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Abstract: The analysis of residential water demand has long attracted attention from researchers.
However, the central topics at issue have evolved considerably, transitioning from estimating price
and income elasticities to using experimental techniques that assess how to motivate households
towards water conservation. In this literature review, we contribute to the existing literature by
giving an updated overview of the state of the art in the central topics regarding residential water
demand. Moreover, we present some interesting lines of research to be explored in the future. Thus,
we first review some traditional key drivers of residential water demand. Second, we discuss the role
of public policies when managing residential water demand, paying special attention to pricing tools.
Next, we briefly review some of the methodological issues with respect to traditional econometrics
and discuss related modeling. We then discuss the role of experimental designs and nudging on
residential water use. Finally, we include a summary of the main literature findings, and close the
discussion introducing some emerging and promising research topics.

Keywords: residential water demand; price perceptions; pricing policies; non-pricing policies;
stone-geary; field experiment
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1. Introduction

Water demand modelling allows researchers and policy makers to assess the impact
of different kinds of policies on several social and economic dimensions, such as welfare
and/or affordability. Residential water demand analysis has attracted the attention of
numerous researchers for decades, frequently starring as the subject of several literature
reviews [1-5]. The issues of greatest interest have evolved over the years, with some
traditional topics—such as price elasticity estimation—coexisting alongside more innova-
tive subjects, such as the information shortages related to water consumption and tariffs,
experimental design of residential water demand analysis, or attitudinal features.

Thus, economists have carefully analyzed the role of water prices when managing
water demand—and this tool has traditionally provoked great interest among researchers.
Several institutions [6-8] have encouraged water managers to design water pricing sched-
ules aimed at achieving competing objectives, including sustainability, efficiency, equity,
and cost recovery. This multiplicity of economic and social aims has also been demonstrated
in a range of academic papers [9,10]. The variety of features under consideration introduces
complexity into water price schedules and, as a consequence, to their modelling in the
demand function. Non-pricing policies are commonly assessed, finding heterogeneous
impacts of those policies on residential water use [5,11].
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Experimental studies are increasingly used to study a variety of topics, including water
conservation, with researchers designing their own policies for assessment [12-17]. In this
context, nudging frameworks have become increasingly popular, and can be contrasted
with the classical approach of analyzing the impact of real policies by way of a natural
experiment. In any case, both methods attempt to compare monetary and non-monetary
policies in the field of residential water demand management.

This paper is a literature review aimed at describing the latest findings on residential
water demand, but it also touches on some traditional issues. As such, the review primarily
includes papers published in the last decade, while some seminal papers and key references
may also be cited. This state of the art review is a timely contribution to the literature
for several reasons. On the one hand, it provides an updated review on household water
demand, reporting some recent trends in the field. In this respect, the paper is a significant
contribution in practical terms, since it provides an overview of residential water demand
modelling. Both policymakers and academics could use our findings as a starting point in
their policy design and/or research. On the other hand, this review is focused on the role
of prices when managing residential water use. Apart from price elasticities, additional
topics are discussed (price information, price perception), addressing how it is possible to
complement pricing policies with other kind of strategies (smart meters, nudging, etc.).

The manuscript is structured as follows: first, a section on explanatory factors and key
drivers of residential water use is developed, with special attention to public policies. Next,
some key methodological issues are discussed. The fourth section delves into experimental
design and the impact of nudging and other experimental treatments on residential water
use. Finally, we conclude with a summary of the main literature findings, noting some
emerging and promising research topics.

2. General Framework: Some Key-Drivers

When estimating residential water demand, several studies have proposed alternative
approaches. But in general, it has been modelled according to the following generic form:

Q=f(PY,Z) @M

where Q represents tap water consumption, P and Y denote water price and income, respec-
tively, and Z captures a set of exogenous factors that impact water use. As explained in later
sections, this generic form has been developed and adapted depending on the context, the data
set, and the issue addressed. Moreover, the previous equation has usually been estimated in
an isolated manner, but a few papers modelling households’” demand as an equation system
can also be found. For example, Sudrez-Varela [18], who estimated residential water demand
as a Quadratic Almost Ideal Demand System, is an interesting exception.

In this section, a review of the main key-drivers of residential water use is presented,
supported by studies estimating residential water demand and supplemented by other
papers assessing residential water consumption. According to Abu-Bakar et al. [19] there
are three groups of factors influencing residential water demand: contextual, environmental,
and psycho-social features. The first subsection includes socioeconomic factors and other
households’ characteristics. The second group captures some geographical and seasonal
variables with impact on water demand. The third group focuses on some attitudinal and
psychological features, such as environmental concern, awareness, knowledge, or social
norms. We also discuss the role of some public policies in the fourth subsection, where
special attention is devoted to pricing policies.

2.1. Contextual Factors: The Effect of Households” Characteristics

Most studies have assessed the impact of socio-economic and demographic factors on
residential water demand. In fact, Makki et al. [20] find that demographic and household
characteristics are the most significant determinants of residential water consumption. This
subsection explores some contextual factors frequently considered by previous studies,
discussing their main effects.
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2.1.1. Income

Although this variable is usually difficult to observe at the household’s level, and
several papers have used proxies or have estimated this variable [21,22] when income
information is not available, previous literature has broadly analyzed the relationship
between income and residential water consumption [1,2,23,24]. Thus, “the idea that house-
holds with low water use are poor and large users are rich has been challenged for a
number of years (...)” Nauges and Whittington [9] (p. 126). Higher income is usually
correlated with higher individual water consumption [20,22,25-28], but that correlation is
small [29]. In aggregated terms, Rinaudo et al. [30] show that water consumption is higher
for municipalities with higher income levels.

Income elasticities have been calculated repeatedly, usually finding an inelastic wa-
ter demand. That means that the proportion of income spent on water decreases with
income [31], e.g., [32-34]. This can be explained because the water bill represents a small
proportion of a household’s budget [18]. Baerenklau et al. [35] estimate an income elas-
ticity of 0.16. Similarly, Havranek et al. [24] find a mean income elasticity by 0.15, once
publication selection and endogeneity bias have been controlled for.

As Makki et al. [20] explain, the influence of income is double, as it affects, on the one
hand, additional lifestyle and leisure consumption (such as the shower and bath end-use
categories), but also affordability regarding some electrical appliances, such as washing
machines and dishwashers. In this regard, as demonstrated by Beal et al. [36], research
shows that households with higher incomes tend to install water efficient technology [37,38].
However, and as we will discuss later, that fact does not necessarily mean that technology
is used optimally.

Moreover, different income levels could be linked to different reactions under price
changes. When estimating residential water demand in Granada (Spain), Pérez-Urdiales
et al. [21], in a sensitivity analysis, provided separated estimates by income group. They
found that lower-income households showed a higher price-elasticity.

2.1.2. Age

Household composition, in which regards the age of family members, does not offer
homogeneous results in previous literature. While some studies find lower levels of water
consumption per capita in older people [39-42], others find the opposite effect [33,43].
As noted by Marzano et al. [44], elder and younger inhabitants have higher levels of
recreational water consumption, for gardening and water-intensive outdoor activities
respectively. Regarding families with children, Rathnayaka et al. [45], compare annual
average water use of households with and without children across similar household sizes
and dwelling types, finding that households with children consume less water per capita.
However, concerning water conservation, both families with young children and older
people are likely to demonstrate water conservation habits, while teenagers tend to consume
more [20]. Pérez-Urdiales et al. [21], in their water demand estimation using Latent Class
Models, detected that the higher the proportion of younger people than 16 years old in the
family, the higher the probability of belonging to the lower-consumption groups.

2.1.3. Gender

The effect of gender on residential water consumption is not usually assessed. In a
recent analysis, Tong et al. [46] find that women consume twice as much water as men,
mainly due to household care activities. So the use of water is clearly linked to different
daily gender roles and tasks. However, females tend to be more sensitive to protect the
environment than males [47]. According to Davies et al. [48], females consume less than
males, while Beal et al. [36] find no significant differences in per capita or per household
consumption between male and female respondents. In Millock and Nauges [38], the gen-
der of the respondent was not an explanatory factor in adopting water saving equipment.
However, there are few examples of analyses specifically considering gender issues when
modelling residential water demand. Reynaud [4] used regional data in Germany and
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Spain to estimate residential water demand, finding that—in some cases—the share of
females in the region had a positive impact on households” water use.

2.1.4. Formal Education

Education is other explanatory factor in residential water consumption, but its effect
is not clear. For instance, Makki et al. [20] find that those with higher education levels
consume more water, even though they are more concerned with water conservation
behavior. On the contrary, Renzetti et al. [34] and Garcia-Valifias et al. [49] find higher
education levels strongly associated with lower water consumption. Gilg and Barr [50] find
a positive influence of education on water saving behavior as well, while Grafton et al. [51]
do not report a significant impact of higher education on residential water demand.

2.1.5. Household Size

Generally, household size has a positive effect on water consumption [21,22,31,33,41,43].
Previous research has found that water consumption increases less than proportionally to
the increase in household size, likely due to economies of scale [1,45,52]. As pointed out by
Marzano et al. [44], per-household consumption increases with household size, but per-
capita consumption decreases [53,54]. According to Arbues et al. [40], three patterns of
water consumption can be distinguished regarding household size (small, medium and
large households), with price semi-elasticities being different among them. Note that when
the demand equation is semi-logarithmic, estimated coefficients can be interpreted as price
semi-elasticities, which give the percentage change in the quantity of water demanded in
response to a one unit change of the price variable, as explained in Arbues et al. [40].

2.1.6. House Ownership

The influence of housing tenure has also been discussed by previous literature, finding
that ownership tends to increase water conservation actions [50]. Some authors have
remarked that owners are expected to have higher incentives than tenants to adopt water-
saving devices technologies [21,38,51]. However, Pérez-Urdiales et al. [21] do not find a
significant impact of house ownership on residential water demand.

2.1.7. Housing Characteristics and Equipment

With respect to housing characteristics and water using equipment, previous research
has identified numerous items that have an important effect on water demand. For instance,
the size and age of the building, the number of rooms, the tenure of a swimming pool
or garden and the type of dwelling make a difference in residential water consumption
levels [28,30,31,43,49,51,55]. Furthermore, even the type of plants in the garden can affect
the amount of water consumed [56].

Bigger houses with more bedrooms demand more water and single-family houses
consume more water [43,57]. Per-capita analysis in Rathnayaka et al. [45] shows higher
levels of water use in semi-detached dwellings compared to multi-storied dwellings and
detached dwellings. Besides, some authors [31,49] demonstrate that those households
equipped with a swimming-pool register higher levels of water demand.

The type of water meter installed is also relevant for the measurement of water use,
since the equipment can be either individual or collective. Individual metering refers to
having one meter for each household, that is, one single family, while collective meters
are for multi-family units, where a group of apartments is considered by a water service
to be a “unique subscriber” [57]. Nauges and Thomas [58] find evidence of lower water
consumption when individual meters were used, suggesting that the installation of individ-
ual water meters may in turn encourage the adoption of water efficient equipment. When
estimating residential water demand in the United Kingdom, Reynaud [4], finds that the
proportion of households with metered water consumption is related to lower household
consumption levels.



Water 2022, 14, 2536

50f23

However, comparing water consumption between individual and collective metering
contracts is not straightforward. Collective water consumption cannot be split into the
number of households where there is a high percentage of empty houses, and that infor-
mation is frequently unavailable. Indeed, in their analysis of residential water demand
in Andorra La Vella, Reynaud et al. [57] found that the average per household water con-
sumption was higher for single-family water subscribers compared to multi- family water
subscribers. However, people living in multi-family units are much less likely to know how
much water they use, since the payment is frequently included with other charges [59].
As will be discussed later, consumption and price misinformation can result in non-efficient
consumption levels.

Finally, the installation of water saving devices or efficient appliances, technologies,
and equipment also impacts water consumption [21,49]. According to Rathnayaka et al. [45],
efficient showers, toilets, and front-loading clothes washers save an average of 35 liters per
person per day. This issue will be further analyzed in the public policies section below.

2.2. Environmental Factors

According to Abu-Bakar et al. [19], environmental issues are exogenous factors which
influence water demand. This category includes all the variables outside the households’
control such as climate, seasonality, or quality.

2.2.1. Weather and Climatic Variables

Water use increases with temperature [30,39,40,42,43,60-62] and with the number of
dry days [30], while it decreases with rainfall levels [26,28,31,41,43,60]. Furthermore, water
consumption varies depending on temperature (maximum vs. average) and/or rainfall
(annual vs. summer, number of rainy vs. dry days) which influences activities such as
gardening, swimming pool use, and personal hygiene [5,26,31]. Interestingly, as Puri and
Maas [63] explain, model choices with different specifications for weather metrics have
a negligible effect on price elasticity estimates. As Dharmaratna and Harris [64] indicate,
climate influences water demand positively due to high temperatures, but also negatively,
when rainfall is high. Higher altitude is correlated with lower water consumption [26].

2.2.2. Seasonality

Most residential water consumption data series are seasonal and nonstationary. For ex-
ample, a seasonal population translates into higher water consumption per capita [30,41],
probably due to recreational uses of water. However, seasonal inhabited dwellings have
a significant negative effect on consumption [42]. Reynaud et al. [57] find higher water
consumption during the winter (skiing season) in Andorra and Yudhistira et al. [65] find
the lowest water consumption in August and January in Jakarta. Moreover, and as it is
discussed latter, seasonality have impact on household’s price elasticity.

2.2.3. Water Quality

As Reynaud and Romano [5] explain, water quality affects household water consump-
tion, emerging as a significant dimension in the provision of water services. Consumers
reduce water consumption when they consider tap water quality inadequate [42,66]; for
example, in Garcia-Valifias et al. [11] the authors find that deterioration in water quality led
to significant reductions in water consumption, whereas higher quality water increases resi-
dential water consumption [67]. Unsurprisingly, Zivin et al. [68] report increased purchases
of bottled water when drinking water quality is poor, and Bontemps and Nauges [69] find
water quality has an important effect on the decision whether to drink bottled or tap water.

2.3. Psychological, Attitudinal, and Behavioral Factors

According to Beal et al. [36], some of the indirect drivers of water consumption include
personal attitudes, values and behaviors related to environment and water conservation,
socio-economic status and a sense of trust and fairness to institutions and to other con-
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sumers. Russell and Fielding [25] find that individual’s beliefs, habits, and environmental
consciousness are drivers of water conservation, because people’s attitudes are strong
predictors of household water consumption [70]. Maas et al. [71] notes that customers moti-
vated by environmental and social issues use, on average, less water than those motivated
by cost and convenience.

Environmental attitudes and behaviors play an important role in water conserva-
tion [72]. The recent study of Shahangian et al. [73] about the relation between socio-
psychological factors and water-efficiency behaviors revealed that attitudes towards wa-
ter conservation clearly affect the intention to adopt water-saving practices. Moreover,
Ibanez-Rueda et al. [74] detect that contact with nature has a positive impact on water use
efficiency. The authors propose to promote school outings to natural areas, in order to ac-
quaint schoolchildren with natural environments, contributing to optimize the use of water
resources in the future. Furthermore, Millock and Nauges [38] conclude that environmental
commitment increases the probability of adopting water-efficient equipment.

According to Attari [75], nearly 30% of water consumption can be reduced through
conservation habits. Similarly, Rajapaksa et al. [15] find that promoting pro-environment
behavior contributes to water conservation, with non-monetary interventions having higher
impact on behavior and attitudes. However, in their analysis of residential water demand
though latent class modelling, Pérez-Urdiales et al. [21] find that self-reported water-
conservation habits do not have a significant impact on water demand when controlling
for other variables.

3. The Role of Public Policies

Demand side policies are strategies designed to reduce water consumption, compris-
ing price strategies and non-price strategies [76]. The effect of pricing policies in managing
residential water demand is controversial, with some authorities and researchers finding
them useful for reducing water consumption [76] and considering price an effective in-
strument in demand management [77]. Others, such as Randolph and Troy [59], strongly
suggest that increasing water prices is not an effective method in the short or medium term.
Stavenhagen et al. [78] (p. 1) find the highest-impact water demand management policies
are the “renovation and maintenance of networks, and campaigns for water-saving tech-
nologies, followed by universal installation of water meters, rapid leak detection, public
awareness campaigns, and municipal regulations”, while reforms in tariffs were far less ef-
fective. According to Dascher et al. [76], financial incentives do not accurately predict water
conscious consumption decisions, whereas other features (information on how to reduce
water consumption; the feeling of effectiveness when engaging in conservation behavior,
etc.) are found to be significant influences; thus, monetary savings are not a crucial factor
for water conservation. Olmstead [37] show that price-based tools are better to non-pricing
mechanisms on a number of points. However, rising water prices is always difficult from a
political point of view. Since policy design is a controversial topic, this section provides
a discussion of studies assessing the impact of both pricing and non-pricing policies on
residential water demand.

3.1. Pricing Policies

Previous studies on water demand have determined that prices and tariffs play a
significant role in water use, and several of its dimensions have been analyzed in detail. Tra-
ditionally, many papers were aimed to estimate price-elasticities. However, other features
have also been assessed, such us the tariff schedule, information, or billing-related issues.

3.1.1. Tariff Schedule

Since water pricing is aimed at different objectives [79,80], water tariffs exhibit a broad
range of structures, from flat rates and fixed tariffs, to different types of variable tariffs that
may be levied as increasing, linear, or decreasing block rates [80]. Sometimes, water tariffs
are adapted to household features, such as in the case of allocation-based rates and special
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tariffs [80-82]. As expected, fixed tariffs where charges are not related to water usage are
associated with greater water consumption compared to volumetric tariffs [79,80].

Rather than using flat rates, a number of different water tariff structures have been
implemented in attempts to encourage water conservation. Increasing block tariffs (IBT)
is frequently adopted as one of the alternatives [83]. According to the meta-analysis by
Marzano et al. [44], 42% of papers estimating price elasticities under increasing block rates.
As Wichman [84] indicates, IBT discourages the consumption of water since households pay
higher rates when they increase consumption, potentially inducing conservation among
high users without placing a burden on low income/low users. Some authors find that
IBTs reduce water consumption more intensively than other pricing schedules [85-87].
Using simulation models, Sahin et al. [88] also find that, although the predicted water
consumption savings are lower than when adopting water restrictions, IBTs can lead
to water consumption reductions, suggesting that the optimization of tariffs based on
seasonality and water availability may be useful. In some circumstances, super-increasing
block rate pricing has been applied to manage scarcity of water resources, in which the user
pays for its entire water consumption at the rate of the last block reached [31]. In addition,
tariff structures have been shown to affect price elasticities, as explained in the next section.

3.1.2. Price Elasticities

The price of water is one of the most relevant variables in estimating residential water
demand. The classical approach to assess the relation between water price and consumption
is to calculate the price elasticity of the water demand, i.e., measuring the degree of
responsiveness of water consumption to a change in water price, ceteris paribus. More
precisely, it indicates the percentage of change in household water consumption in response
to a one percent change in water price, holding constant all the other determinants of the
demand (Note that this is a traditional view of price elasticity with alternative approaches
under block-tariffs, such as the overall price elasticity or the unconditional /conditional
price elasticity. For further details, check [86]). Although any commodity demand is
expected to decrease when price rises, the case of water is quite particular.

Numerous authors have studied price elasticities for residential water demand, re-
peatedly finding that it is inelastic [4,5,34,43,65], even in developing countries [3]. Three
meta-analyses reporting summary statistics of these elasticities—from Espey et al. [89],
Dalhuisen et al. [90] and Sebri [91]—find that water demand is price inelastic, with an
average range between —0.37 and —0.51.

According to Sebri [91], price elasticities differ also depending on country’s geographic
location and the level of development. More recently, Marzano et al. [44] find that papers
dealing with price endogeneity estimate higher price elasticity values. Moreover, some
studies reporting the largest values for price elasticity (higher than one) have modelled res-
idential water demand considering the piecewise linear budget constraint implicit in block
pricing schedules [86]. Moreover, price elasticity increases with water consumption [27].

As Lee and Tanverakul [92] indicates, price elasticities also vary depending on house-
hold characteristics. Reynaud et al. [57] find higher price elasticity for single-family units
than for multi-family units. Price elasticities could also vary depending on the time span
analyzed. According to Havranek et al. [24], short run analyses are more than twice as fre-
quent as long-run analyses, but the difference in estimated elasticities is small as it is found
also in Yudhistira et al. [65]. For example, when studying short and long-run residential
water consumption, Nauges and Thomas [93] estimate a higher price elasticity in the long
run than in the short run, but the difference is just 0.14 (—0.26 and —0.40, respectively).
Price elasticity is also higher in peak periods than in off-peak periods [44,94].

There are several reasons why water demand exhibits low responsiveness to changing
prices. On the one hand, some intrinsic characteristics of water, such as the fact that it is a ba-
sic need with few substitutions, makes it hard to reduce household water consumption even
in a context of price increases. On the other hand, users’ lack of information and comprehen-
sion of water tariffs [31,33,95], along with the complexity and incomplete information given
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in water bills result in consumers with limited knowledge of the price of water [96-99].
According to Carter and Milon [100], informed households are more responsive to both
average and marginal price signals. Additionally, water bills usually account for a small
proportion of household expenditures [1,2,90,101], even though water poverty exists in some
cases (That is, when water bills represent a proportion of the household budget higher
than 3%. This threshold should be interpreted with caution, since some high-consuming
recreational water uses, such as swimming pools, might result in expenditures higher
than 3% of household budget, which are not due to water poverty [102]). In a recent study,
Sudrez-Varela [18] reported an average weight of 0.6% for households’ budget expendi-
tures, similarly to the figures provided by Olmstead et al. [86] or Tanishita and Sunaga [27].
Dharmaratna and Harris [64] find that water bills in developed countries represent less than
1% of the average household income. These low figures could generate rational inattention
when making decisions concerning to water consumption [101]. This issue directly relates
to the information and price perception issues discussed in the next section.

3.1.3. Price Perception and Information

As mentioned previously, when water tariffs are structured in blocks, average and
marginal prices generally differ. Although theoretical models set marginal prices as the
relevant signal for consumers, empirical studies do not always support that hypothesis.
Actually, there is much controversy in the literature regarding this issue.

Whether users react to average or marginal prices was first discussed by Howe and
Linaweaver [103] who compare the two prices in their water demand analysis (According
to Marzano et al. [44] and Puri and Maas [63] using average instead of marginal price
yields higher estimates of price elasticity). Thus, some authors, include both marginal
and average prices in their estimations [32,58]. However, others prefer using average
prices [33,43,61,104] or marginal prices [30,42,60,105,106]. Some authors consider con-
sumers’ perceived price as the relevant factor [31]. Recently, Cook and Brent [107] discuss
which is the relevant price, concluding that there is clear empirical evidence that most
customers do not understand water tariffs due to their complexity, so it is probable that
they do not respond to changes in marginal price.

In terms of testing empirically which is the best option, Opaluch [108,109] was the
first to propose a test of whether consumers react to average or marginal prices in a linear
demand function when price tariffs are structured in blocks.

However, Opaluch’s test has been criticized [31] since is based on a linear specification
of water demand, which is not consistent with the theoretical restrictions of a demand
function. Moreover, and as shown in Table 1, many papers implementing Opaluch’s test
have returned inconclusive results.

Table 1. Summary of papers testing the perceived price using Opaluch’s or Shin’s tests.

Paper Country Year Data Opaluch’s Price Test Shin (k) Price Test
Chicoine et al. [110] Illinois, USA 1982-1983 100 households @ No MP or AP rejected —
Kulshreshtha [111] Canada 1986 1384 households No MP or AP rejected —
Nauges and Thomas [58] France 1988-1993 116 municipalities® ~ No MP or AP rejected —
Ruijs et al. [32] Brazil 1996-2004 39 municipalities ? No MP or AP rejected —
Nieswiadomy and Molina [112] Texas, USA 1981-1985 101 households P — —0.43-1551
Nieswiadomy [85] USA 1984 430 water utilities — 0.88-1.26
Nieswiadomy and Cobb [113] USA 1984 229 cities — —0.32-—0.64
Carter and Milon [100] Florida, USA 1997-1999 742 households @ — 0.40-1.312
Bell and Griffin [114] Texas, USA 1999-2003 734 households P — —0.76-—2.89 3
Monteiro and Roseta-Palma [42] Portugal 1998, 2000, 2002, 2005 278 municipalities — —-0.18
Binet et al. [31] France 2004 173 households # ¢ — 1.5
Almendarez-Hernandez et al. [115] Mexico 2010-2014 7 municipalities b — 1.08
Cabral et al. [116] Mexico 2004 2407 households — 1.79-2.34
Puri and Maas [63] Colorado, USA 2006-2014 21,874 households 2 — 1.13

Notes: AP, average price, MP, marginal price. Data type: ® unbalanced panel data. ® balanced panel data. ¢ Shin’s
test adapted. 1 Decreasing block rates: k = 1.55, increasing block rates: k = —0.43. 2 Informed group: k =1.31,
uninformed group: k = 0.40. 3 Water supply: k = —0.76 MP, water sewage: k = 2.89. Source: Own elaboration.
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The issue was also studied by Shin [117], who introduced a price-perception parameter,
k, in the electricity demand function. This test was quickly extended to the water demand
literature. According to Shin [117] the perceived price, P*, and denoting the marginal and
average price with MP and AP respectively, can be written as follows:

P* = MP(AP/MP)* )

Thus, when the price perception parameter estimate is equal to zero, k = 0, perceived
price equals marginal price (P;" = MP), and when the price perception parameter is equal to
one, k = 1, perceived price is equal to average price (P;" = AP). In his empirical application,
Shin suggests that consumers respond to average prices rather than marginal prices when
facing decreasing block structures.

As shown in Table 1, using Shin’s test some papers conclude that households systemat-
ically overestimate marginal price [42,114], while others find that residential users underes-
timate their price because their perceptions are even lower than the average price [31,116].
Applying Shin’s methodology in the field of residential water demand, Nieswiadomy
and Molina [112] find customers reacting to marginal prices when blocks are increasing,
and average prices when block rates are decreasing. Aubuchon and Roberson [118] show
that under conservation rate structures, aggregate demand does not respond to either
marginal or average price.

However, there are some drawbacks to this test, as explained in Binet et al. [31]. The au-
thors develop a generalized Shin’s approach, including a perceived net income corrected by
the Nordin'’s difference [119] in the demand model, and correcting the specification error in
Shin’s traditional model that emerges as “a source of inferential biases in model estimation
and testing” Binet et al. [31] (p. 579). According to Taylor [120], it is difficult to analyze the
effect of changes in the intramarginal rates under block rate tariffs, since the marginal price
is only modified through an income effect, not by changes in those rates. Furthermore,
marginal prices vary depending on the quantity of water consumed. One solution could be
the use of a marginal price corresponding to the user’s consumption block, plus a difference
variable for those cases with fixed quotas or free allowances; effectively acting as a rate
structure premium (the difference between the total bill and what one would have paid if
all units were charged at the marginal price). This represents the income effect of the tariff
structure, namely Nordin’s difference, as suggested by Nordin [119]. Nordin’s solution is
highly controversial due to the high information costs imposed on consumers in having to
study tariff structures and changes in intramarginal rates [112,121].

Other methodologies have also been used to assess price perceptions. For instance,
an alternative viewpoint is presented by Ito [122], who employed the Encompassing
Test [123] in the energy sector. He included marginal and average prices in the regression,
with four possible outcomes depending on the coefficients’ significance. Clarke et al. [96]
provide an example of the encompassing test in water when estimating water demand in
Arizona (USA), finding evidence in favor of a lagged average price specification rather
than lagged marginal price. With respect to the effect of an increase in the price of the third
block of an IBT, Nataraj and Hanemann [124] find consumers respond to marginal prices
close to the kink points. Similarly, Olmstead et al. [86] also suggest that those users react
to marginal price, due to the high concentration of observations around the kink points.
Finally, Wichman [84] finds users responding to average price by exploiting the divergence
in average and marginal prices when an IBT is introduced using Differences-in-Differences
(DD) technique.

Furthermore, since water tariffs are non-linear, consumers have serious difficulties
understanding the actual marginal price structures [21,99,124,125] and adopting rational
price-quantity decisions [17]. “The misperception of prices is most likely to occur when
pricing schedules are complex, when the connection between consumption and payoffs is
remote, and when other features of the economic environment make it difficult to learn
from past experience” Liebman and Zeckhauser [126] (p. 2). For example, Martins and
Fortunato [39] explain how the complexity of water tariffs in their study (IBT plus fixed
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quotas) increases the difficulty of interpreting prices, therefore sending confusing signals
to customers.

In general, many studies have found that consumers are uninformed about prices,
tariffs, and their own water consumption [31]. Brent and Ward [99] find that there is a higher
probability that households will have information on their bill rather than their marginal
price. Recently, some authors [127,128] detect that households are far from knowing water
price, bill and consumption. Regarding the role of information, studies have reported
heterogeneous results. On the one hand, Pérez-Urdiales et al. [21] did not find significant
impact of price information on residential price-elasticity. On the other hand, Gaudin [95]
finds that providing price information in the water bill increases the price elasticity of
water demand. Similarly, Carter and Milon [100] studied the effect of price knowledge
on households” demand for water, finding that informed households are more responsive
to both average and marginal prices. Binet et al. [31] find that users underestimated the
price of water, which led to overconsumption. In this concern, Rajapaksa et al. [15] discover
that households who are aware of average and marginal prices tend to reduce water
consumption when such policies are implemented.

3.1.4. Price Reforms

Changes in tariffs may have an impact on water demand; for example, Ratnasiri et al. [87]
show that IBT produces a negative effect on water consumption, indicating that those struc-
tures are more “conservation-oriented” than a uniform pricing policy. Baerenklau et al. [35]
find that switching from uniform rates to IBT water budgets reduces water demand by 17%.
Analyzing the introduction of a third price block in an IBT, Nataraj and Hanemann [124]
find that doubling the marginal price leads to a decrease in water consumption of 12%
among high-use households. Similarly, in Romano et al. [26], increasing the prices of the
tariff caused a reduction in residential water consumption. Wichman [84] use DD to capture
the overall treatment effect of the change in tariff structure on consumption, finding that a
move from flat rates to IBT induced an overall increase in consumption due to the lower
rates for the first units of consumption. Similarly, Zhang et al. [129] find adopting IBT
pricing structures result in reductions of annual residential water demand around 3—4%
in the short term and 5% in the long term. Interestingly, after controlling for temperature
and rainfall, Olivier [130] finds a 13% average reduction in consumption following a price
increase in water tariffs and the introduction of metering programs (which replaces fixed
billing), along with an extension of the network to low-consuming poor neighborhoods.
However, since price elasticity is not uniform across users, most of the poorest households
experienced an increase in water bills of 31.5%, while richer households, who could adapt
their consumption, managed to reduce the impact of the price increase on their bills. Re-
garding the effect of tariff changes on price elasticity, some authors have not found any
significant impact of the tariff reform on price elasticity [21,65].

3.1.5. Billing

Binet et al. [31] suggest that increasing information about marginal prices in water bills
might reduce consumption. However, according to evidence in Wichman [97], increasing
billing frequency from bimonthly to monthly boosted customers” water demand between
4% and 9% in response. Monteiro et al. [98] find that consumer awareness of water bills
increases price elasticity, although they do remain price-inelastic [131]. In this regard, Beal
et al. [36] explored the effect of increasing awareness of consumption (via receipt of billing
information) on perceived water use, finding that those who receive more information are in
a better position to estimate how much they may be consuming and how to better manage
their consumption. In Gaudin et al. [132], price elasticity increases around 30% when the
bill includes information on prices. Sometimes the water authority prints only the average
price paid and does not show any details of the tariff, making it difficult for consumers to
understand the costs and giving rise to another perception bias involving bills [31]. Thus,
an emphasis on making water bills clearer, along with billing reforms, is needed to promote



Water 2022, 14, 2536

11 0f 23

water conservation behaviors, especially among certain social groups [46]. In any case,
consumers are, in general, poorly aware of their water bills [127].

3.2. Non-Pricing Policies

Non-pricing policies for water demand management have been classified by many
different authors according to different categories. For example, Kenney et al. [133] dis-
tinguish between restrictions, technology, and education. Similarly, other authors have
classified non-pricing tools into four categories: technological, educational, informational,
and regulatory policies [11]. Cominola et al. [54] distinguish between technological strate-
gies involving the installation of water efficient appliances; financial strategies focused
on modifying water tariffs, studying price, and income elasticities; legislative strategies
and different regulations and restrictions on water use; maintenance strategies that seek
to reduce leakages in water supply to increase its efficiency; and educational strategies,
which include education and public awareness campaigns. In this paper, non-pricing
policies are aggregated into two groups. First, there are policies involving mandatory
reductions of water use through regulation, rationing, and imposing restrictions on water
consumption. A second category of policies aims to encourage voluntary reductions in
water consumption, using tools such as educational campaigns or advice and rebates for
adopting water-efficient technologies. In fact, mandatory restrictions on water use (ra-
tioning) are effective in changing consumers’ behavior, producing reductions in the range
of 19-29% [22,134]. However, this type of actions is controversial, since water is a basic
need [76] and rationing produces welfare losses that negatively affect consumers [22,135].

Besides, numerous public campaigns have sought to encourage voluntary reductions
of water consumption. On one hand, decades of educational campaigns have attempted to
get citizens to be more environmentally conscious, informing users about how they can
save water [11]. The outcomes of this type of policies on water conservation is not clear.
Some authors have detected significant impacts of these programs on residential water
demand [85,134]. Recently, Wang and Chermak [136] estimate an average household’s
water consumption decreases by 2.9% one month after conducting an education program.
However, some other authors have found that the effects of these types of programs
dissipate in the long-run [13].

Another common policy encourages the acquisition and installation of water efficient
devices, as well as the improvement of pipes and repairs on older buildings. In fact,
Lee et al. [137,138] find the use of multiple efficient appliances achieved water savings of
about 31% reduction in household water demand. Similarly, Grafton et al. [51] and Renwick
and Archibald [139] found water savings ranked between 8% and 25%. However, some
of those results are reduced in the long-run [137]. Furthermore, as Dieu-Hang et al. [140]
explain, policies, public information, and education campaigns aimed at influencing house-
hold behaviors in water conservation might generate a double saving effect, given that
conservation water use behaviors are linked to a higher probability of adopting water-
efficient appliances. Since the costs associated with purchasing water saving appliances
are an important barrier to water conservation, rebates for water efficient appliances are
routinely used [134,141].

Yet, when installing efficient devices, the so-called rebound effect could arise. That is,
there may be situations where habits were not consistent with technologies, and an effect
in the opposite direction could be observed. Campbell et al. [142] find clear evidence of
a rebound effect whereby residential water consumption increased after the installation
of water efficient equipment. Conversely, Bennear et al. [143], analyzed the impact of
high-efficiency toilets on water consumption and found no evidence of a rebound effect.
Pérez-Urdiales and Garcia-Valifias [144] find different behavioral patterns depending on
the kind of efficient appliance considered. Thus, they show that households who tend to
invest in water efficient electrical appliances (dishwashers, washing machines) also exhibit
better water conservation habits. Surprisingly, the authors detect the opposite effect in the
case of non-electrical water efficient technologies (i.e., low-flow devices).
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4. Brief Notes on Methodology
4.1. Approaching to Data Set

There are three main issues to consider when using a data set to study water demand.
The first question is the level of data disaggregation. Databases employed in water demand
analysis can be composed of individuals or households, as in Rathnayaka et al. [45]. Al-
ternatively, data can be aggregated by suburbs [87], municipalities, cities, or towns [42],
or by regions or countries [26,30]. The second consideration is the dimension of the data
set, as there may be panel data, cross section, or time series data, with each case requiring
different econometric modelling techniques. Some examples of different data dimensions
include the use of panel data by Pérez-Urdiales et al. [21], Jayarathna et al. [55] using a cross
section, or Martinez-Espifieira and Nauges [105] who analyze time series data. Third, note
that the specification of the dependent variable (which may refer, for example, to water
household consumption or per head consumption) is also an important subject to discuss,
since interpretation of the estimates might be different. For instance, using per capita water
consumption as the dependent variable enables to analyze the presence of the economies
of scale in residential water consumption.

Some authors study water demand using Geographic Information Systems (GIS) [55,145].
House-Peters and Chang [146] stress the importance of technological advances in spatial
sciences, which will produce increasingly effective models for water demand. Due to the
seasonality and non-stationary characterizing water demand, seasonal auto-regressive inte-
grated moving average models are also used to estimate and forecast water demand [147].
Finally, new technologies in the water sector (as smart metering) have emerged in the
past decade. Water smart meters are monitoring devices which provide households with
real-time information on their consumption [106]. See Makki et al. [20] for a review on
different smart meters and Stewart et al. [148] for a discussion on the benefits of smart
metering. These technologies offer the possibility of generating large data sets by capturing
real-time consumption data [13,106].

4.2. Dealing with Price Endogeneity

Water demand estimation does not fit the classic econometric modelling techniques
due to the fact that tariff structures are non-linear. Under these price schedules, price
becomes endogenous since it depends on the consumption block, as explained in Roseta-
Palma et al. [131]. When variable block tariffs are applied in water prices, the simultaneous
determination of marginal price and water demand introduces the problem of price endo-
geneity [149]. Reynaud et al. [57] notes that average price depends on consumption level,
and the level of consumption is affected by the average price. Recently, Marzano et al. [44]
conducted a thorough meta-analysis under different scenarios, finding that models that
deal with price endogeneity report more elastic water demand. This finding stresses the
importance of choosing an adequate estimation methodology.

To address the issue of price endogeneity, several authors have developed different
procedures as follows:

* Instrumental Variables (IV). Using instrumental variables to assess the price issue has
been the standard procedure for many years (see Arbués et al. [1]). As Arbués et al. [1]
explain, to obtain unbiased and consistent parameters under OLS there should not
be correlation between the error term and any explanatory variable in the model,
but under block tariffs, prices are endogenously determined by the quantity demanded.
These authors also explore different approaches to this technique using two-stage least
squares (2SLS) or three-stage least squares (3SLS). There are frequent examples in the
literature that use IV [31,42,64,116,149].

e Control function (CF). Similar to IV, the control function estimation technique regresses
the endogenous explanatory variable on the exogenous explanatory variables and a set
of instruments, including the price and the error estimated in the first stage in the de-
mand function [150]. This technique has previously been applied in some papers such
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as Carter and Milon [100] or Pérez-Urdiales et al. [21]. As Pérez-Urdiales et al. [21]
indicate, under non-linear models, this technique is more appropriate than 2SLS.

¢ Discrete Continuous Choice (DCC). Another approach for dealing with price endo-
geneity is the discrete continuous choice (DCC) model [35,37,86,101,151]. DCC models,
suggested by Hewitt and Hanemann [151], address the problem of endogeneity in
water demand functions, assuming that consumers are informed about water tariffs.
These models consider that the observed demand is the result of, first, the choice of the
block of consumption and, second, a perception error which may place consumption
on a different block from the one selected. Several authors have chosen DCC as their
estimation method [37,86,106,152,153]. Interestingly, Vasquez Lavin et al. [152], who
estimates a DCC model for the residential water demand by comparing six functional
forms (log-log, full-log, log-quadratic, semi-log, linear, and Stone—Geary), concluded
that the functional form chosen affects the values of both expected consumption and
price elasticity. Some authors have extended DCC models to accommodate specific
IBTs [153]. The main drawback of this method is assuming that consumers are fully
informed about tariff structures, which is doubtful [31]. Recently, Wang et al. [101]
proposed modelling consumer behavior based on a simple heuristic which generate
more accurate predictions than modelling through DCC models.

4.3. Functional Forms: The Role of Stone-Geary Models

It is assumed that residential water demand depends on water price, income, and the
availability and prices of the substitutes and complements of water, as well as on consumer
preferences [5]. The case of water demand is a quite particular one, since most indoor
water uses, such as personal hygiene, cooking, or cleaning, are not easily substituted.
Furthermore, household habits tend to be rigid/inflexible in the short run [5]. In addition,
complementary goods are typically durable equipment, which is unlikely to be replaced
in the short term; for example, washing machines, sanitary equipment, dishwashers,
and other devices.

To estimate residential water demand, it should be taken into account that water is
used by households as a composite good [5], which consists of the direct use of water
for drinking plus the indirect use, i.e., as a complement to several household activities
(washing, cooking, hygiene, gardening). As a result, water is a necessity in some uses, while
it can be substituted or reduced in some other uses; in the latter, use is more likely to be
affected by price changes. In this context, specifying a residential water demand function
based on a Stone-Geary utility function is consistent with that idea [22,41,42,64,105,132].
The main difference between double-log and the Stone—Geary models is that the latter
allows for a non-constant price elasticity of demand; that is, a price elasticity sensitive to
the price of water. Furthermore, it allows modelling the water consumption level, which
is unresponsive to changes in prices [34]. However, it should be noted that linear (e.g.,
Chicoine et al. [110], Nieswiadomy and Molina [125]), semi logarithm, or double logarithm
forms have been applied in the literature (e.g., Arbues et al. [40], Olmstead et al. [86], Espey
et al. [89], Dalhuisen et al. [90], Sebri [91]). Note that log-transformation is convenient to
deal with skewed variables and it also has the advantage that the coefficient of the price is
the price elasticity of the water demand, as explained in Marzano et al. [44].

According to a Stone-Geary utility function, the maximization of utility in water
consumption is a process in which the household purchases a subsistence level of water,
which would be consumed regardless of water tariffs, and then allocates fixed proportions
of the remaining income (namely, supernumerary income) to purchase additional quantities
of water, as explained in Roibés et al. [22] (see Deaton and Muellbauer [154] for further
details). One explanation for the frequent use of the Stone-Geary function to estimate
residential water demand is the numerous authors who find very low-price elasticities,
raising the possibility that there is a proportion of water use that does not respond to
changes in prices. Since this is a non-discretionary water consumption, as Roibas et al. [22]
explain, it is also theoretically consistent. As Dharmaratna and Harris [64] note, the Stone—
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Geary functional form has two advantages compared to the Cobb-Douglas: (1) it allows
for non-constant price elasticities and, (2) it assumes that water consumption has two
components, a fixed quantity which does not change immediately after price changes,
and a varying quantity which is instantaneously modified.

One issue deserving further attention is the quantity of water estimated as non-
responsive to changes in prices. Table 2 displays a summary of previous studies estimating
a residential demand function based on a Stone—Geary utility function. Some interesting
figures are reported in the table, such as the minimum threshold estimated and the average
water consumption. In relative terms (as a percentage of the average water consumption),
the threshold is higher in developed countries, with several studies estimating values
greater than 70%. Some authors provide an estimate of the minimum threshold for different
seasons or regions. Nauges [155] and Schleich [156] provide regional estimations for
minimum threshold, while Gaudin et al. [132] and Clarke et al. [96] estimate a higher
threshold in the summer, and Garcia-Valifias et al. [49] estimate a threshold dependent on
efficient water habits and technologies.

Table 2. Demand function based on a Stone-Geary utility function: Estimated threshold.

Average Consumption (L/day)  Estimated Threshold (L/day)

Reference Country Year Person Household Person Household

Al-Qunaibet and Johnston [157] Kuwait 1973-1981 153 - 42 -
Gaudin et al. [132] Texas 1981-1985 515-859 - 432-485 -
Martinez-Espifieira and Nauges [105] Spain 1995-1999 213 - 157 -
Garcia-Valifias et al. [41] Spain 2005 171 - 112 -

Monteiro and Roseta-Palma [42] Portugal 1998, 2000, 2002, 2005 - 248 - 209

Dharmaratna and Harris [64] Sri Lanka 2001-2005 135 569 21-35 91-149

Hung and Chie [104] Taiwan 2005 287 905 77 243
Garcia-Valifias et al. [49] Australia 2009-2010 137 - 92-103 -

Renzetti et al. [34] Canada 2000-2010 459 1033 365 810

Clarke et al. [96] Arizona 2001-2011 - 1152 - 942-1037

Hung et al. [158] Taiwan 2005 226 767 123-198 -
Roibas et al. [22] Spain 1991-2000 307 1154 197 -

Source: Own elaboration.

5. Experimental Economics and Nudging

Over the past several decades, many natural experiments have been analyzed in the
water sector. Researchers have assessed real changes implemented by governments and
authorities in some aspects of the water sector, such as changes in water prices or tariff
structures [84,87,130]. More recently, following the work by Ferraro et al. [12], Fielding
et al. [159], Fielding et al. [13], Ferraro and Price [160] or Ferraro and Miranda [161], several
ad-hoc experiments in the field of residential water sector have also been designed and
conducted. Some of those experiments cover monetary and/or non-monetary treatments,
including nudging.

Nudges, according to Thaler and Sunstein [162] (p. 6), are “purposeful changes of peo-
ple’s choice architecture that steer their behavior in certain directions without significantly
changing their monetary incentives or coercing them (...) any factor that significantly
alters the behavior of Humans, even though it would be ignored by Econs”. As Moreu Car-
bonell [163] explains, nudges are a tool for guiding citizens’ behaviors towards desirable
goals without coercion or using economic incentives. Actually, this is the main difference
between nudges and other experiments. In some natural and lab experiments, users face
incentives to change their behavior, or they are given some behavioral rules to change their
conduct. In Rajapaksa et al. [15], households received monetary benefits to reduce water
consumption. However, in contrast to the experimental traditional approach, nudges do
not modify economic conditions. Instead, information is given in the form of tips regarding
tariffs or self-consumption, or comparing their behavior with that of their neighbors or
with their own consumption in the past. For example, Novak et al. [164] designed a system
to stimulate water savings by combining smart-meter-based consumption visualization
and water saving tips. An important stream of literature analyzes those nudges promoting
an environmentally desirable behavior (See Schubert [165] for a review on green nudges
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and its ethical implications.). Some examples of nudges applied to the residential water
sector are briefly described below.

Ferraro and Price [160], who conducted an experiment giving information to water
users, find that information based on norms is more effective than technical advice, and that
social comparison increased the reduction in water consumption - the effect was equivalent
to a rise in average price of around 12-15%. By comparing different interventions designed
to affect water conservation in households, Seyranian et al. [166] find that giving informa-
tion alone (i.e., water saving tips) was the least effective approach. In contrast, consumers
exposed to social norms, social identity, or personal identity, reduced their consumption in
the short and long-term. Similarly, Ferraro et al. [12] found technical advice had a negligible
impact, while including normative messages and social comparison significantly reduced
water consumption. Overall, the social comparison intervention was the only one that had a
lasting impact [12]. Jessoe et al. [167] compared three behavioral interventions using Home
Water Report devices (HWRs). They estimated water conservation effects (4-5%) across
the three treatments proposed, which combined social comparison (reporting the average
consumption in the area and the average of the most efficient households in the area) and
conservation tips. Finally, Beal et al. [36] conclude that increasing users’ information about
their own consumption (providing feedback) has the potential to improve and encourage
their future water saving behaviors.

Tom et al. [168] analyzed two experiments with water conservation programs, provid-
ing information useful towards a behavioral change for water conservation, finding that
the program with greater detail in measurement and feedback is more effective. Strong
and Goemans [169] discussed an experiment in which households purchased an electronic
device that allowed them to see how much water they were using at any moment and their
cumulative use for a billing cycle, making it possible to adjust behavior during the billing
period in response to learning that their intended water consumption differs from their
actual consumption. Recently, Miranda et al. [170] find nudging towards water conser-
vation able to reduce water consumption, especially in the intervention comparing users’
consumption with that of their neighborhood. Interestingly, Otaki et al. [171], who studied
different communication methods in historical self-comparisons of water consumption,
found them effective in water savings even regardless of the level of water consumption.

The way in which information is presented also matters. Jaeger and Schultz [172]
compared the effect of sending restriction information, a strong warning, or normative
information communicating community compliance to water restrictions, revealing that
immediate reductions were evidenced for those receiving a strong warning and norma-
tive information, but only those who received normative information present long-term
reductions of their water usage.

Most research in this field uses average treatment effects [12,160,167,173-175] as the
main procedure to assess the effect of the nudge. Also, DD [170] or tests comparing
average water consumption [164,176,177] are usually performed. However, one important
issue missing in the above-mentioned papers is that they all focus on comparing water
consumption before and after the nudge, but do not provide estimations of water demand
and/or price elasticities. Two interesting exceptions are Strong and Goemans [106] and
Brent and Wichman [17]. It is noteworthy that, in both cases, the analysis is supported by the
use of water smart readers (WSR). In this respect, Cominola et al. [54] show an interesting
review of these technologies and their application in the residential water sector. In addition
to providing households with near to real-time information on water consumption [106],
these technologies could provide users with clearer information of which activities consume
more water [13]. However, as Strong and Goemans [106] indicate, WRS by themselves
do not give households information on water prices or tariffs” structures unless they are
accompanied by some additional communications. Thus, it is necessary to develop some
visualization system to summarize the information [106,164,167]. Additionally, technology
acceptance is also a significant issue to deal with [173].
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In Strong and Goemans [106], households were subsidized to purchase a WRS provid-
ing them with real-time information on flow rate and consumption over the billing period.
In order to identify the effect of WSR ownership on households, authors split their sample
into before and after receiving the device. As the authors indicate, households in Strong and
Goemans [106] were self-selected into the WSR program, due to their potential endogeneity
of participation. By estimating water demand with a DCC model, including a dummy for
WSR ownership, Strong and Goemans [106] find WSR increased water consumption almost
9%. Then, they conducted different estimates for those with and without WSR, showing
differences between the parameter estimates across the two samples of the effect of the
treatment on the treated. Interestingly, Strong and Goemans [106] detect that having the
WSR made households more responsive to changes in price and less responsive to changes
in income.

Brent and Wichman [17] provided households with WSR and messaged them with
information on their consumption and given tips to save water, which resulted in savings
of roughly 4%. Then, authors use difference in discontinuity to assess the price sensitivity
effect of the nudge, finding that households’ response to the nudge was similar regardless
of the economic incentive of the family to conserve water. Brent and Wichman [17] also
studied the degree to which the nudge affects price sensitivity, finding limited evidence of
an economically meaningful relationship between prices and nudges.

Many papers have conducted field experiments in the ground of residential water
use, but there is still a long way to go. For instance, the effects of interventions could
dissipate in the long-term [13]. Nauges and Whittington [16] remark that some of the
treatments based on social comparisons could also generate costs for different agents
involved. Among others, the authors mention the costs of information delivery, reductions
in water utility revenues, or the moral “tax” on households. Bhanot [178] examining the
effect on water conservation of social information and peer rank messages, shows that the
different frames used in the peer rank treatment affects differently water consumption,
being the competitive frame the worst option. Definitively, Brent et al. [174] find financial
nudges a preferred alternative to manage water demand.

6. Conclusions

The analysis of the demand for water has been receiving increasing attention in recent
decades, since it is the basis from which we may assess the impact of public policy reforms
on some key economic problems, such as water scarcity or sustainable water consumption.
Water demand modelling has also emerged as an interesting tool for policy makers and
managers to evaluate the impact of different policies in terms of affordability or welfare.

The topic has evolved in the last decades, moving from the seminal papers estimating
price-elasticity [1] towards behavioral studies analyzing the impact of several ad-hoc de-
signed experimental treatments on water demand [169]. The latest issues, yet to be broadly
explored, have revealed that this topic is not exclusive to the field of economic analysis
but also extends to other disciplines, such as psychology or sociology. Thus, the use of
techniques such as nudging and social norms have emerged as a powerful tool for the
management of water resources.

Residential water demand has been assessed for decades, concluding that demand is
not very sensitive to price changes, since price-elasticity estimates are, in general, lower than
one. However, research studies have progressively questioned some basic assumptions
of residential water demand linked to informational issues, adapting both theoretical and
empirical modelling to the fact that, in many cases, consumers are not sufficiently aware of
water consumption, prices and tariffs, leading to price misperceptions [31]. Water tariffs are
a key policy instrument, but they probably need to be combined with informative policies
on water tariffs schedules to ensure they are powerful and effective, since households do not
have perfect information on either water consumption or prices [31,99,107]. Under certain
conditions, financial nudges have proved to be more effective and to have more persistent
effects in reducing water consumption than social nudging [174].
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Moreover, some demand modelling frameworks have detected the presence of strong
habits in the field of residential water use. Based on an Stone-Geary utility function, some
studies have estimated a threshold which is invariant to changes in prices or income [22];
however, the threshold could be reduced using non-pricing tools [49]. Additionally, that
threshold appears to be significantly different depending on the level of country devel-
opment, indicating that contextual issues are quite important. Water demand modelling
becomes more complex in developing countries, where households take water from differ-
ent sources [3]. Most studies focused on developed countries have estimated minimum
thresholds above 60% of average household water consumption and in general, higher than
100 L per person and day. These findings mean that there still room to improve residential
water use efficiency.

However, some topics remain relatively unexplored in the field of residential water
demand, such as gender, cultural, attitudinal, or technological issues. Exploring different
gender demand patterns could be interesting, especially with respect to whether differences
are merely based on the different roles in household chores [46]. Pro-environmental
attitudes could also be an important driver of residential water demand, considering that it
is observed that those households more concerned and active with the environment are
more efficient with respect to their water demand. Moreover, links between direct tap water
demand and indirect water demand (that is, water demand derived from the demands of
other commodities, water footprint) or water-energy nexus [179] could also be assessed,
since water management is a global issue, sharing similar problems as other resources
management, such as energy.

Behavioral economics is also an increasing field that may be the subject of research
in the next decades. As mentioned previously, several experiments have been developed
in the last years, but only a few have analyzed the impact of their treatments on water
conservation using water demand functions. Besides, the impact that smart metering tech-
nologies have on water demand and price sensitivity should be broadly investigated [54].
There is still a long road ahead when it comes to design the most adequate way to visualize
the information generated by these new technologies [164]. As Strong and Goemans [106]
conclude, better informed households would adopt more efficient decisions, but that fact
does not necessarily mean that they would reduce their water consumption in all the
scenarios. It is clear that these questions are excellent candidates for a detailed exploration
in future research.

Finally, it is crucial to remark that high quality information is needed to get an accurate
estimation of residential water demand. The combination of actual data on water consump-
tion and prices should be complemented by information from surveys and interviews. In
this regard, governments should step up their efforts to compile public information in
the sector. Definitively, the collaboration among public institutions, water suppliers and
researchers is essential to carry out a rigorous analysis in the water field.
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