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Abstract

Individuals care about what others do or think of what should be done. Provide information in this
regard has proven effective in promoting pro-environmental behaviors in water, energy, and green product
consumption. However, the presence of spillover effects in previous field experiments has lead to biased
or lower-bound estimators. This paper reports the results of a randomized field experiment designed to
produce and measure the spillover effects of a normative informational campaign on residential water
use in Colombia. Randomization was at two levels. First, I randomly assign a level of saturation among
villages. Saturation refers to the percentage of the households that will be exposed to treatment directly;
the rest are the spillovers. Second, I randomly assign the treatment status according to this saturation.
Results show that accounting for spillovers leads to higher effects than in previous interventions. On
average, directly exposed households reduce water consumption by 7.5% and spillovers by 4.5%. Spatial
proximity to others directly treated in the same street reinforces the effects on the directly exposed.
Overall the reactions of the spillover households could be explained by communication with other family
members and interaction in public places. This paper remarks on the importance of addressing spillovers
in normative informational interventions. Using them accurately could help to diffuse desirable or to
avert bad behaviors in environmental concerns at a lower cost.

Keywords: social comparison; social norms; field experiment; water demand; water conservation.
JEL Classification: C93; Q25; Q58

1 Introduction

Recently, there is an increasing interest in how information produces pro-social behaviors. In particular,
information about the performance of the others within a group (Biel and Thøgersen, 2007; Baron, 2010;
Thaler et al., 2014; Farrow et al., 2017; Byerly et al., 2018). Stressing social norms is an effective alternative in
promoting collective action. Social norms are beliefs about what other people are doing or what other people
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think should be done (Axelrod, 1986; Elster, 1989, 1994; Kallgren et al., 2000; Bicchieri, 2006; ?). There is
considerable evidence in the lab and field in this regard. For instance, in water and energy savings, green
consumption, and recycling (Schultz, 1999; Bator and Cialdini, 2000; Nyborg et al., 2006; Ehrhardt-martinez
and Donnelly, 2010; Nomura et al., 2011; Allcott, 2011; Ferraro and Price, 2013; Brent et al., 2015; Jaime
and Carlsson, 2018; Alberini and Towe, 2015; Fischer, 2008; Reddy et al., 2017; Sudarshan, 2017). However,
in previous interventions, the presence of spillover between experimental units has produced lower-bound or
biased estimations of the real impact. The interaction among treated and control units produces information
diffusion, affecting the decision-making process and social outcomes within a group (Goyal, 2011). This is
a violation of the central assumption in experiments that treatment solely generates the effect (Gerber and
Green, 2012). In interventions seeking to promote pro-environmental behaviors, addressing spillover effects
can be socially desirable. They can help to diffuse responsible environmental behaviors or avert bad ones.

In this paper, I estimate the effect of delivering normative messages seeking to promote residential water
conservation. The message is a report attached to water bills, with descriptive and injunctive norms. I
conduct a field experiment in which I produce and measure the effects on two groups, directly treated and
spillovers. To do this, I use a multilevel experiment at two stages. First, I randomly assign a saturation level
among villages. Saturation is the percentage of households that receive the in any village. It ranges from 0%
to 75%, in increments of 25%. Where 0% indicates pure control villages. Households left untreated within a
village with positive saturation are the spillovers. Second, I randomly assign treatment status to households
conditional to the saturation.

In total, the sample accounts for eight villages with 3,401 households in Colombia. Of these, 1,429 households
within six villages are exposed directly to the messages, and 1,489 indirectly. Finally, 483 households of two
villages were the pure control group. The intervention took place from September of 2017 to January of
2018. According to the billing frequency, four villages receive messages every 30 days and four every 60.

With this design, I find higher effects than in similar previous interventions when accounting for spillover
effects. On average, the directly exposed reduce water use by 7.8% and indirectly by 4.9%, compared to the
control group. On average, the total causal effect represents a monthly reduction of 69,000 liters per day.
In villages with 75% of saturation, reductions are significant and robust. I address the problem of small
cluster sample using randomization inference. Delivering feedback every 30 days produces higher reductions.
Households in this group reach -9.6% in the directly exposed and 7.6% in the spillovers, with a total causal
effect of -21%. Households receiving feedback every 60 days seem to lack statistical power.

I also estimate the effects by type of consumers at the baseline. I split the sample in higher and lower
water users, according to their position above or below the median of the distribution in their village. The
intervention has larger and significant reductions in those user with high level of consumption before the
intervention. In those considered lower-users, the intervention produces an increment in consumption. In
the literature, this is considered as a "moral license effect". Individuals below the standard revealed, feel
that they have room to increase their consumption, and still performing good according to the injunctive
norm.

In order to analyze mechanisms, I explore the spatial proximity to other households directly exposed within
the same street. Using the ratio of directly treated households over the total. Estimations show that, as
the percentage of households directly treated increases in the same street, it reinforces the treatment effects
on the directly treated. However, this mechanism is not a significant pathway to explain the diffusion effect
on spillovers. Moreover, I explore some mechanisms using household information collected through a survey
from a representative sample at the end line. The response of the households show that communication with
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family members that live in another houses and the discussion with neighbors in public places could explain
the estimated effects in both treatment groups.

This paper extends on the literature of social networks. Theoretical and empirical research addresses the
spillover using this approach. There is vast evidence in analyzing why and how people adopt behaviors and
practices from others. In contexts of agriculture, micro-finance, vote mobilization, public health, and labor
markets (Calvo-Armengol and Jackson, 2004; Hesselius et al., 2009; Conley and Udry, 2010; Hesselius et al.,
2013; Banerjee et al., 2013; Duflo and Saez, 2003; Carlsson et al., 2016; Bramoullé et al., 2009). There are
different causes of why spillover occurs. Among the reasons are communication between treated and control
units, bandwagon effects, and social-psychological processes Green and Sinclair (2012); Gächter et al. (2013).
According to Manski (1993), spillovers occur because of the direct influence of others, the outcome of the
others, or the similar characteristics or institutional contexts they share.

Experimental designs to deal with spillovers intend to avoid or produce them. For instance, randomized block
design causes contamination on the control group, while cluster design needs a larger sample for statistical
power. The first approach is the most common design in previous interventions. Multilevel experiments are
a great option in informational interventions Basse and Feller (2018); Hudgens and Halloran (2008). Green
and Sinclair (2012) conducted a field experiment allowing the communication between units. The study
intended to increase the effects of a message in voting mobilization, varying the numbers of treated within a
household. Giné and Mansuri (2018) also conducted a campaign to increase the female turnout in Pakistan.
They randomly assigned the percentage of treated units within villages, letting some untreated.

The contribution of this paper is in three aspects. First, I contribute to the literature regarding the use
of social comparisons to promote pro-environmental behavior (Ferraro and Price, 2013; Brent et al., 2015;
Datta et al., 2015; Jaime and Carlsson, 2018). To my knowledge, this is the first paper in which the research
design produces and measure spillover effects. It should be noted that previous interventions estimate
biased or lower-bound effects. This has produced one of the foremost critics on these interventions. In
particular, related to the smaller size of their effects in contrast to other policy alternatives. This approach
can be useful not only for water, but also energy and green consumption. Overall, in intervention that use
normative information.

Second, this paper extends on the literature of multilevel experiments, and social networks, as in Green and
Sinclair (2012); Fafchamps and Vicente (2013). I follow the formalization proposed by Baird et al. (2015),
whose design produce spillover effects in two steps. The idea is to produce sufficient variability to measure
direct and indirect effects. Multilevel experiments have been used in politics and development in economic
literature. This is the first paper that extrapolates multilevel experiments in environmental and resource
economics. Finally, in terms of public policy, this experiment sheds light on the usefulness of this alternative,
promoting pro-environmental behaviors at a lower cost. This paper reaffirms the importance of activating
social comparison, which can be helpful in scenarios of uncertainty regarding water availability as in the
tropical Andes. Also, significant effects on the spillovers shed some learning into the social capital within a
community. In particular, in how much the individuals are connected or trust each other.

The remainder of this paper is presented as follows. In Section 2, I describe the Colombian context. In
Section 3, I present the treatment and the experimental design. In Section 4, I presents the results. Finally,
Section 5 includes the discussion.
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Figure 1: Southern Oscillation Index from 1980 to 2019.

Note: The y-axis is the measure of SOI. Red bars represent warm periods and blue bar cold ones. The dashed lines in the
x-axis represent the most severe "El Niño" episode recently— source: Author’s plot with data from NOAA.

2 Context

Only 0.025% of global water is fresh and safe for drinking. Large areas of the world suffer from a lack of
water to meet the demand for human activities. OECD (2016) states that 40% of the population lives in
river basins with water stress. Projected scenarios are not very encouraging. Simulations by 2050, predict
the growth of 55% in water demand. It means that 240 million people will not have access to water to meet
their future needs.

Latin-America has abundant water resources in contrast to other regions. However, the distribution is
asymmetric over space and time. For instance, in Colombia, the scarcity depends on different scenarios. On
the supply side, the variability of precipitation has become more extreme. It engenders several droughts
(Niño phenomenon) or floods (Niña phenomenon1. Figure 1 plots the "Southern Oscillation Index" for the
period 1980-2019, using data from NOAA2. The index is a standardized measure of the air pressure in the
tropical Pacific. Prolonged periods of negative (positive) values coincide with abnormally warm (cold) ocean
waters what causes "El Niño" (La Niña) episodes. In the last ten years, red values are more prolonged.
Water deficit affects aqueducts, agriculture, and power generation. Also, it impacts on public health and
other natural resources.

During scarcity, water managers need actions to promotes water conservation (WWAP (World Water As-
sessment Programme), 2012). Aqueducts face challenges in pursuing water use efficiency. At the end of
2014, Colombia coped with an “El Niño” episode. An extreme drought that affected some regions more than
others. In total, 22% of the municipalities ran out of drinking water 3. Policies to promote water efficiency
during these situations are required. The national government usually addresses this using drought prices
and rationing policies.4.

The water sector in Colombia is a hybrid system. Municipalities can provide the service or delegate in
1The Oceanic Niño Index (ONI) from National Oceanic and Atmospheric Administration -NOAA Oceanic Niño Index
2National Oceanic and Atmospheric Administration -NOAA. Information atSouthern Oscillation Index (SOI)
3Water and Sanitation Regulation Commission. SUI
4In this drought, season fines were established by Ministerio del Medio Ambiente (Environmental Ministry in English). Decree

#5051 in 2009 determined actions to promote efficient water use. In 2014, the Water and Sanitation RegulationCommission
activated the policy.
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private or community organizations. Currently, there are 3,000 water providers, approximately. Community
organizations share 59%, Local governments providing services are 13,3%, or by public corporations are 6,4%.
Finally, 20% are private corporations, including entirely private capital or public-private partnerships. 83%
of aqueducts provide service in urban areas with less than 2,500 users. According to Superservicios (2014)5,
these aqueducts have differences in infrastructure and access to technology. They rely on public resources
for investment and operation.

The water rate is an increasing block price structure, which includes equity concerns. To do so, low-income
groups receive subsidies, and high-income pay an over-price. The government uses the local contributions
plus transference from the national budget to provide the subsidies. Households are ranked in socioeconomic
stratification - SES. There are six strata, where the first is the population with the lowest income level,
and the sixth with the highest. The number of SES can vary up to the population within a municipality.
The criterion derives from an inventory of external physical characteristics of housing, and their immediate
environment and public goods. Local government decides on the assignation, but the methodology is set
at the national level level6. Users with subsidies represent 85% of the total. This policy cost 2.5% of the
national public budget. In this context, reducing water consumption could also have a significant social
impact. In such a context, reducing water consumption could also have a significant social impact. A 5%
reduction would save USD 2.7 million from national spending7.

Latin-America has abundant water resources in contrast to other regions. However, the distribution is
asymmetric over space and time. For instance, in Colombia, the scarcity depends on different scenarios. On
the supply side, the variability of precipitation has become more extreme. It engenders several droughts
(El Niño) or floods (La Niña)8. Figure 2 plots the "Southern Oscillation Index" for the period 1980-2019,
using data from NOAA9. The index is a standardized measure of the air pressure in the tropical Pacific.
Prolonged periods of negative (positive) values coincide with abnormally warm (cold) ocean waters what
causes "El Niño" (La Niña) episodes. In the last ten years, red values are more prolonged. Water deficit
affects aqueducts, agriculture, and power generation. Also, it impacts on public health and other natural
resources.

In scarcity, water managers need actions to promotes water conservation (WWAP (World Water Assessment
Programme), 2012). Aqueducts face challenges in pursuing water use efficiency. At the end of 2014, Colombia
coped with an “El Niño” episode. An extreme drought that affected some regions more than others. In total,
22% of the municipalities ran out of drinking water 10. Policies to promote water efficiency during these
situations are required. The national government usually addresses this using drought prices and rationing
policies.11.

The water sector in Colombia is a hybrid system. Municipalities can provide the service or delegate in
private or community organizations. Currently, there are 3,131 water providers. Community organizations
share 59%, Local governments providing services are 13,3%, or by public corporations are 6,4%. Finally, 20%

5An agency that exerts control over the water systems and their performance, “Superintendencia de Servicios Públicos
(SUPERSERVICIOS).” The water tariff is regulated by the Water and Sanitation Regulation Commission - CRA.”

6Colombian National Department of Statistics - DANE. Consult the methodology for socioeconomic stratification
7Author calculations with the information provided by the water utilities on the ’Sistema Unico de Información de Servicios

Publicos - SUI.’ In www.sui.gov.co
8The Oceanic Niño Index (ONI) from National Oceanic and Atmospheric Administration -NOAA Oceanic Niño Index
9National Oceanic and Atmospheric Administration -NOAA. Information atSouthern Oscillation Index (SOI)

10Water and Sanitation Regulation Commission. SUI
11In this drought, season fines were established by Ministerio del Medio Ambiente (Environmental Ministry in English). Decree

#5051 in 2009 determined actions to promote efficient water use. In 2014, the Water and Sanitation RegulationCommission
activated the policy.
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Figure 2: Southern Oscillation Index from 1980 to 2019.

Note: The y-axis is the measure of SOI. Red bars represent warm periods and blue bar cold ones. The dashed lines in the
x-axis represent the most severe "El Niño" episode recently— source: Author’s plot with data from NOAA.

are private corporations, including entirely private capital or public-private partnerships. 83% of aqueducts
provide service in urban areas with less than 2,500 users. According to Superservicios (2014)12, these
aqueducts have differences in infrastructure and access to technology. They depend on public resources for
investment and operation.

The water rate is an increasing block price structure, which includes equity concerns. To do so, low-income
groups receive subsidies, and high-income pay an over-price. The government uses the local contributions plus
transferences from the national budget to provide the subsidies. Households are ranked in socioeconomic
stratification - SES. There are six strata, where the first is the population with the lowest income level,
and the sixth with the highest. The number of SES can vary up to the population within a municipality.
The criterion derives from an inventory of external physical characteristics of housing, and their immediate
environment and public goods. Local government decides on the assignation, but the methodology is set
at the national level level13. Users with subsidies represent 85% of the total. This policy cost 2.5% of the
national public budget. In this context, reducing water consumption could also have a significant social
impact. In such a context, reducing water consumption could also have a significant social impact. A 5%
reduction would save USD 2.7 million from national spending14.

3 Methods

This paper estimates the effects of using a normative-informational campaign in residential water conserva-
tion. The experimental design here allows us to produce and measure the spillover effects of the campaign.
The goal is to address one of the foremost critics of these interventions. In particular, the effects can be bi-
ased or are lower-bound estimators due to contamination between treatment units. In this section, I describe
in detail the treatment, the sample, and the experimental design.

12An agency that exerts control over the water systems and their performance, “Superintendencia de Servicios Públicos
(SUPERSERVICIOS).” The water tariff is regulated by the Water and Sanitation Regulation Commission - CRA.”

13Colombian National Department of Statistics - DANE. Consult the methodology for socioeconomic stratification
14Author calculations with the information provided by the water utilities on the ’Sistema Unico de Información de Servicios

Publicos - SUI.’ In www.sui.gov.co
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The treatment is deliver information to households regarding their performance of the households attached
to the water bills. It is a report with two components. First, a descriptive norm or social comparison. It is a
measure of how the household is consuming compare with the average of its neighbors. For the definition of
neighbors, I take advantage of the socioeconomic stratification - SES. Using the average of neighbors within
the same strata allows capturing similarities in terms of demographics and income characteristics. Moreover,
in Colombia, there is high social segregation and the strata has become salience among citizens.

Second, an injunctive norm component. It is a note that approves or disapproves the behavior. An approval
(disapproval) message is activated when the consumption is below or equal to the average revealed. Figure
3 displays a sample of the message. If a household consumes below or equal than its neighbors, the report
corresponds to Panel A. Otherwise, is in panel B. In the latter, some recommendations are included to help to
save water. These are everyday actions such as turning off the faucet while brushing the teeth and repairing
the leaks in a timely fashion. In both reports, the households have an opt-out alternative. They can ask to
water utilities to no longer receive the report.

Evidence on normative messages has agreed that the two norms jointly avoid unintended effects (Cialdini and
Goldstein, 2004). According to Schultz et al. (2018), individuals measure the convenience of their current
behavior by how far they are from the standard. When they are below the others, even in a pro-social
context, they have incentives to move against it. Using injunctive norms plus to social comparisons, help
to avoid undesired effects. The treatment in this paper holds similarities with those in Ferraro and Price
(2013), Brent et al. (2015), and Jaime and Carlsson (2018). The main difference is in the definition of the
neighbors.

3.1 Hypothesis

I highlight two hypotheses. First, households that receive the report could reduce water consumption com-
pared to the control. This result is in line with the previous literature on social norms interventions in water
resources. The motivation of the households could be mixed and include social approval, competition, and
pro-environmental preferences. This intervention is not attempting to exploring the mechanisms that are
underlying this response. However, I discuss this using the existent evidence. Second, spillover households
also could reduce water consumption. The causes could be interactions with others directly treated within
their social network. As in the first hypothesis, the intervention was not designed to measure the causal
effects of the mechanisms. However, I let them occur to measure it, and survey households to explore some
of the motivations.

3.2 Experimental Design

Interventions that use information face some challenges in measuring the effects without bias. In particular,
the existence of contamination between treatment units. Spillover effects are externalities that occur when
treated individuals transmit the information in the treatment to controls (Rosenbaum, 2007). According
to (Manski, 1993), this interference causes a reflection problem. It is a positive correlation between the
outcomes of the individuals within the same group. There are three reasons: i) because of the influence of
others (endogenous effects). ii) Their behavior reflects the exogenous characteristics of the group (exogenous
effects). iii) They share similar characteristics or face similar institutional environments (correlated effects).
In an experimental design, spillovers can be avoided of measured. In environmental settings, the latter is a
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Figure 3: Normative information reports delivered to households.

Note. The messages have two components. First, it includes a comparison of the household’s consumption with the average of
its neighbors in the same SES. The comparison is displayed in bars. Second, a note of approval or disapproval according to the
comparison. Panel A displays a message with an approval note and a frog with thumbs up when the household consumes less
or equal than others. Panel B displays the message with a note of disapproval and a symbol of a frog with an alert expression.
The latter includes advice to reduce water consumption.
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desirable social option because information can produce pro-environmental behavior at a lower cost.

To measure the spillovers, (Bramoullé et al., 2009) and (Moffit, 2001) extended a “linear in means model”
using a social network approach. In particular, they include a vector of links between individuals, according
to social or geographical proximity. Also, including information about the outcome and characteristics of
the others, to control for endogenous and exogenous effects. In experimental settings, social network affects
the outcome twofold. First, reinforcement on the treated. In which the treated units in the network produce
additional effects on the treated. Second, diffusion on the peers. In this, the treated units affect the response
of the indirectly treated. Works from Fafchamps and Vicente (2013); Baird et al. (2015); Giné and Mansuri
(2018) use this approach.

In this paper, I follow the randomized saturation experimental design proposed by Baird et al. (2015). It
is a multilevel experiment in two stages. First, a village v, where v = 1, ..., V , is randomly assigned to a
level of saturation, which is the percentage of households who receive the treatment, with a distribution
Q

⇢ [0%, 100%]. In the second stage, each household i with i = 1, ..., N is randomly assigned to two
treatment status, Ti 2 {0, 1} or Si 2 {0, 1} . Where Ti = 1 indicates a household directly exposed to the
treatment, and Si = 1 those not selected for treatment but located in a village with ⇡v > 0, these are the
spillover households. In villages with a saturation of ⇡v = 0, are the pure control households.

The effect on the directly treated is the Intention To Treatment effect (ITT). It is the difference between
the expected value of the water consumption of the directly treated households in a village with some level
of saturation (⇡v = ⇡) and the expected value of the pure control households (⇡v = 0). Thus, ITT (⇡) =

E(Yiv|Tiv = 1, ⇡v = ⇡) � E(Yiv|Tiv = 0, ⇡v = 0), where yit denotes the water consumption of the ith

household at the village v. The effect on the indirectly treated is the Spillover on the Non-Treated (SNT).
It is the difference between the expected value of the water consumption of the households in villages with
⇡v = ⇡, and the pure control SNT (⇡) = E(Yiv|Tiv = 0,⇡v = ⇡)� E(Yiv|Tiv = 0,⇡v = 0).

I use panel data differences in differences regression-based models, with households and time fixed effects.
They allow me to control for time trends and differences in consumption at baseline. Moreover, to control
for unobserved characteristics. I estimate the effects in two models. First, the “Pooled effects” as in the
following Equation:

yit = ↵0 + ↵1Postt + ↵2Ti ⇤ Postt + ↵3Si ⇤ Postt + �i + µt + "it (1)

where Postt is an indicator of intervention, �i is the households and µt time fixed effects. "it is the unobserved
component. The parameters of interest are ↵2 and ↵3, which identifies the ITT and SNT, respectively. A sec-
ond model is the “Sloped effects”, is the estimation of the effects by level of saturation ⇡v 2 (25%, 50%, 75%).
Here, �4⇡ identifies the ITT and �5⇡ the SNT for each ⇡v. The proposed model is in the following equation:

yit = �0 + �1Postt + �2Ti ⇤ Postt + �3Si ⇤ Postt +
X

⇡\0

�4⇡Postt ⇤ Ti ⇤ 1{⇡v = ⇡}+

X

⇡\0

�5⇡Postt ⇤ Si ⇤ 1{⇡v = ⇡}+ �i + µt + "it (2)
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Table 1: Information of water systems and villages in the sample.

Village Inhabited (#) Billing Group SES 1 (%) SES 2 (%) SES 3 (%)

A 646 M 8.5 69.8 21.7
B 571 B 10.7 72.9 11.9
C 277 B 1.4 43.3 55.2
D 222 B 22.5 71.2 6.3
E 261 M 3.1 64 33
F 680 B 24.9 55.6 19.6
G 388 M 1.8 74.7 23.5
H 356 M 27.2 61.2 11

Note: This table reports the information provided by the eight local water supply systems before the intervention. It includes
the number of households considered inhabited. These are households with consumption different than zero during the two
months before the intervention. In Column 3, M refers to aqueducts if with a monthly billing frequency and B to bimonthly.
Columns 4 to 5 include the distribution of the population by socioeconomic strata - SES. All the information is from 2016 and
2017.

According to (Baird et al., 2015), the Total Causal Effect (TCE) is the real impact of the treatment. It
measures the overall village-level effect on treated villages compared to pure controls. It is the sum of the
direct and the spillover effects, weighted by the level of saturation, such that:

TCE(⇡) = E(Yiv|⇡v = ⇡)� E(Yiv|⇡v = 0) = ⇡ ⇤ ITT (⇡) + (1� ⇡) ⇤ SNT (⇡) (3)

3.3 Data and sample

In this paper, I use administrative data from the local water utilities. In sum, there are eight villages
located in the center of Colombia. Table 1 describes some characteristics of these villages. The number
of households ranges from 222 to 680, with a total of 3,401. All the villages have 100% of water metering
coverage, except for one with 80%. There are four villages with monthly billing frequency, and four with
bi-monthly. Regarding the management, water utilities are run by local governments. They are autonomous
systems in terms of operation, but water rates are regulated by the national government

Overall, there are mainly three SES in the villages of the sample. Most of the households belong to the
second; the share ranges from 43% to 75%. There are only two villages with households in the sixth SES,
but the share is below 5%. Figure 4 plots average water consumption at baseline for each utility — a total
of eighteen periods for the monthly billing villages and nine bimonthly. It can be noted that the monthly
villages has a larger variability among them.

Next, I randomly assign the saturation and the treatment status, following the proposed design. In the first
stage, I randomize a saturation distribution ranging from 0% to 75%, each 25%. I blocked this assignation
by billing frequency. Thus, there are two villages assigned to each level. In the second stage, I randomize the
treatment status across households, conditional to the saturation. The latter was distributed according to
SES shares to be representative. Figure 5 displays the final random assignment. Each rectangle represents a
village and the color the level of saturation. There are 483 households in two villages assigned to pure control
status. In six villages, 1429 households were randomly assigned to directly treated and 1489 to spillovers.

I calculate the statistical power of the design by simulating 10,000 times random placebo assignments of the
treatment (Appendix (A)). Results show that the effect of the report is significant. In the directly treated
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Figure 4: Average water consumption by villages at baseline.

Note. This figure plots the average water consumption per household at baseline in liters per day. Panel A displays the
information for the four villages with monthly billing frequency, while Panel B for the four in the bimonthly. Author’s calculation
with the information provided by eight water utilities from 2016 to 2017

households is -0.11 standard deviations and in spillovers -0.08. I also calculate the size effects of previous
experiments on residential water use (see Figure 14). The effects vary between -0.0392 and -0.1539 standard
deviations, with a sample of 86,000 in the first and less than 2,000 households in the latter.

I check for differences in means in observable characteristics at the baseline. Information on municipality
characteristics are obtained from the CEDE municipal panel from 1993 to 2016, and information from the
local water managers. The results are in Appendix (C). compared villages with a positive level of saturation
with pure controls, and villages by billing frequency. I found some significant differences in demographic
and economic variables. However, regarding aqueduct variables, I found no significant differences (See Table
(6) and Table (7)). Moreover, I check the parallel trends assumption, using the information on water
consumption at the baseline. I conduct a falsification test using a placebo indicator for each treatment
status and in each period. Results are displayed in Figure 6. It can be noted that there are no significant
differences in previous water consumption between groups.
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Figure 5: Sample distribution of the treatment for each status and by level of saturation.

Note. The figure describes the resume of the selected sample. Rectangles identify villages and the colors a saturation level. The
treatment was randomized at two-stages, and the saturation was blocked by billing frequency, resulting in two groups of four
villages. N=Total households. c=Households in control status. T=Households in the direct treatment status. S=Households
in the spillover status.

Figure 6: Falsification test conducted by treatment status and by billing frequency.

Note. This figure includes the result of regressions for each period with available information. The dependent variable is water
consumption in liters per day — author calculations with historical records provided by local water utilities from January 2016
to August of 2017.

Figure (7) describes the timing of the intervention. The intervention starts in September of 2017 through
January of 2018. There were five deliveries in the monthly billing group and three in the bimonthly. They
were delivered simultaneously in each village.
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Figure 7: Timing of the intervention.

Note. This figure describes the timing of the experiment. The intervention was conducted for six months. It started in
September of 2017 with the first delivery in the eight villages. In the aftermath, four more times in the monthly billing group,
and three times in the bimonthly.

3.4 End line survey

A survey was conducted in the eight villages from a representative sample. The intention was to determine
which characteristics of the households could explain the reaction. The questionnaire has four ways: First,
information on demographics, economic, and housing characteristics. Second, attitudes, perceptions, and
emotions related to pro-environmental behaviors. Third, measures of trust in others, in neighbors, and local
institutions such as water managers, regional government, environmental agency, and energy companies.
Finally, questions regarding the messages. This survey was conducted at the end of the intervention. A total
of 372 households were interviewed, randomly selected from the eight villages where the intervention took
place. I conduct personal interviews with adult members of the household.

3.5 Small-sample issues

Although there are 3,401 households in the sample. The small number of villages could violate the asymptotic
conditions required to cluster the standard errors at this level. I address this problem in two ways. First,
I take advantage of the randomization procedure. The treatment status was randomly assigned according
to the SES distribution within a village. This SES-village combination generates 27 clusters. I include in
the results estimations with clustered standard errors at this level. Second, I re-calculate the p-values of the
estimated coefficients using randomization inference with 10,000 simulations (Rosenbaum, 2002; Duflo et al.,
2007).

This section introduces some descriptive statistics by treatment stsatus in Table (2). In sum, 42% of house-
holds receive the treatment directly. Comparing the means before and after between directly treated and
spillovers versus the control, I find that all the groups increase consumption on average. However, the incre-
ment is smaller in both treated groups, reaching 12.2 Liters per day in the direct and 20.9 in the spillover.
These suggest that the intervention was effective, reducing the expected consumption. However, this esti-
mation is a preliminary result. The use of the simple difference in means does not allow to control for time
trends in consumption. On average, the social norm standard revealed is about 339 liters per day, and the
distance between directly treated to it is -2.13. The rate of compliance, which is the percentage of households
with consumption below the social standard revealed, is about 26%. Moreover, 56% of the messages deliver
to directly treated were positive feedback; they are approval messages.

Moreover, I include statistics regarding the social norm standard revealed to households. It gives some
insights on the upcoming results. Figure (8) displays the evolution of the social norm standard over time by
SES and by billing frequency group. In the monthly, evolution has a "U" form over time. The pattern is the
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Table 2: Descriptive statistics by treatment status.

Control Spillover Direct
Mean SD Obs. Mean SD Obs. Mean SD Obs.

Consumption before (L/day) 355.6 (254.7) 12506 335.9 (261.3) 38714 312.5 (255.0) 37154

Consumption after (L/day) 384.2 (342.5) 12194 359.3 (318.1) 37778 327.0 (281.6) 36192

Change in consumption (L/day) 26.0 (195.6) 12194 20.9 (213.7) 37778 12.2 (175.9) 36192

Socioeconomic strata 2.09 (0.57) 12558 2.04 (0.64) 38714 2.16 (0.61) 37154

Billing freq. 0.46 (0.50) 12558 0.58 (0.49) 38714 0.46 (0.50) 37154

Social norm revealed(L/day) 384.0 (86.4) 1971 356.7 (68.1) 5643 339.2 (63.1) 5612

Distance to Social Norm (L/day) 47.2 (455.8) 1739 3.79 (389.0) 5264 -2.13 (329.0) 5140

Rate of compliance 0.25 (0.43) 2637 0.20 (0.40) 8311 0.26 (0.44) 7807

Positive feedback 0.56 (0.50) 1739 0.59 (0.49) 5264 0.60 (0.49) 5140

Negative feedback 0.44 (0.50) 1739 0.41 (0.49) 5264 0.40 (0.49) 5140

Observations 12558 38714 37154

Note. This table presents a summary statistics regarding some variables during the intervention by treatment groups. Column
1 is for control group, column 2 for spillovers and column 3 for directly exposed households. Information includes average
water consumption before and after, and the change in consumption, in liters per day. SES refers to shares of socioeconomic
stratification. The share of households in the bimonthly billing frequency group. The numbers of reports delivered to households.
Average social norm standard revealed in liters per day, and the distance is the difference between this standard and the average
consumption. Positive feedback refers to approval messages, while negative to disapproval. Authors calculation with information
provided by local water utilities.

same for all the SES. It starts to decrease after the first delivery and increases at the end. The bimonthly
group seems to be different from the monthly, and also has no pattern over time, neither across SES.

3.6 Pooled Effects Model

I start by analyzing the homogeneous treatment effect. Using the specification in Equation (1). Table
(3) reports the results in columns 1 to 3. Column 1 reports the differences-in-differences estimator with
conventional standard errors. It includes the treatment effect on the directly treated (ITT) and in spillovers
(SNT). Both effects are negative and significant. The first is -27.31 liters per day per household, and the
spillovers are -17.08. These reductions are equivalent to 7.2% and 4.5% compared to average consumption in
the control group. Column 2 reports the effects with clustered standard errors at SES-Village combination.
The treatment effects are according to what expected in terms of the signs. Both directly and spillover
reduce consumption. However, the magnitude in the directly treated is higher than the found in previous
interventions conducted by Ferraro and Price (2013); Brent et al. (2015); Datta et al. (2015) and Jaime and
Carlsson (2018).

Column 2 reports the regression clustering standard errors at SES-village. Both of the effects maintain
their significance. Re-calculated p-values from 10,000 permutations of the treatment are reported in square
brackets in column 1. It can be noted that the direct effect has a magnitude of 0.05, while the indirect of
0.17. Distribution of the simulated coefficient is displayed in Figure (17) in Appendix (D). Column 3 reports
the treatment effects without accounting for spillovers. In this estimation, spillover households become part
of the control group. The effects on the directly treated are -14.52 liters per day per household. Taking
the differences with the effects in the baseline regression (Column 1) is -12.79 liters per day per household.
This magnitude represents the size of the bias in an experimental design that would not have considered
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Figure 8: Evolution of the average of the social norm standard during the intervention, grouped by SES and
by billing frequency.

spillovers.

3.7 Sloped Effects Model

Next, I estimate the effects of saturation (Equation (2)). II test if the percentage of the population directly
treated in a village affects the outcome. Columns 4 and 5 of the Table (3) reports the results. In column 4,
the direct effect at all levels of saturation implies a reduction in water consumption. They all are statistically
significant. Reduction at 25% of saturation is 19 liters per day per household (5%), at 50% is 20.13 (5.3%),
and at 75% is 34.2 (9%). Spillover effects are also negative and significant at 50% and 75%. The size of the
reduction is -21.3 liters per day per household (5.6%) and -25.6 (6.8%), respectively.

Moreover, I find a positive relationship between the level of saturation and the water reductions in both
effects. The rate of change of the impact between two saturation levels per 1% is calculated as

�4⇡j��4⇡m

⇡j�⇡m

for j 6= m. Between 25% and 50%, the rate of change of the ITT accounts for 0.052 liters per day, and
between 50% and 75% is -0.555 liters per day per household. In the SNT, the rates are -0.4 and -0.17,
respectively. These results imply that there is a monotonic relation in water savings and saturation levels.
As the percentage of neighbors receiving treatment increases, water savings increase. An optimal saturation
could be 75%, which is the level with more gains in the outcome in the direct/spillover ratio.

Sloped effects models allow measuring the total causal effect (TCE) as in Equation (3). Estimator is at
the bottom of the column 4. The total reduction is 65.95 liters per day per household, equivalent to
17.4%, compared to the control. Besides, in column 4, I report the value of the treatment at each level of
saturation. It is the difference between the direct and spillover estimators, such as V T = ITT (⇡)�SNT (⇡).
It represents the value to offer the treatment to an additional household, and also it is useful to check for
statistical differences between both effects in the same saturation. Results show that at 25%, offering the
treatment to an additional household reduces consumption in 7 liters per day, at 50% increase consumption
in 1, and at 75% reduces it in 8.7. It suggests that the relationship between the VT and saturation is
non-monotonic. It can be noted that none of the differences between direct and spillover are significant at
any level, which means that the impact of the treatment on the direction does not differ from the impact on
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Figure 9: Effects by level of saturation. The dependent variable is water consumption in liters per day. All the
regressions are differences in differences panel data fixed effects at household level. They include controls of month,
year and period fixed effects. In parenthesis the lower and upper limits at 99\% of confidence. Author calculations
with information provided by local water utilities from January of 2016 to March of 2018.

the spillover.

Regressions with clustered standard errors at SES-village (in Column 5) maintain the significance only in the
saturation of 50% and 75%. The re-calculated p-values with randomization inference (in brackets - column
4) are significant only at 75% (See the distribution of simulated coefficients in Figure 18). Figure (9) plots
the estimated coefficients in column 4. It includes the point estimates of both effects and the confidence
intervals at 99%, 95%, and 90%. It can be noted that there is a direct relationship between the coefficients
and saturation levels, even though there are no statistical differences among them. Both of the effects at
75% of saturation are significant at any level of confidence.

3.8 Heterogeneous Effects

3.8.1 Effects by billing frequency

I test if the frequency of the messages affects water savings. Table 4 presents the results. I find that treatment
had a negative and significant impact on the monthly sample. Pooled effects are -36.5 and -29.1 liters per day
per household for the directly treated and the spillovers, respectively (column 1). Reductions of 9.6% and
7.6% compared to the control group. In the bimonthly, effects are not statistically significant. Regressions
with clustered standard errors hold the significance in the monthly (columns 2).

Estimation of the sloped model is in columns 3 and 4. In the first, reductions on the directly treated are
significant at all levels, except for the households in 50%. Direct effects are -47.3 (12.5%) and -42.9 (11.3%)
liters per day per households. Spillover effects are significant for all saturation levels, with a reduction of
32.5 (8.6%), 26.1 (6.9%), and 26.7 (7.1%) in each saturation. The TCE for the monthly group is 98.4 liters
per day per household. A reduction of 26% compares to the control group, which is even higher than the
finding in the full sample.

These results suggest that the time of exposure is a crucial factor in explaining the differences in water
saving. Differences can be explained by the number of reports in each group or by the statistical power of
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Table 3: Regressions of the pooled and the slope model.

(1) (2) (3) (4) (5)
Liters per day Liters per day Liters per day Liters per day Liters per day

Post 64.51⇤⇤⇤ 64.51⇤⇤⇤ 51.31⇤⇤⇤ 63.07⇤⇤⇤ 63.07⇤⇤⇤
(6.49) (3.54) (6.09) (6.33) (3.47)

Post X Directly -27.31⇤⇤⇤ -27.31⇤⇤ -14.52⇤⇤⇤
(-4.01) (-2.75) (-3.22)
[0.0503]

Post X Spillovers -17.08⇤⇤ -17.08⇤
(-2.50) (-1.73)
[0.1726]

Post X Directly at 25% -19.00⇤ -19.00
(-1.85) (-1.22)
[0.2024]

Post X Directly at 50% -20.29⇤⇤ -20.29⇤
(-2.40) (-1.78)
[0.1675]

Post X Directly at 75% -34.18⇤⇤⇤ -34.18⇤⇤⇤
(-4.52) (-3.72)
[0.0144]

Post X Spillover at 25% -11.15 -11.15
(-1.46) (-0.99)
[0.2973]

Post X Spillover at 50% -21.34⇤⇤ -21.34⇤⇤
(-2.52) (-2.07)
[0.1493]

Post X Spillover at 75% -25.60⇤⇤ -25.60⇤⇤
(-2.55) (-2.47)
[0.0994]

Constant 379.0⇤⇤⇤ 379.0⇤⇤⇤ 379.1⇤⇤⇤ 378.7⇤⇤⇤ 378.7⇤⇤⇤
(63.72) (17.70) (63.74) (63.68) (17.94)

TCE -65.95 -65.95
(-3.443) (-2.403)

Value of Treatment 25% -7.848
(-0.815)

Value of Treatment 50% 1.047
(0.122)

Value of Treatment 75% -8.578
(-0.915)

Time FE Y Y Y Y Y
Households 3399 3399 3399 3399 3399
Observations 59732 59732 59732 59732 59732
vce conventional cluster conventional conventional cluster
t statistics in parentheses
⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01

Note. This table reports the estimation of the pooled and the sloped model. The dependent variable is water consumption in
liters per day per household. All the regressions are differences-in-differences with household and time fixed effects. Columns
1 to 3 are estimations for the pooled model. Column 1 reports the effects of conventional standard errors. Column 2 effects
clustering standard errors at SES-Village combination. Column 3 effects without accounting for spillovers. In which spillovers
are now part of the control group. Columns 4 to 5 are estimations sloped effect model (by the level of saturation). Column 4
reports the effects with conventional standard errors and column 6 with clustered standard errors. The recalculated p-values of
the 10,000 simulations are in square brackets in columns 1 and 4 — author calculations with the information provided by local
water utilities from January of 2016 to March of 2018.
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Figure 10: Direct and indirect effects on water consumption by follow-up after the intervention. All the regressions
are differences in differences panel data fixed effect at household level, including fixed effects of month, year and
period. The dependent variable is water consumption in liters per day. Each period in the x axis corresponds to a
month. The first period (1) corresponds to the observation after the first report. The fifth (5) is for the monthly group
and represents the third in the bi-monthly. Confidence intervals are shown at 99, 95 and 90\%. Author calculations
with information provided by local water utilities from January of 2016 to March of 2018.

the sample. First, the number of reports in the monthly group was five, while in the bimonthly three. Thus,
I estimate the effects over time for each billing group — figure 10 displays the evolution over time, including
its confidence intervals at 95%. In the monthly group, both of the effects are negative and significant with
the first report and decreasing over time. In the fifth period, effects are positive and decrease in the sixth.
The fifth period corresponds to December, a month of high consumption because of the holiday season. In
the bimonthly, there are no significant reductions in both effects.

Second, I explore if the differences between billing groups exist due to a lack of statistical power. Figure 19
shows the distribution of coefficients for the two groups. It can be noted that the probability of finding an
effect in the bimonthly group by chance is approximately 50%.

3.8.2 Effects by type of consumers

Next, I analyze the effects by type of consumers before the intervention. I define a conservation scale
based on quartiles of water consumption distribution in each village at baseline. There are four groups: a)
Strong conservatives (Q1), b) Weak conservatives (Q2), c) Weak non-conservatives (Q3), and d) Strong non-
conservatives (Q4). Figure 11 displays the results. There is a non-convex relationship between the effects and
conservative scale. The larger water savings occur in Strong Non-conservatives households. Reductions are
-106 and -84 liters per day per household for the direct and spillover effects. Otherwise, Weak conservatives
households increase the water consumption in 31.1 and 44.6 liters per day per household for the direct and
spillover, respectively. The findings are in the same direction to those in Brent et al. (2015) and Jaime and
Carlsson (2018).

Results on Weak conservatives households suggests that households face a "moral licensing effect." People
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Table 4: Regressions of pooled and slope model by billing frequency groups.

(1) (2) (3) (4)
Liters per day Liters per day Liters per day Liters per day

Post 72.90⇤⇤⇤ 72.90⇤⇤⇤ 54.58⇤⇤⇤ 72.66⇤⇤⇤
(6.25) (3.96) (7.63) (3.95)

Post ⇥ Bimonthly -27.37⇤⇤ -27.37 -32.00⇤⇤ -27.29
(-2.05) (-1.60) (-2.50) (-1.59)

Post ⇥ Direct ⇥ Monthly -36.41⇤⇤⇤ -36.41⇤⇤⇤
(-4.41) (-4.88)

Post ⇥ Spillovers⇥ Monthly -29.08⇤⇤⇤ -29.08⇤⇤⇤
(-3.43) (-4.75)

Post ⇥ Direct at 25% ⇥ Monthly -47.90⇤⇤⇤ -47.26⇤⇤⇤
(-3.41) (-6.14)

Post ⇥ Direct at 50% ⇥ Monthly -15.65 -15.42
(-1.43) (-1.23)

Post ⇥ Direct at 75% ⇥ Monthly -43.80⇤⇤⇤ -42.90⇤⇤⇤
(-4.92) (-7.74)

Post ⇥ Spillover at 25% ⇥ Monthly -33.77⇤⇤⇤ -32.58⇤⇤⇤
(-3.39) (-3.86)

Post ⇥ Spillover at 50% ⇥ Monthly -26.81⇤⇤ -25.97⇤⇤⇤
(-2.45) (-4.36)

Post ⇥ Spillover at 75% ⇥ Monthly -27.83⇤⇤ -26.82⇤⇤⇤
(-2.41) (-4.07)

Post ⇥ Direct ⇥ Bimonthly -7.433 -7.433
(-0.615) (-0.443)

Post ⇥ Spillover ⇥ Bimonthly 6.091 6.091
(0.519) (0.354)

Post ⇥ Direct at 25% ⇥ Bimonthly 17.17 17.63
(1.091) (0.979)

Post ⇥ Direct at 50% ⇥ Bimonthly -17.55 -17.46
(-1.266) (-1.101)

Post ⇥ Direct at 75% ⇥ Bimonthly -14.62 -14.12
(-0.978) (-0.641)

Post ⇥ Spillover at 25% ⇥ Bimonthly 18.89 19.18
(1.509) (1.061)

Post ⇥ Spillover at 50% ⇥ Bimonthly -7.696 -7.441
(-0.554) (-0.440)

Post ⇥ Spillover at 75% ⇥ Bimonthly -35.99⇤⇤⇤ -35.87
(-1.705) (-1.898)

Constant 378.8⇤⇤⇤ 378.8⇤⇤⇤ 343.1⇤⇤⇤ 378.8⇤⇤⇤
(63.58) (17.60) (338.45) (17.81)

TCE -98.34⇤⇤⇤
(-4.187)

Time FE Y Y Y Y
Households 3399 3399 3399 3399
Observations 59732 59732 59732 59732
vce conventional cluster conventional cluster
t statistics in parentheses
⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01

Note. This table reports the estimation of the pooled and the sloped models by the billing frequency group. The dependent
variable is water consumption in liters per day. All the regressions are differences in differences, including household and time
fixed effects. Columns 1 and 2 are regressions for the pooled model, and columns 3 and 4 for the sloped. Columns 2 and 4 are
regressions with clustered standard errors at SES-Village. Author calculations with the information provided by local water
utilities from January of 2016 to March of 2018.
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Figure 11: Regressions by type of consumer at baseline.

Note. This figure displays the effect according to the conservative scale. There are four groups: i) Strong conservatives, ii)
Weak conservatives, iii) Weak non-conservatives, and iv) Strong non-conservatives. Each group is defined according to quartiles
of water consumption distribution in each village at baseline. The dependent variable is water consumption in liters per day
per household. All the regressions are differences-in-differences with household and time fixed effects. Confidence intervals are
shown at 99, 95, and 90% — author calculations with the information provided by local water utilities from January of 2016 to
March of 2018.

have the notion that future behavioral options are a function of one’s behavioral history. So, when they
are confronted with environmental decisions, they feel a license to act opposite to their previous behavior
Zhong et al. (2009). Households that consume less than the others before the intervention feel that they
could increase it, according to the revealed information, and still "doing it well." These effects also show
that the use of descriptive and injunctive norms jointly avoid unintended effects on average, but not in all
population groups, as discussed by Cialdini and Goldstein (2004); Schultz et al. (2018), although on average
they reduce them.

3.9 Exploratory analysis of mechanisms

3.9.1 Spatial proximity to directly treated households

I use the spatial proximity to directly exposed as a mechanism in explaining the effects. I explore the
relationship with direct and spillover effects according to Fafchamps and Vicente (2013); Banerjee et al.
(2013). There is two types of mechanism: 1) reinforcement, is the marginal effect on the directly treated
for being close to other directly treated; and 2) diffusion, is the marginal effect on the spillover for being
close to households directly treated. The definition of proximity is the location of households in the same
street. The central assumption is that within the same street, households could interact more, thus allows
to spread the message among them. Let gi 2 {0, 1} be a vector of links between households, where gij = 1

indicates that two households i and j are in the same street. The proportion of treated neighbors is given by
ni =

gijP
j
gij

$. I estimate the effects using a difference in difference regression, including this measure such
as in the following regression:
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Figure 12: Exploratory Analysis of motivations

yit = �0 + �1Postt + �2Ti ⇤ Postt + �3Si ⇤ Postt + �4Ti ⇤ Postt ⇤ ni + �5Si ⇤ Postt ⇤ ni + �i + µt + "it (4)

where yit is the water consumption. The parameters of interest are �4, reinforcement effect, and �5 for
diffusion. Hypotheses are twofold. First, as a percentage of directly treated in the same street increases, it
reinforces the effect on the directly treated. Interaction between treated households allows them to compare
their performance. Second, as a percentage of the directly treated in the same street increases, spillover
households have a higher probability of interacting with the treated.

Estimations are in Table 5. The reinforcement effect shows a direct relationship with the percentage of
treated neighbors. Increments in this percentage increase water savings. The diffusion effect is not statisti-
cally significant. These results suggest that spatial proximity could explain the observed behavior partially,
especially in the directly treated households. In the latter, the mechanisms could be related to other types
of proximity, i.e., interaction with treated households in other locations or because of family ties or friends.

3.9.2 Other motivations

To explore motivations that could explain the observed behaviors, I use the information from a survey at the
end of the intervention. I estimate the effects of motivations in daily water consumption using interactions
with the treatment variables. I find that in the directly treated pride for commit pro-environmental actions
is significant, but positive in consumption. In spillover households, trust in local institutions, which includes
the water utility, and the number of trustworthy neighbors are significant and negative in water consumption.
Results in this group suggest that these villages have high levels social capital. Therefore, the response of
the spillover to save water has to do with trust in others.

I highlight another two results. Households were asked if they recall the frog in the messages, signaling
for approval or disapproval, without additional information. 57% of the directly treated recall the approval
messages and only the 26% recall he disapproval . In spillovers households, 34% recall the approval and 13%
recall the disapproval. Although, the latter did not receive the information, this gives some insights regarding
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Figure 13: This figures displays the responses of the households regarding recalling the messages and the
trough which par of the network they hear comments on it. Panel A shows the recalling of the approval
and disapproval messages by treatment status. Panel B describes where the households hear about the
information by treatment status.

the communication between groups (Panel A Figure (13)). Moreover, households were asked from where
did they hear about the information. Answers include family, neighbors and public places. In the directly
treated, all the options have 10% approximately. However, in the indirectly treated, 9% recall hearing about
messages in public spaces, and 7% by interaction with other family members (Figure (13)).

4 Final Discussion

In this paper, I estimate the direct and spillover effects of a normative-informational campaign in water
consumption. I use a multilevel experimental design to produce and measure spillovers. First, I randomly
assign a level of saturation ranging from 0% to 75%, each 25% across the villages. Second, I randomly
assign households to treatment conditional to saturation. Here the effects are water savings by 7% and 4,5%
directly treated and spillovers, respectively. The total causal effect is 18%. The effects here are higher than
the found before in campaigns in water and also in energy use. Moreover, these effects are protected from
bias. Previous interventions have produced biased or lower-bound estimates due to contamination in the
control group.

In the literature, experimental designs for informational interventions try to avoid spillovers. However, in
environmental concerns, produce them is socially is desirable. They can diffuse pro-environmental behaviors
at a lower cost. The use of saturation levels addresses the contamination problem. In these interventions,
one critic is that the effects are too low compared with other policy options. The results here show that the
effects could be larger, and the critic is more an experimental design problem. Descriptive and injunctive
norms jointly have been used as a way to avoid unintended consequences. For instance, using a simple
comparison with others in the group has shown that individuals change their behavior to reach the standard
revealed. In environmental settings have been found moral licensing effects. In particular, consumers below
the standard increase in water consumption. These results suggest that yet injunctive norms have helped
to avoid this consequence; there still a need to improve this kind of message. The use of the average of
the others it seems not to be the best option to reveal. The dynamic of this statistic produces that the
savings over time disappear. Future interventions should consider the use of more restricted standards to
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avoid unintended behaviors.

The framework presented here can be useful in policy questions. Interventions using informational treatment
can help to address natural resources dilemmas. Although, literature has found that the long-term effects of
this campaign tend to disappear, and then does not produce sustainable behavioral changes. It can be helpful
during a water crisis. In particular, in the Colombian case, this normative informational campaign can be
helpful during water droughts generated by “El Niño” episodes. Recently, these situations have become more
frequent, causing severe shortages on the aqueducts. Information regarding what the others are doing could
avoid water shortages in these seasons.
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Figure 14: Size Effect on the Mean vs. Number of households in Previous Studies.

Note. This figure plots the calculates size effects on the mean found in previous interventions in water consumption and the
number of households in logarithms in each sample. Results are in standard deviations from the mean. In parentheses the
number of deliveries to treated households. Author calculations with data form Ferraro and Price (2013); Brent et al. (2015);
Jaime (2015); Datta et al. (2015).

A Power calculations

This Appendix introduces power calculations estimated previous to the interventions started. Figure 14 plots
the calculated standardized size effects on the mean of the previous interventions in water as a function of
the number of household in each sample. Figure 15 plots the size effects of my intervention. This are the
result of 10,000 simulations of random assignment of placebo treatments and the historical records of water
consumptions from the 3,401 households in my sample.

Figure 15: Simulated size effects in standard deviation.

Note. This figure plots the estimated size of the effects on the direct and spillover households after 10,000 simulations of
treatment random assigns. Results are in standard deviation from the mean.

27



B Simulations of saturation distributions

To determine which distribution of saturation perform best, I use the mean of the effects resulting in the
previous simulations and calculate the size effects of the treatment and the spillover, at different distributions
of saturation. Four distributions were considered: ⇡v1 = (0%, 11%, 21%, 31%), ⇡v2 = (0%, 15%, 30%, 35%),
⇡v3 = (0%, 25%, 50%, 75%), and ⇡v1 = (0%, 33%, 66%, 100%). The calculated sizes effects are displayed in
Figure 16. The direct effect is increasing as the treatment saturation increases. Conversely, the spillover
effect, increase at the second distribution and starts decreasing. All the effects are statistically different
from zero. Distributions (2) and (3), have both the higher effects, but the (2) shows the higher direct effect,
becoming the plausible option.

Figure 16: Size effects adjusted by the sample in standard deviation from the mean for the scenarios of
treatment saturation distribution

Note. This figure plots the estimated size of the effects on the direct and spillover households after 10,000 simulations of
treatment random assigns. The values are in standards deviations from the mean. Red bars indicate the effects on the directly
treated and the blue for the spillovers. The four levels of saturation in the x-axis correspond to ⇡v1 = (0%, 11%, 21%, 31%),
⇡v2 = (0%, 15%, 30%, 35%), ⇡v3 = (0%, 25%, 50%, 75%), and ⇡v1 = (0%, 33%, 66%, 100%).
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C Balance in observable characteristics between villages

Table 6: Difference in means for observable characteristics between villages with a positive saturation level
(>0%) and pure control (=0%).

Pure control Saturation se t Diff.
% urban population 0.13 0.18 0.01 -3.60 -0.048⇤⇤⇤
Rural Index 0.87 0.82 0.01 3.60 0.048⇤⇤⇤
Births 68.7 104.6 5.7 -6.25 -35.8⇤⇤⇤
Deaths 43.8 36.5 3.5 2.10 7.32⇤
Infant mortality rate 19.6 17.0 0.7 3.89 2.56⇤⇤⇤
Height (m.a.s.l.) 2240 2638 34.3 -11.6 -398⇤⇤⇤
Distance to nearest market 69.2 96.2 3.0 -9.13 -27.1⇤⇤⇤
Banking Institutions 0.50 0.33 0.1 1.28 0.17
Tax reception offices 0.50 0 0.1 4.36 0.50⇤⇤⇤
Total presence of institutions 13.5 13.3 0.4 0.43 0.17
Number of schools 4 3.17 0.2 3.38 0.83⇤⇤
GDP per capita cons 2005 4.21 6.83 0.5 -5.42 -2.62⇤⇤⇤
Expenditure per capita 16663.3 17837.6 10895.8 -0.11 -1174.4
incidence of poverty 0.41 0.40 0.008 1.47 0.012
gini index 0.045 0.045 0.02 0.015 0.00038
unsatisfied basic needs urban Index 8.27 21.9 2.1 -6.45 -13.7⇤⇤⇤
Multidimensional Poverty Index - Urban 27.9 44.4 8.2 -2.02 -16.5
% with less than 9 year of education 89.1 89.2 1.5 -0.089 -0.13
% of illiterate 20.4 21.6 2.3 -0.55 -1.28
% child population without access to services 13.1 15.2 1.2 -1.83 -2.13
% child labor 3.62 5.96 0.5 -4.83 -2.34⇤⇤
% in informal jobs 97.2 93.7 2.5 1.35 3.42
% with health insurance 11.7 18.8 8.6 -0.84 -7.16
Energy Coverage 83.9 81.1 10.8 0.26 2.85
Acces to improved water 65.6 32.1 6.5 5.18 33.5⇤
Acces to elimination of excreta 19.7 20.2 7.7 -0.061 -0.47
Municipal current income 923.6 945.8 117.8 -0.19 -22.2
Municipal current income by taxes 269.9 414.9 73.8 -1.97 -145.0
Municipal current income by property tax 121.7 203.9 56.5 -1.45 -82.2
Municipal current income by national transfers 420.1 364.7 57.0 0.97 55.4
Municipal operating expenses 546.1 616.3 61.4 -1.14 -70.1
Fiscal deficit 360.0 317.9 83.0 0.51 42.1
Investment expenses 84.8 79.5 1.4 3.90 5.29⇤⇤⇤
Fiscal performance index 61.6 62.2 1.5 -0.40 -0.61
Efficiency index 50.2 58.1 2.9 -2.70 -7.92⇤
Administrative capacity index 74.7 77.7 5.2 -0.57 -2.99
Management index 70.2 70.8 2.9 -0.20 -0.58
Comprehensive performance index 76.0 76.5 1.4 -0.34 -0.46
Total consumption m3/day 0.38 0.26 0.1 0.97 0.12
Residential consumption m3/day 0.34 0.24 0.1 0.88 0.11
No-residential consumption m3/day 0.64 0.50 0.1 1.24 0.14
Average residential water bill 5883.5 6237.9 2400.2 -0.15 -354.4
Average No-residential water bill 9672.2 13689.2 5367.7 -0.75 -4017.0
Water tariff ses 1 (COP/m3) 586.6 915.8 265.4 -1.24 -329.2
Water tariff ses 2 (COP/m3) 534.7 914.1 240.1 -1.58 -379.4
Water tariff ses 3 (COP/m3) 626.8 916.7 254.3 -1.14 -289.9
Water tariff residential users (COP/m3) 557.5 907.9 243.6 -1.44 -350.4
Water tariff no-residential users (COP/m3) 494.8 646.8 124.6 -1.22 -151.9
Water tariff comercial users (COP/m3) 339.7 1116.8 . . -777.1
Water tariff official users (COP/m3) 610.6 922.8 285.8 -1.09 -312.2
Average empleyees per cubic meter 0.000055 0.000041 0.00002 0.61 0.000014
average employee per user 8.41 3.81 1.0 4.80 4.60
average salarie per employee 7778266.2 10278992.9 1247258.5 -2.00 -2500726.7

Note.
⇤
p<0.10,

⇤⇤
p<0.05,

⇤⇤⇤
p<0.01. The test are performed between villages with some level of saturation (A, B, C, F, G, and H)

and the pure control (D and E). Information includes the eight villages in the sample and its provided by Municipality Panel Data 1993

and 2014 available in CEDE-Uniandes and local water managers. Authors calculations.
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Table 7: Difference in means for observable characteristics between villages by billing frequency.

Bi-monthly Monthly se t Diff.
% urban population 0.13 0.20 0.02 -4.50 -0.077⇤⇤⇤

Rural Index 0.87 0.80 0.02 4.50 0.077⇤⇤⇤

Births 110.3 80.9 5.2 5.66 29.4⇤⇤⇤

Deaths 45.1 31.4 2.1 6.56 13.7⇤⇤⇤

Infant mortality rate 17.0 18.3 0.8 -1.57 -1.25
Height (m.a.s.l.) 2519.5 2557.5 56.2 -0.68 -38
Distance to nearest market 72.8 106.1 4.0 -8.34 -33.3⇤⇤⇤

Banking Institutions 0.75 0 0.07 10.8 0.75⇤⇤⇤

Tax reception offices 0.25 0 0.07 3.61 0.25⇤⇤⇤

Total presence of institutions 13.2 13.5 0.3 -0.79 -0.25
Number of schools 3.50 3.25 0.2 1.30 0.25
GDP per capita cons 2005 6.94 5.42 0.8 1.99 1.51
Expenditure per capita 17343.6 17744.5 9803.6 -0.041 -400.9
incidence of poverty 0.41 0.40 0.009 1.34 0.013
gini index 0.045 0.045 0.02 0.012 0.00026
unsatisfied basic needs urban Index 19.5 17.6 4.0 0.48 1.91
Multidimensional Poverty Index - Urban 34.4 46.1 8.6 -1.36 -11.7
% with less than 9 year of education 91.0 87.3 1.5 2.49 3.69⇤

% of illiterate 20.4 22.3 3.0 -0.66 -1.94
% child population without access to services 15.0 14.4 2.0 0.33 0.64
% child labor 5.81 4.94 1.0 0.86 0.87
% in informal jobs 94.6 94.5 4.0 0.022 0.088
% with health insurance 15.3 18.8 8.0 -0.44 -3.56
Energy Coverage 78.1 85.5 4.3 -1.74 -7.45
Acces to improved water 43.4 37.5 13.2 0.45 5.93
Acces to elimination of excreta 20.9 19.2 4.9 0.35 1.71
Municipal current income 958.8 921.7 94.0 0.40 37.1
Municipal current income by taxes 380.3 377.1 59.1 0.054 3.19
Municipal current income by property tax 207.3 159.4 34.2 1.40 47.8
Municipal current income by national transfers 383.4 373.7 38.3 0.25 9.71
Municipal operating expenses 574.6 622.8 57.3 -0.84 -48.2
Fiscal deficit 372.3 284.4 54.0 1.63 87.9
Investment expenses 82.5 79.1 1.1 3.10 3.46⇤⇤

Fiscal performance index 62.9 61.3 1.1 1.48 1.60
Efficiency index 56.6 55.8 2.8 0.29 0.82
Administrative capacity index 75.0 79.0 3.8 -1.06 -4.01
Management index 70.2 71.2 2.2 -0.44 -0.96
Comprehensive performance index 75.5 77.2 1.0 -1.80 -1.73

Note.
⇤
p<0.10,

⇤⇤
p<0.05,

⇤⇤⇤
p<0.01. The test are performed between villages in both groups of billing frequency. Information includes

the eight villages in the sample and its provided by Municipality Panel Data 1993 and 2014 available in CEDE-Uniandes and local

water managers. Authors calculations.

D Randomize inference simulations of the p-values

This Appendix presents the results of the simulations of 10,000 random assignation of placebo treatment.
The aim is to re-calculate the p-values avoiding the problem of the small cluster sample size. Here, I include
the distribution of the simulated coefficients for the pooled and the sloped model, as in Equation 1 and
Equation 2. The regressions are differences in differences estimators including households and month fixed
effects. Figure 17 presents the distributions of the coefficients for the pooled effect model, using the full
sample. Figure 18 for the sloped model. The distribution for the coefficients by feedback frequency are in
Figure 19 for the pooled and Figure 20 for the sloped.
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(a) Direct effects (b) Spillover effects

Figure 17: Distributions of coefficients from the pooled effects model - full sample.

Note. These figures plot the distributions of the coefficients simulated using randomization inference after 10,000 simulations.
Panel (a) is the direct effect and Panel (b) the spillover.The yellow light area defines the simulated coefficients that are lower
than the observed in the intervention. Author calculations.
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(a) Direct effect at 25% saturation (b) Spillover effect effect at 25% saturation

(c) Direct effect at 50% saturation (d) Spillover effect at 50% saturation

(e) Direct effect at 75% saturation (f) Spillover effect at 75% saturation

Figure 18: Distributions of coefficients from the sloped effects model.

Note. These figures plot the distributions of the coefficients simulated using randomization inference after 10,000 simulations
by level of saturation. Panel (a) includes the direct effect at 25% of saturation, Panel (b) the spillover at 25%, Panel (c) the
direct effect at 50%, Panel (d) the spillover effect at 50%, Panel (e) the direct effect at 75%, and Panel (f) the direct spillover
at 75%. The yellow light area defines the simulated coefficients that are lower than the observed in the intervention. Author
calculations.
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(a) Direct Effect - 30 days (b) Spillover Effect - 30 days

(c) Direct Effect - 60 days (d) Spillover Effect - 60 days

Figure 19: Distribution of coefficients from the pooled effects models by billing frequency.

Note. These figures plot the distributions of the coefficients simulated using randomization inference after 10,000 simulations
by billing frequency. Panel (a) includes the direct effect for a billing frequency of 30 days, and Panel (b) the spillover. Panel
(c) includes the direct effect for a billing frequency of 60 days, and Panel (d) the spillover. The yellow light area defines the
simulated coefficients that are lower than the observed in the intervention. Author calculations.
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(a) Direct Effect at 25% (b) Spillover Effect at 25%

(c) Direct Effect at 50% (d) Spillover Effect at 50%

(e) Direct Effect at 75% (f) Spillover Effect at 75%

Figure 20: Distribution of coefficients from the sloped effects models for the sample of 30 days.

Note. These figures plot the distributions of the coefficients simulated using randomization inference after 10,000
simulations by billing frequency. Panel (a) includes the direct effect for a billing frequency of 30 days, and Panel
(b) the spillover. Panel (c) includes the direct effect for a billing frequency of 60 days, and Panel (d) the spillover.
The yellow light area defines the simulated coefficients that are lower than the observed in the intervention. Author
calculations.
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E Survey

E.1 Questionnaire

Three pro-environmental behaviors were defined, adjusted to the characteristics of the villages: small urban
communities, mainly with agricultural activities. The evaluated behaviors are a) "I unplug the electric
appliances when not in use," b) "I reuse plastic bottles and bags in other activities," and c) "I turn off the
faucet while brushing my teeth." These behaviors are not entirely related to water consumption because the
main objective is to measure pro-environmental characteristics in a general way. Each behavior was used to
analyze the Theory of Planned Behavior (TPB) components in the framework of Kaiser et al. (2005) and
Kaiser (2006). The components include:

Attitudes: Each of the three behaviors were measured on a liker scale of five possible responses of frequency
(never/always).

Subjective norms 1: Each of the three behaviors was measured on a Likert scale of five possible responses of
agreement (agree/not agree). With the statement, "I think that the people closest to me would be upset if
I did not..."

Subjective norms 2: Each of the three behaviors was measured on a Likert scale of five possible responses
of agreement (agree/not agree). With the statement, "I think that my neighbors would criticize me if I did
not..."

Perceived control of behavior: Each of the three behaviors was measured on a Likert scale of five possible
responses of difficult (easy/hard). With the statement "I found that..."

Anticipated guilt: Each of the three behaviors was measured on a Likert scale of five possible responses of
agreement (agree/not agree). With the statement, "I would feel guilty if I did not ..."

Anticipated Embarrassment: Each of the three behaviors was measured on a Likert scale of five possible
responses of agreement (agree/not agree). With the statement, "I would feel embarrassed if my neighbors
knew that I did not ..."

Pride: Each of the three behaviors was measured on a Likert scale of five possible responses of agreement
(agree/not agree). With the statement, "I would feel pride if my neighbors knew that I did ..."

Behavior Intention: Each of the three behaviors was measured on a Likert scale of five possible responses of
intention (decided/not decided). With the statement "In the next month, I will ..."

The third part of the survey includes questions about trust in neighbors and local institutions. I include
questions of what they think about others related to trust, justice, and helpful. Also, a question that
measures how many neighbors they could count to let your children at care. There are questions about
the level of trust in local institutions, such as water managers, energy companies, regional government, and
environmental agencies. Finally, I include questions about interdependency in water consumption, this is
"Do you think that your water consumption could affect the consumption of the others," and "Do you
think that the water consumption of the others could affect your consumption." I measure if they recall the
messages delivered using images of the approval and disapproval note (the frog with thumbs up or down),
and what positive or negative emotion did it produce them the most. Also, I measure if they heard about
the message by the closest neighbors, the family, or in public spaces.

E.2 Summary statistics and differences in means
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Table 5: Regressions of pooled model using the spatial proximity.

(1)
Liters per day

Post 64.48⇤⇤⇤

(6.48)

Post X Directly -17.43⇤⇤

(-2.09)

Post X Directly X % Neighbors -0.218⇤⇤

(-2.09)

Post X Spillover -19.25⇤⇤

(-2.47)

Post X Spillover X % Neighbors 0.0632
(0.53)

Constant 378.8⇤⇤⇤

(63.66)

Time FE Y
Households 3398
Observations 59714
vce conventional
t statistics in parentheses
⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01

Note: This table reports the estimation of the pooled model each group. The dependent variable is water consumption in
liters per day per household. All the regressions are differences in differences with household ad time fixed effects. Author
calculations with information provided by local water managers with data from January of 2016 to March of 2018.
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Table 8: Summary statistics of the variables in the survey

mean sd min max count
Number of inhabitants 3.778976 1.722566 1 12 371
Is a house .8679245 .33903 0 1 371
Is owner .5567568 .4974409 0 1 370
Area of the house 118.392 89.01711 14 500 250
Number of bathrooms 1.761518 5.202167 1 100 369
Do some economic activity .309973 .4631067 0 1 371
Age HHH 51.50949 14.77 19 95 369
sex hhh .4525745 .4984216 0 1 369
Has a high level of education .1455526 .3531333 0 1 371
Socioeconomic strata 2.159544 .5373627 1 4 351
Energy saving 3.371968 1.450693 1 5 371
Waste recycling 3.886792 1.42302 1 5 371
Water saving 4.611413 .8407731 1 5 368
Percieved control of behavior ES 1.894879 1.295418 1 5 371
Percieved control of behavior WS 1.317073 .7972481 1 5 369
Percieved control of behavior WR 1.768194 1.201423 1 5 371
social norm closest persons ES 2.571429 1.59802 1 5 371
social norm closest persons WR 2.595687 1.586559 1 5 371
social norm closest persons WS 3.383784 1.667075 1 5 370
social norm neighbors WS 2.916442 1.670418 1 5 371
social norm neighbors ES 2.444744 1.54011 1 5 371
social norm neighbors WR 2.557951 1.593487 1 5 371
Feelings of guilt ES 3.638814 1.451561 1 5 371
Feelings of guilt WS 4.289189 1.166442 1 5 370
Feelings of guilt WR 3.712737 1.39832 1 5 369
Feelings of embarrassment WR 3.229111 1.651801 1 5 371
Feelings of embarrassment WS 3.552561 1.585172 1 5 371
Feelings of embarrassment ES 3.086486 1.648874 1 5 370
Feelings of pride ES 4.132075 1.319836 1 5 371
Feelings of pride WS 4.341463 1.157414 1 5 369
Feelings of pride WR 4.22973 1.240108 1 5 370
Monetary inventive WR 1.964865 1.435651 1 5 370
Monetary incentive ES 1.846361 1.406781 1 5 371
Monetary inventive WS 1.810811 1.420673 1 5 370
My action affects .3543956 .4789882 0 1 364
Other’s affect me .5877437 .4929278 0 1 359
Others are trustworthy .1022099 .3033435 0 1 362
Others are fair .3970588 .4900095 0 1 340
Others are helpful .2865169 .4527701 0 1 356
# trustworthy Neighbors 2.490305 2.377099 0 10 361
Trust Aqueduct .4512535 .4983126 0 1 359
Trust Government .5841924 .4937097 0 1 291
Trust in Energy U .4441341 .4975646 0 1 358
Trust Env. Agency .5537459 .4979146 0 1 307

Note. Author calculations with information from the 372 households interviewed in the eight villages.
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Table 9: Difference in observables between treated and spillover households households in the survey.

mean spillovers mean treated sd Diff. t
Number of inhabitants 4.0 3.8 0.2 0.21 1.07
Is a house 0.9 0.9 0.04 -0.013 -0.35
Is owner 0.6 0.6 0.06 -0.019 -0.33
Area of the house 120.4 125.3 13.2 -4.84 -0.37
Number of bathrooms 2.2 1.5 0.7 0.72 1.05
Do some economic activity 0.3 0.3 0.05 -0.036 -0.66
Age HHH 50.9 52.5 1.7 -1.61 -0.94
sex hhh 0.5 0.4 0.06 0.074 1.29
Has a high level of education 0.1 0.1 0.04 0.026 0.70
Socioeconomic strata 2.1 2.2 0.06 -0.092 -1.46
Energy saving 3.5 3.3 0.2 0.16 0.95
Waste recycling 4.0 3.7 0.2 0.31 1.86
Water saving 4.7 4.6 0.10 0.086 0.90
Percieved control of behavior ES 1.9 1.8 0.1 0.19 1.31
Percieved control of behavior WS 1.3 1.3 0.09 0.091 1.02
Percieved control of behavior WR 1.7 1.8 0.1 -0.092 -0.66
social norm closest persons ES 2.7 2.5 0.2 0.18 0.97
social norm closest persons WR 2.7 2.6 0.2 0.035 0.19
social norm closest persons WS 3.4 3.4 0.2 -0.068 -0.36
social norm neighbors WR 2.7 2.5 0.2 0.23 1.24
social norm neighbors WS 2.9 2.9 0.2 0.080 0.42
social norm neighbors ES 2.5 2.4 0.2 0.075 0.42
Feelings of guilt ES 3.7 3.5 0.2 0.20 1.20
Feelings of guilt WS 4.3 4.3 0.1 0.047 0.35
Feelings of guilt WR 3.8 3.5 0.2 0.29 1.76
Feelings of embarrassment WR 3.3 3.1 0.2 0.22 1.15
Feelings of embarrassment WS 3.7 3.3 0.2 0.42⇤ 2.24
Feelings of embarrassment ES 3.3 2.9 0.2 0.41⇤ 2.12
Feelings of pride ES 4.3 4.1 0.1 0.21 1.47
Feelings of pride WS 4.5 4.3 0.1 0.18 1.36
Feelings of pride WR 4.3 4.1 0.1 0.19 1.37
Monetary inventive WR 2.1 2.0 0.2 0.11 0.63
Monetary incentive ES 1.9 1.9 0.2 0.075 0.44
Monetary inventive WS 1.9 1.8 0.2 0.098 0.58
Others are trustworthy 0.1 0.07 0.04 0.069 1.92
Others are fair 0.4 0.4 0.06 0.071 1.19
Others are helpful 0.3 0.3 0.05 -0.020 -0.39
number of trustworthy neighbors 2.8 2.2 0.3 0.60⇤ 2.09
Have trust in water manager 0.4 0.5 0.06 -0.098 -1.67
Have trust in regional government 0.5 0.6 0.07 -0.087 -1.33
Have trust in energy company 0.4 0.5 0.06 -0.014 -0.23
Have trust in environmental agency 0.6 0.6 0.06 -0.015 -0.24
My consumption affects that of others 0.4 0.4 0.06 0.038 0.67
Others consumption affect me 0.6 0.6 0.06 0.0037 0.064
Remember the approval message 0 0.6 0.04 -0.57⇤⇤⇤ -14.2
Remember the disapproval message 0 0.3 0.04 -0.26⇤⇤⇤ -7.32
level of pro-environmental behavior 4.1 3.9 0.09 0.19⇤ 2.10

Note. ⇤p<0.10, ⇤⇤p<0.05, ⇤⇤⇤p<0.01. Author calculations with information fro the 372 households interviewed in the eight
villages.
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Table 10: Difference in observables between control and treated households households in the survey.

mean saturated mean control sd Diff. t
Number of inhabitants 3.86 3.62 0.28 0.23 0.85
Is a house 0.88 0.77 0.061 0.11 1.81
Is owner 0.57 0.47 0.075 0.100 1.33
Area of the house 123.1 110.2 14.2 12.8 0.91
Number of bathrooms 1.82 1.57 0.37 0.25 0.68
Do some economic activity 0.32 0.21 0.062 0.12 1.87
Age HHH 51.8 51.1 2.22 0.71 0.32
sex hhh 0.45 0.47 0.075 -0.020 -0.27
Has a high level of education 0.12 0.25 0.063 -0.12 -1.96
Socioeconomic strata 2.17 2.09 0.079 0.077 0.97
Energy saving 3.42 2.91 0.23 0.52⇤ 2.26
Waste recycling 3.88 4 0.20 -0.12 -0.57
Water saving 4.61 4.60 0.14 0.017 0.13
Percieved control of behavior ES 1.85 2.13 0.21 -0.28 -1.36
Percieved control of behavior WS 1.30 1.31 0.12 -0.0054 -0.046
Percieved control of behavior WR 1.76 1.79 0.17 -0.031 -0.18
social norm closest persons ES 2.63 2.42 0.24 0.21 0.90
social norm closest persons WR 2.66 2.34 0.22 0.32 1.44
social norm closest persons WS 3.40 3.57 0.25 -0.17 -0.70
social norm neighbors WR 2.57 2.38 0.22 0.19 0.86
social norm neighbors WS 2.89 2.96 0.25 -0.072 -0.28
social norm neighbors ES 2.42 2.51 0.22 -0.092 -0.41
Feelings of guilt ES 3.63 3.60 0.22 0.029 0.13
Feelings of guilt WS 4.30 4.23 0.18 0.069 0.39
Feelings of guilt WR 3.66 3.89 0.18 -0.22 -1.23
Feelings of embarrassment WR 3.16 3.58 0.23 -0.43 -1.86
Feelings of embarrassment WS 3.49 3.89 0.21 -0.40 -1.94
Feelings of embarrassment ES 3.07 3.26 0.22 -0.19 -0.87
Feelings of pride ES 4.18 3.81 0.22 0.36 1.68
Feelings of pride WS 4.36 4.23 0.17 0.13 0.78
Feelings of pride WR 4.24 4.17 0.18 0.066 0.37
Monetary inventive WR 2.04 1.64 0.17 0.40⇤ 2.36
Monetary incentive ES 1.91 1.51 0.16 0.40⇤ 2.56
Monetary inventive WS 1.86 1.53 0.17 0.33 1.96
Others are trustworthy 0.11 0.11 0.047 -0.0074 -0.16
Others are fair 0.41 0.42 0.075 -0.0092 -0.12
Others are helpful 0.28 0.38 0.072 -0.099 -1.36
number of trustworthy neighbors 2.50 2.65 0.33 -0.15 -0.47
Have trust in water manager 0.48 0.34 0.072 0.14 1.89
Have trust in regional government 0.60 0.57 0.080 0.023 0.29
Have trust in energy company 0.45 0.44 0.075 0.0044 0.059
Have trust in environmental agency 0.57 0.47 0.080 0.11 1.31
My consumption affects that of others 0.38 0.17 0.060 0.21⇤⇤⇤ 3.47
Others consumption affect me 0.61 0.40 0.074 0.21⇤⇤ 2.76
Remember the approval message 0.29 0 0.026 0.29⇤⇤⇤ 11.1
Remember the disapproval message 0.13 0 0.020 0.13⇤⇤⇤ 6.78
level of pro-environmental behavior 3.98 3.84 0.13 0.14 1.05

Note. ⇤p<0.10, ⇤⇤p<0.05, ⇤⇤⇤p<0.01. Author calculations with information fro the 372 households interviewed in the eight
villages.
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Table 11: Difference in observables between households in the survey by billing frequency.

mean monthly mean bi-monthly sd Diff. t
Number of inhabitants 3.84 3.81 0.18 0.029 0.16
Is a house 0.89 0.85 0.036 0.040 1.12
Is owner 0.60 0.51 0.053 0.085 1.61
Area of the house 109.7 131.5 11.6 -21.8 -1.88
Number of bathrooms 2 1.56 0.56 0.44 0.78
Do some economic activity 0.28 0.33 0.049 -0.052 -1.07
Age HHH 50.6 52.7 1.58 -2.06 -1.31
sex hhh 0.50 0.41 0.053 0.085 1.60
Has a high level of education 0.12 0.16 0.037 -0.035 -0.94
Socioeconomic strata 2.19 2.13 0.057 0.052 0.91
Energy saving 3.45 3.24 0.15 0.21 1.34
Waste recycling 3.92 3.88 0.15 0.040 0.26
Water saving 4.61 4.61 0.090 0.0057 0.063
Percieved control of behavior ES 1.84 1.94 0.14 -0.11 -0.77
Percieved control of behavior WS 1.26 1.34 0.082 -0.079 -0.96
Percieved control of behavior WR 1.68 1.85 0.13 -0.17 -1.35
social norm closest persons ES 2.71 2.49 0.17 0.22 1.31
social norm closest persons WR 2.44 2.79 0.17 -0.34⇤ -2.04
social norm closest persons WS 3.34 3.50 0.18 -0.16 -0.93
social norm neighbors WR 2.62 2.46 0.17 0.15 0.92
social norm neighbors WS 2.93 2.87 0.18 0.063 0.35
social norm neighbors ES 2.49 2.37 0.16 0.13 0.78
Feelings of guilt ES 3.69 3.56 0.15 0.13 0.82
Feelings of guilt WS 4.37 4.20 0.12 0.16 1.29
Feelings of guilt WR 3.65 3.74 0.15 -0.087 -0.58
Feelings of embarrassment WR 3.08 3.36 0.18 -0.28 -1.58
Feelings of embarrassment WS 3.43 3.66 0.17 -0.23 -1.35
Feelings of embarrassment ES 2.99 3.21 0.18 -0.22 -1.26
Feelings of pride ES 4.23 4.01 0.14 0.22 1.57
Feelings of pride WS 4.45 4.23 0.12 0.22 1.79
Feelings of pride WR 4.31 4.14 0.13 0.17 1.30
Monetary inventive WR 1.96 2 0.15 -0.039 -0.26
Monetary incentive ES 1.86 1.84 0.15 0.023 0.16
Monetary inventive WS 1.84 1.79 0.15 0.051 0.34
Others are trustworthy 0.063 0.15 0.033 -0.088⇤⇤ -2.66
Others are fair 0.45 0.37 0.055 0.077 1.41
Others are helpful 0.33 0.26 0.049 0.062 1.26
number of trustworthy neighbors 2.53 2.52 0.26 0.012 0.045
Have trust in water manager 0.48 0.43 0.054 0.045 0.84
Have trust in regional government 0.59 0.60 0.059 -0.0072 -0.12
Have trust in energy company 0.50 0.39 0.053 0.11⇤ 2.14
Have trust in environmental agency 0.62 0.50 0.058 0.11 1.95
My consumption affects that of others 0.33 0.37 0.051 -0.043 -0.83
Others consumption affect me 0.53 0.63 0.053 -0.094 -1.77
Remember the approval message 0.29 0.21 0.046 0.076 1.66
Remember the disapproval message 0.14 0.085 0.034 0.056 1.68
level of pro-environmental behavior 4.01 3.91 0.086 0.093 1.08

Note. ⇤p<0.10, ⇤⇤p<0.05, ⇤⇤⇤p<0.01. Author calculations with information fro the 372 households interviewed in the eight
villages.
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