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Water withdrawals around the world have increased almost twice as fast as the population during the last century. Higher than expected water demand is leading to water scarcity and causing rapid depletion of water tables around the world. One reason behind the higher than expected demand is the inefficient use of water. Inefficient use of water affects the well-being of society, the economic stability of countries, and environmental health. Indeed, water use efficiency (WUE) is one of the pillars of sustainable development goals (SDG 6.4.1). However, progress toward achieving WUE is slow, especially for many developing countries where the degradation of natural resources is critical, economic growth is slow, and there are few strong institutions to coordinate actions. One reason behind inefficient water use is human behavior. A variety of contextual and psychological factors underlie the behavior. The contextual factors include socioeconomic, technical, institutional, and environmental factors and the behavioral factors include factors associated with the perception of risk, attitudes, norms, etc. Yet, few studies consider an integrated view of these factors in shaping water use behavior. This paper consolidates contextual and behavioral factors which influence water use, studies the gaps in our understanding of human water behavior underlying WUE and highlights the need to comprehensive assess and consistently measure such factors and their relationships. Based on the gaps identified, it proposes a conceptual model that connects contextual and behavioral factors and represents potential cause-effect relationships as supported by various environmental behavior approaches and psychological theories. Based on the literature review of water use, and conservation behavior, environmental psychology, and water use models, this model proposes an institutional factor to assess the relationship between institutions and stakeholders, and study contextual factors linked not only for individual water users but also studying these factors for individuals of water supply organizations.
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INTRODUCTION

Every day large amounts of water are extracted from inland surface water bodies (e.g., rivers, lakes, wetlands, and reservoirs) and aquifers for diverse uses such as for agriculture, domestic, electricity, and industrial purposes. Water withdrawal around the world has increased almost twice as fast as the world population (FAO, n.d.). Agriculture is the largest water using sector, accounting for approximately 69% of global water withdrawals, whereas municipal withdrawals contribute to 12% of total withdrawals (FAO, 2018b). Withdrawing water faster than it is recharged has led to water scarcity in countries such as Qatar, Saudi Arabia, and Pakistan, which are suffering from extremely high water stress conditions (Hofste et al., 2019). This, when combined with weak control of water permissions and concession rights, has exasperated water scarcity.

The difference between global water withdrawals and real water demand is significant and is steadily increasing. One of the reasons behind this difference is the inefficient use of water, leading to consumption that can otherwise be lower (Wang et al., 2015; Nazari et al., 2018; Ding et al., 2019; Ghanim, 2019). The resulting over-extraction poses considerable risks to water sustainability as rivers and groundwater resources around the world are running dry (Jorgensen et al., 2009; Graymore and Wallis, 2010; Arto et al., 2016; Bhaduri et al., 2016; Mekonnen and Hoekstra, 2016; Lund et al., 2018).

Driven by unconstrained consumption, water scarcity could occur even under average climate conditions. Inefficient use of water also affects the provision of environmental flows and contributes to environmental degradation and economic instability (Mekonnen and Hoekstra, 2016; Vieira et al., 2017; Piedra-Muñoz et al., 2018). Efficient use of water has therefore often been proposed as a measure by policymakers and water managers to reduce the inflated gap between water extractions and water demand.

Efficient use of water conserves water and reduces pressure over natural sources. By reducing water consumption, water flows in water treatment plants and irrigation systems diminish (Tang et al., 2013; Jorgensen and Martin, 2015), leading subsequently to reductions in effluent discharges (Hoekstra, 2014). It thus also contributes to environmental and economic benefits (Rad et al., 2019) such as water protection, and reduction in operational costs (See, 2015; Jabari, 2017).

Therefore, water users and institutions have taken actions toward improving water use efficiency (WUE) (Bruneau et al., 2013). Global and local policies, aiming at reducing water demand, have focused mainly on two sectors with a relatively high number of users and relevant for water security: households (Attari, 2014; Manouseli et al., 2019), and farmers (Bruneau et al., 2013; Tang et al., 2013; Chang et al., 2016; Roobavannan et al., 2017; Benito et al., 2019; Ghanim, 2019; Xiao et al., 2019), farmers being the biggest water user. Actions include installation of water-saving devices, leakage control, water re-use, water harvesting, implementation of indicators like non-revenue water (NRW), and the extension of economic incentives to users, such as increasing water price, and subsidies to water savers (Wang et al., 2015; Chang et al., 2016).

Increasing WUE is also one of the pillars of those global and local policies, such as the SDGs of the United Nations (Cole et al., 2018; Ortigara et al., 2018). In addition, the strategy of the European Commission (EU, 2014) is to move from a linear economy to a sustainable, circular economy by 2050. Moreover, the national water initiative of Australia (Department of Agriculture, 2019) is pursuing WUE to conserve rivers and groundwater systems, Colombia's Government has established plans to improve WUE in their policy plan (Minambiente, 2010), and the United States Environmental Protection Agency (USEPA) is implementing WUE strategies to mitigate water stress and prevent water conflicts (GAO-14-430, 2014; EPA, 2018).

Despite such efforts, the slow progress of the application of WUE principles remains a matter of concern for many developing countries where natural resources are being critically degraded, and the economic growth is slow compared to developed countries (Sánchez et al., 2004; Carrus et al., 2010; Russell and Fielding, 2010; Bruneau et al., 2013; Jorge et al., 2015; Mekonnen and Hoekstra, 2016; Rad et al., 2019). Often WUE is only associated with technical factors that affect the performance of water utilities, e.g., water leakages in water distribution systems, poor management, and maintenance of irrigation systems (European Environment Agency, EEA, 2007). Other factors such as those linked to the psychology of water use, influencing behavior, and decisions of relevant water users, are frequently ignored by policymakers. Mosler (2012) defines behavior as the result of the psychological processing of factors within the individual. Therefore, a comprehensive assessment of these factors and their relationships is needed to provide insights into the causes of over-extraction, the interdependence between stakeholders, and the effects on WUE.

A holistic view of how various such factors influence WUE behavior is currently not available. Therefore, this contribution aims to identify challenges in understanding water use behavior, especially underlying WUE, while considering various contextual and behavioral factors. Based on gaps that are identified, a conceptual model is proposed to capture the relationship between institutions and stakeholders, and studies contextual factors linked not only of individual water users but also studying these factors for individuals of water supply organizations to understand (in)efficient water use.



WATER USE EFFICIENCY CONCEPT


Definition of Water Use Efficiency

The WUE concept has been extended to environmental sustainability, sustainable development, and water management frameworks. As summarized in Table 1, WUE is interpreted differently in different uses of water (e.g., agriculture, industry, and service sectors). Activities linked to water use, therefore, pursue different WUE targets. However, only few frameworks have focused on WUE as an alternative to water protection and conservation.


Table 1. Diverse interpretations of WUE.
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Approaches to Achieve WUE

Since the concept of WUE involves various definitions, approaches, and indicators, it has implications on water literacy (Dean et al., 2016), specifically WUE knowledge. It means how WUE is interpreted and implemented by various water users.

There are numerous approaches available to achieve WUE (Gleick et al., 2011). Each such approach depends on specific objectives, Table 2 summarizes the most important approaches that refer to WUE. For example, water conservation and mitigation of scarcity can motivate efficient water use practices to meet specific environmental goals. Expanding existing production, profit maximization, and costs minimization efforts prompt producers to use water more efficiently (Bruneau et al., 2013). It may also be motivated by consumer or regulators demands for cleaner production, lower water footprint (Mekonnen et al., 2015), and circular economy (Winans et al., 2017; Varbanov and Walmsley, 2019).


Table 2. Approaches toward improving WUE.

[image: Table 2]

Reduction of water footprint implicitly measures the effect of reducing water usage on water scarcity (Hoekstra, 2014). In the context of sustainable water management, efficient water use aims at finding a balance between water resources availability and demands from society, the economy, and the environment (Zhang and Xu, 2019). The circular economy, on the other hand, involves the reduction of water use, water reuse, and recycling schemes and implies closing the loop of resource usage (Winans et al., 2017).

Therefore, calculating WUE for a particular use depends on how WUE is interpreted, how specific variables are used, availability of reliable data, and if data tally with the variables. Experts who have developed a methodology to compute indicator 6.4.1. of SDGs, related to water-use efficiency, mention that “different sectors require their definition of water-use efficiency” (FAO, 2018a).

The indicators used to estimate WUE vary with temporal and spatial scales of water use and users, depending on the variables and methodology used for its estimation, and the target stakeholders (FAO, 2018a). Table 3 presents various indicators that have been used to analyze water usage related to WUE.


Table 3. Indicators related to WUE.
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Hoekstra et al. (2017) state that “looking at efficiency from the production perspective is limited because most of the reduction of water consumption can be achieved by changing consumption patterns.” In the assessment of WUE indicator 6.4.1. of SDGs, institutions play an essential role in coordinating various stakeholders who are involved in monitoring the indicator (FAO, 2018a).

Details on how various variables are measured and its effects estimated are often not clear. Bhaduri et al. (2016) state that “the level of allowable withdrawal rates from freshwater bodies is not well established scientifically;” Hák et al. (2016) and Miola and Schiltz (2019) show there is no clear link between methods and indicators used to measure the performance of SDGs. Zhang and Xu (2019) claim that “the absence of an effective, scientific evaluation method may lead to a lack of awareness of sustainable water usage.”

Approaches to assess and achieve WUE influence and is influenced by, the knowledge and capacity of water users to adopt best practices. These, in turn, affect behavioral factors such as attitudes and perceptions of individuals and influence their decisions about water use.




FACTORS UNDERLYING WATER USE BEHAVIOR

In the context of water use, water use behavior is defined as an environmental behavior. Steg and de Groot (2018) define environmental behavior as “any behavior that has a good or bad impact on the environment” (p. 164). This behavior is influenced by contextual and behavioral factors (Carrus et al., 2010; Graymore et al., 2010; Russell and Fielding, 2010).

Contextual factors refer to the background characteristics of individuals and their physical environment (Dreibelbis et al., 2013). These influence behavioral factors in different ways (Contzen and Mosler, 2012) and may facilitate or constrain behaviors. The contextual factors encompass social, economic, technical, environmental, and institutional backgrounds, acquired skills, immediate personal conditions, economic resources, capabilities, regulations, etc. The first three factors have been shown to be important in predicting water use (Russell et al., 2020). Here, the environmental factors refer to geographical experiences which are connected with associative learning (Dean et al., 2016), and institutional factors involve institutional relationships (Kapetas et al., 2019) between water users and the water supply systems and regulations (Khair et al., 2019).

Behavioral factors are referred to as determinants (Jager and Joachim Mosler, 2007; Dreibelbis et al., 2013) that may immediately influence individual behavior. These are also actions and habits that can be observed directly and factors that influence the mindset of individuals.


Contextual Factors

Several studies have examined the domain large number of contextual factors (Russell and Fielding, 2010). Stern (2000) finds contextual factors as the second major type of causal variables of environmentally significant behavior after attitude related factors. Contzen and Mosler (2012) state that contextual factors can affect behavior by influencing behavioral factors. In fact various contextual factors influence behavior and individual motivations (Steg and Vlek, 2009; Dietz, 2014) (see Table 4).


Table 4. Examples of contextual factors that influence environmental behavior.
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In the context of WUE, the contextual factors that have been studied are social, economic, environmental, technical (Jorgensen et al., 2009; Millock and Nauges, 2010; Russell and Fielding, 2010; Lee et al., 2011; Willis et al., 2013; Scott et al., 2014; Jorge et al., 2015; Wang et al., 2015; Hussien and Memon, 2016; Vieira et al., 2017; Kneebone et al., 2018; Nazari et al., 2018; Benedict and Hussein, 2019; Kapetas et al., 2019; Koh, 2020) and, in some cases institutional factors.


Socioeconomic Factors

Factors such as age (Beal et al., 2013; Tang et al., 2013; Attari, 2014; Chang et al., 2016; Dean et al., 2016; Piedra-Muñoz et al., 2018; Khair et al., 2019), gender (Beal et al., 2013; Attari, 2014; Piedra-Muñoz et al., 2018), education level (Beal et al., 2013; Chang et al., 2016; Dean et al., 2016; Piedra-Muñoz et al., 2018; Khair et al., 2019), information (Dean et al., 2016), networking (Tang et al., 2013; Dean et al., 2016), household characteristics (Russell and Fielding, 2010; Dreibelbis et al., 2013), and population density (Benito et al., 2019; Zhang and Xu, 2019) are the key socio-demographic factors that contextualize water use.

Age, education level, information, and networking are strongly associated with knowledge (Dean et al., 2016) about water use, which is a core component of solving water-related problems.

Some authors have shown that men and women differ in terms of environmental awareness (Piedra-Muñoz et al., 2018), and risk perception (Attari, 2014). Meanwhile, cultural factors involve beliefs and traditions that influence water use practices. For instance, Kadibadiba et al. (2018) observed that high levels of domestic consumption are associated with the daily desire for cleanness, comfort, and convenience in certain cultures. Household size and composition are linked with economic capability to make investments, e.g., on water saving devices; while population density influences the operation and performance of water utilities due to economies of scale, resulting from consequent size of utilities (Benito et al., 2019).

Financial incentives include subsidies that may have positive or negative effects on WUE. There are subsidies to conserve water, investments in technology and infrastructure; others such as subsidized energy mainly has promoted groundwater overuse (Nazari et al., 2018; Khair et al., 2019). This incentive has thus had the opposite effect, known as the rebound effect (Freire-González, 2019).

Water pricing is a relevant determinant since it affects perceptions (Tang et al., 2013), willingness (Bruneau et al., 2013), awareness, and attitudes (Nazari et al., 2018) of water users such as farmers and households. This together with other factors signals people to use water efficiently. The regional economy also influences technical factors, such as training, investment in infrastructure or ability to acquire water savings devices (Bruneau et al., 2013). Several economic activities, such as agriculture, depend on water to produce goods, and its productivity is often associated with average income of the producers (Graymore et al., 2010; Khair et al., 2019; Xiao et al., 2019), and diversification of the economy. For instance, if irrigated agriculture is the only source of livelihood (i.e., lack of diversification), water users will focus solely on increasing production to increase profits (Roobavannan et al., 2017; Khair et al., 2019), leading to a higher water demand (Ghanim, 2019; Xiao et al., 2019). In such cases, users may not adopt techniques to increase WUE if water is not appropriately priced, or may adopt low flow high-efficiency faucets like drip irrigation but still consume more water (so called efficiency paradox), since their perception of well-being is driven by profit maximization.



Technical Factors

Frequently examined technical factors include training, data availability, elaboration of WUE plans, infrastructure and technology readiness, and the performance of utilities in terms of financial and NRW indicators, and capacity to supply water demand. Training facilitates a better understanding of water usage and knowledge of good water management practices (Dean et al., 2016; Nazari et al., 2018) and better informed decisions. The metering and monitoring of water use are often overlooked. Also, flawed estimations of water requirements, water balance, and allocation (Manouseli et al., 2019), and management of water systems (Benito et al., 2019) can lead to water use inefficiency. Timely and accurate information is therefore required to plan and implement efficient use of water (Manouseli et al., 2019).

The infrastructure of a water system also impacts WUE. Proper pricing and financial sustainability can lead to more capacity for investments (Ding et al., 2019; Manouseli et al., 2019), and proper operation (Nazari et al., 2018), and maintenance. In some water systems, the operations have to be stopped because of reasons such as water scarcity, and water contamination. As a result, there are water restrictions, e.g., shortages and intermittent supply. Such circumstances can motivate users to adopt water savings measures (Graymore et al., 2010) but can also have serious implications for efficient operations and water use (Charalambous and Laspidou, 2017).



Institutional and Environmental Factors

There are three groups of functions that water related institutions are generally responsible for. First concerns the goals to guide, enable, and constrain the actions of individuals (Greif, as cited in Vitola and Senfelde, 2015), firms, households, and other decision-making units (Lynne et al., 1991), and shaping human interactions around water use (North as cited in Vitola and Senfelde, 2015). These may activate values and shape beliefs of individuals and can change the behavior of many toward water use (Stern, 2000). The second group of functions focuses on coordinating activities (Geels, 2004), and designing, and implementing policies systematically (Kapetas et al., 2019). The third group of functions facilitates information and promotes incentives to encourage people to use water appropriately (Ostrom, 1990; Aligica, 2006; Koehler et al., 2018).

Individual staff members are crucial stakeholders along the chain of water use decisions and actions (Meglino and Ravlin, 1998). The structure of institutions itself (Ortigara et al., 2018) determines the progress and implementation of regulations. For example, populist agendas rarely prioritize WUE. At the same time, unstable water governance (Ortigara et al., 2018) interrupts planning activities, and lack of environmental awareness policies becomes a hurdle to implement WUE measures promptly.

The influence of institutions on behavior has been often highlighted (Markey-towler, 2018). Jorgensen et al. (2009). Graymore et al. (2010) argue that trust in institutions is linked to water-saving by water users. If water users do not trust the institutions, they are less likely to use water efficiently. Additionally, weak institutions produce ineffective regulations and subsequently do not encourage users to use water efficiently (Khair et al., 2019).

Regulations often lag behind the understanding of current and future water challenges (Nazari et al., 2018) with little participation of stakeholders (Chang et al., 2016). The involvement of communities is important, but often ignored, in the design and application of rules and regulations (Horinkova and Abdullaev, 2003), because it influences their attitudes toward the implemented regulations, awareness of beneficial consequences, and willingness to obey (Chang et al., 2016).




Behavioral Factors

Behavioral factors consist of perceptions, thoughts, feelings, and beliefs that affect the practice of behavior. These factors as a whole characterize the mindset of an individual linked to behavior (Contzen and Mosler, 2012).

Several theories and models have been used to analyze environmental behavior such as the norm activation model (NAM) (Steg and de Groot, 2018); the new environmental paradigm (NEP) (Dunlap et al., 2000); the theory of planned behavior (TPB) (Ajzen, 1991); the theory of values (Steg and de Groot, 2018); the values, beliefs, and norms theory (VBN) (Stern, 2000; Yildirim and Semiz, 2019); the theory of environmentally significant behavior (Stern, 2000); and the risk, attitude, norms, abilities, and self-regulation (RANAS) model (Contzen and Mosler, 2012) (see Table 5).


Table 5. Models and theories and factors to understand environmental behavior.
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The RANAS model combines the most important behavioral theories to explain and change behavior (Contzen and Mosler, 2012). It has two main advantages, firstly, it can be adapted to a range of behaviors in a variety of settings and populations, and it provides a standard template of questions to quantify behavioral factors and analyze the behavior. This further allows the comparison of multiple sites or scenarios (Dreibelbis et al., 2013). Risk, attitude, norms, abilities, and self-regulation has been used to evaluate behaviors linked to water, sanitation, and hygiene (WASH) practices, such as handwashing and adoption of household water treatment technology (Contzen and Mosler, 2012; Mosler, 2012; Dreibelbis et al., 2013; Lilje and Mosler, 2018; Daniel et al., 2019; Nunbogu et al., 2019). In the context of water use, RANAS factors such as knowledge, beliefs, and emotions are linked to an individual's psychology of water use and influence the practice of a behavior (Mosler and Contzen, 2016). Indeed, this model includes behavioral factors such as risk, and self-regulation that are crucial to regulate and understand different behaviors.

One of the theories that has been integrated in the RANAS is the TPB, which has also been widely used to investigate and understand environmental behaviors, including water use and its associated factors (Harland et al., 1999; Stern, 2000; Steg and Vlek, 2009; Russell and Fielding, 2010; Mosler, 2012; Fu and Wu, 2014; Yuriev et al., 2020).

Values are defined as “concepts or beliefs about desirable end states or behaviors that transcend specific situations and guide the evaluation of behavior and are ordered by relative importance” (Dietz et al., 2005, p. 345–346). Values may directly affect beliefs, norms and behavior. Beliefs have a direct effect on norms and norms influence behavior (Roobavannan et al., 2018). In the domain of environmental behavior, values are factors that are linked with concern about the environment and may affect individual decisions. These are altruism, biospheric, egoistic, and hedonistic values (Stern, 2000; Dietz et al., 2005; Steg and de Groot, 2018). Personal norms are a solid base for predispositions of individuals to pro-environmental action (Stern, 2000).

Stern (2000) integrated the values theory, NEP and NAM to developed the VBN theory of environmentalism. It is represented by a causal chain that includes values, beliefs and norms and its variables (Stern, 2000; Dietz et al., 2005) (see Figure 1).


[image: Figure 1]
FIGURE 1. Representation of the VBN theory of environmentalism. Arrows represent direct effects. Adapted from Dietz et al. (2005) and Stern (2000).


Since individual behavior is essential to analyse the psychology of why people use water efficiently or not, behavioral studies have mainly focused on individual users, e.g., how consumers react to WUE measures and regulations (Graymore and Wallis, 2010; Lee et al., 2011; Scott et al., 2014; Jorge et al., 2015; Wang et al., 2015; Vieira et al., 2017; Kneebone et al., 2018; Nazari et al., 2018; Benedict and Hussein, 2019; Kapetas et al., 2019; Koh, 2020). Several stakeholders, including farmers and households from rural communities have been considered.




KNOWLEDGE GAPS IN UNDERSTANDING WUE

Limited number of studies (Cortner et al., 1998; Chai and Schoon, 2016; Nazari et al., 2018; Kapetas et al., 2019) have considered stakeholders such as the institutions and their staff in assessing WUE. The determinants of individual behavior within organizations are different from those of household behaviors and the behavior of organizations has a huge environmental impact. All stakeholders may ignore it. But the disregard for environmental criteria by institutions can have more adverse consequences. For example, institutions may ignore environmental criteria or make decisions regarding the use of water that lead to unknown adverse environmental impacts (Stern, 2000). Such decisions may drive individual behavior (Stern, 2000) within organizations (Meglino and Ravlin, 1998). Moreover, environmental behavior of individuals may be influenced by the actions of organization to which they belong (Stern, 2000).

Few studies have highlighted and incorporated the role of users' trust in institutions and their influence on environmental behavior. The specific role that trust plays in determining water efficiency behavior remains unclear (Jorgensen et al., 2009). The actions taken by institutions are a result of a chain of decisions taken by relevant individuals. Subsequently, the psychology and consequent actions of such individuals also alter water use related decisions and measures that institutions take up as a whole.

Assessment of individual perceptions (Meglino and Ravlin, 1998) and the relationships between engaged stakeholders can unravel the influence of institutions over users, and how institutions can work toward WUE targets. This is illustrated in Figure 2. Note that the users can also be influenced by the individuals of institutions given that they frequently interact with each other.


[image: Figure 2]
FIGURE 2. Actors involved in using water (in)efficiently for domestic purposes.


The variables that influence sustainable water use have been widely studied, such as age and incentives (Brown and Keath, 2008; González-Gómez et al., 2011; Wang et al., 2015; Khair et al., 2019). Most of the variables are assumed to independently influence the behavior of water use. Yet many studies have highlighted the need for an integrated view of WUE, indicating its links with the underlying human behavior and institutions (Graymore and Wallis, 2010; Lee et al., 2011; Scott et al., 2014; Jorge et al., 2015; Wang et al., 2015; Vieira et al., 2017; Kneebone et al., 2018; Nazari et al., 2018; Benedict and Hussein, 2019; Kapetas et al., 2019; Koh, 2020).

Therefore, there are three main gaps in our understanding of WUE concerning to human behavior. First, an integrated assessment of behavioral and contextual factors and its relationships in relation to WUE is lacking. Second, the influence of institutions on WUE has not been evaluated completely. Only end users such as households and farmers are acknowledged for their roles in using water (in)efficiently. All other stakeholders in the supply chain of water use are mostly ignored. The influence of institutional stakeholders is neither fully known nor documented. Consumers' trust in institutions is however important to implement WUE measures (Graymore et al., 2010; 2009; Beal et al., 2013; Fu and Wu, 2014; Caspers, 2020). Further, decisions within an institution involve actions of multiple staff members and, therefore, staff dynamics within institutions also play a role in proposing regulations about WUE, of which little is known about its effect on WUE. Finally, a standardized method to understand WUE practices in terms of contextual and behavioral factors is missing.

An integrated approach of stakeholders is therefore needed to move from the current assessment that focuses solely on the behavior of individuals and households as water users to include others stakeholders, especially institutions and how they behave (Stern and Dietz, 2020).

To do that we propose an extension of the RANAS model and integrate it with the VBN theory. The extension consists of including institutions (the organization responsible for water supply system) as an additional contextual factor, and trust as an additional behavioral factor.



A CONCEPTUAL MODEL TO UNDERSTAND WUE BEHAVIOR

Existing approaches for measuring and understanding environmental behavior are used as guide and source of inspiration. These include the model of behavior change (Contzen and Mosler, 2012) that has been used for the water and sanitation sector in developing countries (Mosler, 2012); the framework of Steg and Vlek (2009) for understanding and promoting pro-environmental behavior; the research of Carrus et al. (2010) for studying the socio-psychological and contextual predictors to assess sustainable water consumption and the causal chain of factors across the environmental significant behavior (Stern, 2000).

A causal hierarchy of contextual and behavioral factors is assumed, in order to suggest that context affect the psychology and the behavioral factors, which in turn influence the environmental behavior of individuals. All factors together determine the behavioral outcome with respect to efficient use of water. The model has three main components: contextual factors, behavioral (or psychological) factors, and water users, including institutions who are the stakeholders (see Figure 3).


[image: Figure 3]
FIGURE 3. Elaboration of contextual and psychological factors within the conceptual model.


The target behavior is the efficient use of water (WUE). It is a result of psychological processing of factors intrinsic to an individual (Steg and Vlek, 2009; Mosler, 2012), and involves the execution of responsible pro-environmental actions (Hines et al., 1987; Steg and de Groot, 2018). The WUE behavior involves curtailment actions that are associated to resource conservation and efficiency actions that are related with the installation of water efficiency technology (Russell and Fielding, 2010; Beal et al., 2013). These actions can be shorter showers or harvest water by using rain barrels, both having positive impacts on water use due to less water consumption and withdrawals.

The conceptual model provides a structure to construct a quantitative model to measure factors that are based on social science experiments (Voinov and Bousquet, 2010) or are informed by local observations such as social surveys (Argent et al., 2016).

This conceptual model offers to fill the identified gaps in several ways. Based on existing psychological models and theories, such as RANAS and VBN, the model interprets behavior underlying WUE with an extension of the RANAS model to include factors linked to institutions. The model concept also offers a “flexible” method that can be used, modified, or expanded to other water use contexts, e.g., drinking water treatment by rural communities, reuse of water, or harvesting of rain water. Finally, the inclusion of institutional factor also allows the interpretation of water use behavior of individuals of water supply organizations and the relationships between water users and water supply organizations.

To explain and identify the relationships within the conceptual model between factors and their influence on (in)efficient water use, the factors and WUE need to be quantified. For this a group of variables are identified for each factor, e.g., socio-demographic variables, attitude, and perception variables, and water use and availability. These variables can then be quantified using RANAS inspired questionnaires (Daniel et al., 2019), interviews, and field measurements of water use and supply (e.g., rainfall) fluxes.



CONCLUSIONS

The success of various efforts at implementing WUE measures has been limited by several related reasons. One cause behind higher than expected demand and inefficient use of water is human behavior and therefore related to the lack of an integrated assessment of behavioral and contextual factors that influence water use behavior.

Based on an extensive review, the paper identified a variety of contextual and psychological factors underlying the behavior. A conceptual model, based on existing models and theories, was proposed that integrates both groups of factors and proposes relationships between water users and institutions to understand (in)efficient water use. Involving water managers facilitates the assessment of institutional relationships between water users and water managers. This will unravel the influence of institutions or organizations on the behavior of water users, and vice versa.

Local observations and social surveys should provide the data that are needed to populate the model and test factors influencing the behavior.

The paper further highlighted that water users and institutions involved in the water use chain have an important role to play in making decisions and taking actions that affect WUE. Often the focus on end users such as households means that other stakeholders in the supply chain of water use are mostly ignored, such as institutional stakeholders (organizations/water managers). Linking the knowledge of WUE with stakeholder's perceptions, would, as a result, contribute to a more comprehensive assessment of WUE.
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Economic and assessing the sustainabilty, efficiency, and
fairness of its water use.
Blue water footprint Sustainabiity, Measuring the consumption of groundwater or  The assessment of freshwater use  Hoekstra et al., 2017
Economic surface water. andits refation to consumption,

production, and trade
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Indicator/Index

WUE 6.4.1. (SDG)

Blue water footprint

Water exploitation index (WEI)

Water productivity index (WPI)

WUE evaluation index system

Description

Change in water-use efficiency over time. It is an economic component of SDG target 6.4. and
evaluates to what extent a country's economic growth is dependent on the use of water
resources. It can be calculated at national and basin scales.

It is an indicator of direct and indirect freshwater use by a consumer or producer. It gives.
information about how much water is being consumed by a particular country at river or
catchment scale.

It can be calculated for a particular process, product, and company. It is computed as the
volume of water abstracted from natural sources minus the water returned to the system.
Measuring the ratio between the mean annual total freshwater abstraction and the long-term
average of available freshwater resources. The unit of measure is a percentage.

Measuring the amount of economic output prociuced (EUR) in terms of gross domestic product
(GDP) per unit of water abstracted (m®).

‘The WEI and WP indices aim at monitoring WUE at national scale through sustainable water
usage and reduced pressure over natural water sources.

Itis a method used in sustainable water management efficiency (SWM) evaluation, and it aims
to evaluate regional sustainable water utilization.

The index considers the experts’ psychological factors in the decision-making processes, and
uses six indicators.

Reference

UN, 2015; FAO, 2018a

Hoekstra, 2014; Water
footprint, n.d.

European Union, 2019

European Union, 2019

Zhang and Xu, 2019
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Domain

Agronomy

Sustainabilty

Water management
Technical

Interpretation

Grop production per unit volume used.
The water efficiency is the ratio between water used and water withdrawals.

WUE in any activity is related to using the resource in a better way, doing more o the same with less
quantity.

Resource efficiency refers to water consumption per unit of process or product.

Actions focus on reducing water consumption, and leakages, or optimizing water usage. These actions
include water reuse, recyciing, rain usage, controling leakages, and moving to saving technologies.

Using the Earth's limited resources sustainably while minimizing the impacts on the environment.
Itis a term used to measure the productivity of water used for specific purposes.

Innovation based, moving to water saving systems, e.g., moving from flood infigation to sprinkler
systems, and from high to low-pressure systems.

Reference

Stanhill, 1986; Howell, 2005
UN, 2015; FAO, 2018a
Sénchez et al., 2004

Hoekstra et al., 2017
Minambiente, 2018

European Union, 2019
Brooks, 2006
Bruneau et al., 2013
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Approach

Theory of environmentally significant
behavior

Environmental psychology

Water, sanitation, and hygiene
behavior (WASH)

Factors

Interpersonal influences; community expectations; advertising; government regulations; legal and
institutional factors; monetary incentives and costs; the physical difficulty of specific actions;
capabilties and constraints provided by technology and the built environment; the availabilty of
public policies to support behavior; social, econormic, and political context

Physical infrastructure, technical facilties, the availability of products, and product characteristics

Social, physical, and personal

Reference

Stern, 2000

Steg and Viek, 2009
Contzen and Mosler, 2012
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Model or theory

The norm activation model (NAM) (1]

The new environmental paradigm
(NEP) [2, 3]

Theory of planned behavior (TPB) [1]

Theory of values (1]

The theory of environmentally
significant behavior (4]

The value-belief-norm theory (VBN)
[1.8,4,5.6

Risk, attitude, norm, abilties,
self-regulation (RANAS) [1,5]

[1] (Steg and de Groot, 2018); [2] (Duniap and Van Liere, 2010); 3] (Russell and Fielding, 2010); 4] (Stern, 2000); {5] (Con

Approach

The pro-environmental actions follow from the activation of personal noms,
reflecting feelings of moral obligation to perform actions. Experimental studies
have showed that NAM variables are causally related.

The NEP focused on beliefs about humanity's abilty to upset the balance of
nature, the existence of limits to growth for human societies, and humanity’s right
to rule over the rest of nature.

Behavior results from the intention to engage in specific behavior.

The TPB assumes that socio-demographics and values influence behavior
indirectly via attitudes, subjective norms, and perceived behavioral.

Attitudes express a positive or negative stance toward a behavior; subjective
norms, normative factors represent convictions about the incidence of a
behavior and how the social network thinks about the behavior; perceived
behavioral control abilty factors represent the aptitudes and individual belefs.
Values include beliefs about desirability or undesirability of certain end-states that
transcend specific situations. Values serve as guideline principles for the
evaluation of people and for behaviors.

This theory assesses the definitions, classifies the precursors of environmental
behavior, evaluates the links between environmental concern and behavior and
identifies the factors that determinate environmentally significant behavior.

This theory is an extension of the NAM and links the values theory, the norm
activation theory (NAM) and new environmental paradigm (NEP).

A causal chain of values (biospheric, altristic, and egoistic), beliefs, and
personal norms triggers the behavior.

Beliefs consist of personal worldview of concerns or perceptions about the
consequences of human actions that may harm the environment; norms relate to
moral obligations to engage in an environmental behavior; values are central to
any decision making process, and guide behavior and attitudes.

This model systematically identifies, measures, and integrates behavioral and
contextual factors to assess behavior at an individual scale.

The RANAS model derives the factors on the basis of quantitative data.
Behavioral outcomes: behavior; intention and habit.

Risk: perceived vulnerabilty.

Attitude: instrumental beliefs, affective beliefs.

Normative: descriptive, injunctive, and personal norms.

Abilty: action knowledge, self-efficacy, maintenance efficacy, recovery efficacy.
Self-regulation: action contro/planning, coping planning,

remembering, commitment.

Factors

Personal norms are activated by: problem
awareness; ascription of responsibilty;
outcome eficacy; self-efficacy
Beliefs

Attitudes, subjective norms, and
perceived behavioral

Key values for pro-environmental behavior.
These are separated in two dimensions:
Self-transcendence: altristic; biospheric.
Self-enhancement; egoistic and hedonic.
Causal variables: attitudinal; personal
capabilties; contextual factors; habit
and routine.

Values; beliefs on relationships between
humans and the natural environment
reflected by ecological worldview; norms

Risk; attitude; ability; seff-regulation.

en and Mosler, 2012); [6] (Dietz, 2014).
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