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Abstract

:

Using data from the 2015 Residential Water Consumption Survey, this study examines residential water-use behavior and attitudes after the recent drought in Fresno, California. Spatial autoregressive models of residential water consumption were estimated, accounting for the effects of social interactions in communities (i.e., neighborhood effects), while controlling for indoor and outdoor house attributes, economic conditions, and attitudes toward water uses. The findings show that the spatial autocorrelations do exist. This suggests that the neighborhood effects can be a useful lever to facilitate initiatives aiming at promoting community engagement on water-saving practices. The results also indicate that a larger house tends to incur more water use, so does the presence of pools. Using a drip irrigation system for watering the backyard can help reduce water consumption. Medium income families turn out to use the least amount of water among different income groups, suggesting that water-saving policies may yield different results among residents of various income levels. Interestingly, respondents who considered themselves heavy water users actually used less water. This implies that the awareness of water importance can significantly influence residents’ water-use behavior and therefore the promotion of a water-saving culture can help reduce residential water consumption.
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1. Introduction


1.1. Conceptual Framework


Recently, droughts have replaced floods as the natural disaster that affected the most people in the world [1,2]. In 2015, 32 major droughts caused losses more than double the average for the last decade, affecting about 50.5 million people across the world [2]. In California, the recent drought resulted in water shortage of 1.5 million acre-feet in 2014, causing direct losses of $1.5 billion to agriculture and indirect losses of $0.7 billion to the statewide economy [3]. The problem of water scarcity in California is expected to exacerbate as its population continues to grow [4,5]. Coping with water scarcity has become a new research focus in urban and regional development not only in the United States but also throughout the world [6,7,8,9,10].



Previous research has shown that knowing and understanding of water issues in the community is an important element for solving water related problems [11]. Dean et al. [7] proposed a conceptual model of “water sensitive citizenship”, which could help promote sustainable water-management initiatives. In their study, the term “water sensitive citizenship” refers to citizens that understand, value, and actively support the transitions to a water-saving city. Furthermore, life experience of drought could influence water-related knowledge [11]. An early study, conducted well before the recent drought, shows most respondents in a sample size of 1000 residents were unaware of water shortage in California [12]. In the past few years, considerable efforts have been done in the Central Valley in California to increase the awareness of water scarcity in response to the drought [13]. The effects of these efforts on saving residential water consumption, however, have not been systematically evaluated.



Moreover, Lindsay et al. [5] argued that geographical contexts can influence water-related practices, suggesting that there is a need for a city to examine its own water-use environment. In addition, it has been increasingly accepted that local sociocultural context should be considered before implementing a new water-related policy [5]. For example, a strong community engagement can be used to foster water-saving policies [14]. At the individual level, a resident’s water-use behavior is likely affected by their community neighbors [15,16,17]. Such individuals’ interactions could also operate at the community level. Dean et al. [14] argued that an individual’s social context, through social capital, would influence support for water-saving management approaches. The term “social capital” in their study refers to the social connectedness of a community that enables residents to work together collaboratively for mutual benefits [18,19]. Dean et al. [14] reported that social capital, measured by participation and membership of community organizations, played an important role in building engagement in water-related issues.



While community engagement has been widely accepted as an important factor that influences water-related practices, their measurement could be difficult. Alternatively, observing the water-use behavior of residents and their interactions within a social context could provide insight into the pathways to building a water-saving culture. In recent studies, spatial statistical approaches have been intensively used to examine neighborhood effects (i.e., spatial autocorrelation) on a range of individual behaviors within a social network [20,21,22,23,24]. The term ‘neighborhood effects’ here refers to the social interactions within a certain spatial context. There are several spatial statistical models available for studying spatial data, including geo-statistical model (spatial mapping of attributes in continuous space), spatial-areal model (feature class with countable members), and spatial point model [25]. A spatial autoregressive (SAR) model, one of the spatial-areal modes, is selected here because it provides a possibility of understanding not only the effects of house design and socioeconomic conditions but also the neighborhood effects on residential water consumption. Janmaat [15] examined the neighborhood effects at the household level for Kelowna in British Columbia, Canada, using an SAR model. The results showed that residents would be willing to keep their front yards as green and lush as their neighbors. The study also suggested that water-saving innovations would result in spillover effects across the study region. At the census tract level, House-Peters et al. [17] reported that spatial autocorrelation of water consumption existed among neighboring census tracts in Hillsboro, Oregon. In the case of water scarcity, planners and policy makers can use these neighborhood effects as a lever to change people’s water-use behavior, and help create a water-saving culture in communities [26].




1.2. Residential Water Consumption


In addition to the neighborhood effects mentioned above, it is also important to consider residents’ house-attributes and their demographic characteristics. The ability to analyze residential water-use behavior at the household level would help planners and policy-makers target initiatives aiming at fostering community engagement in water-saving policies [7,27,28,29].



Conceptually, residential water consumption is affected by house attributes and household socioeconomic characteristics. Determinants of residential water consumption were intensively reviewed in Arbuésa et al. [30], and their study concluded that residential water demand would be affected by income, weather conditions, household composition, housing characteristics, the frequency of billing and rate design, and indoor/outdoor uses. Domene and Sauri [29] examined the determinants of residential water consumption for the metropolitan area of Barcelona in Spain, including housing type, household size, the presence of outdoor uses, the kind of species planted in the garden, income, and consumer behavior towards conservation practices. Schleich and Hillenbrand [31] also analyzed a set of residential water determinants for about 600 water supply areas in Germany, including water price, income, household size, age, the presence of wells, and weather conditions. In their study, water price, household size, the presence of wells, rainfall patterns were found to have negative impacts on water consumption, while water uses increase with income and age. Water price was widely used as an explanatory variable for water consumption, and particularly marginal water price usually has significant effects on reducing water consumption [32,33,34]. The variable, water price, is not considered in this study because it is only useful when comparing different geographical areas with different water prices. In addition, water consumption varied among different types of residential dwellings, while per capita consumption did not [28]. For a given place, the determinants reported in past research may not all have significant effects on residential water consumption. For instance, year built, building size, property value, income, and age were not significant determinants for Hillsboro, Oregon [17]. Among 14 independent variables derived from a small data (N = 264) in Melbourne, Australia, only household size, property value, and the number of washing machine loads per week were significant, explaining 60% of the variation in the water consumption [35].



Outdoor landscaping has increasingly become an important issue to save residential water, particularly in drought areas. Wentz and Gober [16] not only investigated whether traditional indoor uses would affect residential water consumption in Phoenix, but also the effects of outdoor uses, such as the presence of pools and the prevalence of landscaping that requires a moist environment. It is worth noting that backyard landscape vegetation can foster a connection between residents and the natural environment that contributes to sustainable and livable cities [36]. In the case of water scarcity, it would be a challenge to achieve these benefits when irrigation requirements compete with other water demands. In addition, Nouri at al. [36] reported that it is difficult to measure water requirements for backyard landscapes because of the complex environments consisting of various plant species (e.g., trees, shrubs, and grasses), planting density, and microclimates.




1.3. The Present Study


This study is to examine the residential-water-consumption (RWC) determinants for the city of Fresno, and the spatial autocorrelation that residents would have similar water-use behavior within a spatial context, because they share similar physical and sociocultural environments. The factors which may affect RWC include residential design and setting, household socioeconomic conditions, and attitudes toward water use. The findings will help planners review the current urban forms and target a particular group for promoting water-saving practices. This study also examines the effects of residents’ awareness of drought and the existence of their social interactions (i.e., neighborhood effects) on reducing water use. The neighborhood effects can be used as a lever to build a water-saving culture in communities. The basic assumption is that the stronger water-saving awareness within a community, the stronger water-saving engagement becomes to all residents in that community. Therefore, policies on water-saving should not only focus on the physical conditions of a house but also initiatives on promoting a water-saving culture, when these neighborhood effects are significant.



The city of Fresno, the study region, is a growing city with current population around 500,000. Fresno has served as the economic center for the surrounding rural areas with commercial agricultural production. Being the largest inland city in the Central Valley in California, Fresno has an opportunity to demonstrate water-saving options to cope with the recent severe drought. In order to change residents’ water-use behavior, it is important to assess whether outdoor and indoor house attributes affect water consumption, whether varied income-level households have different water-use propensities, whether the awareness of water scarcity has effects on water saving, and finally whether neighborhood effects influence residents’ water use.



A residential water consumption survey was conducted for the city of Fresno during the summer in 2015. Questions covered respondents’ water consumption, indoor/outdoor house attributes, socioeconomic characteristics, the awareness of drought impacts, and attitudes toward water use. The residential locations of respondents were also recorded to provide a possibility of defining neighborhood structures. Two spatial autoregressive (SAR) models were estimated to account for neighborhood effects (i.e., spatial autocorrelation) at different spatial scale. The results can be used to calculate the direct water-saving effects by a change in a house attribute and the spillover effects to other community members. This study adds to the existing literature by defining varied neighborhood structures and examining neighborhood effects for residential water consumption, using SAR models. The next section presents the data used in this study and the methodology used to identify the determinants of residential water consumption. Section 3 and Section 4 discuss the estimation results. Section 5 presents the concluding remarks.





2. Materials and Methods


2.1. Residential Water Consumption Survey


The 2015 residential water consumption survey was designed and conducted by mailing questionnaires to residents across the city of Fresno in California. The city of Fresno provides a GIS-shapefile containing all the family addresses in Fresno. We first discarded those who are not single families, because only single families would receive their monthly water bill in Fresno. Then, 6000 single-family addresses (about 5% of total households in Fresno) were randomly selected for this survey. The survey data were kept confidential in several ways. We did not ask for the names of respondents. The finding results were also reported at the aggregate level to make sure that any individual respondent cannot be identified. In total, 294 residents completed the survey and sent back their questionnaires. This low response rate (5%) most likely resulted from the lack of incentives provided for the respondents to complete the survey. Respondents were asked to record their water consumption in the unit of 100-cubic feet (1 HCF = 748 gallons = 2.83 m3), based on their water bills of September 2015, together with the physical attributes of their houses, their economic conditions, and the attitudes toward water-saving options, such as house size, lot size, the number of bathrooms, the status of water heater, the presence of pools, the frequency of pool use, the methods and frequency of backyard watering, landscaping plant types, house aspects, household income, and the attitude relating to water use and saving. Note that the total amount of monthly residential water use is shown in HCF on the water bill, and therefore respondents can easily find the accurate number when filling out the questionnaire. One limitation is that we did not provide options for respondents to select if they are not willing to or not able to answer the questions in the survey. We acknowledge that this might limit the interpretations for the survey results, and this will be certainly considered in future research.



The survey data show that average residential water consumption per household is 27 HCF (76.45 m3) (see Table 1). About 87% of the 273 respondents reported that they used less water as compared to that at the same time last year, most likely due to the increasing awareness of the five-year drought in California. Indeed, these respondents used less water (with a mean of 26.5 HCF (75.03 m3)) than those who did not change their water-use behavior (with a mean of 30.7 HCF (86.93 m3)). This finding confirms the argument in former studies [5,11] that drought experience influences water-use behavior. About a quarter (25%) of the respondents have pools in their backyards, and they used their pools about 1.5 times a week. Twenty-three percent (23%) of them reported that they used their pools less often in the study year (2015). The average number of backyard watering across the 279 respondents is two (2), which is exactly the same as the restricted number of watering days required in the emergency regulation issued by the State of California in early 2015. In addition, statistical tests (F-tests for continuous variables and Chi-square-tests for nominal variables) were conducted to see if these variables show any differences among various income groups (see the last column in Table 1). The results show that differences exist between different income groups in monthly water consumption, the number of waterings per week, the number of pool uses per week, and the use of hand watering. For instance, high income households (annual income > $100,000) use water the most (40 HCF (113.26 m3) on average), while the medium income households (annual income between $40,000 and $100,000) use the least amount of water (20 HCF (56.63 m3)). Additionally, high-income families tend to use their pools and water their backyards more often than the other two income groups (see Table 1).



A sprinkler irrigation system with/without a timer (80%) is the most populous watering method among our survey respondents, as compared to a drip irrigation system (8%) and hand watering (19%). Note that a respondent could use a multi-irrigation system, depending upon the design of landscaping. High and medium income families prefer using sprinklers with a timer (80% and 68%, respectively) for watering, while low income families are more likely to choose sprinklers without a timer (22%) and hand watering (39%). Landscaping in the backyard of a house usually comprises varied plants (e.g., lawns, shrubs, and trees) and a portion of bare land. As shown in Table 1, most high income families have more than one landscaping plant in their backyards. This reflects the fact that high income families can afford more for a multi-planted landscaping design than other income groups. Furthermore, it is interesting to see that more than half of the 234 respondents consider themselves heavy water users (51%). Particularly, most low (65%) and medium (51%) income families reported that they are heavy water users, while most high-income families (61.2%) thought themselves as medium water users.



In addition, the survey asked respondents about their water-saving applications in the house (see Table 2). In general, most respondents reported that they were reducing indoor (77%) and landscaping (89%) water uses, most likely due to the recent severe drought impacts. Only less than half (40%) of respondents considered saving indoor waste-water for outdoor landscaping watering, such as irrigating the backyard using drains from the washing machine. Around 16% of the respondents used other waster saving applications, such as artificial grasses, less toilet flushing, watering trees only, less clothes and car washing, and short showers. It is also interesting to note that the higher the household income, the more likely they responded that they were reducing water use. Nevertheless, as shown in Table 1, high income families still used more water than the other two income groups. Medium income families seem interested in applying more diverse and creative options to save water, as compared to the other two income groups.



Respondents were asked to select water-saving policies, which they would support for implementation. Public outreach (50%) and free water-wise landscaping consultation (49%) were ranked as the top-two water-saving policies, indicating that respondents generally favor policies that do not incur costs for water saving. Particularly, more low income families cited “I do not support any water-saving policy” than the other two income groups. It is not surprising that the higher the income families, the more willing they become to support costly water-saving policies. Geller et al. [37] also reported that only the installation of low cost water conservation devices would have significant effects on water saving. Several water-saving policies were also suggested by the respondents, such as tax rebates for water-wise landscaping, technologies on recycling waste water, increasing water awareness, fines for wasting water, improvements of water related infrastructure and facilities, incentives for drought tolerance landscaping, limits on new buildings, and additional dams and reservoirs. A number of respondents also reported that the behavior of wasting water really bothered them, particularly seeing that from their neighbors. Corral-Verdugo et al. [26] also supported this finding that the perception of externalities would have positive effects on residential water consumption. In addition, it is interesting that the statistically insignificant results show that income level makes no difference to either water-saving applications or water-saving polices (see the last column in Table 2 and Table 3).




2.2. Statistical Analysis


2.2.1. Spatial Autoregressive (SAR) Model


An ordinary log-linear regression was first specified to explain the effects of indoor and outdoor house attributes, household economic conditions, and the awareness of water scarcity on residential water consumption. Next, a spatial autoregressive (SAR) model was used to capture spatial autocorrelation of these residential water consumptions. The basic idea of the SAR model on residential water consumption (RWC) is illustrated in Figure 1. The SAR model not only includes the typical factors (first order explanations) used above in the ordinary regression model, but also the spatial autocorrelation factor (second order explanations), accounting for neighborhood effects since residents in the community share similar physical and socioeconomic conditions.



In the SAR model, the dependent variable, the logarithm of residential water consumption (lnRWC), was therefore regressed on a set of independent variables (Xk), together with a spatial lag term (W∙lnRWC) with:


   l n R W  C i  = a + ρ · W · l n R W C +   ∑  k   b k  ·  X  k i   +  u i    



(1)




where lnRWCi represents the logarithm of the water amount consumed by resident i, W∙lnRWC represents the logarithm of the neighborhood effects on water consumption for the neighbors of resident i,   ρ   is the spatial scale, Xki is the independent variable k for resident i, and a and bk are parameters to be estimated. The error term, ui, is assumed to follow a standard normal distribution. The independent variables Xki are as follows.

	
Indoor house attributes: lot size, house size, the number of bathrooms, and the status of heater.



	
Outdoor house attributes: the presence of pools, irrigation systems, landscaping, and house aspects.



	
Economic conditions: household income and household size.



	
The attitude toward water uses: self-considered heavy, medium, and light water users.








Equation (1) indicates that residential water consumption of a resident is not only related to the effects of the independent variables, but also the neighborhood effects represented by the spatial lag term, W∙lnRWC, which measures the water consumption of the resident’s neighbors. The assumption is that the relationship between the water consumption of a resident and those of the neighbors, captured by the spatial scale   ρ  , is positive. The larger   ρ  , the stronger the neighborhood effects become on water consumption.




2.2.2. Spatial Weight Matrix (W) and Marginal Effects


In Equation (1), the spatial weight matrix, W, must be created based on a selected neighborhood structure. The neighborhood structure is used to define the neighbors of a given resident within a certain spatial area. Several methods can be used to define a neighborhood structure, including graph-based, distance-based, or k-nearest neighbors [38,39]. The distance-based method is selected here for residents’ locations, because the graph-based method is usually defined by shared borders of a set of polygons and the k-nearest method may present spatial heterogeneity in residents’ distribution [25].



The defined neighborhood structure can be converted into a spatial weight matrix (W). Standard inverse distance weights (IDW) have been increasingly used to account for the attenuated neighborhood effects as distance increases [24,40]. For each non-zero spatial weight in a standard IDW matrix, each entry is first defined by 1 over the distance between any pair of neighbors in a given row, and then the IDW is standardized to make the row sum be equal to one.



In an SAR model, the coefficient of an independent variable no longer represents the complete effects of the variable on the dependent variable [38]. The marginal effects with respect to the independent variable can be separated into two components [38,41]: direct effects (DE) and neighborhood effects (NE). Using the inverse matrix (I-    ρ   W), DE, the average own effect of a change in an independent variable on RWC, can be calculated in the following equation:


   D E =  1 n    ∑   i = 1  n    ∂ l n R W  C i    ∂  X  k i     =    b k   n  · t r  [     (  I − ρ · W  )    − 1    ]  · R W  C i    



(2)




where I is the identity matrix of dimension n. The total effect (TE) of Xk on RWC represents the average of all effects on residential water consumption resulting from a change in a given independent variable, with:




   T E =  1 n    ∑   i = 1  n    ∑   j = 1  n    ∂ l n R W  C i    ∂  X  k i     =    b k   n  ·   ι n  ′   [     (  I − ρ · W  )    − 1    ]  ·  ι n  · R W  C i    



(3)





The average neighborhood effect (NE) of Xk on RWC is simply the difference between TE and DE. The NE is related to the effect of a change in an independent variable on the water consumption of neighboring residents, and the feedback effect on the water consumption of resident i.






3. Results


3.1. SAR Model Results


Table 4 shows the descriptive statistics for the variables used in the model. A sample size of N = 194 was used for model estimations, after dropping missing data from the original sample size of N = 294 in Table 1. The average water consumption is 27.44 HCF (77.7 m3) in this sample. Indoor house attributes were represented by house size and the number of bathrooms. The average house size is 2129 square feet, and the average number of bathroom is 2.3. The presence of pools and drip irrigation systems characterized the outdoor house attributes in the model. Twenty-eight percent (28%) of the respondents reported that they have a pool, and seven percent (7%) use a drip irrigation system to water their yards. Regarding respondents’ economic conditions, 23% of the residents were defined as low-income families (annual income < $40,000), 47% were medium income families ($40,000 < annual income < $100,000), and 30% were high income families (annual income > $100,000). In addition, the awareness of water scarcity was related to respondents’ water-use behavior. Forty-seven percent (47%) of respondents considered themselves heavy water users.



Table 5 shows the results of (1) an ordinary log-linear regression model (OLS); (2) a spatial autoregressive model (SAR 1) with a 3500-foot constructed neighborhood structure (NS); and (3) an SAR model (SAR 2) with a 5600-foot constructed NS. Except the variable ‘number of bathrooms’, all the other variables are significant at the 0.05 significance level. Nevertheless, ‘number of bathrooms’ is significant at the 0.1 level. R-square is 40.2% for the estimation of the OLS model. The R-squares of models SAR 1 and SAR 2 are both slightly improved by 1.2%. As compared to the OLS model, both of models SAR 1 and SAR 2 have a better fitness, due to their lower AIC (Akaike information criterion) values of 376.2 and 375.3, respectively. The coefficients of the OLS and the two SAR models have the same signs and are of similar magnitude, implying a robust estimation.



As discussed in Section 2.2.2, a number of distance-based neighborhood structures (NS) were tested. A 3500-foot and a 5600-foot buffers were finally selected for building the standardized IDW matrices. Table 6 shows the descriptive statistics of the selected neighborhood structures (NS) and the calculated spatial weights (W). The first neighborhood structure (NS 1) captured residents within a buffer of 3500 feet (1.07 km) around a resident as the community members, and so did the second one (NS 2) with a buffer of 5600 feet (1.7 km). In NS 1, a resident would have, on average, 3.2 community neighbors, and the average distance between any pair of community members is 2,238 feet (0.68 km). NS 2 applied a larger buffer. Therefore, the average number of community members captured for a respondent is 7.4, and the average distance of any pair of community members is 3,573 feet (1.09 km). These two neighborhood structures were used to create the corresponding standard IDW matrices, both with a mean of 0.14 for the non-zero entries.



In Table 5, the LM-tests of models SAR 1 and SAR 2, with a value of 2.9 and 2.2 respectively, are both insignificant at the 0.05 level, suggesting that spatial autocorrelations no longer exist in the residuals. Their spatial scales ρ (0.09 and 0.18) are both significantly positive. With a smaller spatial catchment, the SAR 1 results might imply that a resident’s water-use behavior is likely influenced by the nearby community members. This finding is consistent with the results in the study of Janmaat [15] that residents would have similar water-use behavior on the maintenance of yard landscapes due to peer pressure in the community. On the other hand, the SAR 2 results, with a larger spatial catchment, show that residents in a community would have similar water-use behavior because they share similar physical and sociocultural environments. This might suggest that a community could be the initial target, due to the spillover effects, for promoting water-saving policies [17].



Based on the SAR results, the variable ‘house size’ has a positive sign, indicating that the larger the house, the greater water consumption becomes. Similarly, the number of bathroom is positively related to water consumption. With the help of new technologies, new water heaters might have better efficiency and therefore result in less residential water use. The variable ‘status of water heater’ (new versus old) was tested but turned out to be insignificant. Regarding outdoor house attributes, ‘presence of pools’ has a positive sign, implying that a house with pools would have more water consumption. A negative sign of the variable ‘drip irrigation system’ suggests that drip-watering is more efficient in water saving than the other systems, such as sprinklers with/without a timer and hand-watering. ‘Land-lot size’ was tested and found insignificant, most likely due to the difficulty of respondents to correctly respond to this question.



Landscaping variables, such as lawn, shrub, tree, and bare uses, were also tested, together with their intersection terms, but were found insignificant. As discussed earlier in Section 1.2, this might be resulting from the complexity of multi-planed environments [36]. Around 88% of the respondents reported that they have more than one kind of plant types used in their yards, and therefore it is difficult to compare the effects of using different landscaping plants on water saving. In addition, a number of house-aspect variables (e.g., north, south, east, and west) were tested and found insignificant, implying that the direction that a house faces has no effect on water consumption. It is worth noting that the estimated coefficients of the outdoor variables are overall larger than those of the indoor ones. House-Peters et al. [17] also reported that outdoor water use would more depend on physical house attributes than socioeconomic characteristics during a summer.



The variable ‘medium-income families’ was set as the base case. It is interesting to find that low- and high-income families, both with positive signs, tend to have more water consumption than medium-income families. It is surprising that the variable ‘household size’ was not significant. It has been widely accepted that household size would influence residential water uses. In the estimation process, ‘household size’ became insignificant after adding other variables, such as house size and the number of bathrooms. Therefore, the effects of household size have been accounted by other indoor house attributes. Finally, respondents who considered themselves heavy water users actually used less water that the other groups. This finding essentially points out the importance of increasing the awareness of water scarcity to help with the transition into a water-saving community.




3.2. Marginal Effect Analysis


Model SAR 2 shows a stronger neighborhood effects in a larger spatial scale, as compared to model SAR 1. Using the SAR 2 estimates, marginal effects were calculated based on Equations (2) and (3). Table 7 shows the average direct (DE), neighborhood (NE), and total (TE) effects resulting from a change in the independent variables. A 100-square-feet change in house size would directly (0.19) and indirectly (0.04) increase water consumption. Water consumption would directly (3.41) and indirectly (0.7) increase by a unit increase in the number of bathrooms. Similarly, a unit change in pools for a house would totally increase water consumption by 11.51 HCF (32.59 m3), while a change of applying a drip irrigation system would have total effects of 16.33 HCF on water saving. More importantly, the direct effects on water saving is 16.71 HCF (47.31 m3) as a respondent considers himself/herself as a heavy water user, and the spillover effects is 3.4 HCF (9.63 m3) to other community members. The direct effects (DE) are always much larger than the indirect effects (NE). It is possible that interactions with families and friends are stronger contributors to a water-saving culture than those with community members. Nevertheless, the existence of spatial autocorrelation implies a similar water-use pattern among community members. This can be used to cultivate community engagement in a water-saving culture by providing opportunities for community members to meet and share concerns and ideas [14].





4. Discussion


4.1. Neighborhood Effects


Successful water-saving policies require better understanding of residential water consumption behavior. This study examines residential water-use behavior and attitudes in Fresno California after the recent drought. The model results confirm the existence of spatial autocorrelation among respondents within a spatial context. The marginal effect analyses show that a unit change in house attributes and water-use attitudes affects a resident’s water consumption and, as a result, indirectly influence the water uses in the community (i.e., spillover effects). The finding suggests that the more water-saving users, the more emulation effects become to all residents in the community. It is worth noting that most residents consider water as an inexpensive resource of unlimited availability and think about water conservation only when a drought threatens their communities [37]. Therefore, it is extremely important to create a longstanding water-saving culture in communities. As discussed earlier, community support, through sociocultural interactions in a community, could exert a strong influence on water-saving practices [5,14,19]. Understanding and being able to shape neighborhood effects might become a useful lever to facilitate initiatives that aim at promoting community engagement. A broader scope of sociocultural interactions could contribute to better linking social capital, and therefore would foster the transition from understanding to actually supporting water-saving policies [14].




4.2. Effects of Indoor and Outdoor House Attributes


The results also show that a larger physical setting of a house would incur more water consumption. This might suggest that planners and policy makers need to think of the possibilities to promote a compact city, consisting of smaller housing units, to save more water as well as energy [29]. Likewise, House-Peters et al. [17] suggested decreasing the number of detached houses and instead increasing the number of townhouse-style houses to save water. An integrated approach of land-use planning and water-resource management might also help control water demands for future developments [42]. A house with many bathrooms would increase the household members’ convenience and therefore incur more water use. Similarly, a house with pools would increase residential water uses. More importantly, the use of a drip irrigation system has significant effects on water saving. It is currently not very prevalent for residents to install a drip irrigation systems in Fresno. The survey results suggest that tax rebates or government subsidies might help promote the adoption of a water-saving devices, such as a drip irrigation system. Water related policies particularly for drought areas also require consideration, such as free water-wise landscape consultation, incentives for drought tolerance landscaping, and technologies for recycling wastewater. All the findings point out that effective water-saving design for a house would certainly contribute to water-use reductions.




4.3. Effects of Water-Use Attitudes and Socioeconomic Characteristics


In the survey, respondents who considered themselves as heavy water users actually used less amount of water. This is consistent with the argument that a water-saving culture could be achieved by increasing the awareness of water scarcity [43]. Moreover, the survey data show that three income groups exhibited distinct water-use behaviors and attitudes. Understanding these differences gives opportunities for targeting interventions to enhance water engagement for the three income groups. In the survey, medium income families, on average, used the least amount of water, as compared to the other two income groups. They not only reduced indoor and outdoor water uses, but also made efforts in saving indoor used water for outdoor water uses. Medium income families were the group who tried the most to apply other water-saving applications. They might have strong water-saving consciousness and therefore have higher levels of adoption of water-saving innovations and water-effective devices, which would help reduce residential water uses [44]. High income families, who had the highest average water consumption, were less sensitive to a higher water price policy. In the survey, they particularly preferred public outreach as a means to promote water-saving policies. This might suggest that they are not motivated by saving money but by cultivating a water-saving identity [7]. This is also supported by the study in Dean et al. [7] that higher income families were associated with higher engagement in water related issues. For high income families, creating peer pressure on water saving might be therefore more effective than government incentives. Finally, the survey data show that low income families tended not to support any water-saving policies. Water-saving policies targeting on this income group should avoid incurring additional costs. Among three income groups, low income families had the highest share of reporting that they did not reduce water uses. This might result from the lack of sufficient understanding of water scarcity, most likely because they need to focus on managing daily routines [45].





5. Conclusions


A residential water consumption survey was conducted for the City of Fresno in 2015. Survey data showed that most respondents did reduce water uses, indicating that the drought experience in the past five years has effects on water-use behavior. However, less than half of all respondents considered saving indoor waste-water for outdoor landscaping-watering, and only a few respondents considered other water-saving applications. This suggests that more education on water-saving innovations is required to increase the knowledge and awareness of supporting water-saving practices. In addition, most respondents, particularly low-income families, favored water-saving policies that do not incur costs. SAR models of residential water consumption were estimated, using neighborhood structures at a different spatial scale. This is the first study to examine the residential-water-consumption determinants for the City of Fresno. Study findings suggest that residential water uses are associated with house size, number of bathrooms, presence of pool, use of drip water system, the awareness of drought, and income levels. Additionally, the existing neighborhood effects provide a foundation for further initiatives aimed at building a water-saving culture. This finding highlights the importance of considering neighborhood effects when promoting community involvement in residential water saving, and therefore such community engagement may enhance policy support.



There are several avenues for further research. As mentioned earlier, it was difficult to collect data that includes information on the landscaping settings. It could be hard for residents to correctly measure the size and scope of each landscaping plant. Also, the relationship between the existing landscaping and water use may vary among different residents. For instance, some might not be keen on keeping their yard green and lush. A possibility to account for the landscaping effects might be to use a separate water meter in the residents’ watering system. Another extension would be to periodically conduct a water survey to examine how residents’ water use behavior changes over time. The model could reveal whether time makes a difference for water use behavior, and whether social interactions in water saving communities become stronger at promoting a water-saving culture. Finally, it might be interesting to draw an iso-contour map of water to illustrate the spatial clusters of social interactions on saving water in communities across the city, which can be also used to predict future water consumption with neighborhood effects included. Hopefully, future research along these lines will be reported in the near future.
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Figure 1. Modeling first and second order effects on RWC. 
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Table 1. Water uses among different income groups.
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Low Income

	
Medium Income

	
High Income

	
Total

	
p-Value






	

	
N = 54

	
N = 94

	
N = 58

	
N = 227

	




	
Water consumption (HCF)

	
25

	
20

	
40

	
27

	
<0.01




	

	
N = 77

	
N = 110

	
N = 63

	
N = 273

	




	
Less water use as compared to last year (%)

	
83.1

	
90.9

	
88.9

	
86.8

	
0.40




	

	
N = 42

	
N = 67

	
N = 51

	
N = 173

	




	
Pool uses per week (#)

	
0.6

	
1.3

	
2.8

	
1.5

	
<0.01




	

	
N = 81

	
N = 114

	
N = 68

	
N = 279

	




	
Waterings per week (#)

	
1.8

	
2.1

	
2.2

	
2

	
<0.01




	
Watering irrigation system

	
N = 82

	
N = 116

	
N = 69

	
N = 284

	




	
Sprinkler (%)

	
22.0

	
15.5

	
14.5

	
17.6

	
0.29




	
Sprinkler with timer (%)

	
37.8

	
68.1

	
79.7

	
60.9

	
0.69




	
Drip (%)

	
4.9

	
11.2

	
4.3

	
8.1

	
0.19




	
Hand watering (%)

	
39.0

	
10.3

	
7.2

	
18.7

	
0.02




	
Landscaping

	
N = 82

	
N = 116

	
N = 69

	
N = 285

	




	
Lawn (%)

	
78.3

	
89.7

	
92.8

	
86.3

	
0.47




	
Shrub (%)

	
62.7

	
80.2

	
98.6

	
78.9

	
0.65




	
Tree (%)

	
69.9

	
87.9

	
98.6

	
84.2

	
0.57




	
Bare (%)

	
21.7

	
19.0

	
20.3

	
20.0

	
0.44




	
Attitude toward water use and saving

	
N = 83

	
N = 114

	
N = 67

	
N = 264

	




	
Light water user (%)

	
2.4

	
2.6

	
6.0

	
3.4

	
0.96




	
Medium water user (%)

	
32.5

	
46.5

	
61.2

	
45.8

	
0.71




	
Heavy water user (%)

	
65.1

	
50.9

	
32.8

	
50.8

	
0.10








% is the percentage of selecting the item; # indicates a value for the selected item.
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Table 2. Preference of water-saving applications (%).
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Water-Saving Application

	
Low Income

	
Medium Income

	
High Income

	
Total

	
p-Value




	
N = 85

	
N = 115

	
N = 69

	
N = 286






	
I am reducing indoor water use

	
68.2

	
79.1

	
81.1

	
76.6

	
0.47




	
I am reducing landscape watering

	
81.2

	
88.7

	
95.6

	
88.5

	
0.48




	
I am saving indoor water for outdoor water uses

	
29.4

	
47.8

	
44.9

	
40.0

	
0.51




	
Other

	
11.8

	
19.1

	
18.8

	
16.4

	
0.58




	
I am not reducing water use

	
5.9

	
2.6

	
0

	
3.1

	
0.06
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Table 3. Preference of water-saving policies (%).
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Water-Saving Policy

	
Low Income

	
Medium Income

	
High Income

	
Total

	
p-Value




	
N = 78

	
N = 113

	
N = 68

	
N = 274






	
Higher water price

	
14.1

	
15.0

	
17.6

	
14.6

	
0.61




	
More rigid outdoor watering schedule

	
33.3

	
43.4

	
36.8

	
38.7

	
0.40




	
Public outreach

	
39.7

	
46.9

	
61.8

	
48.5

	
0.70




	
Free water-wise landscape consultation

	
41.0

	
54.0

	
57.4

	
50.3

	
0.57




	
Other

	
21.8

	
35.4

	
23.5

	
27.7

	
0.30




	
I do not support any water-saving policy

	
17.9

	
6.2

	
13.2

	
11.7

	
0.39











[image: Table] 





Table 4. Descriptive statistics of model variables (N = 194).
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Continuous Variable

	
Mean

	
Standard Deviation




	
HCF (748.05 gallons)

	
27.44

	
26.50




	
Indoor house attribute

	

	




	
House size (square-feet)

	
2129

	
1919




	
Number of bathrooms

	
2.3

	
0.7




	
Dummy variable

	

	
%




	
Outdoor house attribute

	

	




	
Presence of pools

	

	
27.8




	
Drip for watering

	

	
6.7




	
Economic condition

	

	




	
Low-income household

	

	
23.2




	
High-income household

	

	
29.9




	
Awareness of water scarcity

	

	




	
Self-considered heavy user

	

	
46.9
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Table 5. Results for residential water consumption models (N = 194).
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Variable

	
OLS

	
SAR 1 (IDW)

	
SAR 2 (IDW)




	
Coefficient

	
t-Value

	
Coefficient

	
z-Value

	
Coefficient

	
z-Value






	
Intercept

	
2.62 *

	
15.05

	
2.37 *

	
11.43

	
2.12 *

	
7.65




	
Indoor house attribute

	

	

	

	

	

	




	
House size

	
0.00007 *

	
2.86

	
0.00007 *

	
3.08

	
0.00007*

	
2.90




	
Number of bathrooms

	
0.12

	
1.76

	
0.13

	
1.90

	
0.12

	
1.82




	
Outdoor house attribute

	

	

	

	

	

	




	
Presence of pools

	
0.37 *

	
3.36

	
0.34 *

	
3.16

	
0.35 *

	
3.22




	
Drip for watering

	
−0.48 *

	
−2.63

	
−0.50 *

	
−2.84

	
−0.49 *

	
−2.82




	
Economic condition

	

	

	

	

	

	




	
Low-income household

	
0.27 *

	
2.32

	
0.28 *

	
2.50

	
0.27 *

	
2.42




	
High-income household

	
0.29 *

	
2.47

	
0.25 *

	
2.21

	
0.25 *

	
2.21




	
Awareness of water scarcity

	

	

	

	

	

	




	
Self-considered heavy user

	
−0.59 *

	
−6.23

	
−0.61 *

	
−6.62

	
−0.60 *

	
−6.66




	
Spatial scale (ρ)

	

	

	
0.09 *

	
2.12

	
0.18 *

	
2.27




	
LM test for residual SA

	

	

	
2.9

	

	
2.2

	




	
R-square (%)

	
40.2

	

	
41.4

	

	
41.4

	




	
AIC

	
378.7

	

	
376.2

	

	
375.3

	








* Significance: 0.05.
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Table 6. Descriptive statistics for neighborhood structures and spatial weights.
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NS 1 (3500 feet)

	
NS 2 (5600 feet)




	
Minimum

	
Mean

	
Maximum

	
Minimum

	
Mean

	
Maximum






	
Neighborhood structure

	

	

	

	

	

	




	
Number of neighbors

	
0

	
3.2

	
10

	
0

	
7.4

	
16




	
Distance between neighbors (foot)

	
125

	
2238

	
3497

	
125

	
3573

	
5600




	
Spatial weight matrix

	

	

	

	

	

	




	
Standardized inverse distance weight (IDW)

	
0

	
0.135

	
1

	
0

	
0.135

	
1
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Table 7. Average marginal effects (HCF).







Table 7. Average marginal effects (HCF).







	
Variable

	
Direct Effect (DE)

	
Neighborhood Effect (NE)

	
Total Effect (TE)






	
House size (100 square-feet)

	
0.19

	
0.04

	
0.23




	
Number of bathrooms

	
3.41

	
0.70

	
4.11




	
Presence of pools

	
9.56

	
1.95

	
11.51




	
Drip for watering

	
−13.57

	
−2.76

	
−16.33




	
Self-considered heavy user

	
−16.71

	
−3.40

	
−20.11










© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license ( http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  sustainability-09-00240


  
    		
      sustainability-09-00240
    


  




  





media/file1.png
First order: Second order:

RWCis a function of indoor and outdoor RWC at resident A is spatially
attributes, economic conditions, and the related to the RWC of neighbors
attitude toward water uses (B, C, D, and E).

First order
Second order

A 2 4

Residents





media/file0.jpg
First order: Second order:

RWCis a function of indoor and outdoor RWC at resident A s spatially
attributes, economic conditions, and the related to the RWC of neighbors
attitude toward water uses (8,C,D,and E).

i

Residents

First order
Second order






