
Oct 2019 10.49 8.10 5.52 5.06 -4.97 -3.04 0.000
Nov 2019 15.75 15.20 11.29 10.34 -4.46 -4.87 0.000
Dec 2019 19.24 17.07 13.65 12.65 -5.59 -4.42 0.001
Jan 2020 22.80 21.83 17.48 16.17 -5.32 -5.65 0.001

Observations 156 608

Post-interv. (𝑡 = 2) 28.53 28.23 23.72 21.83 -4.81 -6.40 0.005
Feb 2020 15.56 13.78 10.35 9.48 -5.21 -4.30 0.004
Mar 2020 38.64 36.02 33.20 30.68 -5.44 -5.35 0.010
Apr 2020 32.81 31.71 27.68 26.97 -5.13 -4.74 0.016
May 2020 27.11 27.00 23.65 21.91 -3.46 -5.09 0.032

Observations 156 607

Post-interv. (𝑡 = 3) 2.75 0.88 -0.00 -2.12 -2.75 -2.99 0.073
Jun 2020 13.31 9.13 10.69 8.30 -2.61 -0.83 0.156
Jul 2020 -2.98 -3.61 -3.90 -4.99 -0.92 -1.39 0.285
Aug 2020 -4.70 -7.31 -7.03 -8.27 -2.32 -0.96 0.429
Sep 2020 5.38 1.21 0.23 -1.05 -5.15 -2.25 0.050

Observations 156 607

Post-interv. (𝑡 = 4) 29.54 24.58 22.31 20.96 -7.22 -3.62 0.010
Oct 2020 22.50 17.94 13.93 12.73 -8.57 -5.21 0.007
Nov 2020 27.72 24.18 19.70 17.81 -8.02 -6.38 0.002
Dec 2020 32.10 28.30 25.32 23.38 -6.79 -4.92 0.030
Jan 2021 35.81 32.22 30.30 27.95 -5.51 -4.27 0.128

Observations 156 607

Post-interv. (𝑡 = 5) 26.28 22.54 21.63 18.57 -4.65 -3.97 0.091
Feb 2021 21.51 16.76 17.18 14.13 -4.32 -2.62 0.127
Mar 2021 33.12 30.06 28.78 25.28 -4.34 -4.78 0.181
Apr 2021 25.26 21.17 19.31 17.11 -5.95 -4.06 0.059
May 2021 25.22 22.80 21.24 17.85 -3.98 -4.95 0.081

Observations 153 596

Post-interv. (𝑡 = 6) -3.11 -5.11 -3.95 -5.47 -0.84 -0.36 0.738
Jun 2021 3.81 1.13 1.22 -1.33 -2.59 -2.46 0.180
Jul 2021 -8.16 -8.78 -8.60 -11.28 -0.44 -2.50 0.760
Aug 2021 -5.91 -7.85 -6.47 -9.28 -0.56 -1.43 0.999
Sep 2021 -2.19 -2.28 -1.94 -3.13 0.25 -0.85 0.693

Observations 151 596

Post-interv. (𝑡 = 7) 18.72 17.94 15.83 12.59 -2.90 -5.35 0.274
Oct 2021 11.11 9.12 9.82 7.15 -1.29 -1.97 0.563
Nov 2021 18.73 21.38 13.59 10.62 -5.14 -10.75 0.068
Dec 2021 20.51 20.08 18.44 14.24 -2.07 -5.83 0.368
Jan 2022 24.54 23.90 21.46 17.87 -3.09 -6.03 0.267

Observations 148 588

Note. The table presents effects on hot water consumption for the intervention period (𝑡 = 1)
and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean and
median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the main estimation samples.
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Table C.4: Effects on cold water

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -1.12 -1.06 -2.19 -2.94 -1.07 -1.89 0.223
Oct 2019 0.57 -1.01 0.44 -0.59 -0.14 0.42 0.728
Nov 2019 -2.88 -3.23 -2.59 -3.78 0.29 -0.55 0.950
Dec 2019 -1.80 -3.26 -3.39 -4.77 -1.58 -1.51 0.282
Jan 2020 -0.35 -0.90 -3.21 -3.54 -2.86 -2.64 0.055

Observations 134 529

Post-interv. (𝑡 = 2) 9.54 6.95 7.74 5.80 -1.81 -1.15 0.245
Feb 2020 -6.49 -7.96 -7.67 -8.54 -1.18 -0.58 0.169
Mar 2020 12.05 8.93 10.75 6.64 -1.30 -2.29 0.224
Apr 2020 16.13 13.41 12.56 11.21 -3.57 -2.20 0.175
May 2020 16.48 16.96 15.31 12.97 -1.18 -4.00 0.286

Observations 134 530

Post-interv. (𝑡 = 3) 8.99 5.86 6.78 5.36 -2.21 -0.51 0.586
Jun 2020 10.49 6.94 8.20 6.27 -2.29 -0.67 0.437
Jul 2020 5.94 5.67 5.43 4.47 -0.51 -1.20 0.948
Aug 2020 11.97 6.65 8.22 7.55 -3.75 0.89 0.617
Sep 2020 7.56 5.60 5.28 3.21 -2.28 -2.39 0.231

Observations 134 530

Post-interv. (𝑡 = 4) 6.34 7.40 4.48 2.85 -1.86 -4.55 0.331
Oct 2020 5.83 5.47 4.20 3.49 -1.63 -1.98 0.501
Nov 2020 6.51 8.56 3.88 3.01 -2.64 -5.56 0.208
Dec 2020 4.74 3.92 4.22 1.77 -0.52 -2.15 0.473
Jan 2021 8.27 8.37 5.63 3.27 -2.64 -5.11 0.260

Observations 134 530

Post-interv. (𝑡 = 5) 6.76 5.26 3.46 1.70 -3.30 -3.56 0.167
Feb 2021 0.23 -3.64 -3.42 -4.15 -3.65 -0.51 0.387
Mar 2021 9.82 5.34 6.11 4.34 -3.71 -1.01 0.500
Apr 2021 6.21 3.46 3.84 2.44 -2.36 -1.02 0.447
May 2021 10.80 8.26 7.32 6.63 -3.49 -1.63 0.263

Observations 131 518

Post-interv. (𝑡 = 6) 3.61 0.33 2.80 0.96 -0.82 0.63 0.877
Jun 2021 10.56 6.77 8.11 6.04 -2.45 -0.73 0.320
Jul 2021 -0.21 0.03 -1.91 -3.28 -1.70 -3.31 0.338
Aug 2021 2.37 -1.10 2.04 0.00 -0.33 1.10 0.867
Sep 2021 1.72 0.61 2.94 1.47 1.22 0.86 0.489

Observations 129 519

Post-interv. (𝑡 = 7) 3.05 -0.07 1.32 0.00 -1.73 0.07 0.728
Oct 2021 3.67 0.00 3.34 0.87 -0.33 0.87 0.622
Nov 2021 2.80 -0.44 0.23 -1.34 -2.57 -0.90 0.502
Dec 2021 -0.06 -3.15 -0.16 0.00 -0.10 3.15 0.855
Jan 2022 5.80 1.94 1.87 -0.21 -3.93 -2.15 0.198

Observations 127 513

Note. The table presents effects on cold water consumption for the intervention period
(𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the main estimation samples.
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Table C.5: Effects on total water (household)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 4.41 3.27 2.33 0.90 -2.08 -2.37 0.013
Oct 2019 3.62 2.29 2.13 0.95 -1.49 -1.33 0.115
Nov 2019 2.87 2.66 1.83 0.18 -1.03 -2.48 0.109
Dec 2019 4.51 2.35 1.79 0.73 -2.72 -1.62 0.045
Jan 2020 6.65 5.61 3.56 2.57 -3.09 -3.04 0.007

Observations 134 529

Post-interv. (𝑡 = 2) 15.08 13.37 13.08 10.78 -2.00 -2.59 0.122
Feb 2020 0.54 -1.37 -2.06 -3.01 -2.60 -1.64 0.056
Mar 2020 19.92 17.41 17.93 14.87 -1.99 -2.54 0.132
Apr 2020 20.69 18.96 18.42 15.79 -2.27 -3.17 0.155
May 2020 19.16 18.54 18.03 15.21 -1.13 -3.33 0.185

Observations 134 529

Post-interv. (𝑡 = 3) 6.82 5.51 4.11 3.68 -2.71 -1.83 0.258
Jun 2020 11.03 8.17 8.54 6.92 -2.49 -1.26 0.337
Jul 2020 2.85 2.19 1.79 1.35 -1.07 -0.84 0.570
Aug 2020 6.61 2.68 2.89 2.71 -3.72 0.04 0.468
Sep 2020 6.81 6.42 3.25 2.31 -3.56 -4.11 0.091

Observations 134 530

Post-interv. (𝑡 = 4) 14.50 12.50 9.77 8.70 -4.73 -3.81 0.084
Oct 2020 11.67 10.06 7.00 7.35 -4.67 -2.71 0.148
Nov 2020 14.23 12.55 8.69 8.43 -5.55 -4.11 0.035
Dec 2020 14.08 13.16 10.25 8.86 -3.83 -4.30 0.127
Jan 2021 18.00 15.12 13.13 10.75 -4.87 -4.37 0.165

Observations 134 530

Post-interv. (𝑡 = 5) 13.64 11.25 9.43 8.14 -4.21 -3.11 0.072
Feb 2021 7.12 6.73 2.99 1.72 -4.14 -5.01 0.134
Mar 2021 17.01 13.12 13.33 12.51 -3.68 -0.61 0.308
Apr 2021 13.50 10.57 10.13 8.63 -3.37 -1.94 0.247
May 2021 16.93 13.69 11.28 10.57 -5.64 -3.12 0.108

Observations 131 519

Post-interv. (𝑡 = 6) 2.20 1.44 0.50 -0.68 -1.70 -2.12 0.455
Jun 2021 8.90 6.97 5.75 3.77 -3.15 -3.20 0.129
Jul 2021 -1.62 -4.24 -4.20 -6.25 -2.57 -2.01 0.255
Aug 2021 0.47 0.16 -0.79 -2.91 -1.26 -3.07 0.749
Sep 2021 1.04 -0.33 1.23 0.99 0.19 1.32 0.721

Observations 129 519

Post-interv. (𝑡 = 7) 8.33 3.39 5.78 4.41 -2.55 1.03 0.427
Oct 2021 6.12 1.75 5.40 2.82 -0.71 1.07 0.851
Nov 2021 8.52 4.69 4.44 2.69 -4.08 -2.00 0.237
Dec 2021 6.71 5.76 5.32 3.71 -1.39 -2.05 0.751
Jan 2022 11.97 11.43 7.97 5.67 -4.00 -5.77 0.129

Observations 127 513

Note. The table presents effects on total water consumption (hot and cold water) for the
intervention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1)
and (2) show the mean and median percentage change from the baseline month in the con-
trol group. Columns (3) and (4) show the mean and median in the intervention group.
Columns (5) and (6) show the differences between the control and intervention group in
means and medians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test,
which tests for differences between the control group and the intervention group. Observa-
tions indicate the number of buildings in the main estimation samples.
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Table C.6: Effects on hot water (sub-sample with tap-level data)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 17.26 15.42 10.13 7.93 -7.13 -7.49 0.018
Oct 2019 12.92 6.36 4.98 4.19 -7.94 -2.17 0.064
Nov 2019 14.81 12.94 10.57 7.99 -4.23 -4.95 0.161
Dec 2019 16.73 13.84 10.40 8.03 -6.34 -5.81 0.035
Jan 2020 24.60 23.00 14.57 14.27 -10.02 -8.73 0.014

Observations 48 183

Post-interv. (𝑡 = 2) 30.56 25.93 21.20 18.96 -9.36 -6.98 0.032
Feb 2020 16.74 11.14 5.92 4.06 -10.82 -7.08 0.005
Mar 2020 40.16 32.09 31.17 31.30 -8.99 -0.79 0.362
Apr 2020 36.69 33.63 25.67 24.74 -11.02 -8.90 0.054
May 2020 28.64 30.69 22.03 16.27 -6.62 -14.42 0.072

Observations 47 183

Post-interv. (𝑡 = 3) 7.22 0.89 -1.68 -4.81 -8.90 -5.71 0.037
Jun 2020 18.16 10.54 8.05 4.54 -10.11 -6.00 0.041
Jul 2020 3.26 -1.93 -6.26 -9.36 -9.52 -7.43 0.042
Aug 2020 1.67 -9.92 -8.94 -10.71 -10.61 -0.79 0.166
Sep 2020 5.79 1.05 0.42 -0.60 -5.37 -1.65 0.184

Observations 48 183

Post-interv. (𝑡 = 4) 35.31 27.61 20.59 17.79 -14.72 -9.82 0.014
Oct 2020 26.44 20.59 13.82 11.21 -12.62 -9.38 0.014
Nov 2020 33.48 25.27 19.37 16.69 -14.11 -8.58 0.025
Dec 2020 36.96 27.69 22.51 18.26 -14.46 -9.42 0.067
Jan 2021 44.37 34.75 26.67 25.21 -17.70 -9.54 0.056

Observations 48 183

Post-interv. (𝑡 = 5) 29.46 20.62 16.50 13.49 -12.96 -7.13 0.046
Feb 2021 23.26 15.78 13.22 10.84 -10.04 -4.93 0.182
Mar 2021 38.94 28.77 24.60 22.88 -14.35 -5.89 0.240
Apr 2021 27.89 17.04 10.28 8.40 -17.61 -8.64 0.019
May 2021 27.74 23.07 17.91 14.06 -9.83 -9.01 0.049

Observations 48 183

Post-interv. (𝑡 = 6) 1.67 -4.18 -5.57 -9.25 -7.24 -5.07 0.140
Jun 2021 7.43 -1.77 0.82 -2.22 -6.60 -0.45 0.295
Jul 2021 0.33 -6.65 -9.86 -12.73 -10.19 -6.08 0.057
Aug 2021 -2.28 -10.67 -10.22 -11.19 -7.94 -0.52 0.324
Sep 2021 1.20 0.36 -3.01 -5.70 -4.21 -6.06 0.252

Observations 48 183

Post-interv. (𝑡 = 7) 28.75 18.71 14.32 6.71 -14.42 -12.00 0.078
Oct 2021 17.61 4.60 8.26 2.13 -9.35 -2.47 0.455
Nov 2021 28.83 21.70 12.40 5.12 -16.43 -16.57 0.023
Dec 2021 30.84 19.18 16.73 6.59 -14.10 -12.59 0.040
Jan 2022 37.72 24.77 19.90 10.52 -17.81 -14.25 0.065

Observations 46 177

Note. The table presents effects on hot water consumption in the sub-sample with tap-level
data for the intervention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7).
Columns (1) and (2) show the mean and median percentage change from the baseline month
in the control group. Columns (3) and (4) show the mean and median in the intervention
group. Columns (5) and (6) show the differences between the control and intervention group
in means and medians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test,
which tests for differences between the control group and the intervention group. Observations
indicate the number of buildings in the control and intervention group.
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Table C.7: Effects on cold water (sub-sample with tap-level data)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -1.78 -3.92 -2.16 -3.97 -0.37 -0.05 0.917
Oct 2019 -0.54 -2.59 0.98 0.16 1.51 2.75 0.252
Nov 2019 -3.50 -5.82 -1.46 -3.44 2.03 2.38 0.152
Dec 2019 -2.59 -3.49 -4.60 -6.20 -2.01 -2.71 0.469
Jan 2020 -0.51 -0.29 -3.54 -3.84 -3.03 -3.55 0.362

Observations 46 182

Post-interv. (𝑡 = 2) 11.63 9.84 9.02 6.07 -2.61 -3.77 0.239
Feb 2020 -6.14 -9.54 -8.86 -9.47 -2.72 0.07 0.258
Mar 2020 13.69 11.58 13.05 8.92 -0.64 -2.66 0.403
Apr 2020 19.98 19.11 15.41 11.23 -4.58 -7.88 0.082
May 2020 18.99 19.89 16.50 13.60 -2.49 -6.29 0.173

Observations 47 183

Post-interv. (𝑡 = 3) 13.23 7.65 7.04 5.47 -6.20 -2.18 0.060
Jun 2020 12.20 12.44 8.89 5.76 -3.32 -6.69 0.217
Jul 2020 13.20 7.93 4.98 3.77 -8.22 -4.16 0.200
Aug 2020 16.05 10.72 7.59 7.73 -8.46 -2.99 0.057
Sep 2020 11.49 7.65 6.68 5.35 -4.81 -2.30 0.255

Observations 47 183

Post-interv. (𝑡 = 4) 12.43 5.19 5.74 4.43 -6.69 -0.76 0.267
Oct 2020 12.20 5.86 5.83 5.41 -6.37 -0.46 0.337
Nov 2020 13.71 9.06 6.19 5.31 -7.51 -3.75 0.198
Dec 2020 8.29 2.13 3.80 4.50 -4.49 2.37 0.541
Jan 2021 15.52 13.54 7.13 6.64 -8.39 -6.90 0.146

Observations 47 183

Post-interv. (𝑡 = 5) 11.74 6.49 2.32 0.40 -9.42 -6.09 0.070
Feb 2021 3.06 -3.97 -3.93 -5.34 -6.99 -1.37 0.388
Mar 2021 16.39 5.84 6.90 5.82 -9.48 -0.02 0.554
Apr 2021 9.70 4.59 -0.98 -5.21 -10.68 -9.80 0.069
May 2021 17.81 9.28 7.28 5.01 -10.52 -4.27 0.184

Observations 47 183

Post-interv. (𝑡 = 6) 11.11 7.33 0.10 -0.37 -11.01 -7.70 0.029
Jun 2021 17.13 9.77 5.77 4.47 -11.36 -5.30 0.127
Jul 2021 8.80 3.08 -3.80 -2.99 -12.60 -6.07 0.012
Aug 2021 11.22 4.40 -1.82 -3.95 -13.04 -8.34 0.106
Sep 2021 7.28 5.75 0.23 1.01 -7.05 -4.74 0.206

Observations 47 183

Post-interv. (𝑡 = 7) 8.97 2.77 -0.55 -3.16 -9.53 -5.93 0.092
Oct 2021 7.07 1.44 1.19 -0.86 -5.88 -2.30 0.763
Nov 2021 6.93 -0.44 -2.17 -6.78 -9.10 -6.35 0.155
Dec 2021 6.81 -1.97 -1.37 -3.06 -8.18 -1.09 0.214
Jan 2022 15.08 6.70 0.13 -4.65 -14.95 -11.35 0.004

Observations 45 177

Note. The table presents effects on cold water consumption in the sub-sample with tap-level
data for the intervention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7).
Columns (1) and (2) show the mean and median percentage change from the baseline month
in the control group. Columns (3) and (4) show the mean and median in the intervention
group. Columns (5) and (6) show the differences between the control and intervention group
in means and medians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test,
which tests for differences between the control group and the intervention group. Observa-
tions indicate the number of buildings in the control and intervention group.
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Table C.8: Effects on hot water (shower)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 13.08 14.41 12.48 9.18 -0.60 -5.23 0.363
Oct 2019 9.96 5.31 6.82 5.57 -3.14 0.25 0.489
Nov 2019 11.55 12.47 12.84 10.78 1.30 -1.69 0.881
Dec 2019 9.93 13.16 12.86 10.26 2.94 -2.90 0.871
Jan 2020 20.90 21.57 17.39 14.94 -3.51 -6.63 0.188

Observations 45 180

Post-interv. (𝑡 = 2) 20.54 14.45 14.44 13.83 -6.09 -0.62 0.487
Feb 2020 13.89 11.54 7.20 4.48 -6.69 -7.06 0.164
Mar 2020 26.85 19.64 22.99 22.98 -3.86 3.34 0.681
Apr 2020 21.90 11.00 13.95 13.35 -7.95 2.35 0.510
May 2020 19.50 13.11 13.65 9.29 -5.86 -3.82 0.282

Observations 45 180

Post-interv. (𝑡 = 3) 2.50 -2.73 -4.29 -6.99 -6.79 -4.25 0.083
Jun 2020 9.65 5.12 3.95 0.99 -5.70 -4.13 0.131
Jul 2020 -0.43 -3.33 -8.77 -12.72 -8.35 -9.38 0.067
Aug 2020 -0.83 -10.98 -10.89 -11.60 -10.06 -0.62 0.174
Sep 2020 1.62 -1.10 -1.44 -2.60 -3.06 -1.51 0.355

Observations 45 180

Post-interv. (𝑡 = 4) 23.35 17.42 18.10 10.89 -5.25 -6.52 0.267
Oct 2020 18.29 12.36 10.46 8.31 -7.83 -4.04 0.139
Nov 2020 23.14 15.27 16.51 10.94 -6.63 -4.32 0.220
Dec 2020 24.16 15.46 20.86 14.24 -3.30 -1.23 0.713
Jan 2021 27.80 26.16 24.58 17.95 -3.23 -8.21 0.462

Observations 45 180

Post-interv. (𝑡 = 5) 21.64 16.66 13.14 9.82 -8.50 -6.85 0.182
Feb 2021 16.02 7.45 8.92 2.01 -7.09 -5.44 0.302
Mar 2021 35.71 22.85 17.54 15.69 -18.16 -7.17 0.150
Apr 2021 16.48 17.78 10.87 7.39 -5.62 -10.39 0.171
May 2021 18.37 15.64 15.25 8.25 -3.13 -7.39 0.236

Observations 43 167

Post-interv. (𝑡 = 6) -0.80 -7.51 -6.73 -13.06 -5.93 -5.55 0.287
Jun 2021 4.47 -1.16 0.26 -7.29 -4.20 -6.14 0.267
Jul 2021 -0.55 -9.51 -11.77 -16.34 -11.22 -6.82 0.205
Aug 2021 -2.37 -10.98 -9.88 -14.41 -7.51 -3.44 0.432
Sep 2021 -4.75 -3.26 -5.52 -10.38 -0.77 -7.12 0.574

Observations 43 166

Post-interv. (𝑡 = 7) 22.71 15.65 11.12 3.72 -11.59 -11.93 0.189
Oct 2021 14.40 10.61 6.16 0.49 -8.24 -10.12 0.308
Nov 2021 24.88 16.66 8.10 1.24 -16.79 -15.42 0.052
Dec 2021 25.30 16.43 12.90 5.60 -12.40 -10.82 0.141
Jan 2022 26.28 18.94 17.34 11.87 -8.95 -7.06 0.234

Observations 41 160

Note. The table presents effects on hot water consumption in the shower for the interven-
tion period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.9: Effects on cold water (shower)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -4.57 -5.47 -8.11 -9.26 -3.53 -3.78 0.251
Oct 2019 3.22 -1.93 -1.94 -2.78 -5.16 -0.85 0.436
Nov 2019 -5.92 -8.86 -6.37 -7.30 -0.45 1.56 0.906
Dec 2019 -9.68 -10.46 -11.27 -12.67 -1.59 -2.21 0.560
Jan 2020 -5.91 -6.08 -12.84 -14.20 -6.92 -8.12 0.069

Observations 47 180

Post-interv. (𝑡 = 2) 3.70 -4.12 -4.82 -8.82 -8.53 -4.69 0.139
Feb 2020 -9.89 -15.20 -17.81 -19.14 -7.92 -3.94 0.080
Mar 2020 1.91 -4.84 -5.63 -8.38 -7.54 -3.53 0.336
Apr 2020 10.12 -0.60 -0.80 -2.59 -10.93 -1.99 0.269
May 2020 12.67 3.29 4.95 2.43 -7.72 -0.86 0.239

Observations 47 180

Post-interv. (𝑡 = 3) 15.40 9.77 4.65 2.37 -10.75 -7.39 0.030
Jun 2020 11.68 8.65 2.74 1.06 -8.94 -7.58 0.126
Jul 2020 13.91 5.91 4.62 3.36 -9.29 -2.55 0.115
Aug 2020 21.58 15.27 7.43 6.04 -14.15 -9.22 0.100
Sep 2020 14.44 9.73 3.81 2.06 -10.63 -7.68 0.089

Observations 47 180

Post-interv. (𝑡 = 4) 6.79 -4.83 -1.81 -4.66 -8.61 0.17 0.190
Oct 2020 13.28 6.57 1.13 -0.59 -12.15 -7.16 0.052
Nov 2020 9.69 -1.46 -0.33 -3.68 -10.02 -2.22 0.187
Dec 2020 3.00 -8.33 -4.32 -9.95 -7.32 -1.62 0.417
Jan 2021 1.19 -5.09 -3.74 -10.01 -4.93 -4.92 0.237

Observations 47 180

Post-interv. (𝑡 = 5) 1.75 -2.92 -5.03 -8.66 -6.78 -5.73 0.225
Feb 2021 -6.77 -14.13 -12.22 -16.99 -5.45 -2.86 0.451
Mar 2021 5.77 -5.54 -5.07 -7.65 -10.84 -2.11 0.246
Apr 2021 3.41 -7.22 -3.95 -9.42 -7.36 -2.20 0.198
May 2021 4.59 -2.22 1.11 -5.47 -3.47 -3.25 0.296

Observations 45 167

Post-interv. (𝑡 = 6) 7.62 3.15 1.04 -2.19 -6.59 -5.34 0.294
Jun 2021 14.16 11.36 6.80 1.86 -7.35 -9.51 0.195
Jul 2021 11.42 -2.94 -4.04 -7.50 -15.46 -4.56 0.097
Aug 2021 4.42 0.06 2.21 -3.41 -2.22 -3.48 0.475
Sep 2021 0.49 -0.30 -0.83 -2.74 -1.31 -2.44 0.697

Observations 45 166

Post-interv. (𝑡 = 7) 0.25 -7.27 -6.29 -12.92 -6.54 -5.66 0.407
Oct 2021 3.90 -4.87 -1.57 -5.45 -5.48 -0.58 0.698
Nov 2021 2.76 -1.70 -6.64 -14.23 -9.40 -12.53 0.205
Dec 2021 -2.43 -8.56 -8.37 -15.43 -5.95 -6.87 0.391
Jan 2022 -3.25 -13.22 -8.58 -18.07 -5.32 -4.85 0.341

Observations 43 160

Note. The table presents effects on cold water consumption in the shower for the interven-
tion period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.10: Effects on hot water (kitchen sink)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)
Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 21.28 14.63 11.36 7.34 -9.92 -7.29 0.028
Oct 2019 16.29 7.62 6.11 4.07 -10.18 -3.56 0.042
Nov 2019 19.57 15.04 10.42 6.69 -9.16 -8.35 0.081
Dec 2019 23.19 22.49 11.69 8.29 -11.50 -14.20 0.017
Jan 2020 26.06 18.83 17.22 10.87 -8.84 -7.96 0.191

Observations 46 179

Post-interv. (𝑡 = 2) 54.21 46.43 37.85 30.54 -16.35 -15.89 0.010
Feb 2020 24.32 16.56 10.24 5.18 -14.09 -11.38 0.020
Mar 2020 66.54 53.38 48.62 40.99 -17.93 -12.39 0.034
Apr 2020 70.85 64.35 52.34 43.75 -18.52 -20.60 0.018
May 2020 55.10 45.68 40.22 30.98 -14.88 -14.70 0.008

Observations 46 179

Post-interv. (𝑡 = 3) 26.32 2.07 5.73 -2.68 -20.59 -4.75 0.018
Jun 2020 56.84 15.47 15.81 10.22 -41.02 -5.26 0.039
Jul 2020 16.89 3.42 -0.17 -10.15 -17.05 -13.58 0.026
Aug 2020 15.74 -4.47 0.07 -7.83 -15.67 -3.37 0.259
Sep 2020 15.81 7.03 7.20 -0.95 -8.61 -7.98 0.025

Observations 47 179

Post-interv. (𝑡 = 4) 70.59 43.84 38.82 27.46 -31.77 -16.39 0.037
Oct 2020 48.70 28.16 27.23 16.06 -21.47 -12.10 0.007
Nov 2020 64.16 30.53 36.65 26.83 -27.51 -3.70 0.054
Dec 2020 67.11 50.08 42.33 31.57 -24.78 -18.51 0.039
Jan 2021 102.40 52.91 49.07 36.80 -53.32 -16.11 0.056

Observations 47 179

Post-interv. (𝑡 = 5) 48.90 31.02 34.04 21.99 -14.86 -9.03 0.054
Feb 2021 40.52 26.24 30.55 17.91 -9.97 -8.33 0.139
Mar 2021 52.21 32.14 37.37 28.63 -14.84 -3.51 0.086
Apr 2021 54.70 37.34 33.22 22.27 -21.48 -15.07 0.022
May 2021 48.17 32.85 35.02 22.80 -13.14 -10.04 0.080

Observations 44 167

Post-interv. (𝑡 = 6) 17.65 3.24 1.05 -7.03 -16.60 -10.27 0.090
Jun 2021 26.68 -2.89 4.78 -1.92 -21.90 0.97 0.526
Jul 2021 18.77 6.06 -4.16 -14.88 -22.93 -20.94 0.011
Aug 2021 9.59 7.39 -0.23 -6.59 -9.82 -13.97 0.278
Sep 2021 15.55 -2.26 3.79 -5.09 -11.75 -2.83 0.196

Observations 45 166

Post-interv. (𝑡 = 7) 55.48 18.15 24.43 16.43 -31.06 -1.72 0.199
Oct 2021 38.67 7.39 17.17 4.53 -21.50 -2.86 0.458
Nov 2021 45.39 17.86 22.69 8.83 -22.70 -9.04 0.157
Dec 2021 57.65 28.71 27.23 21.66 -30.42 -7.05 0.084
Jan 2022 80.22 30.62 30.61 21.23 -49.62 -9.39 0.113

Observations 43 161

Note. The table presents effects on hot water consumption in the kitchen sink for the inter-
vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.11: Effects on cold water (kitchen sink)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -7.48 -9.39 -8.42 -9.76 -0.95 -0.37 0.849
Oct 2019 -1.82 -8.34 -1.16 -4.94 0.66 3.40 0.411
Nov 2019 -12.40 -15.53 -8.55 -11.80 3.85 3.72 0.264
Dec 2019 -6.64 -9.11 -12.60 -14.77 -5.96 -5.66 0.180
Jan 2020 -9.04 -16.00 -11.38 -12.59 -2.34 3.42 0.737

Observations 47 180

Post-interv. (𝑡 = 2) 22.06 15.34 15.72 11.27 -6.34 -4.07 0.411
Feb 2020 -13.85 -20.03 -15.58 -17.64 -1.72 2.39 0.976
Mar 2020 17.39 9.92 15.38 8.60 -2.01 -1.33 0.798
Apr 2020 41.56 33.94 31.91 27.84 -9.66 -6.11 0.301
May 2020 43.13 34.40 31.16 26.10 -11.97 -8.30 0.111

Observations 47 179

Post-interv. (𝑡 = 3) 26.52 17.92 20.07 16.16 -6.45 -1.77 0.259
Jun 2020 23.97 17.94 18.69 10.24 -5.28 -7.70 0.269
Jul 2020 32.16 19.64 21.53 13.79 -10.63 -5.85 0.145
Aug 2020 32.96 21.32 23.59 19.30 -9.36 -2.03 0.343
Sep 2020 16.99 13.02 16.46 14.63 -0.53 1.61 0.754

Observations 47 180

Post-interv. (𝑡 = 4) 13.63 9.61 8.65 3.59 -4.98 -6.02 0.315
Oct 2020 13.27 6.05 9.80 4.61 -3.47 -1.44 0.414
Nov 2020 14.36 11.73 8.28 4.75 -6.08 -6.98 0.244
Dec 2020 14.56 9.76 7.72 -0.39 -6.83 -10.15 0.187
Jan 2021 12.33 3.24 8.79 1.04 -3.54 -2.20 0.711

Observations 47 180

Post-interv. (𝑡 = 5) 14.32 3.79 9.53 4.36 -4.79 0.57 0.499
Feb 2021 2.91 -12.17 -0.75 -8.52 -3.67 3.64 0.914
Mar 2021 12.58 0.00 11.02 5.04 -1.56 5.04 0.867
Apr 2021 19.66 10.55 13.33 6.22 -6.33 -4.34 0.233
May 2021 22.11 17.13 14.52 7.34 -7.59 -9.79 0.189

Observations 45 168

Post-interv. (𝑡 = 6) 17.24 7.26 13.33 7.47 -3.91 0.21 0.502
Jun 2021 30.21 17.41 22.20 18.59 -8.01 1.18 0.742
Jul 2021 14.41 8.44 8.08 1.10 -6.33 -7.34 0.174
Aug 2021 12.88 3.09 13.43 2.39 0.54 -0.70 0.882
Sep 2021 11.45 5.31 9.61 3.10 -1.84 -2.21 0.524

Observations 45 167

Post-interv. (𝑡 = 7) 9.71 -2.10 7.71 -2.58 -2.00 -0.48 0.597
Oct 2021 10.43 5.08 16.25 1.94 5.82 -3.14 0.917
Nov 2021 7.20 0.54 5.88 -0.77 -1.33 -1.31 0.682
Dec 2021 7.65 0.06 4.07 -4.01 -3.58 -4.07 0.451
Jan 2022 13.55 -4.83 4.63 -4.39 -8.92 0.44 0.306

Observations 43 161

Note. The table presents effects on cold water consumption in the kitchen sink for the
intervention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1)
and (2) show the mean and median percentage change from the baseline month in the control
group. Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and medians.
Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences
between the control group and the intervention group. Observations indicate the number of
buildings in the control and intervention group.
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Table C.12: Effects on hot water (vanity basin)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 18.84 9.41 11.73 10.59 -7.11 1.18 0.550
Oct 2019 11.91 3.33 8.12 4.86 -3.79 1.53 0.802
Nov 2019 16.17 10.16 12.64 11.00 -3.53 0.85 0.973
Dec 2019 21.09 9.01 11.16 11.49 -9.92 2.48 0.257
Jan 2020 26.20 19.03 15.02 14.55 -11.18 -4.49 0.155

Observations 47 180

Post-interv. (𝑡 = 2) 58.45 39.57 34.19 29.99 -24.26 -9.59 0.140
Feb 2020 23.38 14.64 10.74 8.44 -12.64 -6.20 0.011
Mar 2020 85.32 56.09 49.46 44.53 -35.85 -11.56 0.118
Apr 2020 72.30 43.60 41.94 37.75 -30.36 -5.85 0.375
May 2020 52.81 37.12 34.61 29.24 -18.19 -7.88 0.125

Observations 47 179

Post-interv. (𝑡 = 3) 17.85 7.87 7.53 7.27 -10.32 -0.60 0.478
Jun 2020 27.46 17.12 19.95 14.50 -7.51 -2.61 0.586
Jul 2020 17.20 9.50 2.86 -0.05 -14.34 -9.56 0.118
Aug 2020 8.48 -1.33 -1.78 -3.29 -10.26 -1.96 0.711
Sep 2020 18.27 1.33 9.11 3.21 -9.16 1.87 0.851

Observations 47 179

Post-interv. (𝑡 = 4) 43.51 23.10 29.52 21.17 -13.99 -1.94 0.346
Oct 2020 38.69 18.03 21.92 14.52 -16.78 -3.50 0.230
Nov 2020 43.30 25.05 31.21 18.81 -12.09 -6.24 0.364
Dec 2020 39.86 25.79 31.39 21.39 -8.47 -4.40 0.602
Jan 2021 52.18 28.68 33.56 23.75 -18.62 -4.93 0.395

Observations 47 179

Post-interv. (𝑡 = 5) 34.81 17.08 23.20 15.31 -11.62 -1.77 0.274
Feb 2021 26.22 9.63 14.46 9.15 -11.76 -0.48 0.499
Mar 2021 39.99 25.81 29.61 24.97 -10.37 -0.84 0.367
Apr 2021 39.78 20.41 23.35 12.62 -16.43 -7.79 0.071
May 2021 33.26 23.11 25.36 13.97 -7.90 -9.13 0.225

Observations 45 166

Post-interv. (𝑡 = 6) 9.49 1.44 4.41 -3.85 -5.07 -5.28 0.453
Jun 2021 16.03 4.58 9.07 0.62 -6.96 -3.96 0.645
Jul 2021 10.82 5.37 -0.79 -8.21 -11.60 -13.58 0.061
Aug 2021 4.51 -3.49 2.31 -7.25 -2.21 -3.77 0.517
Sep 2021 6.60 -3.42 7.07 -7.43 0.48 -4.02 0.623

Observations 45 166

Post-interv. (𝑡 = 7) 27.41 16.34 23.53 10.65 -3.87 -5.69 0.547
Oct 2021 17.36 4.68 13.39 5.95 -3.97 1.28 0.919
Nov 2021 26.21 9.86 23.13 9.26 -3.09 -0.60 0.412
Dec 2021 31.37 17.24 28.61 12.14 -2.76 -5.10 0.513
Jan 2022 34.68 19.87 29.01 13.75 -5.67 -6.11 0.436

Observations 43 161

Note. The table presents effects on hot water consumption in the vanity basin for the inter-
vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.13: Effects on cold water (vanity basin)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -6.99 -8.60 -8.41 -10.94 -1.42 -2.34 0.553
Oct 2019 2.01 -4.99 -1.00 -4.17 -3.00 0.82 0.540
Nov 2019 -7.35 -11.28 -6.32 -8.09 1.03 3.20 0.570
Dec 2019 -11.68 -10.49 -12.95 -14.70 -1.27 -4.21 0.735
Jan 2020 -10.94 -12.50 -13.37 -14.95 -2.43 -2.45 0.483

Observations 46 179

Post-interv. (𝑡 = 2) 4.94 5.23 5.58 4.44 0.64 -0.79 0.862
Feb 2020 -13.33 -15.86 -16.95 -20.47 -3.62 -4.61 0.359
Mar 2020 12.48 10.11 8.34 5.05 -4.14 -5.06 0.331
Apr 2020 9.02 10.91 13.95 11.82 4.93 0.91 0.453
May 2020 11.62 13.45 16.99 11.22 5.37 -2.23 0.729

Observations 46 179

Post-interv. (𝑡 = 3) 9.46 7.16 17.01 10.02 7.55 2.86 0.172
Jun 2020 2.23 5.69 11.73 6.59 9.49 0.90 0.211
Jul 2020 8.60 10.23 16.13 9.93 7.53 -0.30 0.339
Aug 2020 15.22 10.42 25.02 14.19 9.80 3.76 0.160
Sep 2020 11.79 1.18 15.16 9.38 3.37 8.20 0.206

Observations 46 179

Post-interv. (𝑡 = 4) -3.30 -4.16 3.11 -2.57 6.41 1.59 0.358
Oct 2020 2.69 3.93 8.94 3.75 6.25 -0.18 0.527
Nov 2020 1.13 -3.55 6.42 2.89 5.29 6.43 0.458
Dec 2020 -9.40 -12.28 -0.88 -6.90 8.52 5.38 0.190
Jan 2021 -7.63 -14.03 -2.04 -8.04 5.59 5.99 0.530

Observations 45 179

Post-interv. (𝑡 = 5) -1.22 -9.83 -0.49 -4.77 0.73 5.06 0.450
Feb 2021 -9.08 -19.78 -10.69 -14.52 -1.61 5.27 0.338
Mar 2021 0.38 -10.12 0.29 -5.34 -0.10 4.78 0.250
Apr 2021 0.95 -8.27 0.74 -8.60 -0.21 -0.33 0.952
May 2021 2.88 -4.39 7.71 -2.72 4.83 1.67 0.301

Observations 44 166

Post-interv. (𝑡 = 6) 11.13 -4.34 10.08 1.27 -1.06 5.61 0.642
Jun 2021 19.09 3.83 17.65 9.88 -1.44 6.05 0.221
Jul 2021 11.43 -5.80 5.52 -1.05 -5.91 4.75 0.655
Aug 2021 10.62 -0.50 7.39 -0.89 -3.23 -0.39 0.808
Sep 2021 3.40 -6.61 9.76 1.02 6.36 7.62 0.264

Observations 44 165

Post-interv. (𝑡 = 7) -1.76 -16.45 -0.25 -7.81 1.51 8.64 0.345
Oct 2021 1.61 -11.51 5.12 -2.37 3.51 9.14 0.110
Nov 2021 -1.15 -17.50 1.03 -8.99 2.18 8.51 0.304
Dec 2021 -4.53 -17.64 -3.93 -10.31 0.60 7.33 0.504
Jan 2022 -2.97 -10.84 -3.22 -13.15 -0.25 -2.30 0.903

Observations 42 160

Note. The table presents effects on cold water consumption in the vanity basin for the inter-
vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.14: Effects on cold water (dishwasher)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 27.46 11.87 7.08 2.76 -20.38 -9.11 0.021
Oct 2019 19.00 10.50 5.74 2.63 -13.26 -7.87 0.135
Nov 2019 23.62 11.51 6.10 1.64 -17.51 -9.87 0.019
Dec 2019 37.24 18.60 9.10 3.65 -28.14 -14.96 0.002
Jan 2020 29.99 11.28 7.37 7.55 -22.63 -3.74 0.119

Observations 34 123

Post-interv. (𝑡 = 2) 35.78 27.62 18.39 13.98 -17.40 -13.65 0.055
Feb 2020 17.82 5.30 -0.75 -3.92 -18.57 -9.22 0.092
Mar 2020 37.16 27.02 27.51 20.24 -9.65 -6.78 0.301
Apr 2020 45.88 30.08 28.66 20.71 -17.21 -9.37 0.058
May 2020 42.28 40.20 18.12 16.89 -24.16 -23.31 0.004

Observations 34 123

Post-interv. (𝑡 = 3) 26.19 8.76 5.75 2.01 -20.44 -6.75 0.020
Jun 2020 28.50 22.28 11.19 4.51 -17.31 -17.76 0.004
Jul 2020 21.43 9.46 -0.29 -2.21 -21.71 -11.67 0.039
Aug 2020 30.79 10.24 6.22 -1.99 -24.57 -12.23 0.021
Sep 2020 24.05 12.33 5.89 3.69 -18.16 -8.64 0.116

Observations 34 125

Post-interv. (𝑡 = 4) 37.69 27.02 21.66 16.47 -16.03 -10.54 0.218
Oct 2020 30.88 4.55 16.68 11.41 -14.20 6.85 0.692
Nov 2020 31.44 16.31 23.93 14.29 -7.51 -2.03 0.546
Dec 2020 38.55 20.07 19.84 14.29 -18.71 -5.78 0.094
Jan 2021 49.88 31.31 26.19 20.29 -23.69 -11.03 0.134

Observations 33 121

Post-interv. (𝑡 = 5) 38.86 14.38 22.07 9.64 -16.79 -4.74 0.251
Feb 2021 23.78 2.58 19.69 1.05 -4.09 -1.53 0.540
Mar 2021 36.06 16.44 29.28 13.66 -6.78 -2.78 0.483
Apr 2021 48.96 20.91 18.45 7.49 -30.51 -13.41 0.065
May 2021 46.65 12.87 20.88 5.66 -25.77 -7.21 0.065

Observations 32 115

Post-interv. (𝑡 = 6) 26.49 3.53 3.40 -8.73 -23.10 -12.26 0.061
Jun 2021 24.24 5.50 11.29 -3.50 -12.95 -9.00 0.089
Jul 2021 34.51 -2.69 -0.46 -13.08 -34.97 -10.39 0.066
Aug 2021 30.69 1.23 1.36 -12.47 -29.32 -13.70 0.046
Sep 2021 16.54 3.51 1.39 -5.94 -15.15 -9.45 0.057

Observations 32 112

Post-interv. (𝑡 = 7) 27.41 3.79 15.10 -2.76 -12.31 -6.55 0.282
Oct 2021 22.75 -2.71 12.74 -4.27 -10.01 -1.56 0.325
Nov 2021 25.60 3.51 11.45 0.00 -14.14 -3.51 0.315
Dec 2021 31.01 9.02 19.05 2.87 -11.96 -6.16 0.207
Jan 2022 30.27 10.09 17.16 -1.77 -13.11 -11.85 0.280

Observations 30 111

Note. The table presents effects on cold water consumption in the dishwasher for the inter-
vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Table C.15: Effects on cold water (toilet flush)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 8.90 2.24 3.25 1.79 -5.65 -0.45 0.472
Oct 2019 5.18 -0.48 3.07 2.01 -2.11 2.49 0.781
Nov 2019 5.45 -1.21 3.26 1.19 -2.19 2.39 0.724
Dec 2019 10.94 4.90 2.01 0.54 -8.93 -4.36 0.092
Jan 2020 14.05 6.57 4.66 2.53 -9.38 -4.03 0.080

Observations 45 182

Post-interv. (𝑡 = 2) 24.26 15.97 15.11 10.62 -9.16 -5.35 0.153
Feb 2020 5.65 -3.21 -0.71 -4.93 -6.36 -1.72 0.067
Mar 2020 25.02 17.08 18.77 16.10 -6.25 -0.98 0.294
Apr 2020 34.05 25.27 21.11 15.72 -12.94 -9.55 0.112
May 2020 32.34 29.00 21.26 17.66 -11.08 -11.34 0.101

Observations 46 181

Post-interv. (𝑡 = 3) 18.16 12.22 6.22 2.52 -11.93 -9.70 0.010
Jun 2020 21.18 13.02 10.97 8.23 -10.22 -4.79 0.193
Jul 2020 18.21 7.15 2.73 0.07 -15.48 -7.08 0.015
Aug 2020 18.48 11.27 4.02 1.94 -14.46 -9.33 0.008
Sep 2020 14.75 7.89 7.16 3.14 -7.59 -4.75 0.119

Observations 46 182

Post-interv. (𝑡 = 4) 28.07 17.66 14.18 9.33 -13.89 -8.33 0.111
Oct 2020 22.40 12.49 10.89 8.03 -11.51 -4.45 0.100
Nov 2020 28.00 19.28 14.23 10.28 -13.77 -9.00 0.085
Dec 2020 20.59 12.61 12.47 8.32 -8.12 -4.29 0.286
Jan 2021 41.28 22.74 19.12 12.51 -22.16 -10.23 0.081

Observations 46 181

Post-interv. (𝑡 = 5) 23.89 18.35 10.56 6.20 -13.33 -12.15 0.031
Feb 2021 22.99 6.07 4.55 -0.47 -18.44 -6.54 0.059
Mar 2021 25.12 15.56 12.79 10.13 -12.33 -5.44 0.141
Apr 2021 22.39 15.21 10.50 5.84 -11.89 -9.37 0.021
May 2021 25.06 19.43 14.40 10.75 -10.67 -8.67 0.060

Observations 43 168

Post-interv. (𝑡 = 6) 11.44 8.02 1.93 0.19 -9.51 -7.83 0.022
Jun 2021 15.09 9.56 6.36 2.55 -8.73 -7.02 0.161
Jul 2021 11.73 6.41 -3.15 -3.85 -14.88 -10.26 0.010
Aug 2021 9.89 6.12 0.77 -2.67 -9.12 -8.79 0.065
Sep 2021 9.05 6.76 3.75 0.29 -5.31 -6.48 0.153

Observations 43 166

Post-interv. (𝑡 = 7) 23.97 17.08 7.81 2.96 -16.15 -14.11 0.012
Oct 2021 18.77 7.52 6.20 -0.51 -12.57 -8.04 0.203
Nov 2021 20.70 11.94 5.48 2.14 -15.22 -9.80 0.020
Dec 2021 21.36 11.85 9.06 2.28 -12.30 -9.57 0.040
Jan 2022 35.04 21.09 10.51 3.89 -24.53 -17.20 0.001

Observations 43 160

Note. The table presents effects on cold water consumption in the toilet flush for the inter-
vention period (𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2)
show the mean and median percentage change from the baseline month in the control group.
Columns (3) and (4) show the mean and median in the intervention group. Columns (5)
and (6) show the differences between the control and intervention group in means and me-
dians. Column (7) shows 𝑝-values derived from the Mann-Whitney U test, which tests for
differences between the control group and the intervention group. Observations indicate the
number of buildings in the control and intervention group.
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Online Appendix D Robustness

Water consumption We committed to the nonparametric Mann-Whitney U-test in our

pre-analysis plan. This choice was based on two facts. First, Pitman (1949) shows that the

asymptotic relative efficiency of the Mann-Whitney U-test compared to the t-test can be

arbitrarily large. Second, power simulations based on pre-intervention data (from August

and September 2019) showed superior power for the Mann-Whitney U test, as compared to

the t-test. Tables D.1 and D.2 are equivalent to Tables C.3 and C.4, but show 𝑝-values from

the t-test instead of the Mann-Whitney U-test. The t-test corroborates our results from the

Mann-Whitney U test.

As described in Section 5.1 and pre-specified in our pre-analysis plan, we exclude outliers

for the main analysis. In particular, we exclude the bottom 5% based on the baseline water

consumption and, subsequently, the bottom and top 1% based on the outcome variable.

We conduct robustness checks with both stricter and more lenient exclusion criteria. The

stricter criteria exclude the bottom 10% based on baseline consumption and, subsequently,

the bottom and top 2.5% based on the outcome variable. The more lenient criteria set these

thresholds at 2.5% and 0.5%, respectively. Tables D.3, for hot water consumption, and D.4,

for cold water consumption, show that the stricter criteria lead to qualitatively similar, yet

slightly smaller, intervention effect estimates. Tables D.5 and D.6 show that the more lenient

criteria lead to somewhat larger intervention effect estimates. Overall, our estimates appear

robust to different outlier exclusion criteria.
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Table D.1: Effects on hot water (household, t-test)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 17.07 15.79 11.99 10.16 -5.09 -5.63 0.000
Oct 2019 10.49 8.10 5.52 5.06 -4.97 -3.04 0.000
Nov 2019 15.75 15.20 11.29 10.34 -4.46 -4.87 0.008
Dec 2019 19.24 17.07 13.65 12.65 -5.59 -4.42 0.004
Jan 2020 22.80 21.83 17.48 16.17 -5.32 -5.65 0.007

Observations 156 608

Post-interv. (𝑡 = 2) 28.53 28.23 23.72 21.83 -4.81 -6.40 0.020
Feb 2020 15.56 13.78 10.35 9.48 -5.21 -4.30 0.007
Mar 2020 38.64 36.02 33.20 30.68 -5.44 -5.35 0.036
Apr 2020 32.81 31.71 27.68 26.97 -5.13 -4.74 0.047
May 2020 27.11 27.00 23.65 21.91 -3.46 -5.09 0.164

Observations 156 607

Post-interv. (𝑡 = 3) 2.75 0.88 -0.00 -2.12 -2.75 -2.99 0.156
Jun 2020 13.31 9.13 10.69 8.30 -2.61 -0.83 0.269
Jul 2020 -2.98 -3.61 -3.90 -4.99 -0.92 -1.39 0.691
Aug 2020 -4.70 -7.31 -7.03 -8.27 -2.32 -0.96 0.283
Sep 2020 5.38 1.21 0.23 -1.05 -5.15 -2.25 0.031

Observations 156 607

Post-interv. (𝑡 = 4) 29.54 24.58 22.31 20.96 -7.22 -3.62 0.005
Oct 2020 22.50 17.94 13.93 12.73 -8.57 -5.21 0.001
Nov 2020 27.72 24.18 19.70 17.81 -8.02 -6.38 0.002
Dec 2020 32.10 28.30 25.32 23.38 -6.79 -4.92 0.019
Jan 2021 35.81 32.22 30.30 27.95 -5.51 -4.27 0.070

Observations 156 607

Post-interv. (𝑡 = 5) 26.28 22.54 21.63 18.57 -4.65 -3.97 0.096
Feb 2021 21.51 16.76 17.18 14.13 -4.32 -2.62 0.126
Mar 2021 33.12 30.06 28.78 25.28 -4.34 -4.78 0.191
Apr 2021 25.26 21.17 19.31 17.11 -5.95 -4.06 0.062
May 2021 25.22 22.80 21.24 17.85 -3.98 -4.95 0.212

Observations 153 596

Post-interv. (𝑡 = 6) -3.11 -5.11 -3.95 -5.47 -0.84 -0.36 0.733
Jun 2021 3.81 1.13 1.22 -1.33 -2.59 -2.46 0.345
Jul 2021 -8.16 -8.78 -8.60 -11.28 -0.44 -2.50 0.876
Aug 2021 -5.91 -7.85 -6.47 -9.28 -0.56 -1.43 0.839
Sep 2021 -2.19 -2.28 -1.94 -3.13 0.25 -0.85 0.926

Observations 151 596

Post-interv. (𝑡 = 7) 18.72 17.94 15.83 12.59 -2.90 -5.35 0.375
Oct 2021 11.11 9.12 9.82 7.15 -1.29 -1.97 0.688
Nov 2021 18.73 21.38 13.59 10.62 -5.14 -10.75 0.126
Dec 2021 20.51 20.08 18.44 14.24 -2.07 -5.83 0.586
Jan 2022 24.54 23.90 21.46 17.87 -3.09 -6.03 0.432

Observations 148 588

Note. The table presents effects on hot water consumption for the intervention period (𝑡 = 1)
and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean and
median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the t-test, which tests for differences between the control group
and the intervention group. Observations indicate the number of buildings in the main
estimation samples.

D.2



Table D.2: Effects on cold water (household, t-test)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -1.12 -1.06 -2.19 -2.94 -1.07 -1.89 0.334
Oct 2019 0.57 -1.01 0.44 -0.59 -0.14 0.42 0.919
Nov 2019 -2.88 -3.23 -2.59 -3.78 0.29 -0.55 0.814
Dec 2019 -1.80 -3.26 -3.39 -4.77 -1.58 -1.51 0.325
Jan 2020 -0.35 -0.90 -3.21 -3.54 -2.86 -2.64 0.081

Observations 134 529

Post-interv. (𝑡 = 2) 9.54 6.95 7.74 5.80 -1.81 -1.15 0.352
Feb 2020 -6.49 -7.96 -7.67 -8.54 -1.18 -0.58 0.528
Mar 2020 12.05 8.93 10.75 6.64 -1.30 -2.29 0.637
Apr 2020 16.13 13.41 12.56 11.21 -3.57 -2.20 0.169
May 2020 16.48 16.96 15.31 12.97 -1.18 -4.00 0.640

Observations 134 530

Post-interv. (𝑡 = 3) 8.99 5.86 6.78 5.36 -2.21 -0.51 0.259
Jun 2020 10.49 6.94 8.20 6.27 -2.29 -0.67 0.298
Jul 2020 5.94 5.67 5.43 4.47 -0.51 -1.20 0.830
Aug 2020 11.97 6.65 8.22 7.55 -3.75 0.89 0.116
Sep 2020 7.56 5.60 5.28 3.21 -2.28 -2.39 0.350

Observations 134 530

Post-interv. (𝑡 = 4) 6.34 7.40 4.48 2.85 -1.86 -4.55 0.394
Oct 2020 5.83 5.47 4.20 3.49 -1.63 -1.98 0.481
Nov 2020 6.51 8.56 3.88 3.01 -2.64 -5.56 0.253
Dec 2020 4.74 3.92 4.22 1.77 -0.52 -2.15 0.848
Jan 2021 8.27 8.37 5.63 3.27 -2.64 -5.11 0.335

Observations 134 530

Post-interv. (𝑡 = 5) 6.76 5.26 3.46 1.70 -3.30 -3.56 0.167
Feb 2021 0.23 -3.64 -3.42 -4.15 -3.65 -0.51 0.154
Mar 2021 9.82 5.34 6.11 4.34 -3.71 -1.01 0.182
Apr 2021 6.21 3.46 3.84 2.44 -2.36 -1.02 0.417
May 2021 10.80 8.26 7.32 6.63 -3.49 -1.63 0.208

Observations 131 518

Post-interv. (𝑡 = 6) 3.61 0.33 2.80 0.96 -0.82 0.63 0.734
Jun 2021 10.56 6.77 8.11 6.04 -2.45 -0.73 0.406
Jul 2021 -0.21 0.03 -1.91 -3.28 -1.70 -3.31 0.518
Aug 2021 2.37 -1.10 2.04 0.00 -0.33 1.10 0.908
Sep 2021 1.72 0.61 2.94 1.47 1.22 0.86 0.642

Observations 129 519

Post-interv. (𝑡 = 7) 3.05 -0.07 1.32 0.00 -1.73 0.07 0.513
Oct 2021 3.67 0.00 3.34 0.87 -0.33 0.87 0.911
Nov 2021 2.80 -0.44 0.23 -1.34 -2.57 -0.90 0.359
Dec 2021 -0.06 -3.15 -0.16 0.00 -0.10 3.15 0.971
Jan 2022 5.80 1.94 1.87 -0.21 -3.93 -2.15 0.170

Observations 127 513

Note. The table presents effects on cold water consumption for the intervention period
(𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the t-test, which tests for differences between the control group
and the intervention group. Observations indicate the number of buildings in the main
estimation samples.
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Table D.3: Effects on hot water (household, strict outlier exclusion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 15.51 15.22 11.72 10.09 -3.80 -5.14 0.000
Oct 2019 9.07 7.35 5.29 5.14 -3.79 -2.21 0.002
Nov 2019 14.32 14.92 11.13 10.38 -3.19 -4.54 0.001
Dec 2019 17.71 16.11 13.53 12.20 -4.18 -3.91 0.005
Jan 2020 20.96 21.41 16.93 15.68 -4.03 -5.73 0.005

Observations 156 604

Post-interv. (𝑡 = 2) 26.19 25.67 22.64 21.46 -3.55 -4.21 0.022
Feb 2020 13.62 11.04 9.71 9.27 -3.91 -1.77 0.025
Mar 2020 36.68 33.74 31.73 30.15 -4.96 -3.58 0.014
Apr 2020 30.00 28.28 26.69 27.09 -3.31 -1.19 0.141
May 2020 24.45 25.27 22.43 21.52 -2.02 -3.75 0.106

Observations 156 606

Post-interv. (𝑡 = 3) 0.83 -0.42 -0.63 -2.18 -1.46 -1.76 0.265
Jun 2020 11.46 8.05 10.09 7.95 -1.37 -0.10 0.490
Jul 2020 -5.14 -6.08 -4.68 -5.76 0.46 0.32 0.722
Aug 2020 -6.85 -8.51 -7.58 -8.59 -0.73 -0.07 0.846
Sep 2020 3.87 0.29 -0.32 -1.38 -4.19 -1.67 0.097

Observations 156 606

Post-interv. (𝑡 = 4) 24.77 22.86 21.28 20.27 -3.49 -2.59 0.088
Oct 2020 18.71 15.74 13.18 11.90 -5.53 -3.84 0.045
Nov 2020 23.75 22.56 18.95 17.94 -4.79 -4.62 0.019
Dec 2020 27.19 27.14 24.13 22.84 -3.05 -4.30 0.145
Jan 2021 29.46 29.93 28.87 27.25 -0.59 -2.68 0.554

Observations 155 607

Post-interv. (𝑡 = 5) 22.69 20.71 20.63 17.90 -2.06 -2.81 0.216
Feb 2021 18.60 14.28 16.60 13.71 -2.00 -0.56 0.374
Mar 2021 28.99 28.93 27.62 24.09 -1.38 -4.84 0.451
Apr 2021 21.56 20.55 18.30 16.67 -3.26 -3.88 0.176
May 2021 21.59 22.39 19.99 17.06 -1.60 -5.33 0.181

Observations 153 596

Post-interv. (𝑡 = 6) -5.40 -5.11 -4.84 -6.92 0.56 -1.81 0.829
Jun 2021 1.45 1.03 0.82 -2.27 -0.64 -3.29 0.212
Jul 2021 -10.33 -8.56 -9.90 -11.99 0.43 -3.43 0.720
Aug 2021 -8.44 -9.67 -7.55 -10.36 0.90 -0.69 0.961
Sep 2021 -4.30 -2.45 -2.74 -4.23 1.56 -1.78 0.951

Observations 151 596

Post-interv. (𝑡 = 7) 14.99 14.33 14.36 10.53 -0.63 -3.80 0.487
Oct 2021 7.26 4.31 8.49 5.99 1.23 1.68 0.772
Nov 2021 14.57 12.75 12.06 9.28 -2.51 -3.47 0.182
Dec 2021 17.27 17.87 17.06 12.23 -0.20 -5.64 0.566
Jan 2022 20.85 22.76 19.82 16.32 -1.03 -6.44 0.412

Observations 148 586

Note. The table presents effects on hot water consumption for the intervention period (𝑡 = 1)
and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the estimation samples with strict outlier exclusion criteria.
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Table D.4: Effects on cold water (household, strict outlier exclu-
sion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -1.75 -2.38 -2.75 -3.61 -1.00 -1.23 0.230
Oct 2019 -0.04 -1.30 -0.16 -0.82 -0.12 0.48 0.784
Nov 2019 -3.12 -3.15 -3.06 -3.85 0.06 -0.71 0.774
Dec 2019 -2.07 -3.84 -3.98 -4.79 -1.91 -0.95 0.272
Jan 2020 -1.75 -1.32 -3.79 -4.46 -2.04 -3.14 0.082

Observations 134 527

Post-interv. (𝑡 = 2) 7.49 5.79 6.56 5.59 -0.92 -0.20 0.268
Feb 2020 -7.52 -9.05 -8.35 -8.88 -0.83 0.17 0.244
Mar 2020 10.01 8.27 8.59 6.49 -1.42 -1.78 0.223
Apr 2020 13.01 12.25 11.67 10.91 -1.34 -1.34 0.278
May 2020 14.44 15.61 14.35 12.61 -0.09 -3.01 0.372

Observations 134 527

Post-interv. (𝑡 = 3) 6.37 4.41 5.95 4.98 -0.42 0.57 0.764
Jun 2020 7.52 5.61 7.11 5.50 -0.41 -0.11 0.968
Jul 2020 3.28 2.16 4.77 3.51 1.49 1.36 0.485
Aug 2020 9.60 5.54 7.55 6.44 -2.05 0.90 0.959
Sep 2020 5.08 4.66 4.35 3.05 -0.72 -1.61 0.538

Observations 134 527

Post-interv. (𝑡 = 4) 3.46 4.65 3.26 2.58 -0.20 -2.07 0.517
Oct 2020 3.06 3.95 3.51 3.22 0.45 -0.73 0.894
Nov 2020 3.64 4.47 2.84 2.86 -0.81 -1.61 0.419
Dec 2020 1.98 2.13 2.44 1.14 0.45 -0.98 0.653
Jan 2021 5.14 6.75 4.26 2.50 -0.88 -4.25 0.394

Observations 133 529

Post-interv. (𝑡 = 5) 4.18 5.50 1.65 1.14 -2.52 -4.36 0.078
Feb 2021 -1.88 -3.86 -5.27 -5.56 -3.39 -1.71 0.248
Mar 2021 7.47 5.93 4.06 2.80 -3.41 -3.13 0.264
Apr 2021 3.71 3.06 1.93 1.02 -1.78 -2.04 0.317
May 2021 7.41 7.57 5.90 5.16 -1.52 -2.41 0.244

Observations 130 517

Post-interv. (𝑡 = 6) 0.70 -0.20 1.16 0.00 0.47 0.20 0.754
Jun 2021 7.65 7.74 6.58 5.59 -1.08 -2.15 0.215
Jul 2021 -2.93 -0.28 -3.25 -4.70 -0.32 -4.41 0.422
Aug 2021 -0.94 -1.42 0.12 -0.65 1.06 0.77 0.889
Sep 2021 -0.98 0.25 1.22 0.00 2.21 -0.25 0.516

Observations 128 518

Post-interv. (𝑡 = 7) -1.44 -1.44 -0.17 -1.08 1.27 0.36 0.937
Oct 2021 -1.23 -0.21 2.03 0.00 3.26 0.21 0.512
Nov 2021 -1.07 -0.46 -1.49 -2.06 -0.42 -1.59 0.486
Dec 2021 -3.91 -3.82 -1.51 -2.11 2.41 1.71 0.499
Jan 2022 0.47 0.47 0.28 -1.44 -0.18 -1.91 0.397

Observations 126 512

Note. The table presents effects on cold water consumption for the intervention period
(𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the estimation samples with strict outlier exclusion criteria.

D.5



Table D.5: Effects on hot water (household, lenient outlier exclu-
sion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) 18.02 16.50 12.25 10.30 -5.77 -6.20 0.000
Oct 2019 11.13 9.47 5.99 5.24 -5.14 -4.23 0.000
Nov 2019 16.62 15.25 11.35 10.19 -5.27 -5.06 0.000
Dec 2019 20.30 17.66 13.80 12.66 -6.51 -5.00 0.000
Jan 2020 24.02 23.26 17.87 16.26 -6.15 -7.00 0.000

Observations 156 608

Post-interv. (𝑡 = 2) 31.40 28.85 25.08 22.02 -6.32 -6.83 0.001
Feb 2020 17.86 14.74 11.18 9.75 -6.68 -4.99 0.001
Mar 2020 41.75 38.16 34.72 31.06 -7.04 -7.10 0.002
Apr 2020 35.90 32.69 29.27 27.17 -6.63 -5.52 0.003
May 2020 30.09 27.38 25.17 22.19 -4.91 -5.19 0.007

Observations 156 607

Post-interv. (𝑡 = 3) 4.73 1.55 0.48 -1.64 -4.25 -3.19 0.033
Jun 2020 16.03 10.75 11.42 8.59 -4.61 -2.16 0.058
Jul 2020 -0.84 -3.10 -3.36 -4.93 -2.51 -1.84 0.149
Aug 2020 -2.89 -6.92 -6.82 -7.61 -3.93 -0.69 0.259
Sep 2020 6.62 1.71 0.67 -0.75 -5.96 -2.45 0.026

Observations 156 608

Post-interv. (𝑡 = 4) 32.32 26.85 22.85 21.93 -9.47 -4.92 0.002
Oct 2020 24.92 19.49 14.46 14.28 -10.46 -5.21 0.001
Nov 2020 30.52 25.57 20.22 18.12 -10.30 -7.46 0.000
Dec 2020 34.70 30.20 25.78 23.55 -8.92 -6.64 0.007
Jan 2021 39.11 35.13 30.92 28.53 -8.20 -6.59 0.046

Observations 156 607

Post-interv. (𝑡 = 5) 29.74 23.59 22.89 19.09 -6.85 -4.50 0.063
Feb 2021 24.16 17.19 18.20 15.27 -5.96 -1.93 0.096
Mar 2021 35.98 29.45 29.94 25.81 -6.04 -3.63 0.112
Apr 2021 31.17 23.97 20.54 17.90 -10.64 -6.07 0.026
May 2021 27.64 24.71 22.87 18.78 -4.77 -5.92 0.049

Observations 153 596

Post-interv. (𝑡 = 6) -0.05 -2.13 -2.95 -4.99 -2.90 -2.86 0.343
Jun 2021 6.77 3.03 1.95 -1.02 -4.82 -4.05 0.041
Jul 2021 -5.10 -8.56 -7.67 -10.23 -2.57 -1.66 0.473
Aug 2021 -2.75 -5.15 -5.34 -8.42 -2.59 -3.27 0.585
Sep 2021 0.89 0.98 -0.74 -2.75 -1.63 -3.72 0.320

Observations 151 596

Post-interv. (𝑡 = 7) 21.54 19.51 19.10 14.70 -2.44 -4.81 0.302
Oct 2021 13.55 10.47 16.89 7.68 3.34 -2.79 0.504
Nov 2021 22.08 21.70 15.66 12.01 -6.43 -9.69 0.094
Dec 2021 23.40 21.89 20.23 16.06 -3.17 -5.84 0.383
Jan 2022 27.13 24.64 23.61 18.75 -3.52 -5.89 0.318

Observations 148 589

Note. The table presents effects on hot water consumption for the intervention period (𝑡 = 1)
and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the estimation samples with lenient outlier exclusion criteria.
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Table D.6: Effects on cold water (household, lenient outlier exclu-
sion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Mean Median Mean Median Mean Median

Intervention (𝑡 = 1) -0.64 -0.64 -1.58 -2.42 -0.94 -1.78 0.215
Oct 2019 0.97 -0.04 0.77 -0.43 -0.20 -0.39 0.602
Nov 2019 -2.64 -3.15 -2.07 -3.18 0.57 -0.04 0.885
Dec 2019 -1.37 -3.07 -2.96 -4.24 -1.60 -1.17 0.334
Jan 2020 0.48 -0.09 -2.06 -2.90 -2.55 -2.82 0.039

Observations 134 530

Post-interv. (𝑡 = 2) 11.30 7.81 8.96 6.08 -2.34 -1.73 0.124
Feb 2020 -4.74 -6.25 -7.11 -8.12 -2.37 -1.86 0.118
Mar 2020 14.60 9.28 12.15 7.51 -2.45 -1.78 0.204
Apr 2020 17.65 14.53 14.82 11.41 -2.83 -3.12 0.067
May 2020 17.68 16.96 15.98 13.01 -1.69 -3.95 0.195

Observations 134 530

Post-interv. (𝑡 = 3) 10.19 6.08 7.68 5.58 -2.51 -0.51 0.440
Jun 2020 12.40 7.51 9.24 6.49 -3.16 -1.03 0.276
Jul 2020 7.23 6.24 6.79 5.10 -0.44 -1.14 0.853
Aug 2020 13.03 7.93 8.95 7.74 -4.08 -0.19 0.361
Sep 2020 8.10 5.57 5.74 3.26 -2.36 -2.32 0.235

Observations 134 530

Post-interv. (𝑡 = 4) 9.58 9.44 5.34 3.44 -4.23 -6.00 0.235
Oct 2020 8.83 5.99 5.03 3.58 -3.81 -2.41 0.230
Nov 2020 9.98 8.79 4.76 3.40 -5.22 -5.39 0.164
Dec 2020 7.69 4.47 4.98 2.03 -2.71 -2.44 0.368
Jan 2021 11.81 9.71 6.61 4.02 -5.20 -5.69 0.142

Observations 134 530

Post-interv. (𝑡 = 5) 7.61 4.04 4.51 2.01 -3.10 -2.03 0.227
Feb 2021 1.33 -3.43 -2.69 -4.08 -4.02 -0.65 0.312
Mar 2021 10.93 5.29 7.13 4.51 -3.80 -0.78 0.539
Apr 2021 6.94 2.92 5.47 2.85 -1.47 -0.07 0.553
May 2021 11.26 7.89 8.14 7.26 -3.12 -0.63 0.367

Observations 131 519

Post-interv. (𝑡 = 6) 3.78 0.42 4.25 1.37 0.47 0.95 0.896
Jun 2021 10.80 6.77 8.96 6.80 -1.83 0.03 0.532
Jul 2021 -0.01 0.03 0.23 -2.17 0.25 -2.20 0.620
Aug 2021 2.50 1.92 3.54 0.07 1.04 -1.85 0.742
Sep 2021 1.83 0.42 4.24 2.46 2.41 2.04 0.292

Observations 129 519

Post-interv. (𝑡 = 7) 4.94 0.00 2.64 0.00 -2.29 0.00 0.632
Oct 2021 5.80 0.39 4.63 0.96 -1.16 0.57 0.892
Nov 2021 4.16 0.00 1.54 -0.41 -2.63 -0.41 0.580
Dec 2021 1.95 -2.23 1.12 0.00 -0.84 2.23 0.921
Jan 2022 7.83 3.21 3.28 0.00 -4.55 -3.21 0.142

Observations 127 513

Note. The table presents effects on cold water consumption for the intervention period
(𝑡 = 1) and the post-intervention periods (𝑡 = 2 to 𝑡 = 7). Columns (1) and (2) show the mean
and median percentage change from the baseline month in the control group. Columns (3)
and (4) show the mean and median in the intervention group. Columns (5) and (6) show the
differences between the control and intervention group in means and medians. Column (7)
shows 𝑝-values derived from the Mann-Whitney U test, which tests for differences between
the control group and the intervention group. Observations indicate the number of buildings
in the estimation samples with lenient outlier exclusion criteria.

Electricity consumption We conduct robustness checks using the t-test instead of the

Mann-Whitney U test and for different outlier exclusion criteria. Table D.7 shows 𝑝-values
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from the t-test instead of the Mann-Whitney U test. Table D.8 uses strict exclusion criteria

(removing the bottom 10% instead of 5% on baseline; bottom and top 2.5% instead of 1% on

outcome) and Table D.9 uses lenient outlier exclusion criteria (thresholds 2.5% and 0.5%).

We find no evidence for electricity spillovers in these robustness checks.

Table D.7: Effects on electricity (t-test)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Year Mean Median Mean Median Mean Median

Year 2019 -1.37 -1.49 -1.38 -1.02 -0.00 0.47 0.997
Observations 58 241

Year 2020 -12.64 -5.47 -11.14 -3.15 1.50 2.32 0.662
Observations 57 242

Note. The table presents effects on electricity consumption for the years 2019 and 2020.
Columns (1) and (2) show the mean and median percentage change from the baseline
month in the control group. Columns (3) and (4) show the mean and median in the
intervention group. Columns (5) and (6) show the differences between the control and
intervention group in means and medians. Column (7) shows 𝑝-values derived from
the t-test, which tests for differences between the control group and the intervention
group. Observations indicate the number of buildings in the main estimation samples.

Table D.8: Effects on electricity (strict outlier exclusion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Year Mean Median Mean Median Mean Median

Year 2019 -1.27 -1.65 -1.36 -1.13 -0.09 0.52 0.839
Observations 48 227

Year 2020 -14.21 -6.50 -10.66 -3.18 3.55 3.32 0.196
Observations 50 225

Note. The table presents effects on electricity consumption for the years 2019 and 2020.
Columns (1) and (2) show the mean and median percentage change from the baseline
month in the control group. Columns (3) and (4) show the mean and median in the
intervention group. Columns (5) and (6) show the differences between the control and
intervention group in means and medians. Column (7) shows 𝑝-values derived from
the t-test, which tests for differences between the control group and the intervention
group. Observations indicate the number of buildings in the estimation samples with
strict outlier exclusion criteria.
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Table D.9: Effects on electricity (lenient outlier exclusion)

Control Intervention Difference 𝑝-value
(1) (2) (3) (4) (5) (6) (7)

Year Mean Median Mean Median Mean Median

Year 2019 -1.48 -1.63 -1.28 -1.07 0.20 0.56 0.824
Observations 59 252

Year 2020 -11.19 -5.47 -11.54 -3.18 -0.35 2.29 0.587
Observations 59 252

Note. The table presents effects on electricity consumption for the years 2019 and 2020.
Columns (1) and (2) show the mean and median percentage change from the baseline
month in the control group. Columns (3) and (4) show the mean and median in the
intervention group. Columns (5) and (6) show the differences between the control and
intervention group in means and medians. Column (7) shows 𝑝-values derived from
the t-test, which tests for differences between the control group and the intervention
group. Observations indicate the number of buildings in the estimation samples with
lenient outlier exclusion criteria.

Heating energy consumption We exclude outliers in our analysis of water data to ac-

count for defective household-level meters and vacations in the baseline month September

2019. These concerns do not apply to cost center data, which are thoroughly validated and

cover yearly billing periods. As a robustness check, we remove outliers equivalent to the pro-

cedure described in Section 5.1. First, we remove cost centers with the lowest 5% of baseline

heating energy consumption values (𝐻𝐸𝑐,2019). Second, we remove the top and bottom 1%

of the outcome variable (𝑑𝐻𝐸𝑐,2020 or 𝑑𝐻𝐸𝑐,2021) from the remaining sample. In the 2020

billing period, this procedure drops 21 cost centers, keeping a sample of 279. Table D.10

shows that the effect of the intervention on heating energy consumption is somewhat smaller

than in our main analysis (ranging from −3.90% to −6.16%). Tested against 𝛽0 = −0.33, we
obtain 𝑝 = 0.049 for the specification in column (1), 𝑝 = 0.014 for column (2), and 𝑝 = 0.009

in column (3). This robustness check also reaffirms our results for the 2021 billing period.

Tested against 𝛽0 = −0.57, we obtain 𝑝 = 0.040 for the specification in column (4), 𝑝 = 0.025

for column (5), and 𝑝 = 0.089 in column (6).

Our second robustness check weights cost centers by the number of households. The

number of households per cost center varies between 1 and 125, with median 10, and per-

centiles 25 and 75 of 6 and 15, respectively. Our main analysis gives each cost center the

same weight, irrespective of its size. Table D.11 shows results from a regression with weights

according to the number of households in a cost center. The coefficient of interest ranges

from −9.07 to −12.76 for the 2020 billing period, between −8.14 and −8.84 for the 2021

billing period. Testing the main coefficient against 𝛽0 yields 𝑝-values at or below 0.01 for

columns (1) to (5), 𝑝 = 0.048 for column (6). Not weighting cost centers by the number of

households turns out to be the conservative choice.
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As a final robustness check, we weight cost centers by their energy consumption in the

baseline billing period 2019. Energy consumption of cost centers varies between 10, 253 kWh

and 3, 109, 240 kWh, with median 158, 843, and percentiles 25 and 75 of 105, 105 and 238, 354,

respectively. Table D.12 shows results from a regression with weights according to cost

centers’ baseline energy consumption. The coefficient of interest ranges from −7.32 to −9.69
for the 2020 billing period, between −6.08 and −7.19 for the 2021 billing period. Testing the

main coefficient against 𝛽0 yields 𝑝-values below 0.05 for columns (1) to (5), below 0.10 for

column (6). This robustness check reaffirm our main results. Cost centers are heterogeneous

with respect to their baseline energy consumption, but this heterogeneity does not affect our

findings.

Table D.10: Effects on heating energy (outliers excluded)

Billing period 2020 Billing period 2021

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

Intervention -3.90 -4.52 -6.16 -4.95 -5.12 -5.33
(1.80) (1.69) (2.21) (2.12) (2.02) (2.78)
[0.049] [0.014] [0.009] [0.040] [0.025] [0.089]

Billing period April -1.97 4.41 9.16 26.89
(3.17) (18.22) (3.67) (9.62)

Billing period May -5.41 -7.76 1.26 -1.49
(1.56) (3.29) (1.62) (3.17)

Billing period June -9.70 -9.54 2.77 -0.06
(1.73) (2.54) (2.87) (6.19)

Renewable heating -2.51 -7.20 -6.96 -5.91
(1.54) (3.03) (1.98) (4.01)

April x Intervention -7.23 -20.50
(19.04) (11.98)

May x Intervention 3.04 3.57
(4.09) (3.92)

June x Intervention -0.05 3.89
(4.27) (6.91)

Ren. heating x Intervention 5.97 -1.31
(3.58) (4.84)

Constant 5.21 7.85 9.13 11.95 12.71 12.88
(1.53) (1.48) (1.82) (1.80) (1.83) (2.41)

Observations 279 279 279 277 277 277

Note. The table reports coefficients from OLS regressions. Column (1) reports regression co-
efficients of 𝑑𝐻𝐸𝑐,2020 (the change in heating energy consumption from billing period 2019 to
billing period 2020) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 (the share of intervention households in the cost center).
The specification in column (2) adds indicators for different billing periods (reference category
March). The specification in column (3) adds interactions between these billing periods and
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. Column (4) reports regression coefficients of 𝑑𝐻𝐸𝑐,2021 (the change in heat-
ing energy consumption from billing period 2019 to billing period 2021) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. The
specification in column (5) adds indicators for different billing periods (reference category March).
The specification in column (6) adds interactions between these billing periods and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐.
Standard errors are reported in parentheses. The values in brackets represent 𝑝-values from tests
of the main coefficient against 𝛽0. All results are based on a subset of the main estimation sample,
excluding outliers in two steps. First, cost centers with the lowest 5% of baseline heating energy
consumption values (𝐻𝐸𝑐,2019) are excluded. Second, the top and bottom 1% of the outcome
variable (𝑑𝐻𝐸𝑐,2020 or 𝑑𝐻𝐸𝑐,2021) is excluded from the remaining sample.
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Table D.11: Effects on heating energy (weighted by number of house-
holds)

Billing period 2020 Billing period 2021

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

Intervention -9.07 -9.18 -12.76 -8.57 -8.14 -8.84
(3.17) (3.03) (4.76) (3.10) (2.81) (4.16)
[0.006] [0.004] [0.010] [0.010] [0.008] [0.048]

Billing period April -2.24 3.26 8.25 30.03
(3.86) (18.16) (3.30) (7.67)

Billing period May -6.46 -15.43 1.53 -4.73
(2.37) (5.37) (1.84) (4.23)

Billing period June -11.22 -16.23 4.65 -1.55
(3.01) (5.35) (3.37) (7.98)

Renewable heating -6.66 -11.24 -10.95 -8.86
(4.23) (6.73) (3.51) (6.44)

April x Intervention -6.28 -25.70
(18.58) (8.87)

May x Intervention 10.97 7.68
(5.27) (4.90)

June x Intervention 6.84 8.31
(6.31) (8.30)

Ren. heating x Intervention 5.67 -2.55
(5.46) (6.49)

Constant 10.19 13.83 16.68 13.99 15.43 15.99
(3.49) (3.98) (5.29) (2.82) (2.71) (3.81)

Observations 300 300 300 297 297 297

Note. The table reports coefficients from OLS regressions. Column (1) reports regression co-
efficients of 𝑑𝐻𝐸𝑐,2020 (the change in heating energy consumption from billing period 2019 to
billing period 2020) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 (the share of intervention households in the cost center).
The specification in column (2) adds indicators for different billing periods (reference category
March). The specification in column (3) adds interactions between these billing periods and
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. Column (4) reports regression coefficients of 𝑑𝐻𝐸𝑐,2021 (the change in heating
energy consumption from billing period 2019 to billing period 2021) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. The speci-
fication in column (5) adds indicators for different billing periods (reference category March). The
specification in column (6) adds interactions between these billing periods and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐.
Standard errors are reported in parentheses. The values in brackets represent 𝑝-values from tests
of the main coefficient against 𝛽0. Cost centers are weighted according to the number of house-
holds in the cost center.
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Table D.12: Effects on heating energy (weighted by baseline energy
consumption)

Billing period 2020 Billing period 2021

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

Intervention -7.32 -7.38 -9.69 -7.19 -6.64 -6.08
(3.20) (3.20) (4.64) (2.80) (2.49) (3.31)
[0.030] [0.028] [0.045] [0.019] [0.016] [0.097]

Billing period April -2.13 3.31 9.07 29.56
(3.84) (18.82) (3.52) (9.13)

Billing period May -5.52 -13.18 1.67 -4.15
(2.65) (5.50) (2.01) (4.32)

Billing period June -9.33 -12.57 4.81 -0.33
(2.85) (5.58) (3.52) (8.12)

Renewable heating -7.75 -11.55 -13.22 -8.60
(4.95) (7.48) (3.80) (6.34)

April x Intervention -6.12 -23.73
(19.18) (10.91)

May x Intervention 9.38 7.03
(4.88) (4.69)

June x Intervention 4.35 6.79
(5.40) (8.18)

Ren. heating x Intervention 4.69 -5.54
(5.55) (6.26)

Constant 7.78 10.97 12.82 11.49 13.33 12.88
(3.90) (4.53) (5.65) (2.64) (2.38) (3.04)

Observations 300 300 300 297 297 297

Note. The table reports coefficients from OLS regressions. Column (1) reports regression co-
efficients of 𝑑𝐻𝐸𝑐,2020 (the change in heating energy consumption from billing period 2019 to
billing period 2020) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐 (the share of intervention households in the cost center).
The specification in column (2) adds indicators for different billing periods (reference category
March). The specification in column (3) adds interactions between these billing periods and
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. Column (4) reports regression coefficients of 𝑑𝐻𝐸𝑐,2021 (the change in heat-
ing energy consumption from billing period 2019 to billing period 2021) on 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐. The
specification in column (5) adds indicators for different billing periods (reference category March).
The specification in column (6) adds interactions between these billing periods and 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑐.
Standard errors are reported in parentheses. The values in brackets represent 𝑝-values from tests
of the main coefficient against 𝛽0. Cost centers are weighted according to their energy consump-
tion in the baseline billing period 2019.
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Online Appendix E Alternative mechanisms

Imperfect procedural knowledge applies if not all households know exactly where hot water

is used (Tonke, 2020). This concern may be particularly relevant for the dishwasher, which

uses cold water and heats it with electricity. Whether the typical household is aware of

this fact is unclear. If a household thinks that the dishwasher uses hot water, a reduction

in dishwasher use could be due to imperfect procedural knowledge. However, imperfect

procedural knowledge is unlikely to cause the spillover in the toilet flush and the reduced

consumption of room heating energy.

Physical investments can persistently reduce residential resource consumption, but such

investments are not particularly relevant in our sample of tenant households. The main

physical investment to reduce water consumption are water-saving aerators. These devices

can be installed in the shower, the kitchen sink, and the vanity basin. They reduce hot and

cold water at the same rate, mirroring a spillover resulting from perfect complementarity.

The intervention is highly unlikely to cause physical investments that would reduce water

consumption in the dishwasher or toilet flush, particularly in the context of tenant households

in Switzerland. In the tenant sample we study, such investments are at the landlord’s

discretion. The same holds true for weatherization investments to reduce room heating

energy consumption.

Finally, households may be subject to cognitive spillovers. An intervention could lead to

better decisions in the target behavior, but the associated depletion of cognitive resources

may have negative consequences for a spillover behavior. This mechanism requires a cogni-

tively demanding intervention and predicts short-lived (most likely negative) spillovers. Cog-

nitive spillovers, while relevant in other settings (Altmann et al., 2021; Trachtman, 2021),

cannot account for the positive spillovers we observe long after the end of the intervention.
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Online Appendix F Welfare estimates

Calculations

This appendix details the assumptions and calculations for the welfare calculation in Sec-

tion 6.2. All values refer to the average household over a 12 month period, unless stated

otherwise.

Table F.1 depicts the details of our calculation. The average household consumes 2.48 m3

of hot water in the baseline period, September 2019. The energy needed for heating this

amount of hot water is calculated with a conversion factor of 71 kWh/m3 (2.48 m3 ×
71 kWh/m3 = 176 kWh).22 The baseline consumption of heating energy (17, 719 kWh)

refers to the 2019 billing period (in most cases from April 1, 2018 until March 31, 2019).

We use our estimates from Section 5 to calculate the changes caused by the intervention.

For hot water, we consider intervention effects for 𝑡 = 1 (the four intervention months

October 2019 until January 2020) as well as the eight post-intervention months February

2019 until September 2020 in 𝑡 = 2 and 𝑡 = 3 (Table C.3). The intervention reduced hot

water consumption by 5.09% during the four intervention months in 𝑡 = 1. Together with

the −4.81% effect for 𝑡 = 2 and the −2.75% effect for 𝑡 = 3, we obtain an average effect of

−4.22%. The effect on energy consumption for room heating, 5.63%, applies to the yearly

heating period. We multiply these percent changes with the baseline consumption values,

which yields monthly savings for hot water and yearly savings for room heating. Multiplying

the monthly hot water savings with 12, we obtain yearly water savings of 1.26 m3. The

yearly energy savings are 89 kWh for hot water and 997 kWh for room heating.

We calculate households’ bill savings using variable water costs of 2.85 CHF/m3 (Lanter,

2010) and heating energy costs of 0.105 CHF/kWh (taken directly from the billing data).

As in (Jessoe et al., 2021a), we approximate profits of utility companies as the difference

between retail and wholesale prices.23 Using these prices, the hot water savings are valued at

CHF 12.95 (CHF 3.58 in water costs and CHF 9.37 in energy costs), while the room heating

energy savings are valued at CHF 104.69. Utility companies forgo profits of 9.27 (CHF 2.68

in water and CHF 6.59 in energy) for hot water; CHF 73.62 for room heating.

22According to the Metering Company, one m3 of hot water requires 71 kWh of energy. This value is
based on a circulation loss factor of 1.25 and a temperature difference between hot and cold water of 49
degrees Celsius.

23We take wholesale prices for natural gas and heating oil from BFS Bundesamt für Statistik (2021).
Wholesale prices for district heating and water are not readily available. We apply the wholesale price of
natural gas to district heating because district heating operators use natural gas during peak demand (Nuss-
baumer et al., 2021). Water utilities in Switzerland are local monopolies (Foellmi and Meister, 2012), as are
gas utilities. In the absence of a better estimate, we apply the markup we observe for natural gas (75%) to
water.
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Depending on the respective energy source, the provision of heating energy emits local

pollutants. We consider health related costs of local pollution. In our study sample, energy

was provided by the following heating systems during the 2019 baseline period: natural gas

(9, 624 kWh, 54%), oil (3, 723 kWh, 21%), district heating (4, 318 kWh, 24%), and electricity

(54 kWh, 0.3%), amounting to 17, 719 kWh (100%) for the average household. We calculate

the emissions of the pollutants NO𝑥, SO2, and NMVOCs for natural gas and oil (BAFU

Bundesamt für Umwelt, 2015). Columns (1) and (2) of Table F.2 list the emissions of these

pollutants in g per kWh provided by natural gas and oil. Column (3) lists the emissions

for district heating. In Switzerland, district heating comes mostly from waste incineration,

renewables, and waste heat. We factor in the 17% of district heating that is provided by

natural gas (Nussbaumer et al., 2021). Column (4) lists the emissions for electricity which,

in Switzerland, is mostly hydroelectric and nuclear power. We factor in the 2% of the

Swiss electricity mix comes from fossil fuels (assuming natural gas). Column (5) calculates

the weighted average among our sample (weighting heating systems by their shares among

the households in our sample, e.g. 54% for natural gas). To convert these emissions into

monetary estimates of health costs, we draw on cost factors from the integrated impact

assessment model EcoSense (Schmid and Im, 2019). EcoSense quantifies and values health

related costs including mortality (valued at EUR 60, 000 per year of life lost), morbidity

(e.g. bronchitis), and other impacts (e.g. work loss days). The cost factors in column (6) are

0.02358 CHF/g for NO𝑥, 0.06172 CHF/g for SO2, and 0.00561 CHF/g for NMVOCs. We

multiply the respective emissions by these cost factors to calculate the local external costs in

CHF/kWh in column (7) of Table F.2. Summing up the individual pollutants, we get local

external costs of 0.00226 CHF/kWh. Using this estimate in Table F.1, we value the average

household’s reduction of local externalities through hot water consumption at CHF 0.20 and

those through room heating at CHF 2.25.

Heating energy from fossil sources also causes a global externality through CO2 emis-

sions. We use CO2 emission factors for natural gas (0.20 kgCO2/kWh), district heating

(0.16 kgCO2/kWh), and oil (0.27 kgCO2/kWh), as provided by the national greenhouse

gas inventory of Switzerland (BAFU Bundesamt für Umwelt, 2018). Weighting these val-

ues by their shares among households in our sample (e.g. 54% for natural gas), we obtain

0.21 kgCO2/kWh. We apply a social cost of carbon of CHF 100 (Stiglitz et al., 2017). This

calculation yields global external costs of 0.021 CHF/kWh. Table F.1 shows that the aver-

age household’s reduction of global externalities through reduced hot water consumption is

valued at CHF 1.83 and those through room heating at CHF 20.46.
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Table F.1: Detailed cost-benefit calculations

(1) (2) (3)
Hot water Hot water Room heating

Water Energy Energy

Baseline
Baseline period consumption 2.48 m3/mo 176 kWh/mo 17,719 kWh/y

Intervention effects
Effect estimates 4.22% 4.22% 5.63%
Effects over 12 months (−Δ𝑥) 1.26 m3 89 kWh 997 kWh

CHF per unit (m3 or kWh)
Retail prices (𝑝) 2.850 0.105 0.105
Wholesale prices (𝑝 − 𝜋) 0.714 0.031 0.031
Profit margins (𝜋) 2.136 0.074 0.074
Local externalities (𝜙𝑙) 0.000 0.002 0.002
Global externalities (𝜙𝑔) 0.000 0.021 0.021

CHF
Utility bill (−Δ𝑥 × 𝑝) 3.58 9.37 104.69
Profits (Δ𝑥 × 𝜋) -2.68 -6.59 -73.62
Local externalities (−Δ𝑥 × 𝜙𝑙) 0.00 0.20 2.25
Global externalities (−Δ𝑥 × 𝜙𝑔) 0.00 1.83 20.46

Note. The relative and absolute changes are weighted averages of the intervention and post-intervention effects
and thus represented in annual terms. Absolute values are shown per household.

Table F.2: Local externalities

(1) (2) (3) (4) (5) (6) (7)
g/kWh g/kWh g/kWh g/kWh g/kWh CHF/g CHF/kWh

Gas Oil District h. Elect. All

NO𝑥 0.0684 0.1296 0.0116 0.0014 0.06722 0.02358 0.00159
SO2 0.0018 0.0432 0.0003 0.0000 0.01013 0.06172 0.00063
NMVOCs 0.0072 0.0216 0.0012 0.0001 0.00875 0.00561 0.00005

Sum (𝜙𝑙) 0.00226

Note. Columns (1) and (2) list the emissions of these pollutants in g per kWh provided by natural gas and oil. Column
(3) calculates the weighted average of emissions among our sample (assuming zero emissions for district heating and
electricity). Column (4) depicts cost factors from the integrated impact assessment model EcoSense (Schmid and Im,
2019). Column (5) multiplies emissions by cost factors to calculate the external costs in CHF/kWh.

F.3



Other costs and benefits

The main unknown in our welfare estimates is of course Δ𝑈. It comprises several components.

Households may incur financial and comfort related costs to conserve water and energy. For

instance, they may buy conservation equipment like water-saving shower heads and forgo the

comfort of a hot bath or a generously heated living room. Moreover, behavioral interventions

may cause psychological costs if they make households feel bad about their consumption

choices. Δ𝑈 may also include benefits if, for instance, households derive utility from the

environmental self-image they develop as a result of the intervention. This study is not

designed to quantify Δ𝑈. Our results, however, may be relevant for the measurement of Δ𝑈.

The measurement of Δ𝑈 is essential for the evaluation of behavioral interventions and a

growing literature takes up this challenge. Allcott and Kessler (2019) propose an innovative

approach to quantify Δ𝑈. The authors elicit households’ willingness to pay (WTP) for

Home Energy Reports. Households are assumed to not take externalities or profits of utility

companies into account, so that their WTP reflects the sum of their estimated utility bill

savings and Δ𝑈. Denoting households estimate of Δ𝑥 as Δ̃𝑥, we obtain:

𝑊𝑇𝑃 = Δ𝑈 − Δ̃𝑥 × 𝑝 (F.1)

Households may underestimate their utility bill savings if they are not fully aware of

positive spillovers. In this case, their WTP would be smaller than their true benefit from

the intervention. Hence, a low WTP could either reflect that households are unaware of

spillovers and underestimate their utility bill savings (−Δ̃𝑥 × 𝑝 < −Δ𝑥 × 𝑝), or that Δ𝑈

is low.24 These two explanations have very different implications. The former indicates

that households are unaware of their own behavior change, while the latter suggests that

households incur substantial financial costs, comfort related costs, or psychological costs.

We are not aware of existing evidence on Δ̃𝑥 in the context of spillovers. Are households

even aware of spillovers? In case households are aware of positive spillovers, do they fully

incorporate them into their WTP? These are promising questions for future research.

24This argument assumes that the researchers take relevant spillovers into account. If researchers do not
take relevant spillovers into account, their estimate of Δ𝑈 is biased even if Δ̃𝑥 = Δ𝑥.
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