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Abstract

Water suppliers inwater-scarce regions are showing greater interest in using non-price
mechanisms that can help encourage conservation. One suchmechanism is awater au-
dit, which involves assessingwater use in the home and providing tailored suggestions
regarding how to conserve water. Yet, very little is known about the efficacy, efficiency,
and cost-effectiveness of water audits. This paper helps fill this research gap by imple-
menting a natural field experiment in the United Kingdom. We implement a natural
field experiment by randomly allocating 45,000 water customers to a control group or
to groups that are provided with different encouragements to take-up an online water
audit. Our analysis yields three main findings. First, providing participants with fi-
nancial incentives to participate in the audit significantly increases audit take-up, with
an elasticity of around 0.5. Using the positive encouragements, we find that the water
audit reduces household water consumption by 17 percent for about twomonths. Sec-
ond, notwithstanding these large improvements in water conservation, incentivizing
uptake of the audit does not appear to pass a benefit-cost test. We also implement a
marginal value of public funds approach to considering benefit and costs, and reach a
similar conclusion. Third, we find that targeting of high users could double the effec-
tiveness of the financial incentive interventions.
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1 Introduction

Water scarcity has become an issue across the world, and there are increasing concerns
that climate change could exacerbate this situation (Pörtner et al. 2022, Vorosmarty et al.
2000). In response to concerns about scarcity, water suppliers and regulators are showing
greater interest in identifying non-price mechanisms that could help encourage conserva-
tion. One increasingly common mechanism is a water audit, which help identify behav-
ioral and technological inefficiencies in the home, and provide tailored recommendations
for promoting conservation. Environmental ProtectionAgency, USA (2013) considers wa-
ter audits to be the critical first step towards identifying and quantifying the water uses
and losses. Based on data from the Water Research Foundation, a total of 4,575 audits
were conducted by water utilities in just five US states1 between 2011-2014 (Sturm et al.
2015). However, very little is known about the efficacy, efficiency, and cost-effectiveness
of audits.

This paper helps fill this research gap by implementing a natural field experiment that
encourages residential customers to take a home water audit. We partnered with a water
utility to examine the effectiveness of these audits. We randomly encourage some cus-
tomers to take up the audit, and we randomize the type of encouragement that customers
receive—from various financial incentives to environmental appeals and moral suasion.
Our experimental design allows us both to study how different encouragements influence
take up, and how water audits influence consumption.

Our paper contributes to recent research on water and energy conservation in three
ways. First, to the best of our knowledge, this is the first paper to use a natural field exper-
iment to estimate the causal impact of water audits on consumption. Second, most previ-
ous research onwater conservation studies the effect of non-pecuniary interventions, such
as moral suasion and social comparisons (see Nauges & Whittington (2019) for a review
of studies). We introduce several treatments, two of which use financial incentives, and
compare them to non-financial incentives. Third, while researchers have noted the need
for rigorous benefit-cost analysis of water policies based on causal estimates, we develop
and operationalize two frameworks for implementing such analysis: one is a standard
benefit-cost framework; and a second is a less traditional approach based on the marginal
value of public funds (MVPF).

The experimental design involves sending letters to residential customers, and in some
cases, follow-up emails, that encourage them to take a water audit. This audit consists of
logging into the company’s online water audit, answering questions on water use habits
and home features, and receiving recommendations for reducing consumption. The on-
line tool provided information on free water-saving devices offered by the utility, and

1California, Delaware, Georgia, Tennessee, and Texas
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helped customers book an in-home audit if appropriate. We measure water consumption
after the interventions and compare it with the water consumption of a control group. We
randomly allocate 45,000 customers to a control group and one of 6 treatment groups.

The control group received no communication. Treatment group 1 received an encour-
agement letter that was in use by NWL prior to the trial, while the remaining five groups
received newly designed letters, each catering to a different motivation for water conser-
vation. Treatment group 2 received a simplified version of the letter sent to treatment
group 1, which made the call to action more salient. The third treatment group received
letters reminding them of the scarcity of water, while treatment group 4 was sent a letter
comparing the household’s consumption to that of their neighbors (i.e., moral suasion).
Treatment groups 5 and 6 received letters that provided different levels of monetary in-
centives (£10 and £15) to encourage completion of the home water audit.

The causal impact of audits on water consumption is estimated using an encourage-
ment design with two-stage least squares. For the first stage, we estimate the impact of
the randomized encouragement on the take-up of the audit. Using the results from the
first-stage, we then examine the impact of the audit on consumption, which yields a local
average treatment effect (LATE).

We have four main findings. First, relative to the Vanilla letter, all letters led to a signif-
icant increase in take-up of the diagnostic, with the Incentives treatment having the max-
imum impact. Specifically, households exposed to the Incentives 10 treatment had a 4.5
percent higher rate of take-up relative to the Vanilla group, while the increase was 5.7 per-
cent for households in the Incentives 15 group. Importantly, the impact of the two Incentives
treatment is statistically different from each other. This amounts to a price elasticity of 0.53,
implying that a 10 percent increase in incentives leads to a 5.3 percent increase in take-up.
Thus, increasing the amount of financial incentive could be a fruitful strategy to increase
participation, though it may have repercussions on the cost benefit analysis. In addition,
we find that reminder emails increase adoption of the audit.

Second, encouraging metered subjects to participate in an online water audit with fi-
nancial incentives reduces household consumption by about 43 liters per day for an av-
erage of 65 days, or about 17 percent.2 Our best estimate of the £15 treatment is that it
reduces consumption for metered households by 44 liters per day, while the £10 treat-
ments reduces consumption for the same subgroup by 43 liters per day. This suggests that
the size of the subsidy for completing the audit may not be that important for water con-
servation, unlike take-up. We employ a LATE methodology to estimate these effects, and
the results are robust to using different combinations of the letters as instruments. We also
undertake an external validity exercise, where we explore how our results would gener-

2We can only measure the short-term effects of the audit because the consumption data covers 65 days
following the delivery of the interventions.
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alise to customers who currently do not have meters. Weighting each household by the
inverse probability of being metered revises our estimates on water conservation down-
wards to 34 liters per day, though the results still remain significant with our preferred
specification.

Third, notwithstanding the substantial improvements in water conservation, the inter-
ventions that use financial incentives do not appear to pass a benefit-cost test that (only)
includes the greenhouse gas benefits associated with these reductions. Because our anal-
ysis does not quantify other potentially important benefits, such as ecosystem improve-
ments and reductions in infrastructure costs, we define a lower bound on other benefits
needed to pass a benefit-cost test. We find that the social cost of carbon in the base case
would need to be 22 times higher for benefits to just equal costs. Using our base case esti-
mate of $51 per ton (InteragencyWorking Group, USG 2021), this means the social cost of
carbon would need to be about $1200 per ton for benefits to just equal costs if there were
no other benefits.3 Another interpretation of this finding is that a cubic meter of water
conservation would need to yield other benefits or reduced investment costs of about $6.0
for this intervention to be worthwhile.4

Our benefit-cost framework builds on pioneering work by Hendren and others who
use a marginal value of public funds approach (e.g., Finkelstein & Hendren (2020) and
Hendren & Sprung-Keyser (2020)). A key advantage of this approach is that it separates
the problem of estimating the welfare impact of the subsidy from the problem of estimat-
ing the welfare impact of the intervention that could pay for the subsidy, such as a tax.
We believe this approach has the potential to add further insight by considering the cost
of raising revenue separately. While it is convenient to assume a lump sum tax will be
used for analytical simplicity, it is not necessary. Recent work on audits in the energy area,
discussed below, uses the assumption of lump sum transfers. We calculate MVPF under
two scenarios of marginal costs for the utility: short- and long-run. Our results indicate
that the MVPF in the base case is -0.074 under the short-run marginal cost scenario, and
increases to 0.0048 under the long-runmarginal cost scenario. The value under the former
scenario implies that the government would be spending $1 to generate negative benefits.
This arises because, first, short-runmarginal cost is sufficiently lower than price, andwater
savings would lead to a significant fall in revenues for water utilities. Second, monetary
value of greenhouse gas savings fromwater conservation are not high enough to compen-
sate for the loss in revenues. Under the long run scenario, the number is slightly positive,
mainly as a result of lower revenue losses because long run marginal cost is closer to the

3See Section 4.2 for details. The word “ton” refers to a metric ton.
4In what follows, we will round all estimates in the text to two significant digits, while all estimates in

regression tables will be rounded to three decimal places. All estimates are either in 2020 pounds or dollars.
Estimates of dollars from earlier studies have also been converted from original year dollars to 2020 dollars
using the Consumer Price Index (CPI) for Urban Consumers (US Bureau of Labor Statistics (2021)).
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price charged by water utilities.

Fourth, we consider the issue of targeting and explore whether such targeting allows
the benefits of an intervention to exceed the cost (Allcott 2011, Ayres et al. 2013, Ferraro
& Miranda 2013, Brent et al. 2015, Wichman et al. 2016, Knittel & Stolper 2019, Brent et al.
2020, Gerarden & Yang 2021). We examine the targeting of high users, who are defined as
users with pre-treatment consumption higher than the median consumption. Our results
complement the literature, in that targeting of high users doubles the reduction in con-
sumption compared to the reduction estimated without heterogeneous treatment effects
(83 versus 43 liters per day). This suggests that audits can be targeted to improve their
efficiency. We take this a step further, and ask whether targeting could increase the net
benefits such that our economic welfare estimates are more attractive. Nonetheless, we
find that targeting is not sufficient for benefits to exceed costs in our base case. Though
cost-effectiveness increases by 38 percent, the social cost of carbon in the base case would
need to still be 11 times higher (as compared to 22 times before) for benefits to just equal
costs. TheMVPF under the short-run marginal cost scenario becomes worse (-0.16 versus
-0.074 earlier), primarily due to higher water savings leading to larger producer surplus
losses, while the value under the long-run marginal cost increases marginally from 0.0048
to 0.011. These results imply that though targeting increases water conservation in our
experiment, the improvement in net benefits are not sufficient to substantially enhance
welfare.

The basic intuition behind our results can be explained simply. The short-term reduc-
tions in greenhouse gas emissions from water conservation are comparatively small, on
the order of 1.6 tons for 65 days for our base case. And while the experimental cost per
person is also relatively small, on the order of $1.2 per consumer (not including the pro-
ducer surplus loss), this leads to a cost effectiveness (CE) of $1000 per ton, which is much
higher than most estimates for the SCC (Interagency Working Group, USG (2021)). If we
assume our results persist over a long period of time, the cost-effectiveness calculus looks
more attractive because the benefits from conservation increase. See Section 4 for a more
extended discussion of welfare.

Our results build on a growing literature that examines the impacts of different kinds
of interventions on resource use, such as water and energy. There are, however, relatively
few rigorous estimates of the impacts of audits on water or energy use. A useful sum-
mary of studies analyzing water audits is provided by Ansink et al. (2021). They review
a growing literature that evaluates the impact of information provision and technology
adoption through water audits on potential water savings. However, they do not identify
any natural field experiments that address online audits.

Apart from audits, various other interventions related to rates, rebates, and enforce-
ment regulations have been used to induce behavioral change so as to promote water con-
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servation, with effect sizes comparable to ours. Browne, Gazze & Greenstone (2019) dis-
entangle the effect of different residential water conservation policies adopted by a utility
during the 2011-2017 California drought. They find large effect of rate changes (elasticity
between 20-44 percent) and outdoor water schedule regulations (water use decreased by
21-24 percent), which are similar in magnitude to our result that participation in audits
leads to a substantial 17 percent decline in consumption relative to pre-treatment con-
sumption. West et al. (2021) examine the effects of automating the enforcement of water
conservation regulations, and find similar large effects, with treated households curtailing
their water consumption by 31 percent. Therefore, price change and enforcement policies
also lead to effect sizes in the same range as our results. The one exception is Browne,
Gazze, Greenstone & Rostapshova (2019), who implement a field experiment in Califor-
nia, randomly assigning visual or automated enforcement methods to detect water-use
violations. Their effect sizes are small, with automated enforcement decreasingwater con-
sumption by about 3 percent.

Another important intervention is behavioral nudges that use different kinds of mes-
saging. There have been several experiments and quasi-experiments examining the im-
plementation of social norm messaging (e.g., Ferraro & Price (2013), Brent et al. (2015),
JaimeTorres&Carlsson (2016), Datta et al. (2015)). Nauges&Whittington (2019) provide
a review of the literature on the impact of information treatment on water and energy use.
Most studies, whether in the energy or the water sector, find that social norm information
treatments reduce consumption by about 2 to 5 percent for a period of time, with greater
reductions typically observed when the intervention includes social norm comparisons
as opposed to interventions providing technical advice or raising awareness. Our paper
integrates social norms messaging with online audits (Moral Cost letter), allowing us to
study the effect of the former on diagnostic completion and their combined effect onwater
consumption. The Moral Cost letter has a high impact on diagnostic completion, second
only to the Incentives treatment, with the former increasing take-up by 1.6 percent com-
pared to the Vanilla letter. However, the combined effect on post-treatment consumption
is more subdued, with consumption falling by only 2.9 liters per day (1.1 percent) relative
to the Vanilla treatment group.

Several authors have used their estimates of the expected change inwater or energy use
to estimate the cost effectiveness and economic welfare implications of water conservation
strategies. These include studies on the impacts of metering, social norm messaging, and
the nature of the regulatory intervention. Ferraro&Price (2013) find that social normmes-
saging augmented by technical advice reduces consumption by 4.8 per cent, which implies
a cost of $0.17 per cubic meter reduced for the utility. Bernedo et al. (2014) demonstrate
that persistent long-term impacts of the policy studied by Ferraro & Price (2013) imply
that the cost per gallon saved is 60 percent lower ($0.07 per cubic meter) than the figure
derived using only contemporaneous treatment effects. This is many orders of magnitude
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lower than the estimates for our experiment5, which are in the range of $1.3 - $3.7. This
highlights the importance of long term impacts, which we are unfortunately unable to
derive due to paucity of data. Jessoe et al. (2021) experimentally test the effect of social
norms messaging about residential water use on electricity consumption. Taking into ac-
count the electricity conservation spillover increases the net benefits of their intervention
from $2.9 per household to $4.0, an increase of 39 percent. If we could capture similar
spillover benefits in our data, which we currently assume to be negligible for our analysis,
the cost-effectiveness would be more attractive, especially if the effects last longer than 65
days. Ornaghi & Tonin (2021) study the effects of metering on economic welfare, and sug-
gest that the benefits of reducing over-consumption outweigh the costs of installing and
operating a meter. This has important implications for our setting as approximately 70
percent of the households in our sample are unmetered. Our reweighted LATE estimates
in Section 3.4 indicate that the potential gains from providing them with meters and then
conducting an audit could be large (35 liters per day reduction), which would offset the
costs of metering.6 7

The evidence on the cost effectiveness of water audits is limited. To the best of our
knowledge, Ansink et al. (2021) provide the only cost effectiveness assessment of water
audits, and find that technology is more cost-effective than information provision by a
factor of two for a water audit program in England. However, the selection into their
audit programwas not random, and the focus was exclusively on households with above-
average water use.

The experimental literature on the impact of conservation measures in the energy sec-
tor is also well developed. However, of particular interest are Allcott & Greenstone (2017)
and Fowlie et al. (2018), who study the welfare impact of audits, with their results in
close harmony to ours. The former study models home energy efficiency investment de-
cisions to evaluate two large residential energy efficiency programs in Wisconsin. These
programs involved a home energy audit followed by decisions on which recommended
investments to undertake. They implement a large field experiment inWisconsin, and find
that the programs reduced economic welfare. A comparison of the observed investment

5In Section 4.1, we calculate the cost effectiveness of our experiment, and compare it to the estimates in
the literature.

6Nauges &Whittington (2019) argue using illustrative calculations that it is far from obvious that social
norm messaging instruments will pass a benefit-cost test, especially in low- and middle-income countries.
Our results indicate that in the absence of persistent impacts and lack of spillover benefits, the same would
hold true for even high-income countries like the UK.

7Also see Mansur & Olmstead (2012), who assess the potential welfare gains of switching from non-
market to market-based regulation of water supply during periods of drought. Using data on residential
water usage from urban areas in the US and Canada, the authors show that there are substantial welfare
gains from a price-based approach. Thoughwe do not study the effect of market-based regulations, it would
be beneficial to compare their cost-effectiveness with experiments involving behavioral interventions.
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costs with the present discounted value of energy savings indicates the programs has an
internal rate of return (IRR) of -4.1 percent, while a revealed preference model finds that
the programs reduce welfare by $0.18 per dollar of subsidy. Though we do not calculate
an IRR, our negativeMVPF of -0.074 has the same implication: the costs to the government
of the intervention are higher than the benefits. In Fowlie et al. (2018), the authors mea-
sure the welfare gains from the Weatherization Assistance Program, a residential energy
efficiency program in Michigan. The program involves conducting an energy audit of the
home before implementing a weatherization retrofit, with the purpose of recommending
specific efficiency improvements. The paper uses experimental and quasi-experimental
variation in participation to identify the returns to investments. Their results suggest that
the upfront investment costs are about twice the actual energy savings, and the projected
savings are more than three times the actual savings. This again implies that the costs out-
weigh the benefits, making it undesirable for utilities or governments to undertake certain
investments aimed at energy conservation.

The paper proceeds as follows. Section 2 provides the details on the audit program
and randomized trial. In Section 3, we describe our empirical strategy and present the
results from the experiment. Section 4 presents a welfare analysis, including information
on cost effectiveness. Conclusions and areas for future research are discussed in Section 5.

2 Background and Experimental Design

In 2018, Northumbrian Water commissioned Save Water Save Money (SWSM) to provide
its online water audit tool for Northumbrian’s customers.8 The tool, hosted on the com-
pany website, asked customers questions about their water use habits and homes. The
main purpose of the tool was to help customers understand their water consumption, and
identify ways in which they can save water and money. The tool also informed customers
about free water-saving devices that NWL offers, and helped them book an in-homewater
audit if appropriate. The questionnaire on the platform took approximately ten minutes
to complete.

NWL was interested in getting its customers to take their online water audit, and un-
derstanding the impact of the audits on consumption. Wewere interested in helpingNWL
with these objectives, and, in addition, understanding the impact of different behavioral
interventions on economic welfare. In order to encourage the use of the SWSM platform,
we designed a set of customer communications using theories from behavioral science.
We used one of NWL’s existing direct mailers as a template, and designed 5 new direct
mailers (see the discussion in Appendix D). The only difference between the five commu-

8The water audit can be accessed at this url: https://www.getwaterfit.co.uk/questions/ (last accessed:
June 07, 2022)
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nications was the application of different behavioral science ideas.

We implemented an RCT to test the effectiveness of the redesigned letters, and to un-
derstand how the SWSM platform influences water consumption. This RCT included
45,000 NWL customers, spread across three post code areas. The customers that partic-
ipated in the trial were randomly allocated to one of six treatment groups that received
letters or a control group that received no letter. Subsequently, customers for whomNWL
had email contact details were also randomly allocated to groups that either received or
did not receive an email reminder about the online audit tool. The reminder emails fol-
lowed the same theme as the initial letters that customers received. This design allows us
to estimate the effects of particular letters and reminders on take-up of the audit.9

There were six letter treatments. Treatment 1 (Vanilla) informed customers that they
can save water andmoney by using the free online platform. It also noted that many other
customers had saved money with the platform, and told them how to access it. Treatment
2 (Simplified) was similar to the Vanilla communication but it simplified the content, mak-
ing the main message and the call to action more salient. Treatment 3 (Altruism) added
to the message of the Simplified mailer by reminding the consumers that water is a scarce
resource, and asked them to help conserve it in their local area. Treatment group 4 (Moral
Cost) received a letter that complemented the Simplified Mailer by telling customers that
people in their region were making a change in an effort to save water, and invited them
to join their neighbors. Furthermore, for consumers with relatively high water consump-
tion, it informed them that they were in the top 50 per cent of consumption, whereas for
the bottom 50 per cent, it congratulated them on being efficient. The final two treatment
groups, Treatment 5 and Treatment 6, were offered pecuniary incentives (£10 Incentive
and £15 Incentive) for completing the water audits. The former supplemented the Sim-
plified mailer by emphasizing monetary savings, and offered a £10 incentive for using the
platform, while the latter communication changed the incentive from £10 to £15.

The data used to randomize the trial participants and to measure outcomes came from
three anonymized sources: NWL’s administrative data onmeter readings; the SWSMplat-
form,whichwas used to code responses to the diagnostic questionnaire; andCustomerRe-
lationshipManagement (CRM) data identifyingwhether reminder emails were opened.10

The experiment took place over four months between December 2018 andMarch 2019.
We collected baseline data for purposes of randomization and analysis of pre-treatment
consumption from January 2017. All direct mailers were posted on 8th December 2018,
and email reminders were sent on 6th February 2019.

Table A.1 presents summary statistics on the observable characteristics of the house-
holds across different treatment groups. Using an F-test of joint significance, we find that

9We are not aware of other studies of water audits that have estimated the effect of email reminders.
10CRM is a tool to help manage and analyze customer interactions and data on websites.
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the differences are not statistically significant at conventional levels, which suggests that
that the various treatments are balanced on pre-treatment observable variables.

3 Results

We begin by reporting the effect of the letters on the take-up of the audit program, and
then analyze the impact of the interventions on water consumption. We then use a LATE
analysis to measure the effect of completing the diagnostic on water conservation. Our
analysis of consumption is limited to households with meters. To measure the likely im-
pact of the interventions if scaled up to include non-metered households, we reweight
our estimates to reflect the broader population of consumers. We also use the data on
reminders to study the effect of reminders on completing the audit. However, because
the reminder emails were sent near the end of the study period, we cannot analyze their
impact on consumption.

3.1 Likelihood of Engagement

To examine the effects of the behavioral interventions on the share of households that
complete the diagnostic, we run the following regression:11

yi = α +
∑
j

βjTij + γXi + ϵi (1)

where, yi is a dummyvariable that equals 1 if household i completed thewater audit, and 0
otherwise. α represents the average take-up of the audit for the excluded treatment group.
Tij is a dummy that equals 1 if household i received treatment j, and 0 otherwise, where
j refers to the different treatment groups. The coefficient of interest, βj , is the average
treatment effect (ATE) of the different letters on the likelihood of completing the audit.
Xi represents a vector of dummy controls, γ is a vector of estimates of their impact, and ϵi

is an error term.

Table 1 presents the estimates. The excluded group in models (1) and (2) is theVanilla
letter, and the excluded group in models (3) and (4) is the Simplified letter. The control
vector here includes Rurali, which is a dummy that equals 1 if household i lived in a ru-
ral area, and Meteri, which is also a binary variable that equals 1 if household i has a
water meter.12 We present the results both with and without controls included in the re-
gressions. Our results indicate that relative to the Vanilla treatment arm, all the letters

11The raw data from the field experiment on the number of households that completed the diagnostic,
and how that differs across metered and unmetered households, is presented in Table A.2. We do not have
data on the water-saving devices ordered by different households, and if they booked an in-home audit.

12We do not have data on household covariates like income, number of members, etc.
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increased the take-up of the diagnostic significantly, with the Incentive treatment arm per-
forming the best. Within the Incentives treatment arm, the higher financial incentive of £15
had a marginally greater impact (5.7 per cent versus 4.5 per cent).13 The effect of the Al-
truism letter becomes insignificant when the reference treatment arm is the Simplified letter
(column 3), but the impact of the Incentives andMoral Cost letters continues to be positive
and significant. The results do not differ when we control for whether a household is situ-
ated in a rural area and has a water meter. We conclude that behavioral interventions can
help to promote the use of audit tools, with financial incentives being more effective than
others.

Table 1: ATE Estimates of Letters on Diagnostic Completion

Completed Diagnostic
Vanilla Simplified

(1) (2) (3) (4)
Simplified 0.007∗∗∗ 0.007∗∗∗

(0.002) (0.002)

Altruism 0.005∗∗ 0.005∗∗ −0.002 −0.002

(0.002) (0.002) (0.003) (0.003)

Incentives 10 0.045∗∗∗ 0.045∗∗∗ 0.039∗∗∗ 0.038∗∗∗

(0.004) (0.004) (0.004) (0.004)

Incentives 15 0.057∗∗∗ 0.057∗∗∗ 0.050∗∗∗ 0.051∗∗∗

(0.005) (0.005) (0.005) (0.005)

Moral Cost 0.016∗∗∗ 0.016∗∗∗ 0.009∗∗∗ 0.009∗∗∗

(0.003) (0.003) (0.003) (0.003)

Intercept 0.019∗∗∗ 0.008∗∗∗ 0.025∗∗∗ 0.013∗∗∗

(0.002) (0.002) (0.002) (0.003)

Controls ✗ ! ✗ !

Observations 37,298 37,298 29,838 29,838
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the average treatment effect estimates of different behavioral interventions on diagnostic com-
pletion (Equation (1)). The dependent variable for all models is Completed Diagnostic, a dummy variable that equals
1 if the household completed the water diagnostic, and 0 otherwise. Models (1) and (2) exclude the observations in
the Control group, with the Vanilla letter comprising the reference treatment arm. Models (3) and (4) exclude the
observations in the Control and Vanilla groups, with the Simplified letter serving as the reference group. Models
(2) and (4) include the dummy variables Meter and Rural as controls. The former equals 1 if the household has a
water meter attached to it, and the latter equals 1 if the household is located in a rural area.

13These impacts are statistically different from each other at a 1 per cent level of significance
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3.2 Effect of the Behavioural Interventions on Water Consumption

Although the letters were successful in promoting the take-up of the water audit tool, the
main objectivewas to encouragewater conservation. In this section, we estimate the effects
of the different communications on household water consumption. The letters can work
in one of two ways: first, by directly encouraging an individual to conserve water after
being influenced by the content of the letter; and second, through take-up of the audit.
Unfortunately, we cannot estimate the direct effect of the letters because the time period
between receiving the letter and completing the audit is too small. This section, thus,
focuses on the overall impact on consumption of the direct encouragement and take-up of
the audit.

To estimate the effect of the treatment on consumption, we run the following regression
of post-treatment water consumption (yi) on an indicator for whether the household was
treated (Ti), and a vector of controls:

yi = α + βTi + γXi + ϵi (2)

where Ti equals 1 if the household received any treatment letter, and 0 if it was in the
control group. With respect to water consumption, we have two data points for each
household: one pre-treatment and one post-treatment. Moreover, consumption informa-
tion was not available at a uniform frequency for all participants, whichmakes calculation
of monthly consumption data difficult. Though pre-consumption data are available since
2017, post-consumption data were available only up until February 2019 for a majority of
the sample. Therefore, we are only able to estimate the short-term impact of the audit.
Furthermore, the data on water consumption is available only for the 30 percent of house-
holds who had a meter installed.14 However, this is not a concern for our econometric
identification strategy because, as shown in Table A.1, all treatment groups were balanced
on the proportion of households with a water meter, pre-diagnostic consumption, and the
number of consumers in each treatment group in the top 50th percentile of consumption
(high-use households).15 Furthermore, we run balance tests on observable characteristics
just for metered households in Table A.1 (columns (6) and (7)) and find no significant
differences between different treatment groups. Additionally, to address concerns about
possible bias in sample selection due to the focus on metered households, , we reweight
our LATE estimates inSection 3.4 so that the metered sample is similar to the general pop-
ulation.

To analyze the heterogeneity among different treatments, we ran a regression similar
to Equation (1), with yi now denoting post-treatment water consumption for household

14Further details on the computation of pre- and post-treatment water consumption are provided in Ap-
pendix C.

15Calculations on pre-diagnostic consumption and number of high-use customers are only feasible for
households that have meters.
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i. The vector of covariates, Xi, now consists of Rurali and an additional covariate, Pre-
TreatmentWater Consumptioni, whichmeasures the dailywater usage of a household before
the letters were sent.16 For all regressions, variables related to water consumption are
measured in liters per day. The effect of receiving a letter on consumption (Equation (2)) is
presented in column (1) of Table 2, while the heterogeneity results are reported in columns
(2)-(4).

We find evidence that all behavioral interventions reduced water consumption, mea-
sured in liters per day. Column (1) provides the average treatment effect of receiving any
letter on post-treatment consumption. Though the estimate is negative, it is insignificant.
Columns (2) through (4) estimate the effect for each behavioral intervention, with the
reference group as the control, Vanilla, and Simplified letter, respectively. With reference
to the control group, all treatment arms except Vanilla experienced a fall in consumption
after letters were sent out; however, only the monetary incentives led to a statistically sig-
nificant decrease. Though point estimates suggest that Incentives 15 had a larger impact
than Incentives 10 (3.5 versus 4.7 liters per day), the two are not significantly different from
each other. When we exclude the control group, and the Vanilla letter becomes the omit-
ted category (column (3)), the drop in consumption is significant across all remaining
categories, with the decrease in consumption ranging from 2.9 liters per day under Moral
Cost to 6.3 liters per day under Incentives 15. In percentage terms, this decrease amounts
to between 1.1 percent and 2.5 percent of the pre-treatment water consumption, a small
but economically meaningful impact.17 The effect of the Incentives 15 treatment is more
than twice the effect of the Moral Cost one, and the effect sizes are statistically different
from each other. In general, pecuniary incentives lead to a significantly larger decrease in
consumption when compared with other behavioral interventions.

Finally, dropping both the control group and theVanilla groupwith the Simplified letter
as the reference category (column 4) leads to only the £15 financial incentive remaining
significant. To summarize, the Incentives group significantly reduced their consumption
regardless of the reference group, while the other treatments had a significant negative
impact only when we compare them to the Vanilla arm.

16We do not control forMeteri as the sample only includes households for which we hadwater consump-
tion data, and this limits our sample to households with meters.

17The small decrease in consumption due to the Moral Cost letter (which also combined a social com-
parison message) is in contrast to the literature (Ferraro & Price 2013), which finds that social comparison
messages have a greater impact on water conservation than prosocial messages or technical information
alone.
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Table 2: ATE Estimates of Letters on Post-Treatment Consumption

Post-Treatment Water Consumption
Control Control Vanilla Simplified

(1) (2) (3) (4)
Treated −1.392

(1.264)

Vanilla 1.627

(1.600)

Simplified −1.595 −3.217∗∗

(1.635) (1.592)

Altruism −1.593 −3.216∗∗ −0.031

(1.625) (1.581) (1.613)

Incentives 10 −3.543∗ −5.177∗∗∗ −2.077

(1.923) (1.886) (1.916)

Incentives 15 −4.687∗∗ −6.328∗∗∗ −3.259∗

(1.919) (1.882) (1.910)

Moral Cost −1.302 −2.925∗ 0.191

(1.592) (1.546) (1.581)

Intercept 117.635∗∗∗ 116.782∗∗∗ 119.045∗∗∗ 44.042∗∗∗

(43.032) (42.439) (42.634) (6.524)

Controls ! ! ! !

Observations 11,700 11,700 9,770 7,795
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the average treatment effect estimates of different behavioral interventions on post-
treatment water consumption (Equation (2)), measured in liters per day. The dependent variable for all models
is Post-Treatment Water Consumption, a continuous variable that measures the water consumption of a household
after the treatment date December 8, 2018. Pre-treatment consumption and post-treatment consumption were
available for only a subset (30 percent) of the households. Households with unreasonably large differences be-
tween pre- and post-treatment consumption (absolute value greater than 50 percent) were dropped from the
sample. The data were trimmed at 1 and 99 percentile of pre-treatment consumption. The model names reflect
the reference group for each regression. The regressor of interest in Model (1), Treated, is a dummy variable that
equals 1 for all households that received any letter. Models (1) and (2) include all observations, with the con-
trol treatment arm constituting the reference group. Model (3) excludes the observations in the control group,
with the Vanilla letter comprising the reference group. Model (4) excludes the observations in the control and
Vanilla group, with the Simplified letter acting as the reference group. All models include Rural and Pre-Treatment
Consumption as controls. Rural is a dummy variable that equals 1 if the household is located in a rural area. Pre-
Treatment Consumption is a continuous variable that measures the water consumption of a household before the
treatment date of December 8, 2018.
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3.3 Effect of Diagnostic Completion on Water Consumption

We now turn our attention to estimating the impact of completing the audit on water
consumption. To do this, we employ an Instrumental Variable (IV) strategy and two stage
least squares (2SLS).

Table 3: LATE Estimates of Diagnostic Completion on Post-Treatment Consumption

Post-Treatment Water Consumption
(1) (2) (3) (4)

Complete Diagnostic −45.446∗∗∗ −43.442∗∗∗ −58.922∗ −49.147

(15.335) (16.691) (34.400) (93.367)

Intercept 10.402∗∗∗ 10.276∗∗∗ 13.769∗∗∗ 15.040

(1.525) (2.122) (4.041) (12.469)

Instruments All Treatment Incentives+Simplified Incentives Incentives 15
F-stat in First Stage 39 66 16 3
Controls ! ! ! !

Observations 11,700 5,830 3,900 1,974
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the local average treatment effect estimates of diagnostic completion on post-treatment water consumption. The depen-
dent variable for all models is Post-Treatment Water Consumption, a continuous variable that measures the water consumption of a household,
in liters per day, post the treatment date of 08-Dec-2018. Pre-treatment consumption and post-treatment consumption were available for only
a subset (30 per cent) of the households. Households with unreasonably large differences between pre and post-treatment consumption (ab-
solute value greater than 50 per cent) were dropped from the sample. The data was then trimmed at 1 and 99 percentile of pre-treatment
consumption. The regressor of interest is Complete Diagnostic, which is a dummy variable that equals 1 for all households who completed the
water diagnostic. The IV in Model (1) is a vector of dummies for all the different treatment arms. The IV in Model (2) is a vector that includes
dummies for Incentives 10, Incentives 15, and Simplified treatment arms. The IV in Model (3) is a vector of dummies for Incentives 10 and
Incentives 15 groups, while the IV in Model (4) is only the Incentives 15 group. The sample in model (2) consists of the Incentives, Simplified
and control group, while the sample in model (3) includes only Incentives and the Simplified group. Model (4) only includes the Incentives
group. All models include Rural and Pre-Treatment Consumption as controls. Rural is a dummy variable that equals 1 if the household is located
in a rural area. Pre-Treatment Consumption is a continuous variable that measures the water consumption of a household, in liters per day, before
the treatment date of 08-Dec-2018.

The first stage involves running the following regression:

Diagnostic Completioni = α +
∑
j

βjZij + γXi + ϵi (3)

whereDiagnostic Completioni is a dummy that equals 1 if household i completed the online
diagnostic, and Zij is the instrument used. The number of instruments vary depending
on the specification, and j, therefore, refers to the different instruments. βj is the estimate
of the jth instrument. Xi is a vector of household covariates as before, and consists of
Rurali and Pre-Treatment Water Consumptioni. γi is a vector of estimates of the impact of
the household covariates, and ϵi is the error term. The second stage involves using the
residuals from Equation (3), Ẑi, to run the following regression:

yi = α + βẐi + γXi + ϵi (4)

where yi represents post-treatmentwater consumption, andXi is the samevector of house-
hold covariates used in the first stage.
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Weuse different combinations of instruments for our LATE estimates, all of which give
us similar results. The results are presented in Table 3. The model in column (1) uses all
the letters as instruments. Therefore, Zi is a vector of length j = 6, with each element
of the vector a dummy variable for the different letters. This model satisfies the relevance
condition as letters do tend to increase adoption of the water audit tool (see Table 1). The
estimates in column (1) suggest that completing the diagnostic led to a significant fall in
consumption of 45 liters per day (17 percent). However, a potential problem with the
instrument in column (1) is that the exclusion restriction may not strictly be satisfied, as
certain letters could directly impact water consumption through their message of altru-
ism or moral suasion (the direct impact). Therefore, in column (2), we reduce the sample
to the following four groups: Incentive 10, Incentive 15, Simplified and the control group. Zi

now represents a vector of 3 instruments, namely Incentives 10, Incentives 15, and Simplified
groups.18 We are reasonably confident of satisfying the exclusion restriction here because
there were few differences between the Incentives and the Simplified letter, with the excep-
tion that the former used a monetary incentive. These letters simply asked the customers
to download the water audit application, without any inducement to an environmental
or altruistic cause, and therefore our assumption is that they should not impact water
consumption directly. Our results under this specification indicate that completing the
diagnostic reduces water consumption by 43 liters per day (17 percent).

Next, in column (3) we run a regression that is even more likely to be consistent with
the exclusion restriction by restricting our sample to Incentives 10, Incentives 15, and Simpli-
fied groups. Our set of instruments now include the Incentives 10 and Incentives 15 groups.
This specification is more robust because if the very act of receiving a letter influencedwa-
ter consumption, then the presence of the control group in the regression would violate
the exclusion restriction. Model (3) avoids this problem by only including customers who
received the Incentives or Simplified letters. The effect size increases to 59 liters per day (23
percent), but it is significant only at the 10 percent level. This is most likely due to issues
of statistical power as our sample size has decreased considerably. Finally, there is a possi-
bility that the Simplified letter affected the customers attitude towards water conservation
directly, and therefore, including it would be a violation of the exclusion restriction, making
our LATE estimates biased. Hence, in column (4), our sample only includes the Incentives
10 and Incentives 15 groups. Zi is now a single instrument represented by a dummy for
the Incentives 15 group. Though we get a negative coefficient of 49 liters per day, which
is similar to our earlier specifications, it is insignificant because of low statistical power.
Given the small sample size in the last two models, we use model (2) as our preferred
specification.

18This formulation appears to satisfy the relevance condition i.e., the correlation between the endogenous
regressor and the IV is significantly different from 0. As column (2) in Table 2 shows, the letters do tend to
increase the likelihood of completing the audit.
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Our results suggest that there is a meaningful effect of completing the water audit
tool on water consumption, ranging from 17-23 percent of pre-treatment consumption.
However, the duration of this effect is not known; nor do we knowwhether the audit may
have stimulated the adoption of new technologies over time.

In Appendix A.2, we examine whether there were any heterogeneous treatment effects
of the behavioral interventions. Specifically, we test whether households with consump-
tion greater than the median (high-use households) conserved more after receiving the let-
ter. This is relevant because if audits differ in terms of their impact across groups, it may
be more effective to target a behavioral intervention based on a customer’s attributes. We
find that the effect of the Incentive 10 and Incentive 15 letters on consumption is 7.5 and 8.4
liters per day, respectively, for the high users, and both effects are statistically significant.
On the other hand, the effect is indistinguishable from 0 for the low users, irrespective of
the intervention. A related analysis for the LATE, presented in Appendix A.2 (Table A.4),
reveals a similar pattern. Completion of the audit had a large impact on the high users
(between 78 liters to 89 liters per day), but it was not statistically different from 0 for the
low users.19 Thus, average treatment effects mask crucial heterogeneity.20

3.4 External Validity

The main results of our experiment are for metered houses in NWL’s service region. In
this section we explore how the results could generalize to other NWL consumers who
do not currently have meters. Our reweighting exercise reduces the estimates of water
savings from 43 liters per day (17 percent) to 34 liters per day (14 percent), but they still
remain statistically significant.

The reweighting exercise is important because the sample used for estimating the effect
sizes of the interventions consists solely ofmetered households. Thismay lead to concerns
about the extent to which these findings generalize to other populations. We cannot say
whether our numerical estimates generalize to populations outside the region that NWL
serves; however, within our sample we can explore the extent to which the sample might
be affected by including all customers as opposed to just those customers that havemeters.
Though we show that all observable covariates for the metered households are balanced
across all treatment groups (Appendix A.1), we can test the sensitivity of the results by
reweighting the study sample tomatch the demographic composition of the general popu-
lation of NWL customers. We reweight themetered sample so that it looks like the general

19The difference between the ATE and LATE estimate (7.5-8.4 liters per day versus 78-89 liters per day) is
large because the former measures the effect of the letter on water consumption for all treated households,
while the latter looks at the impact on households who completed the audit.

20We also checked whether different interventions encouraged different categories of households to take-
up the water-audit tool, but did not find any significant differences in take-up between high and low users.
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population that was sampled, and that yields a reweighted LATE. One important caveat
is that the reweighted LATE is conditional on unmetered households getting a meter. If
this is not the case, the impact of an intervention on a metered household is likely to be
very different from the same intervention for an unmetered one because information on
water use via meters could significantly alter water consumption.

To implement the reweighting, we conduct the following four steps (similar to Stuart
et al. (2011)). First, we determine the household demographics (Xi) we use to reweight.
We choose all of the observable variables that were provided to us by the utility: rural-
urban classification, availability of email address, and residential post-code.21 Second, we
use a logistic regression to model the probability (p̂i) of beingmetered with the covariates
as predictors. p̂i thus denotes the estimated probability of sample selection for household
i. Third, we follow inverse probability of treatment weighting (IPTW) to weight each
household (see Hahn &Metcalfe (2021) for weighting using sub-classification, which is a
coarsermethod than IPTW). IPTWmethods give each individual their ownweight, which
is calculated as the inverse propensity scores, i.e., in our setting, the inverse probability of
being metered: wi(Xi) = 1/p̂i(Xi). Lastly, we estimate the LATE using the weights wi we
generated as a population weight.

Table 4: Reweighted LATE Estimates

Post-Treatment Water Consumption
(1) (2) (3) (4)

Complete Diagnostic −41.634∗∗ −33.854∗∗ 6.403 −220.795

(20.607) (16.184) (40.670) (358.316)

Intercept 7.819∗∗∗ 7.125∗∗∗ 4.991 33.334

(1.790) (1.845) (4.356) (43.110)

Instruments All Treatment Incentives+Simplified Incentives Incentives 15
F-stat in First Stage 39 66 21 1
Controls ! ! ! !

Observations 11,700 5,830 3,900 1,974
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the reweighted local average treatment effect estimates of diagnostic completion onpost-treatmentwater consumption.
The dependent variable for all models is Post-Treatment Water Consumption, a continuous variable that measures the water consumption of
a household, in liters per day, post the treatment date of 08-Dec-2018. Pre-treatment consumption and post-treatment consumption were
available for only a subset (30 per cent) of the households. Households with unreasonably large differences between pre and post-treatment
consumption (absolute value greater than 50 per cent) were dropped from the sample. The data was then trimmed at 1 and 99 percentile
of pre-treatment consumption. The regressor of interest is Complete Diagnostic, which is a dummy variable that equals 1 for all households
who completed the water diagnostic. The IV in Model (1) is a vector of dummies for all the different treatment arms. The IV in Model (2) is
a vector that includes dummies for Incentives 10, Incentives 15, and Simplified treatment arms. The IV in Model (3) is a vector of dummies
for Incentives 10 and Incentives 15 groups, while the IV in Model (4) is only the Incentives 15 group. The sample in model (2) consists of
the Incentives, Simplified and control group, while the sample in model (3) includes only Incentives and the Simplified group. Model (4) only
includes the Incentives group. All models include Rural and Pre-Treatment Consumption as controls. Rural is a dummy variable that equals
1 if the household is located in a rural area. Pre-Treatment Consumption is a continuous variable that measures the water consumption of a
household, in liters per day, before the treatment date of 08-Dec-2018.

21We do not have data on income or the number of household members, so use the data on post codes as
a proxy.
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To estimate the re-weighted LATE, we run the same regression as in Section 3.3, but
include the weights in the estimation. The reweighted LATE estimates are presented in
Table 4. For our preferred specification in column (2) (Incentives 10, Incentives 15 and Sim-
plified group as IV), re-weighting slightly reduces the point estimates from 43 liters per day
to 34 liters per day (13 per cent), and the coefficients still remain statistically significant.
The reweighted LATE in column (1), where we use all the letters as instruments, is also
very similar to the unweighted LATE in Table 3, with the effect size a significant 42 liters
per day. For models (3) and (4), where the instruments are both Incentives 10 and Incen-
tives 15, and only Incentives 15, respectively, the effects sizes are insignificant. We do not
read too much into these coefficients because of low statistical power, but they have been
presented for comparison. In conclusion, we are reasonably confident that our results are
not driven by sample selection, and can be scaled up with similar effects to unmetered
households, provided they are metered before the intervention.22

3.5 Effect of Reminders on Diagnostic Completion

Customers that provided NWL with email contact details (13,989 households) were also
randomly allocated to groups that either received or did not receive an email reminder.
The randomization was limited to households who had not completed the water audit by
February 2019. The reminder emails followed the same themes as the initial direct mailers
that the customers received. This allows us to estimate the impact of receiving a reminder
email. We run the following regression to estimate the effect of reminders:

yi = α + ϕRi +
∑
j

βjTij +
∑
j

πjRi × Tij + γXi + ϵi (5)

where, yi is a dummy for diagnostic completion, Ri is a dummy that equals 1 if the house-
hold i received a reminder email, and Tij is a dummy that turns on if household i ini-
tially received treatment j. Xi is a vector of household covariates, specifically dummies
for whether the household was located in a rural area, and whether it had a water me-
ter attached to it. The constant α represents the average diagnostic completion rate for
households that were not sent a reminder and that belonged to the excluded group in the
regression analysis, ϕ is the estimate for the average effect of any reminder on diagnostic
completion, and βj represents the effect of the initial treatment allocation on diagnostic
completion. Our main coefficient of interest is πj which is the estimate on the interac-
tion term. It represents the effect of reminders belonging to the jth treatment group on
diagnostic completion. ϵi signifies the error term. The sample only includes households
who had not completed the audit on the date the reminder emails were sent out. Table 5
presents the results.

22Metered and unmetered households may differ on unobserved variables, in which case the results may
not generalize.
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Table 5: ATE Estimates of Reminders on Diagnostic Completion

Vanilla Simplified
(1) (2) (3)

Reminder 0.026∗∗∗ 0.015∗∗∗ 0.026∗∗∗

(0.002) (0.004) (0.005)

Reminder × Simplified 0.011∗

(0.006)

Reminder × Altruism 0.003 −0.007

(0.006) (0.006)

Reminder × Incentives 10 0.015∗ 0.004

(0.008) (0.009)

Reminder × Incentives 15 0.011 0.001

(0.008) (0.009)

Reminder ×Moral Cost 0.030∗∗∗ 0.019∗∗

(0.007) (0.008)

Intercept −0.007∗∗∗ −0.008∗∗∗ −0.009∗∗∗

(0.002) (0.002) (0.002)

Controls ! ! !

Observations 11,031 11,031 8,752
Note: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the average treatment effect estimates of reminders on diagnostic completion (Equa-
tion (5)). The dependent variable for all models is Completed Diagnostic, a dummy variable that equals 1 if
the household completed the water diagnostic, and 0 otherwise. Models (1) and (2) exclude the observations
in the control group, with the Vanilla letter comprising the reference treatment arm in model (2). Model (3)
excludes the observations in both the control and Vanilla group, with the Simplified letter constituting the refer-
ence group. The estimates on the various treatment arms (Simplified, Altruism, Incentives 10, Incentives 15, and
Moral Cost) are omitted from the table in the interest of space, but are all statistically insignificant. Observa-
tions only include households for whom NWL had email contact details, provided they did not complete the
diagnostic before the reminder emails were sent. Therefore, 631 households for whomNWL had email details,
but who had completed the water diagnostic before the reminders were sent, were excluded from the analysis.
All regressions include Meter and Rural as controls. The former equals 1 if the household has a water meter
attached to it, and the latter equals 1 if the household is located in a rural area.
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In column (1) in Table Table 5, we estimate the direct impact of any reminder on the
likelihood of completing the diagnostic. To do so, we modify Equation (5) and run the
model without the effect of initial treatment groups (Tij), and the interaction terms be-
tween the treatment groups and reminders (Ri×Tij). Our findings suggest that reminders
increased the likelihood of completing the diagnostic by 2.6 percent as compared to the
group that did not receive the reminders. Next, in columns (2) and (3), we estimate the
impact of each specific reminder. The omitted category in column (2) is the Vanilla letter,
with control group excluded from the sample.23 With reference to the Vanilla group, re-
minders to theMoral Cost group have the highest additional impact of 3 percentage points,
while the magnitude of impact for Incentives 10 and Simplified groups is also significant.
Notably, the impact of the Moral Cost reminder is significantly different from the impact
of these other two treatments. In the final specification in column (3), the omitted group
is Simplified, with both control and Vanilla groups excluded from the sample.

4 Welfare Analysis

In this section, we examine whether promoting online water audits improves economic
welfare. We consider the impacts of different interventions from our experiment on var-
ious measures of economic welfare. We have three main findings. First, there is not suf-
ficient information on water conservation benefits to say whether specific interventions
would pass a benefit-cost test. Second, the cost effectiveness of these interventions does
not appear to be attractive relative to interventions studied by other researchers for pro-
moting water conservation. Third, a benefit-cost analysis based on greenhouse gas bene-
fits alone, and a comparable MVPF analysis, do not appear to suggest that the investment
is worthwhile. However, without information on the full range of quantitatively signifi-
cant benefits from water conservation, and the impact of our interventions over time, it
is difficult to make informed statements about whether audits are likely to pass different
benefit-cost tests. Nonetheless, we do a bounding exercise that allows us to estimate what
other benefits would need to be for some of our interventions to just pass a benefit-cost
test.

4.1 Cost Effectiveness

We consider the cost effectiveness of this intervention in detail and then compare it with
other interventions in the literature.

23We omit estimates of effect of the initial treatment assignment (βj) from Table 5 for brevity. However,
all of the estimates of βj are insignificant for all specifications.
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Table 6: Different Measures of Cost Effectiveness

Case Base Case No Producer
Surplus Loss

Vanilla
Letter

Targeting
High Users

Two Year
Duration

Parameter (1) (2) (3) (4) (5)
Cost of Mailing 420 420 - 200 420
Producer Surplus Loss 200 - 290 200 2200
Time Cost 68 68 68 30 68

[A]: Total Cost (in £) 690 490 360 430 2,700

[B]: Effectiveness (in m3) 240 240 340 240 2,600

Cost Effectiveness (£/m3) 2.9 2.1 1.0 1.8 1.0
Notes: This table shows how the cost effectiveness changes using different assumptions. Cost effectiveness is measured in terms of
pounds per cubic meter of water conserved in 2020 £. It is computed as the total cost divided by the effectiveness (A/B). See text for
details on the various cases.

4.1.1 Cost effectiveness of the natural field experiment

Wemeasure three categories of costs: the cost of sending letters, the lost producer surplus
associated with the decline in production, and the value of time in filling out the survey.
Our base case is the Incentive 10 treatment, and wemeasure its effectiveness relative to not
sending out a letter, and to sending out the Vanilla letter. Results are presented in Table 6.

We describe the parameters24 for the base case below. The cost of mailing represents
the postal cost of sending letters to 1,040 participants (the sample size in the Incentive 10
group) at a cost of 41 pence per letter, which was the Royal Mail’s standard tariff in 2020-
21 for bulk orders containing less than 2,500 items. There would also be costs associated
with paper, ink and time, but we assume they are negligible. The Producer Surplus Loss
is defined as the total loss in net revenue (i.e., revenue minus cost) caused by water sav-
ings. Since the length of our post treatment consumption data differs across households,
we assume that water savings last for 65 days, which is the average number of days post-
treatment for which we have consumption data. Given a consumer price of £1.3 per cubic
meter, a short-run marginal cost of 44 pence, and average savings of 3.5 liters per day per
household, the producer surplus loss over the 65-day period is £200. The Time Cost is
defined as the monetary value of time associated with filling out the survey and is com-
puted as the product of the average time taken by a household to complete the survey (7
minutes) and 50 percent of the median UK hourly wage rate of £14 per hour, (available
from the Annual Survey for Hours and Earnings, Office for National Statistics, UK ASHE

24For a list of all the parameters and their sources, see Table B.1
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(2021)).25 The sum of these items gives a total cost of £700.26 Effectiveness is measured
by the per capita reduction in water consumption relative to the case of no letter (3.5 liters
per day for 65 days) multiplied by the number of people in the £10 incentive group, which
gives 240 cubicmeters. The cost effectiveness is given by total cost divided by effectiveness,
or £2.9 per cubic meter.

The other four cases are variations on the base case. The first variation labeled No
Producer Surplus Loss sets producer surplus losses to zero, yielding a cost effectiveness of
£2.1 per cubic meter, which is a 29 percent decline relative to the base case. 27 The reason
wepresent the case ofNoProducer Surplus is becausemany studies do not consider changes
in producer surplus in computing cost effectiveness. In our view, this may be particularly
important in cases involving utilities, where prices may differ substantially frommarginal
private costs (Reguant (2019), Hahn & Metcalfe (2021)). Many of the nudges that are
carried out for water involve utility customers, and thus, this change should be included
where possible.

The second variation changes the benchmark for comparison from the control group
to the Vanilla letter. We do this analysis because the utility planned to send out this letter
to their customers without our intervention. The cost effectiveness declines from the base
case by 64 percent. The decline results from the reduction in mailing costs to zero, and the
increase in water savings per household.

The third variation targets only high users, who are defined as users above the median
consumption threshold of 220 liters per day. This leads to an increase in the average re-
duction in consumption from 3.5 to 7.5 liters per household per day. The cost effectiveness
is reduced by 38 percent as a result, from £2.9 per cubic meter in the base case to £1.8 per
cubic meter.28 This suggests that targeting could be an important strategy for improving
cost effectiveness and increasing net benefits, which is consistent with other studies (e.g.,
see Ferraro & Price (2013), Ferraro & Miranda (2013), and Brent et al. (2020)).

The fourth variation considers the impact of a change in duration of the persistence of
the effects due to the intervention.29 Though we make the conservative assumption that
our effects last for only 65 days on average, this is because of limitations of our data. In fact,
various studies (Ansink et al. (2021), Bernedo et al. (2014)) find a long-term persistent
impact of their interventions, going up to 6 years in some instances. If we assume the

25According to White (2016), for local personal travel, value of travel time savings (VTTS) is estimated at
50 percent of hourly median household income. We follow the VTTS convention for our calculations

26Wedo not include the cost of financial incentives in this calculation because they are treated as a transfer.
We consider how this affects the calculation below.

27Note that a decline in the measure of cost effectiveness is arguably an improvement. Either costs go down
or effectiveness, as measured by conservation, increases (or both).

28A similar calculation for the £15 intervention reveals that cost effectiveness is reduced by 30 percent.
29We ignore discounting here because it is not central.
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benefits last for a full two years, this directly impacts the quantity of water conserved.
Conservation increases by a factor of 11 (2,600 v/s 240 cubicmeters), and cost effectiveness
decreases from £2.9 in the base case to £1.0 per cubic meter, or by 65 percent.

We also considered the impact of our base case of £10 versus the £15 intervention. In
the £15 incentive case, both costs and effectiveness increase, but effectiveness increases by
more than the costs. The result (not shown in the table) is that the effectiveness of the £15
intervention is £2.5 per cubic meter, 15 percent lower than the £10 intervention.

Finally, we considered the impact of underestimating costs in two ways. First, it is
possible that the cost of sending letters if provided by a private firm would be roughly
twice the cost of postage.30 This would increase the cost-effectiveness by a factor of two.
We also considered the impact of including the costs of the incentive treatment in the the
definition of costs. This has the effect of increasing cost effectiveness by about 120 percent
from £2.9 to £6.5 in the base case.

4.1.2 Comparison with other studies

There are a small number of other studies that compute the cost effectiveness of water
conservation measures using modern causal identification strategies. These studies are
summarized in Table 7.

The table provides an estimate of the cost effectiveness of different water conserva-
tion studies in dollars per cubic meter of water conserved. The table illustrates five key
points. First, cost effectiveness estimates vary over a large range, from $0.06 per cubic me-
ter in Ferraro & Miranda (2013) to $8.1 per cubic meter in Ansink et al. (2021). Second,
our study appears to fall in the mid-range of existing estimates. Third, most existing cost
effectiveness estimates using causal studies do not include changes in producer surplus
as an indirect cost. Fourth, only a small number of studies report estimates of both cost
effectiveness and the quantity of water reductions associated with that activity. Finally,
the persistence of the treatment effect is important for cost effectiveness, as can be seen
from the difference between the cost effectiveness numbers in Ferraro & Price (2013) and
Bernedo et al. (2014) ($0.17 versus $0.07 per cubic meter). Both studies analyze the same
field experiment, but the former assumes the effect lasts for four months, while the latter
estimates that effects are statistically detectable six years later. Finally, it is not clear in
most cases whether these applications scale, and over what domain. This is a problem
with many studies of this type (List (2022)).

30This is based on private conversations with two experts.
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4.2 Benefit-Cost Analysis

The previous section considered the cost effectiveness of our intervention. In principle,
one could do a full-blown benefit-cost analysis (BCA). We start with a simplified BCA,
and then consider a Marginal Value of Public Funds (MVPF) approach in the next section
that is more detailed. Our purpose in this section is to present a framework for a BCA
that allows us to ask one simple question: how large do other benefits (i.e., those not
quantified in our analysis) need to be to just offset costs that we estimate? Other benefits
could include ecosystem benefits as well as reductions in investment costs (see discussion
below).

The benefits in our analysis result from greenhouse gas emission reductions associated
with a reduction in water consumption. Non-carbon greenhouse gas emissions have been
converted to CO2-equivalents for use in our analysis.31 The carbon footprint numbers for
the water supply, use, and disposal system have been sourced from the Environmental
Agency, a leading public body for the environment in England and Wales (Emma et al.
2008).

To define benefits formally, we introduce some notation. Let ∆g be the total change
in water consumption due to the intervention over the time period of our analysis. Let V
be the incremental greenhouse gas benefits that result from one cubic meter reduction in
water consumption32. The benefits from the intervention, B, are then −V∆g. The costs,
C, are given by the direct incremental costs (cost of mailing the letters and financial incen-
tives provided to the households who complete the audit) of the experiment, E, and any
other losses in producer surplus that may result.33 These losses can be represented by the
difference in the price of water, p, and short-run marginal cost of water, c (presumed to be
constant for simplicity), multiplied by the change in water consumption, ∆g. That is, the
producer surplus losses are (p− c)∆g. We can now estimate net benefits as follows:

Net benefits = B − C

= −V∆g + (p− c)∆g − E (6)

Note that we have not included any measure of consumer surplus. This is because we
invoke the envelope theorem, and assume that consumers who switch are just as well off

31The contribution of different greenhouse gases to total water industry emissions are: carbon dioxide (74
per cent), nitrous oxide (14 per cent), and methane (12 per cent) (Emma et al. 2008).

32See Table B.1 for a full breakdown of the greenhouse gas benefits based on different stages of water
supply and use.

33These costs may be better approximated by the prices charged by a private sector for do these tasks. We
consider a sensitivity on costs below to address this issue.
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as theywere before. 34 If they are better off, then themeasure ofB−C we estimate is an un-
derestimate.35 We also do not include other benefits from water conservation, which may
be substantial, but for which we do not have an estimate. These include possible savings
from reduced capital and operating costs associated with expanded supply (Maddaus
(2011)). In addition, ecosystem services, such as habitat, biodiversity, fishing, recreation,
erosion protection, aesthetic value, and non-use values that can result from conservation
are not included (See Bishop & Weber (1996) for a more extended discussion on the im-
pact of demand reduction on water utilities and the environment).

Estimates for the various parameters in Equation (6) are shown in Table 8 along with
the detailed results on net benefits. We perform the analysis using two different assump-
tions about cost: a short-run marginal cost (SRMC) of £0.44 per cubic meter, and a long-
run marginal cost (LRMC) of £0.98 per cubic meter. The cost numbers were estimated
based on sources from NWL (NWL Financial Statements (2009, 2021)). The SRMC, in
our case, is equivalent to the base operating expenditure per cubic meter of water, or the
marginal operating cost. It takes capacity as given, and includes costs associatedwith elec-
tricity for water transport, storage and treatment, and abstraction charges by environmen-
tal agencies.36 LRMC, on the other hand, is the sum of marginal operating and marginal
capacity costs.37 The LRMC was calculated based on the annualized cost of the last major
water resource investment undertaken by NWL – expanding Abberton reservoir in 2009 –
and equals £0.54 per cubic meter.38

Before explaining the results, it is useful to highlight one key point. The price for water
in this application appears to exceed the estimated marginal social cost (MSC) based on
quantified benefits. The current price is £1.3 and the estimatedMSC is the sumofmarginal
private costs (either £0.44 if we use the SRMC or £0.98 if we use the LRMC) and marginal
external costs (£0.27). This gives an estimated MSC of either £0.71 if we use the SRMC
(£0.44 + £0.27) or £1.3 if we use the LRMC (£0.98 + £0.26). This observation implies that
any conservation measure, even if it had no costs attached, would not pass a narrowly
prescribed benefit-cost test because price already exceeds the estimated marginal social

34For a model that motivates our welfare equation based on nudge theory, see Allcott and Kessler (2019).
These authors assume a lump sum tax finances the nudge and quasi-linear utility for consumers. For an
application that includes externalities, see Akesson, Hahn and Metcalfe (draft).

35We explore this issue in a sensitivity analysis below.
36Marsden Jacob (2004) state that for all practical purposes in the water industry, estimating SRMC by

reference to operating costs is reasonable. Moreover, conversations with NWL representatives suggested
that setting SRMC equal to the short-run average costs was a reasonable assumption.

37Costs associated with investments as a result of an incremental increase in demand.
38This is similar to the concept of long-run incremental cost in Mann et al. (1980), and includes both the

capital costs associatedwith a change in capacity and volume sensitive costs. However, in this case, it may be
an underestimate because it does not appear to include investments in raw water and wastewater treatment
facilities, and water and sewer networks. Such costs could increase the LRMC substantially, but NWL did
not have an estimate.
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cost. Stated another way, because price is greater than the estimated marginal social cost,
consumers may be consuming too little water relative to what might be viewed as eco-
nomically efficient. This, of course, assumes that the estimated marginal social cost is a
valid measure. Below, we argue that is unlikely to be the case in many instances because
other benefits associatedwithwater conservation have not been quantified. This is the rea-
son we perform the bounding exercise contained in Table 3 to estimate what those other
benefits would need to be to just offset costs.

We consider three different cases for estimating net benefits associated with the SRMC
and the LRMC. The first uses the base case with the £10 Incentive, and it is compared to
the case of no letter. The second uses £15 Incentive intervention with the same comparison
group. The third uses the Vanilla letter as the benchmark with the £10 Incentive. We use
the two incentive treatments because those interventions are the ones that resulted in an
economically significant reduction in water consumption. The rationale for considering
a different benchmark is that NWL was going to send out the Vanilla letter anyway. V is
computed based on the Social Cost of Carbon (SCC), which is the monetary value of the
net harm to society associated with adding a small amount of carbon to the atmosphere
in a given year. We use an estimate of the SCC of $51 per metric ton of CO2 (in 2020
dollars), which assumes a discount rate of 3 percent (Interagency Working Group, USG
(2021)). Below, we also consider how using different values for the SCC would affect the
benefit-cost analysis.

The table shows that the measured benefits fall short of the measured costs in all three
scenarios under both the cost structures. This may not be particularly surprising in light
of the fact that we are not quantifying many benefits. The measured benefits are slightly
higher, albeit still negative with the LRMC because the producer surplus loss due to re-
duced consumption is lower as a result of assuming the higher cost. The second to last
row of each panel in the table shows that other benefits would need to be between £2.5 to
£7.2 per cubic meter reduced for the total benefits to just offset the total costs. Though this
gives us the required monetary value of other benefits needed to break even, we can also
calculate how much the other benefits have to be in relation to the greenhouse gas bene-
fits. The final row of both the panels show that other benefits would need to be 9 times (in
the case of LRMC; 11 times in the case of SRMC) as great as carbon emission benefits for
benefits to justify costs.

One could also ask howmuch the SCCwould have to increase for benefits to just equal
costs when other benefits are excluded (or assumed to be zero). The answer is that in the
base case with LRMC, the SCC would need to increase by about 2,000 percent to $1,100
per ton, and to $1,200 per ton using the SRMC. These numbers are much higher thanmost
estimates for the SCC.

We also examine how increasing the persistence of our treatments affects the results.
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Table 8: Simple Benefit-Cost Analysis

Case Units Base Case
(£10 Incentive) £15 Incentive Vanilla Letter

as Benchmark
Parameter (1) (2) (3)
V £/m3 0.27 0.27 0.27
p £/m3 1.3 1.3 1.3
∆g m3 -240 -290 -340
−V∆g £ 64 80 94
E £ 1,300 1,900 850

Panel A (SRMC)
c £/m3 0.44 0.44 0.44
(p− c)∆g £ -200 -250 -290
B − C (Equation (6) above) £ -1,400 -2,100 -1,000
Breakeven Other Benefits = −(B − C) £ 1,400 2,100 1,000
Breakeven Other Benefits / ∆g £/m3 6.0 7.2 3.0
Breakeven Other Benefits / GHG benefits times 22 26 11

Panel B (LRMC)
c £/m3 0.98 0.98 0.98
(p− c)∆g £ -64 -80 -94
B − C (Equation (6) above) £ -1,300 -1,900 -860
Breakeven Other Benefits = −(B − C) £ 1,300 1,900 860
Breakeven Other Benefits / ∆g £/m3 5.4 6.7 2.5
Breakeven Other Benefits / GHG Benefits times 20 24 9
Notes: We implement the equation for net benefits, Equation (6). Panel A shows the results for short-run marginal costs (c=£0.44 per cubic meter).
Panel B shows the results for long-run marginal cost (c=£0.98 per cubic meter). See appendix *** for details.

The answer can be found analytically by differentiating the net benefits equation with
respect to ∆g, which gives −V + (p − c). This expression is £0.03 using the LRMC and
£0.57 per cubic meter using the SRMC. Because both these numbers are positive, this says
that net benefits actually increase with greater consumption, if we assume other benefits
are zero. The reason is that the producer surplus losses per unit of consumption exceed
the greenhouse gas benefits. If we ignore the producer surplus losses then the greenhouse
gas benefits that result in net benefits of zero within the 65-day period corresponds to an
SCC of $1,000 per ton.

The relationship between price and costs will also affect the benefit-cost analysis. If
utility regulators set price equal to cost, then there would be no producer surplus. If we
assume that the price were set equal to the SRMC, then estimated net benefits in the base
casewould increase by £200, from -£1,400 to -£1,200. Alternatively, ifwe assume that prices
were set equal to the LRMC, then estimated net benefits in the base case would increase
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by £72, from -£1,300 to -£1,200.

We also considered the impact of substantially underestimating the LRMC, whichmay
be the case for the reasons outlined above. As a bounding exercise, we consider an LRMC
of £5 (Whittington et al. 2009), an order of magnitude higher than our point estimate.
In this case, if these costs are avoided with conservation, the net benefits go from being
negative to positive. For example in the £10 incentive case net benefits switch from -£1,300
to £520.

Finally, in some situations, it might be argued that people who made changes to their
behavior as a result of taking the audit may actually benefit relative to the status quo. This
could arise because of benefits from information that changes behavior or from benefits
from the act of conserving (i.e., ”warm glow”). Unfortunately, we do not have informa-
tion on the extent to which such people benefited. However, we did perform a sensitivity
analysis that assumes that people who take the audit benefit by the amount of the trans-
fer they receive. The result was to increase net benefits in the base case from -£1,300 to
-£430. Future work could address whether people who responded to a financial nudge
were actually better off if they changed their behavior (Bernheim & Taubinsky (2018)).

4.3 MVPF framework

In this sectionwe apply anMVPF approach to assessing benefits and costs. The core of the
MVPF approach is to consider the after-tax benefits to all groups in society from a small
change in expenditure on a particular intervention and compare that with the net cost to
the government (Hendren & Sprung-Keyser (2020), Finkelstein & Hendren (2020)). In
general, the higher the benefits and the lower the net cost to the government, the more
attractive the intervention is, other things equal.

We introduce some notation to clarify our estimation procedure. Define after-tax ben-
efits as WTP or willingness to pay, and define G as the net cost to the government. Our
measure of MVPF isWTP/G.

First, we considerWTP . Define dg/dn as the change in water consumption for a small
change in expenditure on the intervention (say £1), and define tc as the tax rate on profits
of the firm (which in this case is a utility). Then

WTP = (1− tc)(p− c)(dg/dn)− V (dg/dn)

= ((1− tc)(p− c)− V )(dg/dn) (7)

Equation (7) says conservation is worth considering if the loss in after-tax unit profits is
more than compensated for by the environmental gain (assuming net costs, G, are posi-
tive).
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Now consider the net cost to the government. This is given by

G = 1− tc(p− c)(dg/dn) (8)

This says that the net cost to the government is the direct cost of the intervention (£1) plus
the loss in firm revenues from a £1 increase in expenditures.

The formula for MVPF is thus:

MV PF = WTP/G

=
((1− tc)(p− c)− V )(dg/dn)

(1− tc(p− c)(dg/dn))
(9)

Table 9: MVPF Calculations

Case Base Case £15 Incentive Vanilla Letter
(£10 Incentive) as Benchmark

Parameter (1) (2) (3)
Panel A (SRMC)
c 0.44 0.44 0.44

WTP −0.076 −0.062 −0.17

G 1.0 1.0 1.1

MV PF = WTP
G

−0.074 −0.060 −0.16

Panel B (LRMC)
c 0.98 0.98 0.98

WTP 0.0049 0.0040 0.011

G 1.01 1.01 1.02

MV PF = WTP
G

0.0048 0.0039 0.010

Notes: This table computes theMVPF for the three scenarios described in Table Table 8 using Equation (9).
Panel A shows the results for short-runmarginal costs. Panel B shows the results for long-runmarginal cost.
The values for tc and dg/dn are the same for Panel B as Panel A. The values for V and p are the same as
those in Table 8. See appendix ** for details.

Table 9 summarizes three MVPF calculations. It mirrors the net benefit calculations.
For the short-run marginal cost scenario, MVPF ranges from -0.16 to -0.062. The negative
sign here arises because WTP is negative and the net cost to the government is positive.
This analysis is similar to our simple BCA in that it suggests the investment is not worth
making unless other benefits not included here are significant. Using LRMC instead of
SRMC increases the after-tax benefits due to a fall in producer surplus loss. The MVPF is
positive in this case, but still remains small in absolute terms.
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As can be seen from Equation (7), increasing the social cost of carbon, which is pro-
portional to V , would increase the MVPF. For example, increasing V to 0.68 39 in the case
of the SRMC would make mean that WTP , and hence MV PF were zero using the other
base case assumptions.

There are many uncertainties in the preceding analysis. The largest uncertainties may
relate to categories that we have not quantified, including benefits not quantified and pos-
sible cost savings from deferring capital investment. In addition, there are uncertainties
in many of the key parameters such as costs. In some cases, we think these uncertainties
could change the direction of the benefit-cost analysis. That is why we did the bounding
analysis.

5 Conclusion

Water suppliers and regulators are showing greater interest in assessing non-price mech-
anisms to encourage conservation as scarcity becomes more of an issue. One approach
that is being used is water audits, which offer customers recommendations on how they
could reduce their water consumption.

This paper explores how online water audits affect cost effectiveness and economic ef-
ficiency using a natural field experiment. We have three main findings. First, encouraging
subjects to participate in an onlinewater auditwith financial incentives reduces household
consumption by 43 liters per day, or about 17 percent. However, we also find that the size
of the financial incentive used to encourage conservation only matters marginally, with
£10 and £15 incentives having roughly the same effect. This finding suggests that it may
be worth testing lower levels of financial incentives in future experiments to see how such
incentives affect both water consumption and the willingness to take the audit. Second,
notwithstanding these improvements in water conservation, the intervention does not ap-
pear to pass a benefit-cost test that only includes the benefits of reducing greenhouse gas
emissions. Because our analysis does not quantify other potentially important benefits and
cost savings of conservation, such as ecosystem benefits and reductions in infrastructure
costs, we define a lower bound on other benefits needed for benefits to just offset costs. We
find that other benefits would need to be about 22 times as high as greenhouse gas benefits
for benefits to just offset costs using a standard analysis.40 Using a marginal value of pub-
lic funds approach for measuring benefits and costs yields similar conclusions. Third, we
find that targeting of high users could roughly double the effectiveness of interventions
with financial incentives.

39This amounts to an SCC of $130 per ton of CO2e
40If the social cost of carbon increases over time, as much research suggests, such interventions could

become more attractive.
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There are several areas for future research that we think could be fruitful. First, we
think it would be useful to develop better measures of the cost effectiveness and net ben-
efits associated with different kinds of interventions aimed at promoting water conser-
vation. Table 7, which reviews behavioral economics research in this area, reveals how
little we know about the cost effectiveness of different interventions. It would be useful
for decision makers in charge of water conservation to know something about the likely
costs and effectiveness of the group of interventions they are considering. The same is
true of net benefits. Very few studies using causal methods for estimating water conser-
vation have tried to address the net benefit question. We think using both a standard net
benefit framework as well as the MVPF framework could provide useful inputs to deci-
sion making. Just as Hendren & Sprung-Keyser (2020) developed and compared several
estimates of MVPFs in the education and health areas, it could be useful to undertake a
similar exercise for water and energy interventions. Second, it would be very useful to
try to quantify some of the other benefits associated with water conservation in monetary
terms. Related to that, it would be useful to get better measures of the full marginal ex-
ternal cost of water consumption, and how this varies over time and space (Hanemann
et al. (2006), Garrick et al. (2017)). Third, better information is needed on private costs,
in particular the short-run and long-run marginal costs associated with water supply in
different regions, as these will also be critical in assessing the net benefits of conservation.
Armed with more accurate information on the marginal social cost and its relationship
to price, policy makers will be in a better position to design more equitable and efficient
policies that promote conservation when it is needed.
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Appendices
The Appendix is divided into four sections. Appendix A provides balance tables, statis-
tics on diagnostic completion, and additional results on heterogeneity of treatment ef-
fects based on pre-treatment water consumption. We also compare the characteristics of
households who complete the diagnostic versus those who did not. The section concludes
by analyzing the interaction of households with the reminder emails and how it differed
across treatment arms. Section 2 provides details on the welfare section. We first report
all the parameters and their sources, and subsequently present our calculations of the cost
effectiveness of other studies in the literature. Section 3 sheds light on the measurement
of pre- and post-treatment water consumption data using an illustrative example. Finally,
in Section 4, we provide samples of the different letters and reminders that were sent to
households.

A Baseline Balance and Additional Results

A.1 Balance Table

Our various treatments are balanced on pre-treatment covariates. Table A.1 provides a
measure of the balance on observed covariates across different treatment groups. Column
(1) reports the number of people in each treatment group. Columns (2) to (4) provide
the percentage of population with a water meter, living in a rural area, and for whom the
utility had an email id, respectively. Column (5) reports balance on the number of con-
sumers for whom we had water data available. We also check for balance within the sub
sample of customers with meters as our LATE estimates only use metered households. In
this regard, columns (6) and (7) report the number of metered households living in rural
areas, and who provided NWL with an email id. The only significant differences (at 10
percent) are: a) Vanilla households have a lower probability (67 percent versus 70 percent
in the control group) of living in rural areas, and b) fewer customers (41 percent versus 44
percent in the control group) in the Incentives 10 group had registered their email ids with
NWL. We, therefore, control for these covariates in our regressions. Finally, columns (8)
and (9) provide balance on pre-treatment water consumption, and howmany consumers
within each treatment group fell in the top 50th percentile of water consumption for the
entire sample.

We calculated the p-value on t-test of equality of means with control group, and the
same is reported in brackets. We find that the covariates for the treatment arms are not

37



significantly different from the covariates in the control group.41 Column (8) reports the
p-values from F-tests of joint significance of all the regressors from an OLS regression
where the dependent variable is a dummy variable taking a value of 0 if the customer
is assigned to the Control group, and it takes a value of 1 for customers assigned to the
treatment group in each respective row. A significant F-test would represent that covari-
ates can predict participation in a particular group, but all of them are insignificant. Fi-
nally, the p-values reported in the last row are from the F-test of joint significance of the
treatment dummies from an OLS regression where the dependent variable is the observ-
able covariate and the independent variables are dummies for different treatment groups.
A significant F-test would indicate that in at least one treatment group the mean of the
covariate is different than the others. Again, we fail to reject the null hypothesis that all
coefficients are 0.

Table A.2 provides the raw data from the RCT on the number of households that com-
pleted the diagnostic. These figures are further broken down based on the number of
metered and unmetered households. As reported in column (4), the majority of house-
holds that completed the audit were metered, and this is consistent across all treatment
groups.

A.2 Heterogeneity Based on Pre-Treatment Water Consumption

Targeting households based on somepre-treatment covariatesmay be amore cost-effective
intervention for utilities if there is heterogeneity in response. Wefind that our letters have a
greater impact on high water users, and the result holds with the LATE estimate of impact
of the online audit.

To show that high-use households are more likely to be influenced by these interven-
tions, we run the following econometric model:

yi = α +
∑
j

βjTij + ϕ High-Usei +
∑
j

ηj High-Usei × Tij + γXi + ϵi (10)

where, yi denotes post-treatment water consumption for household i, Tij is a dummy
that equals 1 if household i received treatment j, where j refers to the different treat-
ment groups. High-Usei is also a dummy and equals 1 if household i had a pre-treatment
water consumption greater than the median of the sample. γ is a vector of estimates for
the different dummy controls, represented byXi, for household i. These controls include
Rurali and Pre-Treatment Water Consumptioni in liters per day. Finally, ϵi is the error term.
If households with higher pre-treatment usage were incentivized more to conserve water,
we would expect ηj to be negative and significant.

41It is important to note that water consumption datawas only available formetered customers and, there-
fore, columns (6) to (9) pertain to the sub sample with meters.
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Table A.2: Statistics on Diagnostic Completion and Metered Households

Number of Customers Completed Audit Metered Customers Metered Customers who
Completed Audit

(% of Customers) (% of Customers) (% of Completed Audit)
(1) (2) (3) (4)

All Customers 44,757 1,287
(2.9)

19,180
(42.9)

860
(66.8)

Control 7,459 3
(0.0)

3,184
(42.7)

3
(100.0)

Vanilla 7,460 140
(1.9)

3,193
(42.8)

102
(72.9)

Simplified 7,460 189
(2.5)

3,196
(42.8)

133
(75.6)

Altruism 7,460 176
(2.4)

3,200
(42.9)

119
(67.6)

Incentives 10 3,789 242
(6.4)

1,652
(43.6)

136
(56.2)

Incentives 15 3,670 278
(7.6)

1,551
(42.3)

161
(57.9)

Moral Cost 7,459 259
(3.5)

3,204
(43.0)

206
(79.5)

Notes: All data was provided by Northumbrian Water Limited. Column (1) reports the number of customers assigned to each treatment group. Column (2) reports the
number of customers who completed the online diagnostic. Percentage of households which completed the audit relative to total number of households in the treatment
group are reported in parenthesis. Column (3) reports the number of customers who had a water meter installed in their homes. Percentage of metered households
relative to total number of households in the treatment group are reported in parenthesis. Column (4) reports the number of metered households who completed
the audit. Percentage of metered households which completed the audit relative to total number of households which completed the audit in the treatment group are
reported in parenthesis.
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Table A.3: Heterogeneous Treatment Effects Based on Pre-Treatment Usage

Post-Treatment Water Consumption
Control Control Vanilla Simplified

(1) (2) (3) (4)
High-Use 9.716∗∗∗ 9.729∗∗∗ 7.328∗∗∗ 5.361∗

(2.702) (2.701) (2.822) (2.918)

High-Use × Treated −4.891∗

(2.503)

High-Use × Vanilla −2.199

(3.196)

High-Use × Simplified −5.821∗ −3.614

(3.220) (3.171)

High-Use × Altruism −5.223 −3.025 0.679

(3.223) (3.170) (3.194)

High-Use × Incentives 10 −7.863∗∗ −5.655 −2.053

(3.920) (3.882) (3.899)

High-Use × Incentives 15 −7.398∗ −5.195 −1.554

(3.977) (3.934) (3.958)

High-Use ×Moral Cost −3.960 −1.760 1.913

(3.148) (3.092) (3.123)

Intercept 7.771∗∗∗ 7.770∗∗∗ 10.546∗∗∗ 10.879∗∗∗

(1.664) (1.663) (1.739) (1.995)

Controls ! ! ! !

Observations 11,700 11,700 9,770 7,795
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the average treatment effect estimates of different behavioral interventions on post-treatment water consump-
tion (Equation (10)). The dependent variable for allmodels isPost-TreatmentWater Consumption, a continuous variable thatmeasures
the water consumption of a household, in liters per day, post the treatment date of 08-Dec-2018. Pre-treatment consumption and
post-treatment consumption were available for only a subset (30 per cent) of the households. Households with unreasonably large
differences between pre- and post-treatment consumption (absolute value greater than 50 per cent) were dropped from the sample.
The data was trimmed at 1 and 99 percentile of pre-treatment consumption. The model names reflect the reference group for each
regression. The regressor of interest, High-Use, is a dummy that equals 1 if the household had a pre-treatment water consumption
greater than themedian of the sample. Treated is a dummy variable that equals 1 for all households who received any letter. The esti-
mates on Treated and the various treatment arms (Vanilla, Simplified, Altruism, Incentives 10, Incentives 15, andMoral Cost) are omitted
from the table in the interest of space. Models (1) and (2) include all observations, with the control treatment arm constituting the
reference group. Model (3) excludes the observations in the control group, with the Vanilla letter comprising the reference group.
Model (4) excludes the observations in the control and Vanilla group, with the Simplified letter acting as the reference group. All
models include Rural and Pre-Treatment Consumption as controls. Rural is a dummy that equals 1 if the household is located in a
rural area. Pre-Treatment Consumption is a continuous variable that measures the water consumption of a household, in liters per
day, before the treatment date of 08-Dec-2018.
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Table A.3 presents the results. With reference to the control group, the interventions
had an additional significant negative impact of 4.9 liters per day on treated consumers
in the high usage category (column (1)). When we include individual dummies for dif-
ferent behavioral communications (column (2)), our findings suggest that the Simplified
and Incentive letters have a significantly higher impact on high-use households. This het-
erogeneity, however, does not persist when our reference group changes to Vanilla or Sim-
plified in columns (3)-(4), but the effect sizes are still negative and large. Thus, we do
find evidence of heterogeneous treatment effects based on water usage prior to treatment,
especially when we compare the interventions to the control group.

We also test for heterogeneity in our LATE estimates by running the following regres-
sion:

yi = α + βTi + ϕ High-Usei + η High-Usei × Ti + γXi + ϵi (11)

where Ti represents Completed Diagnostic, which is an indicator for whether the household
completed the audit or not. The coefficient of interest is η, which represents the additional
impact of completing the diagnostic on high users comparedwith low users. As discussed
in Section 3.3, we need to use IV’s for Completed Diagnostic, with the IV for the interaction
term, High-Usei × Ti, just the IV for Completed Diagnostici interacted with High-Usei. The
results are presented in Table A.4.

For all specifications, the coefficient on Completed Diagnostic is negative but insignifi-
cant. Notably, the coefficient on the interaction term is negative and significant for our
first two specifications, and also much higher than the coefficients in Table 3 where we
do not distinguish between high- and low-use households. This implies that audits had
a far greater impact on high-use households than low-use households. The estimate in
column (3), when our sample includes Simplified and Incentives group, is negative but in-
significant. However, as discussed earlier, this is most likely due to low statistical power
because we lose a major portion of our sample. For our preferred specification in column
(2), the fall in consumption is 83 liters per day for the high-use consumer. This represents
a percentage reduction of 24 percent relative to pre-treatment consumption for high-use
households. Thus, the online audit incentivized high-use households to conserve more
water.

Both the results above lend credence to the theory that behavioral interventions can
have heterogeneous impacts on consumers depending on their pre-treatment usage. There-
fore, utilities can target the households with high consumption as they seem more likely
to be incentivized.
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Table A.4: LATE Estimates of Heterogeneous Treatment Effects

Post-Treatment Water Consumption
(1) (2) (3) (4)

Complete Diagnostic −12.637 −5.097 −11.215 −47.769

(10.745) (11.459) (39.373) (63.047)

High-Use 9.851∗∗∗ 13.475∗∗∗ 13.818∗∗ 8.364

(2.651) (3.420) (6.973) (28.261)

High-Use × −65.567∗∗ −82.943∗∗ −129.464 4.134

Complete Diagnostic (32.642) (36.576) (111.668) (241.173)

Intercept 10.292∗∗∗ 10.460∗∗∗ 10.944∗∗∗ 16.654∗

(1.603) (2.311) (2.077) (9.449)

Instruments All Treatment Incentives+Simplified Incentives Incentives 15
F-stat in First Stage 20, 17 34, 30 40, 16 2, 1
Controls ! ! ! !

Observations 11,700 5,830 11,700 1,974
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the local average treatment effect estimates of diagnostic completion on post-treatment water consumption. The dependent
variable for all models is Post-Treatment Water Consumption, a continuous variable that measures the water consumption of a household, in liters per
day, post the treatment date of December 08, 2018. Pre-treatment consumption and post-treatment consumption were available for only a subset
(30 per cent) of the households. Households with unreasonably large differences between pre and post-treatment consumption (absolute value
greater than 50 per cent) were dropped from the sample. The data was then trimmed at 1 and 99 percentile of pre-treatment consumption. The
regressor of interest is High-Use × Complete Diagnostic. Complete Diagnostic is a dummy variable that equals 1 for all households who completed
the water diagnostic. High-Use is a dummy that equals 1 if the household had a pre-treatment water consumption greater than the median of
the sample. For all the models, the instrument for the interaction term is the IV for the endogenous variable, Complete Diagnostic, interacted with
High-Use. The IV inModel (1) is a vector of dummies for all the different treatment arms. The IV inModel (2) is a vector that includes dummies for
Incentives 10, Incentives 15, and Simplified treatment arms. The IV in Model (3) is a vector of dummies for Incentives 10 and Incentives 15 groups,
while the IV in Model (4) is only the Incentives 15 group. The sample in model (2) consists of the Incentives, Simplified and control group, while
the sample in model (3) includes only Incentives and the Simplified group. Model (4) only includes the Incentives group. All models include
Rural and Pre-Treatment Consumption as controls. Rural is a dummy variable that equals 1 if the household is located in a rural area. Pre-Treatment
Consumption is a continuous variable that measures the water consumption of a household, in liters per day, before the treatment date of December
08, 2018.

A.3 Characteristics of Households that Complete the Diagnostic

Continuing with our theme of targeting, we find that different behavioral interventions
influenced different set of households to take up the water audit tool. This is relevant
because if the different letters differ in terms of which households they influence, it may
be easier to target the right behavioral intervention based on the customer attributes.

Table A.5 provides the average value of the household characteristics across different
treatment arms for the subset of households who completed the diagnostic. The columns
represent different interventions and each row represents a household characteristic, rang-
ing from the type of residence and the number of different water-consumption devices
installed, to its water and energy usage. The last column reports the p-value from a joint
F-test of whether the household characteristic varies across the different groups. The re-
sults indicate that the financial incentives treatment influenced a relatively larger number
of unmetered households to commit to the audit. Therefore, households who were un-
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Table A.5: Characteristics of Households which Complete the Diagnostic

Vanilla Altruism Simplified Incentives 10 Incentives 15 Moral Cost F-Test

(1) (2) (3) (4) (5) (6) (7)

Rural 0.61 0.66 0.65 0.70 0.68 0.65 0.71

Metered 0.73 0.68 0.70 0.56 0.58 0.80 9.18∗∗∗

Number of:

Showers 1.29 1.31 1.31 1.19 1.21 1.27 1.76

Toilets 1.99 1.97 1.93 1.73 1.73 1.97 4.29∗∗∗

Basins 1.95 1.81 1.83 1.64 1.63 1.81 4.05∗∗∗

Bathtubs 0.90 0.92 0.93 0.88 0.89 0.90 0.37

Kitchen Utility Taps 1.33 1.25 1.44 1.26 1.37 1.28 3.03∗∗∗

People at Home 2.25 2.11 2.10 2.22 2.23 2.17 0.69

Cost of Water (£/year) 386.72 365.96 402.65 387.85 353.27 383.91 0.70

Frequency (per week):

Showers 10.36 10.22 9.71 9.95 10.83 10.34 0.81

Baths 2.85 2.97 2.89 3.19 2.86 2.81 0.29

Boiling Water 27.39 24.51 25.16 23.79 24.10 26.12 1.78

Wash Up by Hand 12.96 13.26 15.41 14.16 12.87 13.13 1.73

Dishwasher 2.22 2.28 2.15 1.62 1.73 2.17 2.08∗

Washing Machine 5.22 4.85 4.51 4.98 4.51 4.36 1.16

Watering Garden 2.11 2.26 1.89 1.97 1.80 1.92 0.77

Shower Duration (mins) 6.49 6.83 7.05 7.68 7.04 6.73 2.10∗

Water Use (’000 litres/yr):

Bathroom 85.11 81.47 83.52 90.22 90.76 86.68 0.87

Kitchen 32.56 30.15 30.72 31.66 30.53 30.46 0.49

Outdoor 1.08 1.49 1.40 1.03 1.03 1.09 1.53

Household 118.74 113.11 115.65 122.92 122.32 118.22 0.63

Per Person 54.12 55.52 55.58 56.22 56.19 55.02 0.27

Energy Use (’000 kWh/yr):

Bathroom 1.22 1.21 1.23 1.34 1.34 1.27 0.65

Kitchen 0.67 0.63 0.64 0.65 0.63 0.64 0.35

Household 1.90 1.85 1.87 1.99 1.97 1.91 0.39

Type of Residence:

Cottage/Bungalow 0.09 0.06 0.10 0.07 0.08 0.12 1.25

Detached 0.31 0.35 0.28 0.21 0.23 0.34 3.83∗∗∗

Flat 0.04 0.03 0.07 0.02 0.04 0.06 1.33

Semi-Detached 0.41 0.38 0.41 0.48 0.44 0.33 2.65∗∗

Terrace 0.15 0.18 0.15 0.21 0.21 0.15 1.44

Observations 140 176 189 242 278 259

Notes: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All data are from the water diagnostic survey, and the number of observations, therefore, include only the homes which completed the diagnostic. Columns 1 to 6 report the mean value of each household
characteristic for the respective treatment groups. Rural, Metered, and all five variables related to Type of Residence are binary. Cost of Water (£/year) is self-reported and only includes homes which pay
for their own water. The variables related to Water Use (litres/year) and Energy Use (kWh/year) are calculated by NWL based on the answers provided by the households in the diagnostic. Energy Use
(kWh/year) is the total amount of energy used by a household in a year to heat water. The final column, F-Test, reports the p-value from a joint orthogonality test of equality of means between the six
treatment groups.
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able to monitor their daily consumption were more likely to complete the diagnostic if
offered monetary rewards. Furthermore, the average number of basins and toilets were
lower in households that completed the diagnostic owing to the Incentives treatment, sug-
gesting that financial inducement is a strong motivator for smaller or poorer households.
In other words, financial incentives also influenced households that would not reasonably
be expected to use the water audit tool.

A.4 Interaction of Households with Reminders

Sending reminders to consumers may be an important method to reinforce the impact
of behavioral interventions. Therefore, it is important to know how customers interact
with reminders and their impact on take-up of the audit. We find that customers inter-
action with the reminder email depends on the content of the reminder, with Moral Cost
reminder doing well in terms of positive engagement.

Email reminders were randomly sent to the subset of customers that had not com-
pleted the diagnostic by February 2019. Using CRM data, we can count the number of
people who opened the reminder emails, or opened the reminder email and clicked on
the link to the audit tool, or simply unsubscribed. Results from this analysis are presented
in Table A.6.

As compared to the Vanilla reminder, all reminders, except Altruism, had a positive
and significant effect on the probability of opening the reminder. The email appealing
to an altruistic motive, however, was opened considerably fewer times. Moreover, fewer
households clicked on the diagnostic link after opening the email if it belonged to the
said category. Surprisingly, the Moral Cost reminder resonated positively, with greater
participation in the audit as compared to households who received the Vanilla reminder.
Finally, receiving a reminder with a monetary incentive was the only intervention which
reduced the probability of unsubscribing from future emails.

B Welfare Calculations

B.1 Parameters

The different parameters used in the welfare calculations are specified in Table B.1, along
with their units and sources.
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Table A.6: ATE Estimates of Letters on Interaction with Reminders

Opened Reminder Clicked Reminder Email Unsubscribed
(1) (2) (3)

Simplified 0.060∗∗∗ 0.009 −0.001

(0.021) (0.009) (0.004)

Altruism −0.059∗∗∗ −0.039∗∗∗ −0.002

(0.021) (0.006) (0.004)

Incentives 10 0.056∗∗ 0.017 −0.008∗∗

(0.026) (0.011) (0.003)

Incentives 15 0.072∗∗∗ 0.011 −0.002

(0.027) (0.011) (0.005)

Moral Cost 0.068∗∗∗ 0.028∗∗∗ −0.000

(0.021) (0.010) (0.004)

Intercept 0.432∗∗∗ 0.028∗∗∗ 0.017∗∗∗

(0.019) (0.008) (0.004)

Controls ! ! !

Observations 5,563 5,563 5,563
Notes: Robust standard errors are in parenthesis. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
All regressions report the average treatment effect estimates of different behavioral interventions on how customers interacted
with the reminders. Dependent variables, all dummy variables, are presented as column names. Opened Reminder refers to
if the household clicked the email and were shown its content. Clicked Reminder means that the household clicked the link to
the audit tool within the reminder. Email Unsubscribed refers to a situation where the household unsubscribed from receiving
any further reminder emails fromNWL. The reference group in eachmodel is the Vanilla group. The data for each regression
includes only households who had not completed the diagnostic by 06-Feb-2019, and had received an email reminder. All
models include the dummy variables Meter and Rural as controls. The former equals 1 if the household has a water meter
attached to it, and the latter equals 1 if the household is located in a rural area.
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B.2 Cost Effectiveness Calculations

Table 7 in the main text provides a comparison of the cost effectiveness with other studies
in the literature. Calculations related to the comparison with Ansink et al. (2021) are
presented below in Table B.2. The cost effectiveness calculations in their paper do not lend
themselves easily to comparison with our numbers, and therefore, we provide a summary
of our calculations below. Panel A shows the total water savings from the information and
technology arm for all the months in the one year following the treatment. In other words,
it provides a measure of the effectiveness against which costs need to be compared. Panel
B shows the calculations related to total costs. Subsequently, we divide the costs in Panel
B by the effectiveness in Panel A to arrive at the CE.

For studies other than Ansink et al. (2021), there was a cost effectiveness number spec-
ified, but in dollars ($) per gallon. The same has been converted to dollars ($) per cubic
meter and in 2020 dollars (as opposed to dollars in the year of publishing) for comparison.
The inflation adjustment used price data from US Bureau of Labor Statistics (2021)42. The
details of the calculations are presented in Table Table B.3.

C Calculation of Pre- and Post-Treatment Water Consump-
tion

We now provide a detailed description of the computation of consumption data for dif-
ferent households. To help illustrate the format of the data shared by NWL, and our data
cleaning process, we use some randomly generated data in Table C.1

The consumption data from NWL consisted of a series of four meter readings for each
household. Each meter reading includes the date of the reading, and its corresponding
value. Thus, Readdate 1 represents the date of the earliest reading for the household in
our data set, while Readdate 4 represents the date of the latest reading. All households
for which we did not have at least one reading before and after the treatment date (i.e.
08-Dec-2018) were dropped from the sample. Readings for different households were
taken at different times, and therefore, Readdate 1 for Unique ID 1 could be very different
from Readdate 1 for Unique ID 2. Pre-treatment water consumption was calculated by
differencing the two readings immediately prior to the treatment date. In the example,
pre-treatment consumption for Unique ID 1 is the difference between Read 2 and Read 1,
whereas the pre-treatment consumption for Unique ID 2 is the difference between Read 3
and Read 2. If either of the two readings immediately prior to treatment were taken before
01-Jan-2010, the household was dropped as the date is too far back in time to accurately

42Consumer Price Index for All Urban Consumers (US city average series for all items)
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Table B.2: Cost Effectiveness in Ansink et al. (2021)

Panel A

Month
Reduction due
to Information
(liters/day/hh)

Reduction due
to Technology
(liters/day/hh)

Total Reduction
due to Information
(cubic meters)

Total Reduction
due to 1 Device
(cubic meters)

(1) (2) (3) (4)
Month 1 -46 -6 -13,011 -1,403
Month 2 -42 -6 -11,977 -1,407
Month 3 -39 -6 -11,171 -1,341
Month 4 -38 -4 -10,813 -1,053
Month 5 -31 -6 -8,702 -1,345
Month 6 -28 -5 -7,958 -1,240
Month 7 -26 -5 -7,286 -1,276
Month 8 -22 -6 -6,232 -1,387
Month 9 -19 -7 -5,523 -1,570
Month 10 -17 -7 -4,765 -1,564
Month 11 -15 -7 -4,205 -1,713
Month 12 -14 -7 -3,928 -1,717

A: Total Water Conserved in 1 Year (m3) -95,570 -17,016

Panel B

Variable Unit Information
Component

Technology
Component

(1) (2) (3)

Cost £/hh (column 2)
£/device (column 3)

30 13.5

B: Total Cost £ 284,880 107,685

Cost Effectiveness £/m3 3.0 6.3

Cost Effectiveness $/m3 3.8 8.1
Notes: Total number of households in the study were 9,496. For calculating the reduction due to 1 device, the percentage of h/h’s with no water saving
devices (16 percent) were removed from the sample. Reductions due to information and technology component are sourced from Appendix Table A of
Ansink et al. (2021). Total water conserved in 1 year is the sum of water reductions across all the 12 months. Cost of information component calculated
as the product of time taken per audit (1.5 hours) and average hourly labor cost of £20/hour (as assumed by the authors). Cost of technology component
includes cost of one device (£9 per device) plus delivery costs per household (£4.5). Total Cost calculated as per household cost multiplied by total number
of households. Total number of households in the case of technology component adjusted for percentage of households with no water saving devices. For
conversion rate from £ to $, see Table B.1 for parameters
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Table B.3: Cost Effectiveness Calculations for Other Studies

Paper Population / Bound
$ per 1000

gallons reduced
(Year of Paper)

$ per 1000
gallons reduced

(2020)

Cost effectiveness
($/m3)

(1) (2) (3) (4)

Bennear et al. (2013)
Lower Bound 7.33 8.3 2.2
Upper Bound 26 29 7.6

Ferraro & Miranda (2013)
All Households 0.37 0.41 0.11
High-Use Households 0.20 0.22 0.06

Ferraro & Price (2013)
All Households 0.58 0.65 0.17
High-Use Households 0.42 0.47 0.12

Bernedo et al. (2014) All Households 0.24 0.26 0.07

Brent et al. (2015)
Lower Bound 1.7 1.9 0.50
Upper Bound 2.6 2.9 0.75

Notes: 1000 gallons equals 4.5 cubic meters. For all studies, the cost effectiveness was converted to 2020 values based on the cumulative inflation rate between the year
the study was published and 2020. The inflation adjustment used price data from US Bureau of Labor Statistics (2021). High-use households in Ferraro & Miranda
(2013) refer to households who both have above median consumption and own their homes. High-use households in Ferraro & Price (2013) refer to households who
have above median consumption.

Table C.1: Format of Consumption Data

Unique ID Readdate 1 Read 1 Readdate 2 Read 2 Readdate 3 Read 3 Readdate 4 Read 4

1 2017-02-21 7438 2018-02-23 7585 2018-12-24 7864 2019-04-20 7986
2 2016-11-03 1184 2017-07-27 1379 2018-07-19 1674 2019-01-14 1803

measure consumption in the present period.

Post treatment water consumption was the difference between the two most recent
readings. Most of the households only had a single reading post treatment, and therefore,
post consumption in that case would be the difference between the reading post treatment
and the reading immediately prior to the treatment. For example, post consumption for
both Unique ID 1 and Unique ID 2 would be the difference between Read 3 and Read 4,
but Readdate 3 in case of Unique ID 2 was prior to the treatment date.

The difference between any two readings gives us the water consumption in cubic
meters during the time interval obtained by differencing the two corresponding reading
dates. To standardize this measure across all households, the difference between any two
readings was divided by the number of days between the respective readings to obtain
average water consumption in cubic meters per day. Finally, this measure was multiplied
by a 1000 to obtain water consumption in liters per day.
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D Sample Letters

The letters and the reminder emails sent to the different treatment groups byNWL to their
customers are presented below.
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Figure D.1: Vanilla (Status Quo) Mailer
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Figure D.2: Simplified Mailer
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Figure D.3: Altruism Mailer
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Figure D.4: £10 Incentive Mailer
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Figure D.5: £15 Incentive Mailer
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Figure D.6: Moral Cost Mailer
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Figure D.7: Reminder Email
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