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A B S T R A C T

In addition to generating a negative environmental externality, a household’s water consumption entails
another ‘‘market failure’’: household members free-ride off each other and overconsume. The problem
stems from consumption being billed at the household level and the difficulty of monitoring one another’s
consumption. We document the importance of this phenomenon in urban Zambia by combining utility billing
records and randomized person-specific price variation. We derive and empirically confirm the following
prediction: Individuals with weaker incentives to conserve under the household’s financial arrangements reduce
water use more when their person-specific price increases. Another prediction is that this overconsumption
problem is more acute when the financial benefit of a lower utility bill is shared unevenly among household
members. We show that households indeed seem more responsive to a change in the household-level price
of water when their financial arrangements are more equal. Our results offer a novel explanation for the low
price sensitivity of residential water (and electricity) consumption.
1. Introduction

Because of negative environmental externalities, the level of water
or energy consumption that is privately optimal typically exceeds what
is socially optimal. This paper highlights a second reason that water and
energy are over-consumed: Household members have an opportunity to
free-ride off each other, due to the fact that their usage is pooled into
one bill. This intrahousehold inefficiency is a potential contributor to
the inelastic demand for water and electricity that is observed among
residential customers in many settings.

This problem is analogous to moral hazard in teams. Because an
individual bears the full cost of her conservation effort but shares the
benefits (savings on the utility bill) with the rest of the household, con-
servation is below the household’s Pareto optimal level. Two features
of household utilities lead to non-cooperative decision-making in this
domain. First, piped water and electricity are not purchased individu-
ally; the utility bill combines all household members’ usage. Second, it
is difficult for household members to back out individual-level use.1

We develop a conceptual framework for understanding free-riding
incentives within the home, based on the observation that household

∗ Corresponding author.
E-mail addresses: kelseyjack@ucsb.edu (B.K. Jack), jayachandran@princeton.edu (S. Jayachandran), fmalagutti@ucsb.edu (F. Malagutti),

sarojini.rao@dpb.virginia.gov (S. Rao).
1 We conducted a small survey (a) in Lusaka, Zambia and (b) among mTurk users in the US. When asked for which consumption categories is tracking

their spouse’s consumption most difficult, water and electricity were the most common responses. They were also the most common responses for tracking own
consumption. See Appendix Figure A.1.

2 Livingstone’s water source is the Zambezi River. The city faces periodic water shortages when the river level is low (National Water Supply and Sanitation
Council, Zambia, 2015). Externalities from Livingstone’s water use also include water shortages for farmers downstream and for wildlife.

members often differ in their financial stake in lowering the utility bill.
We refer to the person who bears most of the financial cost of high
utility bills as the ‘‘primary residual claimant’’: the person who has
claims on most of the residual household income if the utility bill is
lower. Our main prediction from the model is that a person-specific
price change will have a larger effect on consumption for someone
who is not the primary residual claimant. The intuition is that this
person has weak status-quo incentives to conserve, so the personal
price change represents a larger proportional change in her financial
incentive to conserve. A secondary prediction of the model is that the
effect of a household-level (i.e., standard) price change depends on
how evenly residual claimancy is shared. All else equal, a household
whose members have more similar conservation incentives will respond
more to the price change. Both predictions stem from a convex cost of
individual-level water conservation.

We test these predictions by collaborating with the water utility in
Livingstone, Zambia.2 We combine surveys of 1,282 married couples
who are customers of the water utility with monthly billing data.
We overlay a randomized intervention that varies the effective price
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of water at either the individual or household level. Specifically, the
intervention offers a financial incentive to reduce water consumption,
which is akin to a price increase over a certain range of consumption.

To generate a person-specific price change, we inform either the
man or the woman about the rewards program (individual incentive
treatment). These individual-specific incentives, in essence, generate
a price change that is fully borne by the individual. While the ran-
domization is based on gender, our prediction pertains to who has the
strongest status-quo stake in keeping the water bill low. Thus, we asked
survey questions that allow us to ascertain which spouse is the primary
residual claimant.3 We refer to the other spouse as the ‘‘non-residual
claimant’’. We also have a treatment arm in which the prospect of the
reward is communicated to both spouses (couple incentive), which acts
like an increase in the household-level price. Our main outcome is the
household’s water usage for the two to nine months the incentives are
in place.

As predicted, the response to the incentive treatments varies with
status quo incentives for conservation. In support of our main predic-
tion, water use declines considerably more if the individual incentive
is given to the non-residual claimant rather than the residual claimant.
Men are most often the residual claimants, but our finding does not
simply reflect heterogeneity by gender. When we simultaneously con-
trol for the gender of the incentive recipient, we continue to find a
larger effect when the recipient is the non-residual claimant. Second,
we find suggestive evidence in support of the second prediction: the
effect of the couple incentive on water use is larger when the couple
reports sharing residual claimant status more equally, though this result
is underpowered.

Our study links two previously unconnected strands of literature,
on environmental externalities and on intrahousehold decision-making.
Our contribution to the literature on corrective pricing in environ-
mental economics is to highlight a previously undiscussed reason that
consumers under-respond to utility prices. We complement previous
work on misperceptions and lack of information about prices (Kahn
and Wolak, 2013; Ito, 2014; Jessoe and Rapson, 2014; McRae and
Meeks, 2016) and lack of salience (Allcott, 2011; Allcott et al., 2014) as
factors that dampen the price elasticity of demand. Our set up is closely
related to the misalignment between landlords and tenants (Levinson
and Niemann, 2004; Gillingham et al., 2012; Myers, 2020; Elinder
et al., 2017). A key difference is that aggregation of usage across many
people is at the root of the intrahousehold incentive problem we study.

We contribute to the household economics literature by studying
implications of intrahousehold decision-making for a novel domain
of consumption, namely environmental-externality-generating utilities.
We contribute to a small set of papers showing Pareto inefficiency in
consumption as opposed to production (Dercon and Krishnan, 2000;
Duflo and Udry, 2004; Mazzocco, 2007; Robinson, 2012; Angelucci
and Garlick, 2016). We highlight hidden action (specifically, limited
information about consumption) as the source of inefficiency, unlike
most previous work which explores limited commitment or hidden
income.

2. Model of intrahousehold free-riding in water use

To motivate our experimental design and empirical framework, we
model a household’s water consumption as a function of effort spent
on conservation. We start by benchmarking the household’s water
use in the absence of any intrahousehold frictions. We then allow

3 Our measure of residual claimancy is based on whose income is used to
ay the bill and who has control over money left over after making the bill
ayment, and is analogous to a sharing rule over savings that accrue from
ater conservation. It ranges from 0 to 1 at the individual level, and sums

o one at the household level. The primary residual claimant, therefore, has a
2

laim > 0.5. m
for individual-level water conservation choices that diverge from the
household’s first best. Two features of water use guide our modeling
decisions. First, there is limited observability of others’, and to an
extent one’s own, water use. Second, water is not purchased at the
individual level; a utility bill for piped water pools all household
members’ usage. We discuss these features of water in more detail at
the end of this section. Because of these features, we model water use
as a non-cooperative game. In the literature, households are more often
modeled in a cooperative framework, befitting the altruism and long-
term relationship among family members. Our model setup should not
be interpreted as implying households are not cooperative over other
domains that are characterized by greater observability of actions or
individual-level purchases.

Our model is, in essence, a moral hazard in teams model, and
similarly generates a free-riding problem, with each individual exerting
inefficiently low effort to conserve water. We model a household as
consisting of two individuals, whom we describe as husband and wife,
but the intuition extends to other household structures.

2.1. Model setup and household optimum

We model a household as comprising two individuals, a husband
and a wife. Household aggregate water use, 𝑊 , is the sum of water use
by each individual 𝑖 within the home. Individual water use is given by
𝑤𝑖 = 𝑤̄(1 − 𝑒𝑖), where conservation effort 𝑒𝑖 ∈ [0, 1] lowers water use
t a cost 𝑐𝑒𝜇𝑖 , where 𝜇 > 2.4 Individuals consume a maximum quantity
f water given by 𝑤̄ if they exert no effort at all towards conserving
ater.5 The water utility charges the household 𝑝𝑊 based on their

ombined consumption. The household has total income 𝑌 , which we
ssume is larger than 2𝑝𝑤.

Individual utility is quasi-linear in the income remaining after the
water bill is paid. Given the convex conservation cost, utility is, thus,
concave in water consumption and linear in other consumption.6 As-
suming equal welfare weights on each person’s utility within the house-
hold, the household’s optimal choice of conservation effort is symmetric
across individuals and is given by:

max
𝑒𝑖

𝑌 − 2𝑝𝑤̄(1 − 𝑒𝑖) − 2𝑐𝑒𝜇𝑖 . (1)

Solving the first order condition, the household achieves its first-best

outcome if each member exerts effort, 𝑒𝐹𝐵
𝑖 =

(

1
𝜇

𝑝𝑤̄
𝑐

)
1

𝜇−1 .

2.2. Individual best response

Individuals may not provide the first-best level of effort however,
if the conservation effort of the other member of the household, −𝑖, is
difficult to observe. Given 𝑒−𝑖 is difficult to observe and therefore to
contract over, we assume instead that individual 𝑖 takes her spouse’s
conservation effort 𝑒−𝑖 as given. Aggregate water use is then given by
𝑊 = 𝑤𝑖 + 𝑤−𝑖 = 2𝑤̄(1 − 𝑒𝑖+𝑒−𝑖

2 ), where the pair (𝑒𝑖, 𝑒−𝑖) are the pair of
est responses in equilibrium.

This payoff structure resembles the moral hazard in teams model.
e assume a sharing rule determines the division of income that

emains after the household pays the water bill; each spouse controls
share 𝜆𝑖 ∈ [0, 1], with 𝜆𝑖 + 𝜆−𝑖 = 1. We abstract from the origin of

the sharing rule, but note that it may be the same as the more general

4 Footnote gives the intuition for why our main prediction requires that
he effort cost function is steeper than quadratic.

5 The maximum level can be thought of either as the level of consumption
here marginal benefits are equal to zero (i.e., a satiation point) or some
hysical constraint on water use associated with, for example, running all of
he household’s taps for 24 h a day.

6 We suppress heterogeneity in utility from water consumption or in con-
ervation costs for empirical tractability and because the main insights in our

odel do not depend on these parameters.
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sharing rule or bargaining weights in the household. Alternatively,
households might have different sharing rules for different expenses.
What specifically is relevant for us is residual claim on the water bill,
or the sharing rule that applies to the savings that accrue from water
conservation.

Individual 𝑖 receives utility from income available for non-water
onsumption and disutility from water conservation effort:

𝑖 = 𝜆𝑖(𝑌 − 𝑝𝑊 ) − 𝑐𝑒𝜇𝑖 .

n addition, individuals internalize some share 0 ≤ 𝛼𝑖 ≤ 1 of their
pouse’s utility. Thus, 𝑖’s utility function is given by 𝑢𝑖 = 𝑣𝑖 + 𝛼𝑖𝑣−𝑖.
he prediction that we derive and test does not require intrahousehold
ltruism, but we include it in the model because it is realistic, and to
mphasize that a non-cooperative framework still allows for altruism
mong household members.7

Person 𝑖 chooses 𝑒𝑖 to satisfy the first order condition:

𝑒∗𝑖 =
(

1
𝜇
𝑝𝑤̄
𝑐

(𝜆𝑖 + 𝛼𝑖(1 − 𝜆𝑖))
)

1
𝜇−1

or, equivalently, uses water

𝑤∗
𝑖 = 𝑤̄

⎡

⎢

⎢

⎣

1 −
(

1
𝜇
𝑝𝑤̄
𝑐

(𝜆𝑖 + 𝛼𝑖(1 − 𝜆𝑖))
)

1
𝜇−1 ⎤

⎥

⎥

⎦

. (2)

If 𝜆𝑖 = 1 (complete dictatorship over savings from water conserva-
tion) or 𝛼𝑖 = 1 (perfect altruism toward one’s spouse), then person 𝑖
ully internalizes the household’s cost of water consumption, and their
onservation effort coincides with the first-best level: 𝑒∗𝑖 = 𝑒𝐹𝐵

𝑖 =
1
𝜇

𝑝𝑤̄
𝑐

)
1

𝜇−1 . However, if 𝜆𝑖 = 1, then 𝜆−𝑖 = 0, and individual −𝑖
nly exerts effort insofar as she is altruistic toward her spouse. More
enerally, Eq. (2) shows that 𝑤∗

𝑖 is decreasing in 𝑝, 𝜆𝑖, and 𝛼𝑖. A higher
rice, a larger share of the savings from lower water bills, or more
ltruism toward one’s spouse all lead to higher conservation effort and
ower water consumption.8

Our empirical focus is on how 𝜆𝑖, the individual claim of residual
ncome from the water bill, affects the price sensitivity of the indi-
idual’s water use. Because 𝜆𝑖 + 𝜆−𝑖 = 1, there is no cross-household
ariation in the average value of 𝜆 to identify how existing incentives
ithin the household affect individual (and in turn household) water
se. Anticipating our empirical approach, we introduce to the model an
ndividual-specific component to the price of water, denoted 𝑃𝑖.9 The
ndividual portion of the utility function then becomes 𝑣′𝑖 = 𝜆𝑖(𝑌 −𝑝𝑊 )−
𝑒𝜇𝑖 − 𝑃𝑖𝑊 . Importantly, the new term that depends on 𝑃𝑖 enters into
𝑖 without being diluted by 1−𝜆𝑖. In this case, the individual’s optimal
ffort is:

′∗
𝑖 =

[

1
𝜇

(

𝑝𝑤̄
𝑐

(𝜆𝑖 + 𝛼𝑖(1 − 𝜆𝑖)) +
𝑃𝑖𝑤̄
𝑐

)]
1

𝜇−1
. (3)

7 A person might also internalize how her water use affects her spouse’s
ncome because of enforcement of household agreements around water use
if individual water use is partly observable). The parameter 𝛼𝑖 can also be

thought of as a reduced-form representation of this enforcement. In an earlier
working paper version and in our trial registry, we extend our predictions to
incorporate heterogeneity in intrahousehold altruism (Jack et al., 2018).

8 The theoretical predictions characterize the marginal change in water use
with respect to a marginal price change, but they also hold for a discrete price
change associated with a threshold quantity change. Similarly, here we derive
predictions for water use in levels, while our empirical results test for effects
on log water use; rewriting the model in logs generates the same predictions.

9 Note that this term has no real-world analog, though utilities could
consider in-kind rewards for conservation that are de facto individual-specific,
y choosing in-kind transfers that are valued by a particular gender or age
roup.
3

2.3. Effect of an individual-level price change

The model yields a testable prediction about how the sensitivity of
household water use to the individual-level price, 𝜕𝑊 ∗

𝜕𝑃𝑖
, depends on the

household’s status quo financial arrangements. Since our experimental
treatments make water use more costly, effectively increasing the price
of water, we can compare the implications from the model to what we
see in our data in terms of household-level water use, 𝑊 ∗ = 𝑤∗

𝑖 +𝑤∗
−𝑖.

10

e present the results here and the proofs in Appendix A.1.

rediction 1: 𝜕2𝑊 ∗

𝜕𝜆𝑖𝜕𝑃𝑖
> 0, or equivalently,

|

|

|

|

𝜕𝑊 ∗

𝜕𝑃𝑖

|

|

|

|

is decreasing in 𝜆𝑖. In
words, the individual who is not the primary residual claimant
(lower 𝜆 in the household) is more responsive to changes in the
individual-level price.

The intuition for the result is that the spouse with lower 𝜆𝑖 has
weaker status-quo incentives, since she receives a lower share of resid-
ual savings from conservation at the household-level. This leads her
initial level of effort exerted toward conservation to be low.11 With
onvex costs of effort, she, in turn, faces a lower marginal cost of effort
nd changes effort more in response to changes in the individual price
𝑖 which she alone must pay.12 Since 𝑊 ∗ = 𝑤∗

𝑖 + 𝑤∗
−𝑖, and 𝑤𝑒∗−𝑖 is

naffected by a change in 𝑃𝑖, the change in household water use 𝑊 ∗ is
dentical to the change in 𝑤∗

𝑖 . Directing the individual price 𝑃𝑖 to the
ndividual who is not the primary residual claimant (lower 𝜆𝑖) will have
larger effect on aggregate consumption than if the individual price is
irected to the primary residual claimant.

.4. Effect of a household-level price change

The model gives an additional prediction for how the effect of a
ousehold-level price change on aggregate water consumption depends
n how evenly residual claimancy is shared between the spouses.

rediction 2: 𝜕2𝑊 ∗

𝜕|𝜆𝑖−𝜆−𝑖|𝜕𝑝
> 0, or equivalently, ||

|

𝜕𝑊 ∗

𝜕𝑝
|

|

|

is decreasing in
|

|

𝜆𝑖 − 𝜆−𝑖||. In words, households with a smaller difference in 𝜆’s
are more responsive to changes in the household-level price.

The effort from individuals with a higher residual share 𝜆𝑖 is more
sensitive to a change in the household-level price they face, but the
marginal increase in effort declines with 𝜆𝑖 given the convexity of
conservation costs. The diminishing returns to 𝜆𝑖 at the individual level
lead household-level price sensitivity to be maximized when 𝜆𝑖 = 𝜆−𝑖.

ore generally, households with smaller differences between the two
pouses’ 𝜆’s are more price responsive than those with large differences.
n a household with a large between-spouse gap in 𝜆, the spouse with
igh 𝜆𝑖 is already at a higher level of conservation when prices rise,
ll else equal. The high-𝜆𝑖 spouse then faces a higher marginal cost of
ffort to further reduce consumption which – given the curvature in
he cost of conservation – is not fully offset by the lower effort cost for
heir spouse.

10 Note that 𝑊 ∗ is defined as aggregate water use with individual
optimization, not the household’s optimal (first best) water use.

11 Anticipating our experimental design, we discuss implications of the
prediction for high versus low levels of 𝜆, while the comparative static in
Prediction 1 corresponds to marginal changes in 𝜆. A corollary, shown in
Appendix A.1, provides the same result for 𝜆 above and below 0.5.

12 The curvature of the cost of effort function is important for this prediction.
A higher 𝜆𝑖 individual starts at a higher effort level, so faces a higher marginal
cost of effort, but also benefits more from the savings on the household-level
water bill that result from his conservation effort (i.e., he internalizes 𝑝 more).
The marginal cost of additional effort must be increasing in the level of effort
steeply enough for the first effect to dominate (𝜇 > 2). We further discuss this
assumption in Section 2.5.
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In the appendix, we present and discuss an additional prediction
about the relative magnitude of the effects: the effect of a household-
level price change on water use is smaller than the effect of an
individual-level price change directed to the spouse with lower residual
claim but larger than the effect of an individual price change for the
spouse with higher residual claim.

2.5. Discussion of assumptions

Conservation costs. Our predictions depend on the convexity of conser-
vation effort costs. Convex effort costs are a standard assumption in
many economic models. Linear or concave effort costs would imply that
all individuals are at a corner solution (effort is zero or infinity). Convex
costs mean the person who is already conserving a lot (the residual
claimant) has a higher marginal cost to conserve more.

There is a second force in our setting, such that the key result
requires sufficiently convex costs: with an individual reward for con-
servation, the residual claimant gets a second bonus that his or her
spouse does not, namely savings on the regular bill. While it is difficult
to measure the exact curvature of effort costs, convexity is likely to
be particularly steep for necessities such as water. Cutting back on
the first units of water is comparatively easy (shutting off the tap
while brushing one’s teeth, for example), while the last units are very
costly (infinite, if piped water is used for drinking). We have chosen
to assume sufficiently convex costs and present a signed prediction, for
simplicity, but an alternative would be to view the predicted effects
as theoretically ambiguous, with the sign depending on the degree of
convexity of effort costs. Other modeling assumptions could produce
some of the same predictions. For example, if individuals have different
costs of conservation (𝑐𝑖 ≠ 𝑐𝑗), then an incentive targeted to the person
with a lower cost would lead to a greater change in water use even if
𝜆𝑖 = 𝜆𝑗 .13 However, if individuals are perfectly altruistic toward one
another or if water use if perfectly observable – which we discuss next
– then it should not matter which individual receives the incentive; the
household will reach the first best regardless.

What makes water (and electricity) special. A key feature of water con-
sumption implicit in our setup is that the household – not the individual
– purchases water. Household utilities such as water or electricity tend
to have this feature in contrast with, for example, clothing, where a
couple could divide up income and make individual purchases. This
point is distinct from saying water is a public good; (some) water
consumption is rival and excludable (e.g., drinking a glass of water)
but purchases are not made individually.

There are also goods such as food for which households could
choose to make individual purchases but do not typically do so; this
seems natural for ingredients used to prepare shared meals, but some
food consumption, such as snack food, is more often individual con-
sumption. The fact that households could but do not purchase snack
food separately raises the other key feature of water assumed in this
setup: lack of observability of individual consumption. A spouse’s water
use is difficult to observe. First, it is hard to match water quantities
to activities (e.g., how many gallons used in a 5 min shower, how
many gallons used to wash dishes). Second, feedback on consumption
is infrequent since it typically arrives once a month with the water bill,
which compounds the observability problem. Contrast this with snack
food, where the household has more information to assign consumption
to each individual: if you notice that the number of cookies in the
cookie jar has decreased since the last time you were in the kitchen,
you know one of your family members stole a cookie.14 If water meters

13 By suppressing heterogeneity in conservation costs in our model, we are
mplicitly assuming that costs are uncorrelated with residual claimant status,
ot that they are in fact the same for all individuals.
14 https://en.wikipedia.org/wiki/Who_stole_the_cookie_from_the_cookie_jar.
4

were more accessible and easier to interpret, an individual could check
the meter before and after a spouse’s shower to observe consumption.15

Adding to these observability challenges, knowing one’s own exact
consumption may be difficult.16 Even ex post, if 𝑖 can only measure
her own consumption with some error 𝜖, then she can only infer 𝑤−𝑖
from the total bill with error: 𝑤̂−𝑖 = 𝑊 − (𝑤𝑖 + 𝜖). Moreover, the fact
that some part of water consumption is a public good at the household
level (e.g., washing the family’s dinner dishes) further complicates the
problem of quantifying others’ effort toward conservation. (Note that
even when water is used to produce public goods, there is still some
‘‘private’’ consumption if, conditional on how clean you get the dishes,
washing them in a manner that wastes less water requires more effort
and hence higher private costs.) Of course, other consumption goods
within the home may be susceptible to one or more of these challenges,
though qualitative survey data is consistent with worse observability
for water and electricity than other common categories of consumption
(see Appendix Figure A.1).

3. Data and experimental design

Implementing our tests of intrahousehold free-riding requires (1)
data on household water use (𝑊 ), (2) a measure of who has residual
claim on reductions in the household’s water bill (𝜆𝑖), and (3) person-
level (𝑃𝑖) and household-level (𝑝) variation in the price of water. We
partnered with Southern Water and Sewerage Company (SWSC), the
private, regulated utility that provides piped water in Livingstone, Zam-
bia, to survey their customers and implement a randomized experiment
that offered financial rewards for reducing water use.17

3.1. Study sample

Our full sample comprises 1282 married couples who are SWSC
customers. Since the setting is urban and everyone in our sample has
piped water, they are mostly middle class. We selected the sample
from the universe of SWSC’s metered residential accounts by imposing
restrictions based on billing data and an in-person screening visit. We
summarize the procedure here, with details provided in Appendix A.3.

Using billing data as of February 2015 (N=9,868 households), we
eliminated households with a broken or unreliable meter; zero water
consumption in more than half of the preceding four months; very low
month-to-month variation in usage (indicative of meter tampering); low
usage (to ensure that we were not encouraging unhealthily low usage);
extremely high usage (likely misclassified firms); a high outstanding
balance with SWSC; or a high amount owed to them by SWSC. Applying
these filters yielded 7,425 households that we targeted for in-person
screening. We conducted screening visits and then full surveys on a
rolling basis across neighborhoods between May and December 2015.18

A surveyor visited the short-listed households to screen on other
study inclusion criteria: the water meter was not shared with other

15 This improvement in intrahousehold observability may explain part of the
decline in electricity use associated with the introduction of smart metering
(e.g., Jessoe and Rapson, 2014).

16 The fact that even one’s own consumption is difficult to gauge means that,
even leaving aside the free-riding problem within a group, an individual might
not consume the amount of water she is targeting. For example, if there were
a prize for reducing water, a person living alone might unintentionally miss
the target. This problem of only being able to choose consumption with error
is a distinct one from the free-riding problem we are focused on, and could
lead to over- or under-consumption of water.

17 Our study design includes additional treatments to vary price information
and trust in the water utility (see Section 3.5. These are described in our
trial registry (AEARCTR-0000660), along with the individual- and couple-level
incentives and measurement of intrahousehold cooperation and gender roles.

18 We conducted the sampling in two waves because the budget-feasible
sample size depended on our success rate and pace for completing surveying.
The first wave used more stringent inclusion criteria.

https://en.wikipedia.org/wiki/Who_stole_the_cookie_from_the_cookie_jar
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households; the household was headed by a married or cohabiting
couple; both spouses lived at that address; the household resided at
that address for at least the four months prior to April 2015; and they
did not plan to move in the following six months. We screened 6,594
households, of which 2,051 met our inclusion criteria.

We scheduled a follow-up visit with 1,817 of the screened-in cou-
ples, explaining that both spouses needed to be present for the survey
and they would be compensated 40 Kwacha (4 USD) for participation.19

e completed surveys with 1,282 of these households. The main reason
or not surveying the remainder is that we ended fieldwork in December
015 once we reached our target sample size.

Treatments were delivered (i.e., individuals or couples were told
bout the incentives to conserve) in conjunction with the surveys. The
ncentives then remained in place through February 2016.

.2. Billing data

SWSC conducts in-person meter readings each month and bills
ouseholds monthly based on the meter reading. We measure water
onsumption using this billing data.

We create a panel of billing data from March 2014 to February
016. The end date aligns with when we ended the incentive program,
nd the start date ensures at least a year of pre-period billing data and
wo calendar years of outcome data for all households. The panel is
alanced in calendar time, so the estimated treatment effect averages
cross households with different treatment duration; treated house-
olds have at least 2 and up to 9 months of treatment, with an average
f 5.3 months. We show that the results are similar if we instead use
panel balanced in event time, restricting to the first two months that

ncentives are in place, which is the minimum treatment duration. We
lso show robustness to alternative panel lengths.

Our main outcome is the log of household water use. The log
ransformation drops a small number of months with a reading of zero
which are likely billing errors or months the entire household was
way, in any case). We drop months in which meter readings were
stimated (i.e., no meter reading took place) or the meter was reported
s broken or disconnected. We control for an indicator for the month
ollowing a missing observation to account for the fact that the first
eading after an estimated or missing reading might not map to the
urrent month’s consumption.

The average water price for our sample households is 5.1 Kwacha
0.51 USD) per cubic meter (m3). Average household consumption is
9 m3 per month, about half of typical US household consumption,
esulting in monthly consumption charges of around 95 Kwacha (9.50
SD), or about 4 percent of median income.20

.3. Survey data and construction of residual claimant variable

A pair of surveyors (always a woman and a man) visited each
creened-in household for the household survey. After a few prelimi-
ary demographic questions, husbands and wives were separated and
urveyed in different rooms. After finishing their individual question-
aires, both surveyors, with their respondents, reconvened in a com-
on room for final questions.

The survey elicited the respondent’s beliefs about the price of water,
nderstanding of the water bill, view on which spouse uses more water,
nd demographic characteristics, among other information.

A key variable for us is who the household’s primary residual
laimant (RC) on the water bill is. This concept is difficult to measure

19 We report 2015 USD values using an exchange rate of 10 Kwacha per
SD.
20 We do not have income data for our sample, so we calculate median

ncome (220 USD/month) for households with piped water in Livingstone in
he 2010 Living Conditions Monitoring Survey.
5

directly; in piloting, many respondents were unable to understand
direct questions about which spouse enjoyed the financial benefit if
the bill was low and bore the cost if the bill was high. Instead, we
construct the measure using two survey questions that, based on our
piloting, typically map to residual claimancy: whose income is used to
pay the bill and who physically pays the bill (payment is in person).
Spouses seem to have claim over the income they earn, and the person
who pays the bill usually does so out of a larger pool of money and
has control over the balance, so both of these factors are proxies for
residual claim.

We asked each spouse these questions about whose income is used
and about who pays the bill. The possible answers are oneself, one’s
spouse, both jointly, or someone else. We code the RC variable as
follows (illustrated for when the wife is the respondent). If her response
is herself for both questions, we code her as the RC. If her response to
both question is both spouses or someone else, we code as 0.5. Less
clear-cut is when she says she pays the bill but her husband’s income
is used, or vice versa. We prioritize the payer variable in these cases
because a follow-up question asked of a subsample suggests that the
payer usually has control over money left over after paying the bill.
Specifically, we code her RC variable as equal to 1 if she says she pays
the bill but the income used is from both of them or someone else, and
0.5 if her income is used but both or someone else pays the bill. Thus,
at the respondent level, RC equals 0, .5, or 1 for each spouse, and the
sum of RC across the two spouses equals 1 by construction. As there is
subjectivity in how we code this variable, we show extensive robustness
checks using alternative coding.

We similarly code RC according to the husband and then average
the husband’s and wife’s RC variables. These averages are our preferred
measures of the husband’s RC status and wife’s RC status.21 There are
four cases. (1) RC equals 1 for the husband and 0 for the wife, or vice
versa. The spouses agree on who the RC is. (2) RC equals 0.75 for
one spouse, and 0.25 for the other; this arises when one respondent
identifies a specific person as the RC, while the other views the role
as evenly split. (3) RC equals 0.5 because one member of the couple
says the husband is RC and the other says the wife; here they strongly
disagree. (4) RC equals 0.5 because both think the RC role is shared.

For the first two cases, there is within-couple variation in the RC
variable. Thus, when we randomize the incentive to conserve at the
individual level, we induce randomized variation in the recipient’s RC
status. The variable’s values differ between the first two cases (0 and
1 versus 0.25 and 0.75), but note that there is no between-couple
variation in the expected value of RC, which is, by construction, always
0.5. We exclude the last two cases from the analysis (227 and 31
households, respectively) because the incentive recipient has 𝑅𝐶 = 0.5
regardless of the randomization outcome. We show that the results are
similar when we include these households.

We also use the payer and income variables to construct a measure
of shared residual claimant status that we use to test Prediction 2. The
Equal RC status variable equals 1 if both spouses reply ‘‘both’’ to at least
one of the two questions about bill payer status and income toward
the bill and equals 0.5 if one member of the couple replies ‘‘both’’ to
at least one of the questions. For all other households, i.e., where all
responses refer to one member of the couple or to someone else in
the household, the variable is set to zero. Note that we need to use
a somewhat expansive definition of equality for there to be enough
variation in Equal RC status to test Prediction 2. We show robustness
to coding the main residual claimant variable to match the Equal RC
status variable.

By constructing a continuous measure of residual claimancy, we
diverge from the standard definition of the term as binary. Consistent
with how bargaining weights are defined in much of the intrahousehold
literature, our continuous measure reflects the more nuanced situation
within the home, where the degree of the primary residual claimant’s
claim may vary across households.

21 Appendix Table A.1 summarizes the wife’s and husband’s RC variables.
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3.4. Randomized ‘‘price’’ variation

Varying the regulated price charged by the utility was infeasible
in our setting. Moreover, our key prediction is based on individual-
level price variation. Thus, we manipulate the experienced water price
through an intervention that increases the financial returns to water
conservation.

Half of households were randomized into an incentive treatment.
One or both spouses were informed during their survey visit that they
were being offered a monetary incentive to reduce water use.22 In the
months following the visit, if the household reduced its consumption
by a specified amount, the individual or household was entered into a
monthly lottery that paid out 300 Kwacha (30 USD) prizes. Specifically,
the household had to reduce its consumption by at least 30 percent
relative to its average usage during a two-month reference window.
The mean (median) reduction required to qualify was 5.8 (5.0) cubic
meters.23 Those who qualified for the lottery in a given month had a
1 in 20 (or better) chance of winning the prize, so the expected prize
was around 1.5 USD, which represents a roughly 40 percent increase
in the price of water.24

A fixed reward for reaching a consumption threshold differs from
a standard price increase in that the effective price of water increases
only over a particular range of consumption and only if a usage thresh-
old is not exceeded. This format of rewards was easy for participants
to understand. In addition, the reward is an expected reward; we
randomly select some households for payment to simplify the logistics
and reduce the field costs of paying the prizes. These design decisions
were guided by pragmatic considerations but still allow us to test our
predictions.

The incentive treatment consists of three sub-treatment arms.25

ppendix Figure A.2 summarizes the experimental design. In one sub-
reatment, both spouses learn about the incentive, and know that the
nformation is provided to both. In this case, the intervention generates
ncentives similar to an increase in the household’s price, 𝑝. The other
wo sub-treatments inform only the wife or only the husband about the
ncentive. These treatments are similar to an increase in an individual-
pecific price, 𝑃𝑖, as introduced in the model. In these sub-treatments,
he price of household consumption increases, but only one individual
s aware of this and he or she fully bears the corresponding incentive
o conserve. Individuals who won a prize were informed and paid
rivately in the latter two sub-treatments.

In the notation of the household model, the incentive treatment
hen both spouses are told about the prize adds a term to the indirect
tility function, 𝑣𝑖 = 𝜆𝑖(𝑌 − 𝑝𝑊 + 𝐿 × 𝟏(𝑊 ≤ 𝑊̄ )) − 𝑒𝜇𝑖 , where 𝐿 is the
xpected value of the lottery payout. The individual sub-treatments, in
hich surveyors informed only one spouse about the prize, move the

ottery payoff outside of the 𝜆𝑖 term: 𝑣𝑖 = 𝜆𝑖(𝑌 − 𝑝𝑊 ) + 𝐿 × 𝟏(𝑊 ≤
𝑊̄ ) − 𝑒𝜇𝑖 , similar to an increase in 𝑃𝑖 in the model. This increases 𝑖’s
unilateral payoff from water conservation, which is predicted to have
a larger effect on overall household consumption if 𝜆𝑖 < 𝜆−𝑖. Of course,
ndividuals could share the information with their spouse or the spouse
ight inadvertently find out about it in some cases. Our identifying

ssumption is that at least some of the benefits from 𝑃𝑖 accrue to the
ndividual, i.e., are not subject to the sharing rule 𝜆 that determines

the response to couple-level incentive, such that the individual-specific

22 The script is provided in Appendix A.4.
23 The reference period was March–April 2015 for households surveyed

n May-early August; June–July for households surveyed early August–
eptember, and July–August for households surveyed in October–December.
24 Given a target reduction of 5.8 m3 and a price of 5.1 Kwacha/m3 over that
ange of consumption, the expected value of the prize was 2.06 Kwacha/m3.
his calculation accounts for the increasing block tariff.
25 The randomization was within four strata based on the household’s
6

re-period monthly water usage and outstanding balance due to SWSC.
reatment comes closer to an individual-level price change than does
he joint, couple-level treatment.

We test our main prediction (Prediction 1) by comparing the two
ndividual incentive sub-treatments. The control group is helpful for
eing able to gauge the absolute magnitude of the effect. We include
he couple incentive arm as a benchmark because it is the most similar
o standard household-level pricing used by utilities and to test an
dditional implication of the model (Prediction 2).26

3.5. Other interventions

We also varied two other factors that might affect water use. First,
water is priced on an increasing block tariff (i.e., the marginal price
increases discretely at certain thresholds of usage), which results in a
poor understanding of the marginal price. All households that receive
the incentive treatment also receive information about the actual price
of water. In addition, a subsample of the households that received
no incentive to conserve were given the information about the price.
This intervention was intended to serve as an additional source of
(perceived) price variation and to homogenize price beliefs among
those receiving incentives. Second, distrust of the water provider or
a misunderstanding of the billing process might undermine customers’
belief that their water use directly maps into their bill. We implemented
a cross-cutting ‘‘provider credibility’’ treatment that explains how bills
are generated. Neither the price information nor the credibility treat-
ment had measurable impacts on water use, even when prior beliefs
about the price or provider are taken into consideration. Details of
these interventions and analysis of their impacts are presented in the
appendix.

3.6. Summary statistics

Table 1 summarizes characteristics of the sample and tests for
balance between treatment arms. The first column reports the mean and
standard deviation of several variables for the subsample that received
no incentive. Average water consumption prior to the start of the inter-
vention is 19 cubic meters per month. Household size is 6 people, living
in 3.5 rooms. (To illustrate the importance of intrahousehold frictions,
our study focuses on husband-wife dynamics, but as the household size
underscores, intrahousehold decision-making is often more complex.)

In 53 percent of households, both husband and wife agree that the
husband is the primary residual claimant for the water bill. In 5 percent
of households, they ‘‘weakly agree’’ that the husband is the primary
residual claimant, meaning that one spouse says that the husband is
the residual claimant and the other says the responsibility is shared.
In 20 percent of households, the spouses either agree or weakly agree
that the woman is the primary residual claimant. In 21 percent of
households they ‘‘strongly disagree’’, meaning that one spouse says that
the husband is the residual claimant and the other says that the wife is.
In less than 1 percent of households, they agree that the responsibility
is shared. Table 1 also shows that in 80 percent of households, spouses
agree that the woman is the bigger water user.27

Subsequent columns of Table 1 report regression coefficients and
standard errors that assess the difference between a subsample and
its comparison group. Column 2 compares the subsample in which
the couple received an incentive to the no-incentive group. Column

26 A previous, longer version of the paper included a second test of intra-
household free-riding derived from the model that also relied on the couple
incentive: Households in which spouses are more altruistic toward one another
will be more responsive to household-level pricing.

27 In only a third of households is the residual claimant also the bigger water
user, suggesting that residual claimant status is determined by more generic
sharing rules within the household as opposed to intrahousehold heterogeneity

in preferences over water use.
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Table 1
Balance: Incentive treatment arms.

Treatment arm: No incentive Couple incentive Individual incentive Wife incentive Non-RC incentive
(1) (2) (3) (4) (5)

Quantity of water consumed 18.844 −0.002 −0.002 0.005 0.005
(11.922) (0.002) (0.002) (0.003) (0.003)

Household size 5.860 0.005 −0.000 0.003 −0.007
(2.286) (0.006) (0.007) (0.011) (0.012)

HH has maid 0.169 −0.016 −0.032 0.073 −0.080
(0.375) (0.041) (0.043) (0.072) (0.082)

HH owns home 0.512 −0.010 −0.015 −0.035 −0.033
(0.500) (0.030) (0.031) (0.050) (0.057)

Rooms in home 3.529 0.002 0.017 −0.033 −0.000
(1.264) (0.013) (0.013) (0.019) (0.024)

Both know bill quantity 0.104 0.140 0.066 −0.023 0.081
(0.305) (0.045) (0.048) (0.076) (0.086)

Both know bill charge 0.678 0.002 0.024 −0.058 −0.075
(0.468) (0.031) (0.032) (0.053) (0.059)

Agree W is bigger water user 0.795 0.019 0.094 −0.056 0.078
(0.404) (0.036) (0.039) (0.068) (0.075)

Agree H is RC 0.489 −0.042 0.022 −0.118 −0.003
(0.500) (0.040) (0.043) (0.069) (0.076)

Agree W is RC 0.167 −0.062 −0.005 −0.064 −0.045
(0.373) (0.049) (0.052) (0.084) (0.090)

RC role is shared 0.320 −0.004 −0.014 −0.000 0.015
(0.372) (0.040) (0.042) (0.067) (0.076)

Strongly disagree on RC 0.172 0.025 0.004 −0.272 0.000
(0.377) (0.048) (0.051) (0.084) (0.000)

F-statistic 1.305 1.010 1.816 0.757
Comparison group No incentive No incentive Husband incentive RC incentive
Households in treatment 664 182 436 213 171
Households in comparison 664 664 223 180

Notes: Column 1 reports means and standard deviations of time-invariant household characteristics preceding the intervention in the no incentive
arm. Columns 2–5 show output from regressing an indicator for treatment status (column headers) on covariates. The F-statistic associated with
the regression is reported at the bottom of the table. Non-RC incentive varies from 0 to 1; it equals 1 if the individual incentive goes to the
person whom both spouses agree is not the primary residual claimant. Households with no within-couple variation in residual claimant status
are excluded from column 5.
c

3 does the same for households that received an individual-level in-
centive. Our main test zeros in on the individual incentive arm, so
columns 4 and 5 break down this group. Column 4 shows the subsample
where the woman received the incentive (gender was the basis of the
randomization); the relevant comparison is to households where men
received the incentive. Finally, column 5 shows the subsample where
the non-residual claimant received the incentive, with the comparison
group being households where the residual claimant received it.28 F-
ests indicate that, in all cases, we cannot reject balance between a
ubsample and its comparison group. In addition, Fig. 2 shows that
here are parallel pre-trends between subsamples in household water
se in the months leading up to the survey.

. Estimation strategy

We use the randomized variation in the individual and couple in-
entive to conserve water as person-specific and household-level price
ncreases. These allow us to test the two predictions from our model:
1) The individual incentive is more effective in reducing household
ater use if it is offered to the spouse who is not the primary residual

laimant. (2) The effect of the couple incentive is larger in households
here residual claimant status is more evenly shared.

We use monthly household-level outcome data from before and after
he intervention and estimate a difference-in-differences regression.

28 The residual claimant variable is not binary. For this table, we pool
ndividuals with residual claimant status of 1 or 0.75 as residual claimants, and
hose with status of 0 or 0.25 as non-residual claimants. We omit households
here residual claimant status is 0.5 for each spouse, so those in which the
ariable has no within-couple variation.
7

The regressors 𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 and 𝐶𝑜𝑢𝑝𝑙𝑒𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 equal 1 for households
assigned to the individual treatment and couple treatment, respectively,
in months after the survey; recall that treatments were delivered at the
end of the survey visit.29

Our main prediction is that the individual treatment will be more
effective if targeted to the non-RC (where 𝑁𝑜𝑛𝑅𝐶 ≡ 1−𝑅𝐶.) Thus, the
key regressor is 𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 × 𝑁𝑜𝑛𝑅𝐶𝑖, which is identified off of the
random variation in which individual received the incentive and the
fact that, by construction, residual claimant status sums to one across
individuals in the couple.30 This is not a standard interaction in that
𝑁𝑜𝑛𝑅𝐶 (the incentive being given to the non-RC) is only defined within
the individual incentive group. Our main analysis omits 258 households
with no within-couple variation in residual claimant status, because
the random treatment assignment cannot generate random variation in
the regressor of interest. (When testing Prediction 2, we add back the
31 households where the lack of variation comes from both spouses
indicating shared residual claimant responsibilities.)

In the estimating equation below, 𝛽1 identifies the effect on water
onsumption of the residual claimant receiving the individual-level

29 We set these indicators equal to 1 as of the survey date because the
intervention could have immediate effects; the household was only eligible
for a prize based on the next full bill cycle, however. We drop the month in
which the survey occurred since it is partially treated. Our definition of month
corresponds to the billing cycle, which starts on the 20th of each month.

30 Specifically, for each household assigned to the individual incentive
treatment, there is a 50% probability of the incentive going to the man or the
woman, and – by extension – a 50% probability of assignment on any other
characteristic that is zero-sum (or more precisely, sum of 1) across members

of the couple, e.g., 𝑁𝑜𝑛𝑅𝐶𝑖.
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incentive, relative to the control group. 𝛽2 measures the additional
effect of the incentive going to the non-RC. The main hypothesis is,
thus, 𝛽2 < 0.

𝑖𝑡 = 𝛼 + 𝛽1𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 + 𝛽2𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 ×𝑁𝑜𝑛𝑅𝐶𝑖

+ 𝛿𝐶𝑜𝑢𝑝𝑙𝑒𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 + 𝛾1𝑃𝑜𝑠𝑡𝑖𝑡 + 𝛾2𝑊 𝑎𝑣𝑒𝑖 ×𝑀𝑜𝑛𝑡ℎ𝑡
+ 𝜏𝑡 + 𝜂𝑖 + 𝛾3𝑀𝑖𝑠𝑠𝑖𝑛𝑔𝐹 𝑙𝑎𝑔𝑖𝑡 + 𝜖𝑖𝑡 (4)

he other regressors are control variables. 𝑃𝑜𝑠𝑡𝑖𝑡 is a post-survey indica-
or, as the survey itself may have had effects; the variable varies across
ouseholds within a month because the survey was rolled out over
ime. We drew our sample in two waves, and the subsamples exhibit
ifferent time trends, so we include the interaction of 𝑀𝑜𝑛𝑡ℎ𝑡, a con-
inuous month-year variable, and 𝑊 𝑎𝑣𝑒𝑖, a sampling-wave indicator, to
bsorb additional residual variation. We also include month-year fixed
ffects, 𝜏𝑡, and household fixed effects, 𝜂𝑖. 𝑀𝑖𝑠𝑠𝑖𝑛𝑔𝐹 𝑙𝑎𝑔 is an indicator
or months immediately following a missing observation. We cluster
tandard errors at the household level.

Our second prediction is that the couple treatment will be more
ffective in households where residual claimant status is more equally
hared between spouses. We define 𝐸𝑞𝑢𝑎𝑙𝑖 to equal one when both
pouses indicate shared bill payment responsibilities (see Section 3.3).
e modify Eq. (4) to test the prediction that 𝛿2 < 0: an increase in

he couple incentive decreases water use more in households where
esidual claimant status is more equal.

𝑖𝑡 = 𝛼 + 𝛽𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡 + 𝛿1𝐶𝑜𝑢𝑝𝑙𝑒𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 + 𝛿2𝐶𝑜𝑢𝑝𝑙𝑒𝑇 𝑟𝑒𝑎𝑡𝑖𝑡 × 𝐸𝑞𝑢𝑎𝑙𝑖
+ 𝛾1𝑃𝑜𝑠𝑡𝑖𝑡 + 𝛾2𝑊 𝑎𝑣𝑒𝑖 ×𝑀𝑜𝑛𝑡ℎ𝑡 + 𝜏𝑡 + 𝜂𝑖 + 𝛾3𝑀𝑖𝑠𝑠𝑖𝑛𝑔𝐹 𝑙𝑎𝑔𝑖𝑡 + 𝜖𝑖𝑡 (5)

Other estimation details follow Eq. (4).

5. Results

The individual incentive reduced water consumption across most
of the distribution, as shown in Fig. 1. The figure plots post-treatment
water consumption, normalized by the household’s average consump-
tion in the two pre-survey reference months, separately for the control
group and the pooled individual incentive group.

For both the treatment and control groups, most of the mass is
above the target level to be eligible for the prize: The treatment effect
is due in large part to reductions not large enough to qualify for
the prize.31 If households could perfectly choose their consumption
level, we would expect bunching just below the target among treated
households. However, the difficulty of knowing one’s own and other
household members’ water use makes the pattern less surprising. The
continuity in the reductions suggests that households responded to the
lumpy financial incentive similarly to how we would expect them to
respond to a standard price increase.

The regression version of the comparison in Fig. 1 is shown in
Table 2. The individual treatment significantly reduced water use, by
0.059 log points (column 1). The point estimates suggest that the
incentive may have had a larger effect when delivered to the wife rather
than to either the husband or the couple together, but the differences
between the estimates are not statistically significant (column 2).

Recall that all households that received the incentive also received
information on the price of water, as did a subset of the no-incentive
group. Table 2 also estimates the effects of these treatments, and shows
that the individual incentive treatment effect is largely unaffected
(column 3). In the rest of the paper we pool all of the no-incentive
households, both pure controls and those that received only price
information. This increases statistical power when we estimate the
overall effect of the individual incentive treatment; importantly, it
does not affect the identification of our main coefficient of interest

31 Out of 2,335 treated household-months, 431 had reductions large enough
o qualify for the lottery.
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Fig. 1. Post-intervention water consumption, relative to pre-intervention.
Notes: Density plots of post-intervention monthly consumption relative to average
monthly consumption in the reference months (pre-survey) used to determine incentive
treatment eligibility. The dashed vertical line shows the 70 percent threshold for lottery
eligibility. The control group includes all households not assigned to an incentive arm.

(𝛽2), which does not rely on the control group. We also ignore the
cross-cutting provider credibility treatment. In other words, we impose
the restriction, which we cannot empirically reject, that these other
interventions have zero effect.32

The main result of the paper is associated with Prediction 1 and
shown in Table 3: The individual incentive causes a larger reduction
in household water consumption when the recipient has lower residual
claimant status. Column 1, which estimates Eq. (4), shows that when
the incentive goes to the RC, there is an estimated 0.02 log point
reduction in water use, an effect statistically indistinguishable from
zero. When the incentive goes to the non-RC, there is a significantly
larger effect. The point estimates of −0.11 log points implies a total
effect of −0.13 log points when the non-RC receives the incentive. To
put this magnitude into perspective, it is equivalent to a short-run price
elasticity of about −0.25.33 As a benchmark, the price elasticity for the
couple incentive treatment, which most closely resembles a standard

32 Appendix Table A.2 shows that the price information and provider
credibility treatments had no detectable impacts, even after allowing for
heterogeneity based on priors about the price or about SWSC.

33 As discussed in Appendix A.3, translating the treatment effects into price
elasticities requires the strong assumption that households respond as if they
faced a continuous price change when given an incentive that (a) is discrete,

(b) depends on a threshold and (c) pays out probabilistically.
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o

Fig. 2. Water outcomes by month, pre- and post-treatment.
Notes: Regression coefficients from event-study specifications that interact treatment
with an indicator for each month pre- and post-treatment. The top figure plots the
coefficient for the individual incentive arm relative to the control group. The bottom
figure plots the coefficient on the interaction term (mirroring our main specification).
The darker colored markers indicate event-months that include the full sample; the
light colored markers indicate event-months that are estimated off of only a sub-sample.
Households with no variation in residual claimant status are excluded.

household-level price change, is −0.13. The magnitude of the reduction
is plausible for a single individual: 0.13 log points is equal to around
1.14 cubic meters per month, which could be attained by reducing the
length of one shower per day by 1.4 min.34

When the residual claimant received the incentive, in the absence
of intrahousehold frictions, he should have been able to reproduce the
effects of the non-residual claimant incentive arm: He could tell his
spouse about the rewards program and promise her almost all of the
prize. Our results are suggestive that residual claimants may not have
thought to do this, or a commitment problem prevented it from being
effective. We discuss this puzzle further in the conclusion.

One might expect the effects to be strongest in the first few months
that the incentives are in place due to greater salience. The bottom
panel of Figure 2, which plots the month-by-month coefficients cor-
responding to the specification in Table 3, column 1, shows that the
effect is negative in the first three months, and then bounces around in
subsequent months. (The coefficients beyond the first two months are
less precise because fewer households contribute to their estimation.)

34 This assumes a standard flow shower that consumes 0.0275 cubic meters
f water per minute.
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Table 2
Average effects of all treatments.

Log (Quantity)

(1) (2) (3)

Couple incentive −0.050 −0.050 −0.046
[0.039] [0.039] [0.041]

Individual incentive −0.059** −0.055*
[0.026] [0.030]

Post-survey −0.026 −0.026 −0.036
[0.025] [0.025] [0.033]

Husband incentive −0.036
[0.032]

Wife incentive −0.083**
[0.034]

Provider credibility 0.029
[0.024]

Price information −0.009
[0.032]

Couple = Indiv (𝑝-val) 0.829 0.828
Couple = Wife (𝑝-val) 0.477
Husband = Wife (𝑝-val) 0.247

Observations (HH) 1,282 1,282 1,282
Observations (HH-months) 25,506 25,506 25,506

Notes: The panel begins in March 2014 and ends in February 2016. Standard errors are
clustered at the household level, and all columns control for household and month-year
fixed effects, an indicator for months following a missing quantity observation, and
a continuous month-year variable interacted with sampling wave. 𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝑟 𝑐𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦
and 𝑃𝑟𝑖𝑐𝑒 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 are indicators that equal 1 post-survey for households assigned to
receive the provider credibility treatment or price information treatment, respectively.
All households in the incentive treatment also received the information treatment.

Table 3
Individual incentive effects, by recipient payer status.

Log (Quantity)

(1) (2) (3)

Couple incentive −0.071 −0.071 −0.071
[0.044] [0.044] [0.044]

Individual incentive −0.020 −0.026 −0.025
[0.038] [0.040] [0.039]

Indiv incentive x Non-RC −0.111** −0.125** −0.116**
[0.047] [0.052] [0.052]

Incentive x Wife 0.024 0.009
[0.049] [0.049]

Total effect, incentive to non-RC −0.131*** −0.150*** −0.141***
[0.037] [0.052] [0.050]

Sample Drop no
variation

Drop no
variation

Drop
disagree

Observations (HH) 1,024 1,024 1,055
Observations (HH-months) 20,365 20,365 20,965

Notes: Individual incentive treatment arms interacted with heterogeneity variables: Non-
RC varies from 0 to 1; it equals 1 if the individual incentive goes to the person whom
both spouses agree is not the primary residual claimant. Wife equals 1 if the individual
incentive goes to the wife. Households with no within-couple variation in residual
claimant status are excluded from columns 1 and 2. Column 3 adds back in households
with no variation in residual claimant status because both spouses say they share billing
responsibilities. The omitted category is the no incentive control group. The panel
begins in March 2014 and ends in February 2016. Standard errors are clustered at the
household level, and all columns control for household and month-year fixed effects,
an indicator for months following a missing quantity observation, and a continuous
month-year variable interacted with sampling wave.

Columns 2 and 3 of Table 3 disentangle whether the effect is due to
residual claimant status or gender. These two variables are correlated;
in most cases, the husband has higher residual claimant status. Column
2 examines heterogeneity by gender instead of RC status. There is
no significant differential effect of the individual incentive when the
wife receives it, though the point estimate is negative. Column 3
estimates the effect of targeting the non-RC, controlling for gender, to
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Table 4
Treatment effects by intrahousehold bill-sharing.

Log (Quantity)

(1) (2) (3)

Couple incentive −0.019 −0.033 −0.034
[0.051] [0.060] [0.060]

Couple incentive x Equal −0.103 −0.122 −0.123
[0.106] [0.122] [0.122]

Individual incentive −0.059** −0.078*** −0.075***
[0.026] [0.028] [0.029]

Total effect, incentive to equal hh −0.121 −0.155* −0.156*
[0.082] [0.092] [0.093]

Equal mean 0.315 0.316 0.313
Sample Drop

disagree
Drop no
variation

Observations (HH) 1,282 1,055 1,024
Observations (HH-months) 25,506 20,965 20,365

Notes: Incentive treatment arms interacted with heterogeneity variables. Equal equals
1 if both the husband or wife indicates that they share responsibility on bill payments
and equals 0.5 if either the husband or the wife indicates that they share responsibility
on bill payment. Column 2 excludes households with strong disagreement on residual
claimant status and column 3 excludes households with no variation in residual
claimant status (to match sample restrictions in Table 3). The omitted category is
the no incentive control group. The panel begins in March 2014 and ends in February
2016. Standard errors are clustered at the household level, and all columns control for
household and month-year fixed effects, an indicator for months following a missing
quantity observation, and a continuous month-year variable interacted with sampling
wave.

determine if the former effect is driven entirely by gender. It is not: the
interaction with residual claimant status remains significant and similar
in magnitude to column 1, while gender of the recipient per se does not
seem to affect responsiveness to the incentive.

We can also compare the effect of giving the individual incentive to
the non-RC with the effect of the couple incentive treatment. The effect
of providing the incentive to both spouses lies in between providing it
to the RC and providing it to the non-RC, consistent with the model
(see Corollary 1 in Appendix A.1), but we lack the statistical power
to distinguish coefficients. The 𝑝-value on a test for equality of the
coefficients is 0.18.

We turn to our second prediction in Table 4, which tests how the
effect of the couple treatment depends on how residual claimant status
is shared between spouses, following Eq. (5). Column 1 includes the full
sample and shows that delivering the couple treatment to a household
where spouses say that residual claimant status is shared results in a
decrease in water use that is nearly 10 times larger than the effect of the
couple treatment in households where residual claimant status is not
shared. Eliminating households where spouses strongly disagree about
residual claimant status (column 2) or households with no variation in
residual claimant status (column 3) only increases the magnitude of the
interaction term.35 Across all sample restrictions, the interaction term
is statistically insignificant at conventional levels, since it is estimated
off of a very small sample of households. Nonetheless, the sign of the
interaction term is consistent with Prediction 2: greater intrahousehold
equality increases price sensitivity.

To summarize, the existing household arrangement regarding who
has claim on savings from water conservation is an important determi-
nant of the effectiveness of the incentive treatments.

5.1. Robustness checks

We only have statistically significant results for our test of Predic-
tion 1, so we focus our robustness checks on this result.

35 These sample restrictions match those in Table 3.
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The household’s financial arrangements are, of course, not randomly
assigned, so one potential concern is that our effect is not due to
heterogeneity by RC status, but instead heterogeneity by some char-
acteristic of the recipient that is correlated with RC status. To address
this concern, we control for individual-level observables, measured in
the baseline survey, in parallel to RC status.36

For example, the non-RC might have a higher marginal utility from
income because she has limited control of the household budget. This
would make the incentive more valuable to her, explaining her greater
responsiveness to it. We therefore control for whether the incentive
recipient is employed, her education level, and her age, as proxies
for income and generalized bargaining power.37 Another concern is
that the non-RC might usually be inattentive to water use, so the
incentive has a greater salience effect for her. Her larger reduction
in water use in response to the incentive could be due to salience
rather than the incentive representing a larger effective price change
for her. This alternative is in some ways similar in spirit to what we
are highlighting — the household’s financial arrangements make one
spouse put in inefficiently low conservation effort. Nonetheless, we
address this concern by controlling for the recipient’s knowledge about
the price of water and about the household’s water use on its most
recent bill. Finally, factors other than RC status, such as preferences
over water or conservation, might determine baseline water use. To
address this, we control for whether the recipient is the biggest water
user in the household.38

Table A.3 reports the results when we include interactions of
𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡 with these other characteristics of the incentive recipient,
first one at a time (column 1) and then all at once (column 2). While
we do see some heterogeneity in price sensitivity based on some of
these characteristics, our coefficient of interest (IndivTreat × Non-RC)
is stable in both magnitude and significance when we control in parallel
for them.

We next test the sensitivity of our results to how we construct
the residual claimant variable. In Table A.4, column 1, we switch to
putting precedence on the ‘‘whose income’’ variable instead of ‘‘who
pays’’ when those two variables disagree. In column 2, we drop the
cases where those two underlying variables disagree. With both of these
variations, we continue to find that the incentive has a larger effect
when given to the non-RC. Column 3 restricts the sample to households
where the couple strongly agrees on who the RC is and we find similar
results. Finally, in columns 4 and 5, instead of using the average of
the husband’s and wife’s RC assessments, we use just one respondent’s
answers. The results are similar to our main results.

Finally, we test for sensitivity of our results to how we construct
the panel (Appendix Table A.5). The first three columns use different
pre-treatment panel lengths, which does not affect the coefficients very
much. The next three columns include only two post-survey months
per household, to ensure that treated households contribute equally to
the estimated treatment effect; the somewhat larger point estimate is
consistent with the slight decay in the effect size after the third month
seen in Appendix Figure 2. Finally, the last column shows the results
using a panel balanced in event time rather than calendar time, with 14
pre-treatment months and 2 post-treatment months. The point estimate
is similar to our main specification.

36 Given random assignment of the individual incentive, controlling for
household characteristics should not change treatment effects. However, we
might expect that the non-residual claimant’s water use has a smaller effect
on aggregate water use in larger households, diluting the incentive effect of the
individual treatment. Though we are underpowered for such a test, the triple
interaction of 𝐼𝑛𝑑𝑖𝑣𝑇 𝑟𝑒𝑎𝑡𝑖𝑡×𝑁𝑜𝑛𝑅𝐶𝑖×𝐻𝐻𝑆𝑖𝑧𝑒𝑖𝑡 is positive; i.e., the individual
incentive to the non-RC leads to a smaller reduction in aggregate water use in
larger households.

37 Education and age are both measured in coarse categories. We split both
as close to the median as the data allow.

38 We do not observe direct measures of individual-level conservation costs,
but expect them to be correlated with baseline water use.
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6. Discussion and conclusion

This paper highlights how intrahousehold free-riding exacerbates
households’ overconsumption of piped water and electricity. These
utilities have the features that usage is billed to the household, and
household members cannot easily observe each individual’s consump-
tion. Thus, they cannot apportion the bill based on how much each
person consumed. In the face of this free-riding problem, targeting an
individual-level price increase to the household member who normally
has the least incentive to conserve water should – and does – lead to a
larger reduction in the household’s water use.

This moral hazard problem between spouses would exist even if men
and women were perfect equals, but the problem is exacerbated by
traditional gender roles, with women doing most of the chores and men
controlling the money. Women have the most scope to reduce house-
hold water use, but also the least incentive to do so. This husband-wife
power imbalance might be more common in developing countries (Jay-
achandran, 2015). However, other forms of intrahousehold free-riding
– for example, children wasting water and energy – are likely equally
applicable in rich and poor countries. Thus, the free-riding introduced
by household-level billing of utility services is relevant in the many set-
tings where households receive metered services and regular bills. This
implies that our results are most applicable to middle- and high-income
countries, and urban areas of low-income countries.

Limited information about individual-level consumption is a funda-
mental constraint for households, but why do they seem to compound
the problem by usually assigning bill responsibility to the man, or
more precisely, the smaller water user? Why is the bigger water user
the primary residual claimant for only one third of households? Tra-
ditional gender roles is not a fully satisfactory answer because many
husbands give their wives an allowance for groceries in our setting.
In follow-up discussions with 40 households, most stated that using
a similar allowance-like arrangement for water had never occurred
to them. One conjecture is that ‘‘optimal’’ intrahousehold contracting
norms emerge slowly, while piped water is a new phenomenon. When
women collected water from rivers or springs, they were the ‘‘primary
residual claimants’’; wasting water meant they had to spend more time
collecting water.

Even if households improve how they split the bill, limited infor-
mation about individual-level usage will still lead to over-consumption.
One policy lever to reduce externalities from water use in water-scarce
environments is corrective pricing, i.e., a tax, which would now need to
correct both the environmental externality and the intrahousehold ‘‘in-
ternality’’ (Allcott et al., 2014). In an earlier version of this paper (Jack
et al., 2018), we calculated the optimal tax on water to correct for both
intrahousehold free-riding and the environmental externality, adapting
the framework of Taubinsky and Rees-Jones (2018). The key take-away
is that if the internality problem varies substantially across households,
as it does in our context, then corrective pricing is a highly imperfect
instrument to fix it.

The more promising solution is to design policies based on the spe-
cific intrahousehold constraints. Individual-level pricing was a useful
way to test our predictions, but may not be viable to scale up. That said,
a potentially scalable analog to our experimental variation is a rewards
program for conservation that uses demographically-targeted in-kind
rewards (e.g., gift cards especially valued by women). Another tack is
to reduce information frictions. For example, giving households better
information about household-level usage through smartphone apps
with real-time data would enable better monitoring of family mem-
bers; detailed information about household use is a first step toward
backing out each person’s use. In addition, technologies that lower
the effort cost of conservation (e.g., automatic shut-offs for faucets or
lights) might be especially valuable in the face of intrahousehold moral
hazard.
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