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Abstract

:

We analyze how residential water consumption is influenced by the consumption of households belonging to the same social group (peer effect). Analyses are based on household-level data provided by the Brazilian Household Budget Survey and use an innovative strategy that estimates the spatial dependence of water consumption while simultaneously controlling for potential sources of sample selectivity and endogeneity. The estimates of our quantile regression models highlight that, conditional on household characteristics, the greater the household water consumption, the greater the peer effect. In other words, the overconsumption of residential water seems to be influenced mainly by the behavior of social peers.
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1. Introduction


Water demand has overgrown and placed increasing pressure on the limited global water supply suitable for human consumption [1]. Understanding the factors influencing water demand—particularly overconsumption—has become a central priority for managing water resources and economic development [2,3]. Although population growth and income growth are critical factors for understanding water demand [4], social behavior also plays a central role in individual demand [5]. The influence of peers on private goods consumption has gained increasing attention in the economics literature [6]. However, only a few studies have evaluated the effects of peers on the consumption of environmental goods and services.



The classic studies by Schelling [7,8] highlight how regular or sporadic interactions with peers may influence individuals’ economic decisions. These interactions occur through social networks that generate externalities where a reference group’s decisions or actions affect individual preferences [9]. The effect of the reference group may also provide a broader and potentially more accurate explanation of variations in water consumption [10]. Prior studies have already shown spatial dependence patterns in water consumption [11], which may also result from peer effects between consumption units in proximity to one another.



Our study analyzes the effects of social behavior on urban residential water consumption. Specifically, we examine how household water consumption is influenced by the water consumption of households in the same neighborhood. Our first hypothesis is that water consumption may reflect social habits and environmental attitudes, such as conscious consumption, cleaning habits, and environmental sustainability concerns. Our second hypothesis is that water consumption may be related to the consumption of positional goods, such as having a swimming pool or a large personal green space (yards or flower gardens). Specifically, we check the extent to which the peer effect may be stronger among those who overuse water for their social standards. In this respect, we check if the peer effect on the water consumption is also related to conspicuous consumption, i.e., the consumption of water in greater quantity than may be considered necessary to cover basic needs.



Our analyses are based on household data from the 2008–2009 Household Budget Survey (POF, Pesquisa de Orçamentos Familiares) of the Brazilian Institute of Geography and Statistics (IBGE, Instituto Brasileiro de Geografia e Estatística). We analyze São Paulo’s (SP) case, the most populous and wealthiest state in Brazil, which already faces challenges related to managing water resources in the country [12]. We use conditional quantile regression models to compare the impacts of peer behavior on the water consumption of different consumption levels within the same social group. We adopt an innovative empirical strategy that simultaneously controls two central problems associated with estimating the function for residential water consumption: sample selection bias in the reports of residential water consumption, and potential endogeneity of the water price and consumption in the neighborhood.



Two main factors can guide the social effect of peers on residential water consumption. The first is associated with the fact that water prices are largely subsidized in many countries, including Brazil, which places this environmental good on the line between public and private goods/services. As a result, individuals may be encouraged to increase their consumption if they realize that their peers consume more water than they do. This hypothesis is related to “the tragedy of the commons,” which was used by Hardin [13] to justify that peer consumption could pressure the supply of natural resources in the medium and long terms. The second factor is that water consumption may be associated with unobservable behavioral practices and social patterns, mainly defined by the reference social group, such as the use of water-saving products and water conservation habits.



The results of this research bring important elements to guide policies for the sustainable use of environmental resources. Above all, our results raise questions on the effectiveness of public policies based on price as the primary mechanism to induce the rational use of water. Public interventions based on behavioral economics could be implemented to create the right incentives and induce, through peer effects, more efficient use of water resources.




2. Literature Review


2.1. Relative Consumption and Social Dependence


Traditional microeconomics characterizes individuals as rational agents whose decisions aim to maximize utility and minimize costs [14]. One central assumption in this analysis is that individuals individually and independently define their preferences, i.e., they maximize the satisfaction of their choices based on their preferences [15]. As a result, individuals’ satisfaction with their consumption would solely depend on their absolute consumption levels. Meanwhile, relative consumption, i.e., the individual’s consumption in relation to the others, would not influence personal well-being [16,17].



More recently, studies from the interface between economics, sociology, and psychology provided broader evidence that human behavior is influenced by comparisons with social peers [18]. Recent developments in behavioral economics, for example, have emphasized the importance of social interactions and hierarchy for the well-being of individuals [19,20,21,22]. Specifically, the satisfaction of people increases (or decreases) when they consume more (or less) than their peers [23,24]. Social relationships and comparisons, particularly among relatively close individuals, would affect the consumption of goods or services. In this respect, economic models’ ability to predict individual preferences would improve significantly with the inclusion of social influence or relative position [5,25].



A critical element of this analysis is the difference between positional and nonpositional goods [16,26]. While the utility of positional goods strongly depends on how individuals compare their consumption levels with others, the utility of nonpositional goods fundamentally depends on individuals’ consumption levels. According to Frank [16,17] and Carlsson et al. [23], the more readily observable or visible to others the goods or services are, the more dependent consumption is on comparisons (and thus the more positional the good). In this respect, the visibility of positional goods is essential for signaling the individual’s consumption status [26].



Social interactions lead to the emulation of behaviors among individuals of the same social group. People may believe that others’ behavior reflects information that they do not have, as they may also interpret others’ decisions or choices as part of a social norm to which they must conform [27]. Relative consumption may also be a result of the pursuit of social status. Veblen’s [28] prominent analysis highlighted the lower classes’ desire to emulate the upper class’s consumption patterns and attitudes, which led to the consumption of goods to display wealth and income rather than cover actual needs (conspicuous consumption). Hirsch [29] argued that the larger the consumption level, the higher the share of consumption related to relative and social status. In other words, once basic needs are met, individuals tend to refocus their decisions on goods and services that provide prestige, distinction, and social status [30].



Relative consumption has become a fundamental component of social relationships and consumption levels, providing essential elements for understanding residential water demand. Understanding the role of relative consumption in water demand could inform water resource policies. It would imply that social behavior changes may be a virtual channel for curbing excessive and unsustainable consumption levels.




2.2. The Determinants of Residential Water Consumption


One primary debate in the analysis of water consumption is whether consumers react more to marginal price (the price of an additional unit of consumption within a block interval) or to the average price (the total cost of water consumed divided by the total volume of consumption) when faced with block tariff. Most studies indicate that the average price appears to be a fair proxy for the perceived price because consumers have difficulty understanding a complicated block tariff structure [31]. For example, Ito [32] found evidence that consumers respond better to the average consumer price than the marginal price. Foster and Beattie [33] suggested that the marginal price would only be recommended in the case of well-informed consumers. In turn, Arbúes et al. [34] suggested that the choice between marginal and average price would not substantially affect price consumption elasticities in water demand functions.



Other studies have focused on the price elasticity and income elasticity of water demand [35]. Studies published through the 1970s assumed that public utility services did not respond to price variation [34]. Since the 1990s, studies have found strong evidence that residential water consumption does respond to price changes, despite its inelasticity of demand [34]. Deyà-Tortella et al. [36] corroborated that domestic water demand is inelastic and may generally depend on other factors, such as household characteristics. Similarly, water demand also appears to be inelastic to income changes [37]. Other important determinants of water consumption include demographic characteristics, infrastructure, weather conditions, family composition, and household infrastructure [37].



More recently, studies inspired by behavioral and environmental economics have analyzed the role of relative consumption in residential water demand [38]. Datta et al. [39] tested the impact of a set of water consumption strategies in Belen, Costa Rica. Based on comparisons of consumption between households and their neighbors, the authors concluded that the most effective interventions influence a particular social behavior. Similarly, Peschiera et al. [40] showed that the rational use and conservation of public services could be improved by providing individuals with information regarding others’ consumption (social network). Brent et al. [41] highlighted that social comparisons could provide a type of tariff or moral persuasion for the rational consumption of a natural resource. The effects of social comparisons on water consumption may also depend on the level of cohesion or proximity between individuals within a social group [42]. According to Peschiera and Taylor [43], the more people identify with their peers, the more likely they are to align their water consumption with their reference group.



Schultz et al. [44] highlighted that households that receive information on their absolute and relative water consumption (consumption relative to their neighbors) consumed less water than their randomized control peers. The authors concluded that individuals are particularly susceptible to social normative information, which becomes a decision-making guide. Schultz et al. [45] also highlighted that normative messages might generate mixed results: decreasing water consumption when the households consume above the average and increasing water consumption when the households consume below the average. Ayres et al. [46] observed that individuals reorganize their preferences and motivations on learning about their peers’ consumption levels.



In summary, information on peer behavior may provide valuable insights into the effectiveness of interventions designed to manage water consumption [47]. Aitken et al. [48] drew similar conclusions, arguing that experience based on strong incentives and well-targeted information is an effective method for inducing significant water consumption changes. The persistence of such interventions may also depend on the social context. Kaaukauskas et al. [49] suggested that we cannot ensure the impact of such interventions over time because people are more drawn to short-term effects. However, Allcott and Rogers [50] provided evidence that these interventions may result in persistent individual behavior changes.





3. Material and Methods


3.1. Variables and Model Specifications


We use a sample of 3623 households located in the state of São Paulo (SP). The data come from POF 2008/2009, a survey conducted by IBGE between May 2008 and May 2009 [51]. The questionnaires are randomly assigned during the whole year and the reference period is 15 January 2009. Our residential water consumption function assumes that the water consumption     C i     of the   i  -th household is a function of the average price     P i     [32,35], the total income     Y i     [34,35], the average consumption in the neighborhood      C ¯  i     [44], and the vector     x i     of control characteristics:


   ln  C i  = α +  θ 1  ln  P i  +  θ 2  ln  Y i  + δ ln   C ¯  i  +  x i ′  β +  v i    



(1)




where     v i     denotes the random error, the coefficient     θ k     represents the demand elasticities in relation to average price (    θ 1    ) and total income (    θ 2    ), and   δ   is the net impact of percentage changes in the water consumption of the neighborhood (peer effect). Residential water consumption is expected to be negatively related to the average price (    θ 1     < 0) and positively related to both the total income (    θ 2     > 0) and the consumption of the reference social group (  δ   > 0) [34,43]. The vector   β   contains the coefficients associated with the household variables, such as family structure, human capital, and region [35].



Table 1 describes the variables used in our analysis. The average consumption in the neighborhood      C ¯  i     is the mean water consumption of households other than   i   belonging to the same census tract. The census tract is the POF’s primary sampling unit. The POF selected 294 census tracks in SP, with sample sizes between 6 and 24 households. These census tracts encompass a population between 1220 and 194,329 households.



Based on the recommendations from the literature, our control variables (vector x) are the following [34,37]: household infrastructure, which are proxies for socioeconomic conditions (number of rooms used as dormitory per household and binary variables for the existence of a tile roof, concrete walls, floor material—ceramic, flagstone, stone, or cement—and sewage hookup); family structure (years of education, age of the reference person, number of people in the household, and binaries for the sex of the reference person); rent (self-reported values of rent that is paid by the tenant or estimated by the owner. We imputed 623 missing values for rent, 17% of the sample, using predictive mean matching, PMM [52]. PMM replaces missing data with the non-missing value of the household with the closest observable characteristics); home appliances, which are proxies for both socioeconomic status and consumption patterns (binaries for households with a freezer, fridge, dishwasher, washing machine, clothes dryer, and iron); household location (binaries to discriminate whether the household is located in the state capital, in the metropolitan region, or a rural area); and proxies for climate (number of fans, air conditioners, and electric showers). POF does not provide information about weather conditions. Therefore, the numbers of air conditioners and fans are proxies to control households located in warmer areas, while the number of electric showers is a proxy for households located in colder areas. In this way, we try to control climate conditions, which may affect both social behavior and residential water consumption).



Figure 1 summarizes the schematic diagram of our study. Total water consumption is defined by sustainable uses (including consumption for basic needs) and water overuses. The sustainable use of water may depend primarily on economic factors (price and income) and socioeconomic characteristics. For example, the number and composition of family members may define the volume of water for basic needs. In turn, social norms and positional goods may primarily define the water overuse. Social norms may also exert an influence on the sustainable use when stimulating water-saving habits. Household characteristics, such as large houses, may also be linked to water overuse and are our control variables.




3.2. Endogeneity


We have two potentially endogenous variables in our analysis,     P i     and      C ¯  i    . Average price     P i     may be endogenous because SP adopts a block tariff structure, and changes in household consumption (    C i    ) may also change the average price charged per volume of water (reverse causality). Also, the average consumption in the neighborhood      C ¯  i     may be endogenous because unobservable factors (    v i    ) affecting     C i     (e.g., weather shocks) may also affect demand in the neighborhood (omitted variable bias). We tested the endogeneity of     P i     and      C ¯  i     using Wooldridge’s score [53] and the C-statistic [54]. The null hypothesis of this statistic is that the variable is exogenous (uncorrelated with errors     v i    ).



We used estimators based on instrumental variables (IVs) to obtain consistent estimators for Equation (1) with endogenous regressors. In the first stage, we estimated the reduced forms of the endogenous variables     P i     and      C ¯  i     using the following equations:


   ln  P i  =  θ 1  ln  Y i  +  x i ′  β +  z i ′   π 1  +  ε i    



(2)






   ln   C ¯  i  =  θ 2  ln  Y i  +  x i ′  β +  z i ′   π 2  +  u i    



(3)







Vector     z i ′     contains two IVs for     P i    , and two for      C ¯  i     (Table 1). The IVs for     P i     are the average energy cost in the neighborhood and the average gas price in the neighborhood. Energy and gas costs are expected to be related to the average water price (    P i    ) since water, energy, and gas are primarily provided by Brazil’s public sector. These services include a common and strong political component in the formation of their final consumer price. The water supply service in Brazil is the responsibility of state and municipal governments. The final consumer price refers to the cost for collection, chemical treatment, water distribution, and sewage, which public sanitation agencies control. The price of gas is defined by the Brazilian state oil company (Petrobras), and the federal government has a strong influence on the final retail price. According to Petrobras [55], 53% of the final retail gas price is based on public costs: the value charged by Petrobras distribution stations plus federal and state taxes. The remaining 47% is defined by distribution services, which private companies control. In energy, the average price includes three major components: (i) generation, (ii) transmission and distribution, and (iii) sector taxation and charges. Federal laws define sector taxes and charges, and some are levied on distribution costs, while others are related to generation and transmission costs [56]. Municipal governments may also tax companies that supply water, energy, and gas, influencing the final price.



The instruments for      C ¯  i     are the average number of household members and the average number of fans per household in the census tract. We selected these IVs based on a strategy similar to that proposed by Kelejian and Robinson [57] and Kelejian and Prucha [58], using a spatial lag of regressors with the most significant relationships with the dependent variable. In our case, the average numbers of household members and fans in the household are the independent variables with one of the most considerable explanatory powers in the water demand function (vector x in Equation (1)). The average number of household members in the census tract is a proxy for human consumption. The average number of fans is a proxy for the neighborhood’s climate conditions, which also affect water demand.



IVs must satisfy two basic requirements: be strongly correlated with the endogenous variables (    P i     and      C ¯  i    ) and be uncorrelated with the unobserved errors (    v i    ). The former condition can be tested by the IVs’ marginal contribution (relevance) in the first stage regressions (Equations (2) and (3)). We used the Wald F-statistic to test the null hypothesis that the instruments are not correlated with the endogenous regressors [54]. In turn, we used the Sargan-Hansen test [54] to check the second assumption (exogeneity of our IVs). This test’s null hypothesis is that the variables are valid instruments, i.e., uncorrelated with the errors     v i    .



In the second stage, we used different methods to estimate the structural form (Equation (1)): (i) the traditional two-stage least squares (2SLS); (ii) the limited information maximum likelihood (LIML) [59]; (iii) the generalized method of moments (GMM) [60]; and (iv) the control function (CF) [61]. The idea of this comparison is to check the robustness of our estimates under different assumptions. The 2SLS estimators are asymptotically valid when we have good instruments (exogenous and strongly correlated with the endogenous variables). The LIML method is less efficient than the 2SLS but more robust in small samples and overidentification restrictions [62]. Baltagi [63] also highlights that the LIML estimators are consistent even when we have weak instruments. The GMM estimators are consistent and more robust to functional specification problems than the LIML estimators [64]. However, the GMM estimators’ efficiency depends on the assumption of homoscedasticity and independent errors [65]. The GMM estimators may also be inefficient in small samples [66]. Finally, the CF controls for endogeneity by introducing the reduced form’s residuals (    ε i     and     u i    ) in Equation (1), which are proxies for the unobservable factors related to the endogenous variables     P i     and      C ¯  i     [61]. The CF method provides consistent estimates and an easy alternative to test the endogeneity of     P i     and      C ¯  i    : the t-statistic for coefficients associated with the residuals     ε i     and     u i     introduced in Equation (1) [67].




3.3. Sample Selectivity


Another important source of bias in the estimation of Equation (1) refers to the sample selectivity. Families may not report water consumption (    C i  = 0 )    for reasons other than those predicted by Equation (1), such as refusal to provide information or the respondent’s lack of knowledge about water consumption. The latter situation is common in households without water metering. Many buildings and informal settlements in Brazil share the cost of water provision service among residents. According to data from POF 2008/2009, 50% of SP households did not report their water consumption. If this non-reporting is not a random phenomenon in our population, the estimates obtained from the strategies described previously can be biased and inconsistent [68].



We used Heckman’s method [69] to control potential sources of selectivity bias in our data. This strategy considers that two separate equations define water demand: the probability of positive water consumption (    C i  > 0   ) (Equation (4)) and the water demand function for positive values of consumption (Equation (5)). Specifically:


   Pr  (   D i  = 1  )  = Φ  (   w i ′  γ  )    



(4)






   E  [  ln  C i  |  D i  = 1  ]  = α +  θ 1  ln  P i  +  θ 2  ln  Y i  + δ ln   C ¯  i  +  x i ′  β + ρ λ  (   w i ′  γ  )    



(5)




where     D i     is a binary variable that assumes 1 if family   i   reports water consumption (    C i  > 0   ), and assumes 0 otherwise. The nonlinear function   Φ  , usually represented by a probit function, defines the household’s probability of reporting water consumption (selection equation). The vector     w i ′     contains the determinants of the selection equation, and   γ   is the respective vector of coefficients. The term    λ  (   w i ′  γ  )     in Equation (5), called the inverse Mills ratio (IMR), controls for selectivity bias in the water demand function. If    ρ = 0   , then the correction of selectivity is unnecessary, and the estimators of Equation (1) are consistent; if    ρ ≠ 0   , then the estimators of Equation (5) are the only consistent estimators.



Ideally, the determinants of the selection equation (    w i ′    ) contain all regressors presented in Equation (1) plus at least one IV [70]. The IVs incorporated in our selection equation refer to other public services (Table 1): binaries for access to garbage collection and living on a paved street. According to Basani et al. [71], these variables define the likelihood of living in a place with access to the public water system and, consequently, the existence of water metering (i.e., whether the household is charged individually or collectively). In this respect, we expect that these variables may determine the probability of a household reporting its water consumption (   D = 1   ), but have no direct impact on the volume of water consumed   C  .



Finally, we used the strategy proposed by Wooldridge [72] to control for endogeneity (Equations (2) and (3)) and selectivity (Equations (4) and (5)) simultaneously. In the first stage, we estimate the IMR by fitting the selection Equation (4). In the second stage, we use the methods 2SLS, LIML, GMM, and CF to estimate the water demand conditioned on     D i  = 1    and control for the IMR [72] In the second stage, we included the IMR estimate both in the reduced Equations (2) and (3) and in the structural Equation (1). This strategy obtains consistent estimators in the presence of endogeneity and selectivity. We also used the White covariance matrix to obtain robust estimators for the standard errors [65].




3.4. Quantile Regression


The previous methods estimate the peer effect on average water consumption. However, the impacts may differ along with the water consumption distribution, i.e., the peer effect may differ among water consumption classes. We used a quantile regression [73] to evaluate how peer effects impact water consumption quantiles. Another main advantage of quantile regression is the robustness to outliers [74]. The conditional quantile regression for the    τ th    quantile with control for selectivity is given by


    Q τ   (  ln  C i     | x   i  ,  D i  = 1  )  =  α τ  +  θ  1 τ   ln  P i  +  θ  2 τ   ln  Y i  +  δ τ  ln   C ¯  i  +  x i ′   β τ  +  Q τ   [  ρ λ  (   w i ′  γ  )   ]    



(6)







We simultaneously controlled for selectivity and endogeneity using a two-stage strategy proposed by Wooldridge [72]: (i) we used the method proposed by Buchinsky [75,76] to estimate a polynomial function     Q τ     of the IMR,    λ  (   w i ′  γ  )    , and (ii) we controlled for the endogeneity of   P   using the method proposed by Dufrenot et al. [77]. To simplify our analyses, we did not control for the endogeneity of      C ¯  i     because our estimates (shown below) suggested that this variable is exogenous.





4. Results


4.1. The Impacts on Average Water Consumption


We estimated Equation (1) for the average water consumption using 2SLS, LIML, GMM, CF, and OLS (ordinary least square) estimators (Table 2). Table A2 in Appendix A shows the estimates for the selection equation and the first stage of the instrumental variables. The idea of using OLS estimators is to check to what extent these traditional estimates may be biased due to endogeneity and selectivity. The models estimated by OLS combine different groups of control variables to evaluate how the estimate of the peer effect may be biased due to omitted variables. Model 1 (benchmarking) represents Equation (1) without control variables (vector x). Model 2 adds controls for family and household characteristics and rent, while model 3 adds controls for home appliances, location, and proxies for climatic conditions. The idea is to evaluate how the total peer effect in model 1 may be explained by personal or household characteristics controlled in models 2 and 3. The estimates for the methods 2SLS, LIML, GMM, and CF include all control variables (model 3). All models present suitable goodness-of-fit statistics, with     R 2     ranging from 45% (OLS model 1) to 53% (OLS model 3).



The estimates of the peer effect (  δ  ) corroborate the hypothesis that comparisons with neighbors influence household water consumption. The OLS estimates range from    0.280    (model 1) to    0.205    (model 3), while the 2SLS, GMM, LILM, and CF estimates range from    0.202    to    0.207   . Specifically, residential water consumption tends to increase by nearly    0.20 %    for each    1 %    increase in the neighborhood’s consumption. The small differences between the estimates of models 1, 2, and 3 suggest that a small share of the total peer effect (model 1) can be attributed to similar households in the same neighborhood. Moreover, the small differences between the estimates obtained by OLS and IV methods also suggest that the estimates are robust against selectivity and endogeneity.



The estimates for income elasticity (    θ 2    ) and price elasticity (    θ 1    ) corroborate the assumption that water is a normal and necessary good, showing positive income elasticity of demand and low price and income elasticities. The estimates for income elasticity are more sensitive to changes in the model specifications (models 1–3) than those for price elasticity. In general, the larger the number of control variables, the lower the estimate for income elasticity (   0.214    in model 1,    0.129    in model 2, and    0.110    in model 3). This difference is because income tends to be strongly correlated with household and family characteristics controlled in models 2 and 3. In turn, the estimates for both income and price elasticity considerably decrease once we control for endogeneity and selectivity (2SLS, LIML, GMM, and CF). For example, the price elasticity shifted from    − 0.640    in model 3 to    − 0.336    in the CF method, and the income elasticity shifted from    0.110    in model 3 to    0.083    in the CF method.




4.2. The Consistency of the Estimates


Our results indicate that selectivity is not a central concern. All the estimates for the IMR are insignificant at 5%, suggesting that water consumption is not strongly affected by unobserved factors that determine the likelihood of reporting positive consumption (e.g., water metering in the household). Even with insignificant estimates for the IMR, the IV estimators remain consistent, although they lose efficiency [70,72].



In turn, we have evidence that   P   is endogenous, while    C ¯    is exogenous. First, the endogeneity tests based on Wooldridge’s score, robust regression, and C-statistic are significant at 1%, suggesting that at least one variable (    P i     or      C ¯  i    ) is endogenous, i.e., related to the errors     v i     in Equation (1) (Appendix A—Table A1). The estimates obtained by the CF method indicate that only the residuals      ε ^  i     are significant in Equation (1), suggesting that only the variable     P i     is endogenous. Previous studies have also confirmed the endogeneity of price in the water demand [34,37]. The residuals      u ^  i     are not significant in the water demand, suggesting that      C ¯  i     is exogenous. In other words, we do not have unobservable factors that may simultaneously affect household water consumption and consumption in the neighborhood.



The overidentification and weak instrument tests indicate that the IVs are exogenous and strongly correlated to the endogenous variables, i.e., we have valid instruments (Appendix A—Table A1). The Sargan-Hansen test is insignificant at 5%, suggesting that the instruments are exogenous, i.e., uncorrelated to the errors     v i     in Equation (1). The weak instrument tests indicate that the instruments for     P i     and      C ¯  i     are strongly related to these endogenous variables (   F > 10   ) and significant at    0.1 %   .




4.3. Impacts on Water Consumption Quantiles


We used Equation (5) to estimate the conditional quantile regressions for quantiles 10, 25, 50, 75, and 90 (Table 3). Based on our prior results (Table 2), we assumed the endogeneity of     P i     and the exogeneity of      C ¯  i    . We controlled for selectivity using a quadratic polynomial function for the IMR [75,76]. The estimates for both linear and quadratic IMR are insignificant at 5%, suggesting that selectivity is not a central concern in the quantile water functions. The models better fitted at the highest quantiles—the pseudo-    R 2     ranges from 8.3% (10th quantile) to 25% (90th quantile), suggesting that the peer effect and socioeconomic characteristics best explain the largest consumption levels. The pseudo-    R 2     measures the differences between the estimated and raw quantiles and its interpretation is analogous to the conventional     R 2     of least-squares regression [78].



The peer effect estimates are positive and significant in most quantiles, except for the 10th quantile. The magnitude of the peer effect increases for the highest water consumption quantiles. The largest impact is observed in the 90th quantile: household water consumption increases by 0.49% for each 1% increase in neighborhood consumption.



Our estimates also suggest that the price and income elasticities are most relevant for the largest water consumption levels (within the same classes of family and household characteristics). The price elasticities are only significant between the 50th and the 90th quantiles, ranging from    − 0.371    (50th quantile) to    − 0.568    (90th quantile). The income elasticities are significant at the upper quantiles, but the highest estimate is observed in the 90th quantile (0.172).





5. Discussion


Our results highlight that the absolute consumption hypothesis does not solely drive water demand. Relative consumption patterns also play a significant role in water demand, especially among those overconsuming water. Peer behavior has already been proven to be an essential source of information regarding the costs and benefits of different consumption choices [47]. However, few studies have analyzed the role of peer effects on essential environmental goods or services.



The peer effects on water consumption would reflect social norms, which are the beliefs of individuals about what others do or approve of doing, and about what is considered normal, expected, or desirable behavior in a social group [44,79]. Social norms can potentially influence demand decisions when generating regularities in individuals’ consumption behavior. Social norms can also represent a code identifying social relations, allowing the classification of individuals into a social group [80]. In water consumption, social norms may refer to the way people use and save water for daily indoor and outdoor activities, such as washing, cleaning, and using water-saving household items.



On the other hand, household water demand would be related to the consumption and maintenance of positional goods [30,81]. The consumption of positional goods reflects social prestige rather than the satisfaction of basic needs. In this sense, the reference group’s consumption is associated with prestige, social normativity, power relations, and symbolic expressions and determines individual consumption preferences. In the case of water consumption, this relationship could be explained, for example, by large homes, gardens, and swimming pools, which may require periodic maintenance and great water demand.



The results also highlight that the peer effect differs largely between the conditional quantiles. The peer effect is insignificant in the 10th quantile, where water consumption likely meets basic needs for the respective social group. The peer effect becomes significant at the 25th quantile and increases for the groups with the highest consumption levels. The influence of social norms and the consumption of positional goods increase once social groups meet their basic needs [30]. According to Hirsch [29], consumption increasingly depends on peer effects as demand increases and acquires an increasingly social dimension. Once basic needs are met, people would begin to redefine their consumption preferences incorporating positional goods and services, such as large swimming pools and green gardens, which would increase residential water consumption [30,36].



The estimates for price and income elasticities are also following those obtained in prior studies, reinforcing the idea that water demand is inelastic to price and income. Our estimates for price elasticity (nearly    − 0.35   ) are very similar to those obtained in the following: Agthe and Billings [82],     [  − 0.50 , − 0.37  ]    ; Chicoine et al. [83],     [  − 0.42 , − 0.22  ]    ; Williams and Suh [84],     [  − 0.48 , − 0.25  ]    ; Nieswiadomy and Molina [85],     [  − 0.55 , − 0.36  ]    ; Pint [86]     [  − 0.47 , − 0.20  ]    ; Nauges and Thomas [87],     [  − 0.40  ]    ; and Gaudin [88],     [  − 0.37  ]    . Meanwhile, our estimates for income elasticity (nearly    0.09   ) are similar to those of the following: Chicoine et al. [83],     [  0.01 , 0.14  ]    ; Moncur [89],     [  0.04 , 0.08  ]    ; Barkatullah and Nadira [90],     [  0.07  ]    ; Höglund [91],     [  0.07 , 0.13  ]    ; Garcia and Reynaud [92],     [  0.03  ]    ; and Martínez-Espiñeira and Nauges [93],     [  0.07 , 0.13  ]    . The small price and income elasticities reflect that water is an essential good for most households, i.e., these households will continue consuming water regardless of price or income changes.



Price and income elasticity also differ considerably along with the conditional quantile functions. Price elasticity is insignificant at lower quantiles and increases at the upper quantiles of water consumption, reaching    − 0.488    in the 90th quantile. We found similar results for income elasticity. The impacts of income changes on water demand are insignificant at lower consumption quantiles, and they increase near the 75th and 90th quantiles; this is probably associated with a great demand for water for the maintenance of positional goods.



These results reflect that water is an essential good and that water has zero substitutability at levels close to those for meeting basic needs [94]. In other words, households consuming shallow water volumes probably ensure a minimum supply of water for basic needs. Once water consumption increases, households become more sensitive to price and income changes. Therefore, price and income elasticities increase as consumption meets basic needs.



Finally, our results show the price–water consumption elasticity in the 75th quantile is greater than that in the 90th quantile. This result suggests that price-oriented policies may not necessarily reduce the water consumption of households having the highest consumption levels. Probably, households overconsuming water may have socioeconomic conditions to mitigate the impact of price changes. These results reinforce the evidence that price-based policies may depend on the type of household and may primarily affect lower-income households [36].




6. Conclusions


We analyze the peer effect on residential water consumption, providing theoretical and empirical contributions. Our main theoretical contribution is to highlight that social behavior is relevant to explain water consumption. Among households with similar characteristics, the higher the water consumption, the larger the peer effect. In other words, overconsumption of water seems to be influenced mainly by the behavior of social peers. Our main empirical contribution is to apply a strategy to analyze water consumption functions at different consumption levels that simultaneously control endogeneity and selectivity.



Our results highlight the importance of a reference social group for water consumption decisions. Social norms may interfere in household habits and patterns of water consumption, acting as a way of identifying and establishing a hierarchy of individuals within the reference social group. Water consumption may also be related to the ownership and maintenance of positional goods, such as large homes, gardens, and swimming pools. However, we believe that social norms may better explain the peer effect. Our estimates for the peer effect barely changed once we introduced several controls for family and household characteristics, including imputed rent.



We applied an innovative methodological approach, combining quantile regression with estimation strategies that simultaneously control sample selectivity and endogeneity. We did not find significant evidence of sample selectivity, which would imply that households not reporting water consumption are merely random events in the water demand function. We also did not find evidence of endogeneity in the neighborhood’s average water consumption, suggesting that our models somewhat control for unobservables that would affect both household and neighborhood water demand (e.g., weather shocks). However, we found strong evidence of endogeneity in the average price, implying that random shocks in water demand also impact the average water price. This result was expected, as block tariffs define the water price in SP. Nonetheless, the most important result is that our estimates for peer effects are robust throughout the different empirical strategies.



The estimates for price and income elasticity are also consistent with those obtained in previous studies. In particular, we found that water consumption is inelastic to price and income since water is an essential good and presents zero substitutability, although price and income elasticity increase along with the conditional quantile functions. Once basic needs are met, water demand may become increasingly driven by relative consumption and become more sensitive to changes in price and income.



One limitation of this study is that the neighborhood is based on the census tracks rather than on contiguity or geographic distance criteria. For example, a contiguity criterium would consider households sharing common boundary lines. Future research studies would also investigate how weather shocks may affect the estimates of peer effects on water consumption. Regional and some household characteristics may be good proxies for climate differences but may be limited in the ability to control, for example, extreme climate events in one specific locality. Despite some limitations, our study reinforces the importance of peer effects found in socioeconomic literature and provides novel elements to guide policies on residential water consumption. We present essential findings to guide the policies of sustainable water use in urban areas. In particular, our results suggest that policies oriented toward changing social habits of water consumption may be as effective as price-oriented policies at curbing excessive water consumption. These policies may include, for example, public campaigns to change the widespread habit in Brazil of washing sidewalks and cars in the streets with abusive quantities of water. Such policies could result in lower relative welfare losses compared to traditional price-based policies.



Policies based on behavioral economics can be implemented to induce the sustainable use of water resources. For example, nudges might provide information on saving habits in the neighborhood and stimulate other households to save water. Our results indicate that those households overconsuming water are precisely those more likely to change their habits based on the peer’s influence.
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Table A1. Test for instrumental variable models.






Table A1. Test for instrumental variable models.





	

	
Instrumental Variable Models, with Sample Selection Control




	
2SLS

	
LIML

	
GMM






	
Endogeneity Test: Ho: variables are exogenous

	

	

	




	
Wooldridge’s score

	
12.527 **

	

	




	
Robust regression

	
5.705 **

	

	




	
C Statistic

	

	
11.147 **

	
11.275 **




	
Overidentification Test:

	

	

	




	
Basman

	
0.516

	

	




	
Wooldridge’s robust score

	
0.508

	

	




	
Sargan–Hansen score

	
0.454

	
0.314

	
0.315




	
Weak instrument test: First-stage regression robust F




	
Ln Average water price

	
11.798 ***

	
11.798 ***

	
11.798 ***




	
Ln Average water consumption in the neighborhood

	
23.598 ***

	
23.598 ***

	
23.598 ***








** p < 0.01; *** p < 0.001.
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Table A2. First-stage estimates for the dependent variables log average water price and water consumption in the neighborhood.






Table A2. First-stage estimates for the dependent variables log average water price and water consumption in the neighborhood.





	
Independents Variables

	
First Stage




	
Selection Model

	
Instrumental Variable Model




	
Ln Average Water Price

	
Ln Water Consumption in the Neighborhood






	
Ln Total household income

	
0.005

	
0.074 *

	
−0.098 ***




	

	
(0.051)

	
(0.032)

	
(0.026)




	
Formal roof

	
0.671 ***

	
0.126

	
−0.280 ***




	

	
(0.073)

	
(0.102)

	
(0.057)




	
Concrete walls

	
0.100

	
−0.128

	
−0.224




	

	
(0.181)

	
(0.117)

	
(0.130)




	
Floor is ceramic, flagstone, stone, or cement

	
0.273 **

	
0.009

	
0.003




	

	
(0.103)

	
(0.081)

	
(0.053)




	
Rooms used as dormitory

	
0.152 ***

	
−0.047

	
0.043 *




	

	
(0.043)

	
(0.034)

	
(0.021)




	
Sewage hookup

	
0.303 ***

	
0.106

	
−0.093




	

	
(0.091)

	
(0.066)

	
(0.047)




	
Reference person is a woman

	
−0.166 **

	
0.052

	
−0.034




	

	
(0.063)

	
(0.043)

	
(0.031)




	
Age of the reference person

	
0.007 *

	
0.002

	
−0.002




	

	
(0.003)

	
(0.002)

	
(0.001)




	
Years of education of the reference person

	
−0.006

	
−0.000

	
−0.001




	

	
(0.004)

	
(0.002)

	
(0.002)




	
Number of children in the household

	
−0.034

	
−0.016

	
−0.018




	

	
(0.033)

	
(0.022)

	
(0.016)




	
Number of seniors in the household

	
−0.116

	
−0.005

	
−0.000




	

	
(0.064)

	
(0.035)

	
(0.028)




	
Estimated household rent

	
−0.035

	
0.013

	
0.010




	

	
(0.065)

	
(0.040)

	
(0.028)




	
Freezer

	
0.075

	
−0.079

	
0.016




	

	
(0.091)

	
(0.054)

	
(0.046)




	
Fridge

	
0.056

	
−0.017

	
−0.149




	

	
(0.208)

	
(0.171)

	
(0.105)




	
Dishwasher

	
−0.042

	
0.217**

	
0.049




	

	
(0.149)

	
(0.078)

	
(0.070)




	
Washing machine

	
0.058

	
−0.045

	
0.066 *




	

	
(0.065)

	
(0.037)

	
(0.029)




	
Clothes dryer

	
−0.311 *

	
−0.056

	
−0.079




	

	
(0.132)

	
(0.087)

	
(0.061)




	
Iron

	
0.312 **

	
−0.139

	
−0.047




	

	
(0.107)

	
(0.078)

	
(0.054)




	
Household is located in the state capital

	
−0.045

	
−0.049

	
0.170 ***




	

	
(0.085)

	
(0.058)

	
(0.046)




	
Household is located in the metropolitan region

	
−0.044

	
0.058

	
−0.166 ***




	

	
(0.089)

	
(0.050)

	
(0.039)




	
Household is located in a rural area

	
−0.434 ***

	
0.229 *

	
−0.166 *




	

	
(0.098)

	
(0.094)

	
(0.070)




	
Number of air conditioners

	
−0.095

	
0.139 ***

	
−0.008




	

	
(0.086)

	
(0.042)

	
(0.033)




	
Number of fans

	
0.041

	
−0.043 *

	
0.026




	

	
(0.030)

	
(0.020)

	
(0.014)




	
Number of electric showers

	
0.073

	
0.021

	
−0.017




	

	
(0.053)

	
(0.030)

	
(0.021)




	
Garbage collection

	
0.833 ***

	

	




	

	
(0.172)

	

	




	
Paved street

	
0.418 ***

	

	




	

	
(0.101)

	

	




	
Ln Average energy cost in the neighborhood

	
−0.115

	
0.307 ***

	
0.383 ***




	

	
(0.069)

	
(0.068)

	
(0.043)




	
Ln Average gas price in the neighborhood

	
0.980 **

	
1.456 ***

	
−1.120 ***




	

	
(0.338)

	
(0.301)

	
(0.217)




	
Residents in the neighborhood

	
0.074

	
−0.071*

	
0.146 ***




	

	
(0.049)

	
(0.036)

	
(0.027)




	
Fans in the neighborhood

	
−0.030

	
−0.139 ***

	
0.132 ***




	

	
(0.047)

	
(0.037)

	
(0.032)




	
Mills ratio

	

	
−0.244

	
−0.072




	

	

	
(0.207)

	
(0.103)




	
Constant

	
−3.357 ***

	
−0.848

	
1.942 ***




	

	
(0.633)

	
(0.638)

	
(0.433)




	
Observations

	
3409

	
1806

	
2929




	
Pseudo-R-squared

	
0.1536

	
0.131

	
0.214








* p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 1. Schematic diagram. 
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Table 1. Descriptive statistics for all variables. State of São Paulo, Brazil.
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Variables

	
Description

	
Mean

	
Standard Deviation






	
Dependent

	
Residential water consumption

	
Monthly volume of water in the household in m3

	
7.37

	
28.05




	
Consumption Model

	
Average price

	
Total value paid in R$/Monthly water consumption in m3

	
7.95

	
4.91




	
Income

	
Household total income

	
3535

	
3997




	
Reference group consumption

	
Average monthly water consumption in the neighborhood in m3:

	
7.38

	
19.16




	
Household infrastructure

	
1 if has tile roof, 0 otherwise

	
0.78

	
0.42




	
1 if has concrete walls, 0 otherwise

	
0.98

	
0.15




	
1 if the floor is ceramic, flagstone, stone or cement, 0 otherwise

	
0.93

	
0.26




	
Number of rooms used as dormitory:

	
1.89

	
0.79




	
1 if has sewage hookup, 0 otherwise.

	
0.86

	
0.35




	
Family structure

	
1 if the reference person is a woman, 0 otherwise.

	
0.30

	
0.46




	
Age of the reference person

	
49.97

	
14.85




	
Years of education of the reference person

	
7.90

	
6.40




	
Number of children in the household

	
0.64

	
0.91




	
Number of seniors in the household

	
0.28

	
0.59




	
Rent

	
Value in R$ paid or estimated (in the case of owner-occupied houses) for the rent:

	
413.00

	
335.82




	
Home appliances

	
1 if has freezer, 0 otherwise

	
0.13

	
0.34




	
1 if has fridge, 0 otherwise

	
0.98

	
0.14




	
1 if has dishwasher, 0 otherwise

	
0.03

	
0.18




	
1 if has washing machine, 0 otherwise

	
0.62

	
0.49




	
1 if has clothes dryer, 0 otherwise

	
0.04

	
0.19




	
1 if has iron, 0 otherwise

	
0.93

	
0.24




	
Household location

	
1 if household is located in the state capital, 0 otherwise

	
0.20

	
0.40




	
1 if household is located in the metropolitan region, 0 otherwise

	
0.14

	
0.35




	
1 if household is located in rural area, 0 otherwise

	
0.14

	
0.35




	
Proxies for weather conditions

	
Number of air conditioners

	
0.06

	
0.34




	
Number of fans

	
1.09

	
1.22




	
Number of electric showers

	
1.25

	
0.60




	
Selection model

	
1 if has garbage collection, 0 otherwise

	
0.98

	
0.14




	
1 if has paved street, 0 otherwise

	
0.92

	
0.28




	
Instruments

	
Average energy cost in the neighborhood

	
Average value paid for monthly energy consumption

	
74.46

	
26.85




	
Average gas price in the neighborhood

	
Total value paid (R$)/Monthly gas consumption (kg)

	
2.57

	
0.18




	
Residents in the neighborhood

	
Average number of household members in the neighborhood

	
3.15

	
0.52




	
Fans in the neighborhood

	
Average number of fans per household in the neighborhood

	
1.06

	
0.74








Source: Prepared using data from POF 2008/2009.
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Table 2. Fixed effect estimates of the models for the dependent variable log of household water consumption (robust standard error estimates between parentheses). State of São Paulo, Brazil.
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Independents Variables

	
Dependent Variable: Ln Residential Water Consumption




	
OLS

	
Instrumental Variable Models,

with Sample Selection Control




	
[1]

	
[2]

	
[3]

	
2SLS

	
LIML

	
GMM

	
CF Ø






	
Ln Average water price

	
−0.620 ***

	
−0.628 ***

	
−0.640 ***

	
−0.349 ***

	
−0.348 ***

	
−0.351 ***

	
−0.336 ***




	

	
(0.032)

	
(0.029)

	
(0.028)

	
(0.103)

	
(0.104)

	
(0.103)

	
(0.093)




	
Ln Total household income

	
0.214 ***

	
0.129 ***

	
0.110 **

	
0.085 **

	
0.085 **

	
0.086 **

	
0.083 **




	

	
(0.021)

	
(0.026)

	
(0.027)

	
(0.028)

	
(0.028)

	
(0.028)

	
(0.028)




	
Ln Average water consumption in the neighborhood

	
0.280 ***

	
0.230 ***

	
0.205 ***

	
0.207 *

	
0.207 *

	
0.204 *

	
0.202 **




	
(0.032)

	
(0.031)

	
(0.031)

	
(0.097)

	
(0.098)

	
(0.097)

	
(0.070)




	
Mills ratio

	

	

	

	
0.220

	
0.220

	
0.252

	
0.252




	

	

	

	

	
(0.238)

	
(0.238)

	
(0.221)

	
(0.255)




	
Residuals reduced form for Ln Average water price

	

	

	

	

	

	

	
−0.322 **




	

	

	

	

	

	

	
(0.095)




	
Reduced form residuals for Ln Average water consumption in the neighborhood

	

	

	

	

	

	

	
−0.005




	

	

	

	

	

	

	
(0.076)




	
Control variables for household and family structure, and imputed rent

	
No

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Control variables for home appliances, household location and proxies for weather conditions

	
No

	
No

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Observations

	
1806

	
1806

	
1805

	
1799

	
1799

	
1799

	
1799




	
R2

	
0.453

	
0.510

	
0.527

	
0.468

	
0.467

	
0.468

	
0.531








* p < 0.05; ** p < 0.01; *** p < 0.001. Ø Model estimated by the OLS method. Ordinary least squares (OLS); two-stage least squares (2SLS); limited information maximum likelihood (LIML); generalized method of moments (GMM); control function (CF).
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Table 3. Determinants of household water consumption: quantile regression. State of São Paulo, Brazil. Standard deviation between parentheses.
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Independents Variables

	
Dependent Variable: Ln Residential Water Consumption




	
Two-Stage Quantile Approach




	
Q 10

	
Q 25

	
Q 50

	
Q 75

	
Q 90






	
Ln Average water price

	
−0.004

	
−0.034

	
−0.371 *

	
−0.786 ***

	
−0.568 **




	

	
(0.250)

	
(0.169)

	
(0.173)

	
(0.170)

	
(0.201)




	
Ln Total household income

	
0.065

	
0.070

	
0.116 ***

	
0.114 ***

	
0.172 ***




	

	
(0.045)

	
(0.037)

	
(0.030)

	
(0.023)

	
(0.048)




	
Ln Average water consumption in the neighborhood

	
0.204

	
0.182 *

	
0.235 **

	
0.335 ***

	
0.488 ***




	
(0.108)

	
(0.073)

	
(0.077)

	
(0.076)

	
(0.090)




	
Mills ratio

	
−0.886

	
−0.374

	
0.114

	
1.382

	
2.323




	

	
(2.407)

	
(0.966)

	
(1.665)

	
(1.557)

	
(4.052)




	
Mills ratio2

	
1.079

	
0.410

	
−0.369

	
−0.725

	
−2.717




	

	
(6.464)

	
(2.247)

	
(4.738)

	
(4.793)

	
(13.436)




	
Control variables for household and family structure

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Control variables for home appliances, household location and proxies for weather conditions

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Observations

	
1799

	
1799

	
1799

	
1799

	
1799




	
Pseudo-R2

	
0.083

	
0.081

	
0.120

	
0.166

	
0.250








* p < 0.05; ** p < 0.01; *** p < 0.001.
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