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Abstract: The food-energy-water (FEW) nexus presents an opportunity to rethink predominant
approaches to household behavior change science. We linked emerging FEW nexus research with
existing literature examining household consumption and pro-environmental behaviors. While a
large body of work examines the environmental impacts of household life and explores pathways to
behavior change for sustainability, the literature lacks studies that test interventions in multiple FEW
resource categories, leaving researchers unable to identify tensions and tradeoffs in the household
system. To guide this developing field and accumulate findings on household behavior across
disciplines, we proposed a conceptual typology that synthesizes interdisciplinary analytic traditions
to classify behavioral interventions targeting the household FEW nexus. The typology synthesizes
behavioral interventions as active, passive, or structural, and household-specific or non-specific,
illustrating six distinct categories: information, tailored information, action, gamification, policy/price
change, and material/technology provision. A review of 40 studies that guided the typology identifies
four significant lessons for future intervention research: household non-specific information and
tailored information work better together, feedback is more effective when it is persistent, price-based
interventions (information or incentives) are often ineffective, and material/technology provision is
very effective but utilized in few household studies. To push forward household resource consumption
science, we advocated for a holistic nexus focus that is rooted in interdisciplinarity, coalition building
with stakeholders, and data reporting that facilitates knowledge accumulation.
Keywords: climate change mitigation; household consumption; food-energy-water nexus;
pro-environmental behavior

1. Introduction and Background
A rapidly expanding area of study in sustainability sciences, the food-energy-water (FEW)
nexus challenges previous understandings of household resource consumption. Creating questions
about feedback systems, tradeoffs, and actual environmental impacts, the FEW nexus adds further
complexity to our understanding of human-environment relationships. The human necessities of
housing, sustenance, and transportation require growing supplies of FEW resources. Consuming these
resources at our current rate results in air, land, water, and greenhouse gas (GHG) impacts [1,2]. These
routine activities are also deeply personal, cultural, and create meaning in our lives. Despite increased
attention to the interconnected nature of food, energy, and water consumption, it remains unclear how
many household consumption intervention studies utilize the FEW nexus framework.
A large body of literature examines the environmental impacts of household life and explores
pathways to behavior change for sustainability in the face of climate change. In 2016, Ivanova et al.
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modeled the environmental impact of household consumption globally, finding that it contributes
to greater than 60% of GHG emissions and 81% of total freshwater resource worldwide [3]. In 2009,
Dietz et al. identified the “behavioral wedge”, arguing that household behavioral changes could reduce
7% of US emissions [4]. More recently, Dubois et al. (2019) pointed to the three major components
of household footprints in developed countries: car and plane travel, meat and dairy consumption,
and heating, drawing increased attention to the relevance of a FEW focus [5].
Initial studies, on household conservation, focused mainly on energy. Emerging in the 1970s,
programs sought to help homeowners reduce their energy use during the energy crisis and were
institutionalized in various demand-side management programs for energy [6]. Likewise, areas
experiencing drought have sought to understand these dynamics to encourage household water
conservation [7]. More recently, two developments have brought the idea of household conservation at
the nexus of food, energy, and water to the forefront. Buzby, Wells, and Hyman (2014) found high levels
of food waste, approximately 30%, at the retail and consumer level [8]. Additionally, novel research
focused on the food, energy, and water nexus highlights the GHG emissions and water consumption
that result from food production and preparation [9,10]. The FEW nexus research domain requires
considering connections and interdependencies between systems in efforts to solve complex global
problems [11]. Albrecht, Crootof, and Scott (2018) explain, “The nexus approach aims to identify
tradeoffs and synergies of water energy, and food systems, internalize social and environmental impacts,
and guide development of cross-sectoral policies” [12] (p. 1). These studies encourage researchers to
think more critically about the interconnections between food, energy, and water resource systems at
the household level. Thus, interventions have grown more complex and sophisticated, evolving to
target the consumption of multiple resource categories simultaneously and draw attention to the ways
that they connect within the household system. This paper seeks to link emerging FEW nexus research
with existing literature examining household consumption and pro-environmental behaviors.
To guide this developing field, we proposed a conceptual typology that synthesizes
interdisciplinary analytic traditions to classify behavioral interventions targeting the household
food, energy, and water (FEW) nexus. The development of a typology enables research on household
consumption in the FEW nexus to accumulate findings across disciplines. A limited number of
household behavioral intervention studies target consumption in all three resource categories, and to
our knowledge, there are no reviews that highlight household consumption behavior at the FEW
nexus. Emerging research on food, energy, and water systems has primarily focused on changing
production systems rather than consumption. Given this, it is unclear what intervention strategies
generally work across all three resource domains, or even how to effectively track food, energy,
and water use in a single study. No one household functions precisely like another—household
practices both shape and are shaped by the intricacies of individual and family life. Through this
lens, our typology is structured to consider the position and function of the individual and household
within the intervention. In the analysis that follows, characterizing interventions through these roles
provides an alternative way of linking intervention technique to theoretical behavioral determinants.
This paper advances past typologies and reviews by emphasizing the significance of the food, energy,
and water nexus to household sustainability. Our objective is to look across interventions in the
FEW resource domains and identify commonalities between intervention strategies and underlying
frameworks as we move forward to address household resource consumption in an interconnected way.
Specifically, we asked: What intervention studies exist within the literature that study food, energy,
and water resources, both individually and through a nexus approach? What common strategies
exist for targeting food, energy, and water conservation in household interventions? What tools
might facilitate the development of more comprehensive household FEW nexus studies? We argued
that more careful attention to FEW interconnections will advance household consumption research
initiatives. Additionally, our understanding moves past individual consumer decision-making to
consider structural constraints to behavior change, while drawing attention to how researchers are
incorporating these barriers into existing intervention science.
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1.1. Determinants of Household Consumption Behavior
Steg and Vlek (2009) provided a comprehensive review of pro-environmental behavior (PEB)
determinants and argued for a systematic approach to future studies [13]. The review approached
PEB through an environmental psychology framework and identified five factors that account for
these behaviors: perceived costs and benefits, moral and normative concerns, affect, contextual factors,
and habits. Within this framework, the consumer operates as a result of either individual motivation
or habit. This structure helps link theory to behavioral determinants targeted in intervention studies.
Understandings of how perceived costs and benefits lead to action stem mainly from the Theory
of Reasoned Action (TRA) and Theory of Planned Behavior (TPB) [14,15]. Kollmuss and Agyeman
(2002) comprehensively reviewed theories on pro-environmental behavior, identifying TRA and TPB
as the earliest theories to dispute that there is a direct link between knowledge or attitude and behavior,
identifying intention as a mediator: “intentions are not only influenced by attitudes but also by social
(‘normative’) pressures” [16] (p. 242). Both theories, however, maintain that the individual makes
choices rationally through the weighing of reasoned costs and benefits.
Moral and normative concerns, as outlined by Steg and Vlek (2009), focus on values, the role of
environmental concern, and moral obligation to engage in PEB [13]. Value-based theories argue
that hedonistic, egoistic, altruistic, and biospheric values contribute to pro-environmental [17].
Environmental concern is most commonly measured by the now widely used New Ecological Paradigm
(NEP) scale [18,19]. Steg and Vlek (2009) also referred to Schwartz’s (1977) Norm Activation Model
(NAM) and the influence of social norms on behavior [20,21]. Theories, including the value-belief-norm
theory (VBN) and value-identity-personal norm theory (VIN), bring together these understandings
to explain that values may be mediated by other variables, such as beliefs, identity, and personal
norms [22]. The final individual behavioral determinant, affect and symbolic motives, is less represented
in the literature, and Steg and Vlek (2009) reported that previous studies often relate these variables to
car purchase and use [23,24].
Moving past individual motivation-focused behavioral determinants, Steg and Vlek pointed to
the importance of understanding contextual and habitual factors for engaging in PEB. Contextual
factors are notably not included within the widely used theories outlined above. Political and economic
elements, such as “physical infrastructure, technical facilities, the availability of products, and product
characteristics” may either directly affect behavior or contribute to attitudes and motivations [13] (p. 312).
Recent trends in FEW intervention studies have increased attention to material and technological
factors—for example, Devaney and Davies (2017) provided participants in a food sustainability study
with tools, including food growing kits, organic food boxes, and fridge triage boxes, as part of a
comprehensive intervention package that holistically addresses sustainable food consumption, storage,
preparation, and waste [25].
Finally, understanding habit as a behavioral determinant goes beyond previous understandings
that focus heavily on consumer reason and rationality in decision-making. Steg and Vlek described
habitual behavior as “guided by automated cognitive processes, rather than being preceded by elaborate
reasoning” [13] (p. 312). They pointed to Aarts and Dijksterhuis’ (2000) response-frequency measure of
general habit strength as a promising methodological way forward [26]. Social practice theory provides
an alternative theoretical framework for understanding household consumption, understanding routine
household life as comprised of practices that are socially, habitually, and contextually constituted
(such as preparing food, bathing, and doing laundry) [27]. Hargreaves (2011) explained, “social
practice theory de-centres individuals from analyses, and turns attention instead towards the social
and collective organization of practices — broad cultural entities that shape individuals’ perceptions,
interpretations and actions within the world” [28] (p. 79). Similarly, Røpke (2009) argued that
practice theory might illuminate otherwise hidden or taken for granted aspects of consumption by
understanding the consumer as a “practitioner” [29].
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1.2. Characterizing and Evaluating Behavioral Interventions
Researchers have dealt with the complexity of implementing and advancing behavioral
interventions in the social sciences by defining and characterizing intervention techniques.
Our proposed typology is informed by previous work in intervention classification, particularly research
efforts aimed at health and energy behaviors. Geller et al. (1990) provided a conceptual framework for
health interventions, highlighting a taxonomy of 24 types of defined interventions [30]. This taxonomy
provides a starting point for understanding the scope and contents of previously tested behavioral
change interventions in the context of injury control. Researchers have since worked to build upon
this foundation and apply this framework to other areas of intervention research, including resource
consumption and pro-environmental behavior. The taxonomy organizes behavior change techniques
into three categories: communication/education, activators, and consequences. Communication and
education interventions include passive strategies (lectures and demonstrations) and active strategies
(commitments and discussions). Activators include goals, competitions, or incentives targeted at an
individual or group, occurring before the target behavior. Consequences occur after the target behavior,
including feedback, rewards, or penalties. Each intervention type was evaluated based on seven
characteristics: involvement, social support, response information, extrinsic control, immediate effects,
intrinsic control, and long-term effects. Despite developing a comprehensive means of evaluating
intervention studies, the paper noted that “it is extremely difficult to make comparisons across different
behaviors and environmental contexts” (p. 134). More recently in health research, Michie et al.
(2013) identified replication, implementation, evidence synthesis, and identifying active components
as necessary information to include in health intervention study publications to enable knowledge
creation and increased intervention efficacy [31].
Abrahamse, Steg, Vlek, and Rothengatter (2005) reviewed household energy conservation
intervention studies to characterize and assess intervention efficacy [32]. Following Geller et al.’s
taxonomy, they classified interventions as either employing antecedent or consequence strategies.
Antecedent strategies influence behavioral determinants before the behavior is performed in the
household, while consequence interventions seek to influence behavior through known positive and
negative consequences. The review found that antecedent strategies’ effectiveness differed based on
the specific type of intervention employed. Information, for example, tends to influence knowledge or
attitude without a concrete link to behavior. By providing examples of targeted behaviors, modeling
results in both increased knowledge and energy use reductions. As for consequence strategies,
the review found both feedback and rewards to be relatively successful for decreasing household
energy consumption, with rewards resulting in notably short-lived behavior change. Additionally,
the Steg and Vlek reviewed that outlines PEB determinants divide interventions into informational
strategies (information, persuasion, social support and role models, public participation) and structural
strategies (availability of products and services, legal regulation, financial strategies) [13]. Our typology
synthesizes and builds upon these classifications following recent developments in the field while
focusing specifically on food, energy, and water resource consumption.
2. Methods
2.1. Article Selection Procedure
We selected articles for review to create a typology from the Web of Science database. Search
queries used include: water conserv* AND intervention AND (household OR residential); energy
conserv* AND intervention AND (household OR residential); food consum* AND (sustainab* OR
environment*) AND intervention AND (household OR residential); food conserv* AND intervention
AND (household OR residential); food waste AND intervention AND (household OR residential).
For further review, papers had to be full-text and published since 1990 in peer-reviewed journals
available in English. We conducted the search in fall 2018. Each article had to focus on a behavioral
intervention study with experimental or quasi-experimental design, including a treatment and control
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or comparison group. Each intervention had to focus on food, energy, or water consumption, or some
combination of the three, and take place in the household. We excluded interventions that focused on
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science. The row variables are passive, active, or structural interventions. The distinction between
passive and active builds on a characterization proposed by Geller et al. (1990) but applies here
to intervention strategies outside of just communication [30]. The added dimension of “structural
context” interventions blurs boundaries between active and passive to classify studies that view the
household less as a standalone actor and more as a unit within a complex structural system that makes
decisions within the context of broader regulatory, political, and social networks. The column variables
distinguish between household-specific and non-specific interventions. This added dimension places
emphasis on a more recent trend in intervention research that tailors treatments to the individual
household. We saw this in information tailored specifically to a household’s resource use, strategies that
pinpoint specific actions that members of a household can take to reduce consumption, or material and
technology provision that considers what a particular household might need to reduce the resources
consumed through routine practices. The arrangement of these row and column variables in a matrix
illuminates the relationships between the intervention strategies highlighted within each cell type.
Table 1. FEW (food-energy-water) behavioral interventions typology.

FEW Behavior
Interventions

Passive
Active
Structural Context

Household Non-Specific

Household Specific

Information
Gamification
Policy/Price Change

Tailored Information
Action
Material/Tech Provision

3.1. Justification for a New Typology
The proposed typology builds on the existing behavior change intervention syntheses described
above and adds new dimensions based on a review of current intervention studies. While some scholars
have regarded typologies as unsophisticated or less rigorous than quantitative analysis, Collier et al.
argued that within a defined framework, the typological analysis could be both creative and rigorous.
They pointed to the usefulness of typologies for organizing theory and concepts, specifically when
there is a need for the synthesis of complex traditions of analysis [35]. The paper also asserted that
the concepts typologies seek to organize may change and evolve. Our proposed typology aims to
synthesize developments in intervention theory and practice across multiple disciplines.
3.2. Information
We described information-based interventions as participant passive and household non-specific.
Within information interventions, households often receive generalized information, not specific to their
own household or resource use, including information about how to engage in a behavior (instructions,
infographics), information about why they should engage in a behavior (behavior-environment link,
environmental consequences, costs), or visual prompts or nudges to engage in a desired behavior.
This category is distinct from what we deem tailored information, where personalized information is
provided based on features of a household or its past behavior. In the information category, providing
information is intended to increase knowledge about the environmental impacts of resource overuse,
or knowledge about how households can curb usage [36]. Abrahamse et al. pointed out findings by
Geller (1981), where information provision generally results in increased knowledge, but not behavioral
change or energy savings [37].
The ‘information deficit model’ assumes that imparting knowledge about the consequences
unsustainable actions or consumption will alter attitudes, leading to changes in behavior [38]. Testing
this model with regards to energy consumption, however, has repeatedly found that while providing
information may lead to some changes in attitude, this rarely translates to behavioral change [30,39].
Owens and Driffill pointed to the criticism this model has received in academic work “both on
epistemic grounds . . . and for its failure to take account of the social, cultural, and institutional contexts
in which attitudes and behaviours are formed” [40] (p. 4413). More recent resource consumption
research expresses an awareness of the limitations of this approach, testing additional theoretical
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considerations that may better predict behavior change. In a literature review of intervention techniques,
Thondhlana and Kua (2016) pointed to the importance of combining non-tailored information with
other intervention strategies, including tailored information or feedback about individual energy usage
to affect behavior change [41].
3.3. Tailored Information
Like information strategies, tailored information is a participant passive approach, but is
household-specific in its content and delivery. Tailored information considers the specific household
or individual by customizing or tailoring information, often through real-time feedback, individual
comparison, or social comparison. Real-time feedback has become increasingly popular, featuring
smart technology that continually observes consumption patterns and reports usage.
In contrast to solely providing information to fill a void, researchers often point to the necessity of
creating meaningful ways of implementing feedback approaches in the household. Norms have been
found to predict other pro-environmental behaviors, including recycling [21,42,43]. Hargreaves et al.
(2010) considered the importance of social and cultural norms that affect household energy use: “Rather
than being a neutral form of information provision, therefore, feedback on energy use acquires meaning
through the discursive, interpretive lens of each household’s cultural practices” [39] (p. 6112).
3.4. Gamification
From the two forms of information to gamification, there is a shift from passive strategies to
active participant interventions. While gamification does not have one standard definition within the
literature, in the context of behavior change, it refers to the incorporation of game-based elements
into an intervention setting. While gamification aligns with action and experiential learning, its focus
on competition and virtual learning distinguishes the category, as well as the fact that it is typically
not tailored to an individual household. Gaming in the sphere of resource consumption research
is relatively new and rapidly expanding. Before the emergence of video games in energy research,
however, reward-based interventions have been found to reduce energy consumption, particularly in
the short-term.
Ro et al. (2017) explained that gamification interventions could incorporate the elements of
task absorption (or a “state of flow”), competition, normative influence, social diffusion, concrete
information, habit formation, and choice [44]. They noted that reward-based interventions might not
result in lasting behavior change, as participants focus on an incentive or prize rather than interest in
performing a behavior in the long run. The authors recommended, however, only offering relatively
small rewards as one solution. Social diffusion refers to how ideas and behaviors are reproduced by
example within a community. Social diffusion is essential to the realm of household consumption,
as practices performed inside the home are otherwise private.
Despite the more recent popularity of digital gaming, Seaborn and Fels pointed to the historical
significance of games, as they “are firmly entrenched in human culture, continuing to influence our
social and leisure lives on a scale unprecedented and yet historically anticipated” [45] (p. 14). Seaborn
and Fels reviewed gamification as a behavior change tool, understanding it as the incorporation of
game elements and mechanics into intervention strategies. The paper pointed to a wide variety of
theoretical foundations for game-based interventions, including but not limited to self-determination
theory, intrinsic and extrinsic motivation, and situational relevance.
3.5. Action
Action-based interventions require an individual or household to take part in an activity designed
to teach a behavior, form a habit, reflect on old behaviors, or strategically plan new ones. These
interventions are typically participant active and household-specific and stem from work in social
psychology and experiential learning. Examples of action interventions include goal setting and
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personal pledges, peer support groups, self-monitoring with reflective writing, and rehearsal of
target behaviors.
Action interventions like reflective writing and personal pledges have roots in self-affirmation
theory. Walter, Demetriades, and Murphy (2017) argued for the use of self-affirmation through
reflective writing in environmental behavior interventions, as individuals can assert self-value activities
that remind them of their values and how “good they are” [46] (p. 1162). Behavior rehearsal is
an intervention technique stemming from social cognitive theory and self-efficacy. Boudet et al.
(2016) used action-based interventions, including behavioral reversal, to promote behavior change
by increasing participant confidence in their capacity to perform a targeted behavior and yield the
intended result [47]. Action interventions can also take place in a group setting, such as peer support
groups. Staats, Harland, and Wilke (2004) argued the importance of a supportive social environment
to environmental behavior change, citing evidence for the effectiveness of discussion groups and other
face-to-face interactions [48]. While interventions in group environments may target norms in a similar
way to tailored feedback, the act of discussing pros, cons, or barriers to enacting a behavior may have
additional benefits.
3.6. Structural Barriers: Price/Policy and Material/Technological Iinterventions
Abrahamse et al. (2005) explained that interventions might target voluntary behavior change,
or instead, towards addressing structural barriers that constrain household decision-makers [32].
We defined structural barriers as those that require a more material change than social context:
technological, material, or regulatory changes may be necessary to facilitate behavior change in specific
contexts. Within structural interventions, we distinguished between household non-specific strategies
that address policy and price and household-specific strategies that target materials and technology.
Based on a review of household energy conservation interventions, Abrahamse et al. pointed to
the overwhelming push towards voluntary behavior change as opposed to structural changes within
energy consumption research [32]. Over a decade later, while research into changing macro-level
resource consumption factors has progressed, most FEW intervention research also focuses on voluntary
individual behavior change. As explained by Thondhlana and Kua (2016), “People’s engagement
in energy saving behavior may be influenced by their ability. For example, it may be difficult for
people to change their behavior if they have to buy expensive energy-saving technology as part of the
energy-saving programmes, or if alternative energy-saving options are not available for feasible” [41]
(p. 328). Isenhour (2010) found that despite values, attitudes, and beliefs, Swedes faced barriers
to sustainable lifestyles that were economic, political, and social [49]. Addressing these structural
constraints extends the discussion about consumption past the individual consumer and takes into
account the market and social factors to household sustainability transitions. Røpke (2009) pointed
to technology as a key motivator or barrier to practices, as “recent development of materials and
equipment has reduced the need for traditional skills and enabled new groups of practitioners to
perform tasks that were previously too demanding, thus illustrating that the boundary between the
elements of material and competence is fluid and subject to change” [29] (p. 2494). Adding a structural
dimension makes our typology innovative by linking the concepts of agency and structure within the
context of household decision-making.
4. Insights from Reviewed FEW Interventions
Out of the 40 studies reviewed, non-tailored information and tailored information were by far
the most commonly used intervention techniques in food, energy, and water studies, most studies
using both strategies. While researchers applied non-tailored information and tailored information
strategies in 83% and 75% of studies, respectively, they utilized action, gamification, and changing
contexts in 20%, 5%, and 25% of studies. Gamification is an emerging intervention technique in
resource consumption and behavior research; however, only two out of the 40 studies reviewed to
generate this typology used the method.
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Speaking to the complexity of intervention studies referenced by Geller et al. (1990) and
Abrahamse et al. (2005), it is important to note that 75% of studies reviewed used at least two
intervention types, with 25% of studies utilizing three or more [30,32]. While a combination of
intervention strategies is likely to improve behavior change results, from a research perspective, these
combinations contribute to difficulty isolating the specific effects of each approach. Less than half of
the studies reviewed provided effect sizes for intervention results, making a meta-analysis unfeasible.
4.1. Food
We identified eight studies that tested interventions for sustainable food consumption or food
waste behaviors. Focus on a wide variety of structural constraints throughout the interventions
is notable and makes sense as linking food to climate impacts is a more recent development in
environmental behavior literature.
Bernstad (2014) measured the effects of interventions on household food waste separation
behavior, testing the impacts of providing written information and the installation of food separation
equipment [50]. While providing non-tailored information alone (one condition) to study participants
did not result in significant changes, installing food sorting equipment in households increased the
amount of separately collected food waste and the source-separation ratio. These results illustrate the
importance of convenience to changing behavior in the household, as addressing structural constraints,
such as the ability to separate food waste, had the greatest success. Results also showed that increasing
convenience had long-term effects compared to information provision. Geislar (2017) also found that
reducing barriers to recycling food waste by providing curbside carts and collection had significant
positive results, but additionally, communicating social norms of food separation led to longer-lasting
behavior change [51].
Holistically addressing sustainable food consumption, storage, preparation, and waste, Devaney
and Davies (2017) illustrated the success of combining a variety of intervention types in changing
householder behaviors [25]. In efforts to support more sustainable eating practices in the home, the
study provided participants with structural tools, including food growing kits, organic food boxes,
and fridge triage boxes, both tailored and non-tailored informational tools like carbon footprint
graphs and portion control guides, and action-based components, including a visit from a chef to
inspire meal planning. Results showed that participant food waste overall decreased by 28%, with
noted self-reported shifts towards sustainable food purchasing, preparation, and storage. Devaney
and Davies concluded, “Findings reinforce calls to connect, combine, and align product, regulatory,
informational and motivational supports across the interdependent practices of eating (acquisition,
storage and preparation, and waste recovery) to optimize transitions toward sustainability” (p. 823).
The additional five studies used tailored and non-tailored information interventions to target food
waste behaviors. A study comparing written and oral non-tailored information provision showed
a higher source-separation ratio and a lower ratio of incorrectly sorted material in the group that
received oral information, but the effects notably decreased over time [52]. Shearer, Gatersleben, Morse,
Smyth, and Hunt (2017) found sticker prompts effective in increasing food waste separation, but it
is important to note that infrastructure in the study area (England) was already equipped to collect
curbside food waste separately [53]. Schmidt (2016) found that providing tailored recommendations to
decrease food waste (for example: avoiding impulsive purchases or immediate discarding of expired
but still edible food) improved self-reported behaviors, but the improvement was also observed pre
and post-test in the control group [54]. One selected intervention in a paper by Rohm et al. (2017)
tested the effects of providing informational brochures and fridge magnets on consumer acceptance of
“suboptimal” foods, and did not find any observable effects, but noted that respondents who said they
visited an attached website with food waste information self-reported increased effects of both the
brochure and magnet [55]. Finally, Nomura, John, and Cotterill (2011) found tailored information in
the form of group feedback on recycling behavior to have a positive effect on food waste recycling,
with an effect size of 2.8% compared to a control group [56]. The group feedback was presented at
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the street level compared to the neighborhood average, and interestingly, the shorter the street was,
the more effective the feedback.
In the food intervention studies reviewed, information-based interventions were best suited for
participants that already have the structural tools to collect and sort food waste, including designated
bins and curbside collection. Only one study sought to impact more than food waste and included
sustainable food consumption in targeted behaviors.
4.2. Energy
While tailored information interventions appeared most frequently in the nineteen reviewed
studies, research in the energy consumption sphere often utilizes a wide variety of intervention
techniques to affect behavior change. Digital home energy monitors were used in five studies (26%)
and decreased energy usage in three. Fan, Macgill, and Sproul (2016) found that homes with energy
monitors consumed 12.8% less energy than those without, and Grønhøj and Thøgersen (2011) saw an
average electricity savings of 8.1% in their treatment group [57,58]. Jessoe and Rapson (2014) used
home energy monitors in combination with pricing events, a structural intervention, and found that
energy prices became more meaningful when researchers also provided non-price information to
participants [59]. Nilsson et al. (2014), however, found no significant effects from the home energy
monitors, and van Dam, Bakker, and van Hal (2010) measured the usage of participants who decided
to keep their energy monitors after a four-month trial period, finding no sustained energy-saving
effects over time [60,61].
Another method of tailored information is social or normative messaging and feedback. Two
studies evaluated data from OPOWER Home Energy Report letters that compare homeowner electricity
use with that of their neighbors [62,63]. The 2011 paper found an average 2% electricity consumption
reduction, with households in the highest deciles of pretreatment consumption averaging more
considerable savings. The 2014 report, however, investigated the persistence of effects post-treatment,
finding immediate energy savings, relatively quick “backsliding” to pre-treatment levels after the
intervention, and increased persistence of intervention effectiveness over long periods. Schultz, Nolan,
Cialdini, Goldstein, and Griskevicius (2007) also observed backsliding in response to normative
messaging interventions (what they term the ‘boomerang effect’) but found that adding messaging
conveying social approval or disapproval neutralized this effect [64]. Harries, Rettie, Studley, Burchell,
and Chambers (2013) found that adding social norms information to other forms of electricity
feedback increased consumer engagement with the feedback, but ultimately did not reduce energy
consumption [65]. Mizobuchi and Takeuchi (2013) found that financial incentives are more successful
when combined with normative feedback [66]. Schultz, Estrada, Schmitt, Sokoloski, and Silva-Send
(2015) tested a variety of feedback types using in-home electricity displays, finding normative framing
to result in greater reductions than simple informational feedback or cost-framed feedback [67].
Testing more than just feedback, Pellerano, Price, Puller, and Sánchez (2017) tested normative
messaging along with extrinsic financial incentives on residential electricity consumption, finding
that these incentives did not increase the strength of normative messages [68]. In another cost-based
intervention, McCoy and Lyons (2017) provided consumers with exposure to time-of-use tariffs, finding
that this group of households did reduce overall and peak electricity consumption, but ended up
reducing investments in other household energy efficiency measures [69].
Examining a more recent realm of energy research, Ro et al. (2017) tested a game-based
intervention [44]. They found reductions in household resource consumption up to six months after the
game, with the most considerable reductions in the high-energy consumption group. Sudarshan (2017)
also used a competition-based intervention in India, where one group of participants received monetary
rewards based on the difference between their electricity consumption and the peer average [70]. In this
study, weekly normative feedback was successful at reducing energy consumption but was no longer
effective when combined with rewards.
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In the realm of energy interventions, feedback is a useful tool for reducing consumption, but the
way it is framed and delivered has implications for intervention success. While digital home energy
monitors can work to reduce consumption, the type of feedback they provide to consumers must be
purposeful and persistent. Games for sustainability behavior show promise, but only one study used
this approach and found significant results. While these studies seek to change energy consumption,
they are only able to observe energy as electricity consumption, unable to account for the embedded
energy in food and water resource use.
4.3. Water
While all water-focused studies included an information provision aspect, two studies also used
action-based interventions. Walter et al. (2017) tested the effects of self-affirmation on self-reported
water conservation behaviors [46]. Participants receiving the self-affirmation condition completed
a reflective writing activity about implementing values in their daily life, while the non-affirmation
condition received information about droughts in California, the location of the study. Results showed
that those who engaged in self-affirmation had higher self-reported water conservation scores that
endured for a month post-treatment. In the second study with an action component, Tijs et al. (2017)
aimed to decrease water consumption through changing showering habits [71]. The study had
all participants engage with an activity booklet (including action items, such as goal-setting and
self-persuasion) over two weeks, but one condition received monetary information appeals, while the
other received environmental information appeals. Based on self-reported information about shower
length and frequency, the study found those in the environmental appeals group to reduce participant
showering frequency, with no change in the monetary appeals group. While this study sheds some
light onto the effectiveness of different types of intervention provision, the lack of control group leaves
questions about the effectiveness of the action-based intervention components.
The remaining seven studies all included the provision of tailored information, with four out
of the seven including a non-tailored information aspect. Glenn, Endter-Wada, Kjelgren, and Neale
(2015) sought to reduce landscape water usage at the household level through specifically tailored
information: each household received a professional water check, including an evaluation of their
sprinkler system and landscape, site-specific irrigation schedules, and tailored recommendations
on conservation [72]. While the majority of participants who implemented recommendations made
by the water check successfully conserved water, those who did not adopt the recommendations
cited “time constraints, cost of implementing recommendations, lack of motivation, personal physical
impediments of age or disability, and physical limitations of their sprinkler systems” (p. 87). The study
found that while tailored information could be effective in reducing landscape water use, interventions
should address contextual factors.
Two studies utilized visual display systems to present tailored information about water usage
to participants. Davies, Doolan, van den Honert, and Shi (2014) found in-home displays effective
(average reduction of 6.8% during the study period compared to the control group), with effects that
endured over time [73]. Stewart, Willis, Panuwatwanich, and Sahin (2013) used a visual display and
alarm specific to showering and found a 27% mean reduction in shower volumes initially after display
installation, but the effects did not last over time and reverted to pre-study levels after four months [74].
Fielding et al. (2013) implemented three combinations of information provision: non-tailored
information alone, non-tailored information with the addition of descriptive norms delivered via
postcard, and non-tailored information combined with tailored end-user feedback (via postcard) [75].
Compared to the control group, all three conditions reduced water consumption (with an average
reduction of 11.3 Liters per person per day). The effects of all conditions, however, dissipated within
one year of implementation. Liu et al. also provided water end-use data via paper report, and while
they did not find a statistically significant difference between intervention and control groups, 38%
of households in the intervention group self-reported intention to conserve water [76]. Schultz et al.
(2016) and Seyranian, Sinatra, and Polikoff (2015) both tested a combination of non-tailored information
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provision and varying types of normative feedback, each finding that providing normative information
reduced water consumption [77,78]. While Seyranian et al. found that participants who had higher
water consumption at baseline responded better to a social norm intervention than general information
provision, Schultz et al. found that participants with already strong personal norms surrounding
water consumption showed less of a change than those with low personal norms when provided with
normative messages.
In the two studies with action components, action interventions, such as reflective self-affirmation
writing and goal-setting, were effective for reducing water consumption. Feedback, including visual
home displays, was also effective, but the persistence of effects varied across studies. It is important to
note that geography played a role in researchers’ decisions about where to study water consumption
behaviors. Of the four studies conducted in the United States, three took place in California and one
in Utah, all areas that are subject to frequent droughts. Of the five studies conducted outside of the
US, four were in Australia and one in the Netherlands. Fielding et al. (2013) noted that the study
area in Australia had recently experienced their worst documented drought on record [75]. Here,
researchers must consider local environmental and policy contexts, crafting interventions specific to
the study population.
4.4. Combined Resource Interventions
Four interventions measured consumption in more than one resource category. Abrahamse et al.
(2007) sought to affect energy consumption, but unlike many other energy studies, was able to look at
indirect energy use embedded in household resource consumption [36]. Tailored information, goal
setting, and feedback strategies found savings in the direct energy consumption, but no difference
in indirect energy savings compared to a control group. Households in the intervention groups,
however, exhibited increased knowledge about resource conservation compared to a control group.
Kurz, Donaghue, and Walker (2005) studied water and energy consumption through information
provision and social comparative feedback, neither producing significant results for either resource
category [79]. This study had unique results, as the only intervention with significant positive effects
was appliance labels, which led to a 23% reduction in water consumption.
The following two studies took novel approaches, seeking to create holistic packages of interventions
to change resource consumption behavior. Staats et al. (2004) tested the EcoTeam Program intervention
package, finding improvements on a wide range of household environmental behaviors that persisted
two years post-study [48]. Boudet et al. (2016) tested child-focused interventions targeting household
energy and food-and-transport behaviors, finding positive results in both categories [47]. Both studies
employed a variety of theory-based intervention techniques ranging across typology categories and
targeted a wide range of household environmental behaviors spanning multiple resources.
5. Discussion
The review resulted in four key takeaways about interventions utilized in FEW studies. Without
effect sizes and additional quantitative data reporting, we could not directly compare intervention
strategies but could identify trends in the literature.
First, studies typically used household non-specific (or non-tailored) information in conjunction
with household-specific (tailored) information/feedback, and this strategy showed promising results.
For example, Bernstad et al. (2013) only used general information in a door-stepping campaign, which
was ineffective in changing food waste behaviors [52]. We saw one exception to this trend in Kurz et al.
(2005), where tailored information was ineffective, but appliance stickers led to a 23% reduction in
water consumption [79]. This result might be because of the persistent, visible nudging offered by the
stickers that became a part of water-intensive practices.
Second, feedback is most effective when persistently provided to participants. In the Nomura et al.
(2011) study, the first feedback card had no significant effect, and the authors concluded that the
cumulative effect of two feedback cards ultimately changed food waste behavior [56]. Studies with
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home energy monitors that displayed continuous feedback, including Fan et al. (2015), had promising
results [57].
Third, providing pricing information or changing pricing structures through incentives was
often ineffective. Pellerano et al. (2017) provided an example that warrants further study: adding
economic incentives to normative messaging not only did not increase the efficacy of the messaging
but might have reduced it [68]. Sudarshan (2017) offered similar results, as the nudge treatment group
no longer reduced consumption with the addition of incentives [70]. Jessoe and Rapson had success
with providing price information, but they concluded that it was more meaningful when interventions
also provided non-price information to participants [59].
Finally, providing materials or technology that facilitate behavior change worked 100% of the time,
but only three studies used this strategy. While providing information was ineffective in Bernstad’s
(2014) study, installing food waste sorting equipment in households sparked behavior change with
long-lasting results [50]. Devany and Davies saw food waste decreased by 28% with their holistic
intervention package that included providing items like fridge triage boxes and kitchen caddies
to assist with food waste separation [25]. Gieslar (2017) explicitly concluded, “Findings support
that residents will begin to separate food waste if provided supportive infrastructure” [51] (p. 577).
One additional study (Shearer et al. 2017) pointed to the importance of material infrastructure for
resource consumption behavior, as their sticker program led to increased inquiries about food waste
recycling caddies in the community [53].
Across the FEW resource domains, household studies used various environmental behavior
theories to guide their inquiries and design interventions. While each typology category might be
implemented through multiple guiding theories, links were apparent between theory and practice in
many intervention studies. Notably, messaging interventions using household-specific information
are often guided by value and norm-based theories, including the norm activation model (NAM) and
value belief norm (VBN) theory. Interventions that provided materials or technology, like Devany
and Davies (2017) [25], cited social practice theory as central to their approach. Future research might
further explore how theories of environmental behavior link to each category in our typology of
intervention strategies.
5.1. Acknowledging the Limits of Household Consumption
As this review and typology explicitly focused on household-level consumption, it is appropriate
to consider the limits of this approach. Lorenzen (2018) pointed out that consumers are often “locked-in”
at the technological, organizational, industrial, institutional, and societal levels, leaving only so much
room for long-term voluntary behavior change [80]. Other scholars pointed to the many factors at play
guiding consumption decisions that extend beyond personal attitudes and values, including political
leadership, market forces, and social power structures [49,81]. While aiming to change household
behavior can potentially reduce greenhouse gas emissions, researchers must not lose sight of other
mitigation tactics that target government actors and transnational corporations.
5.2. Bridging Gaps between Disciplines
Organization of intervention techniques into typologies can ultimately facilitate more
cross-disciplinary work, as terminology is explicitly defined. Interventions designed by interdisciplinary
teams may be more holistic, comprehensive, and draw from a broader range of theories surrounding
resource consumption and environmental behavior, contributing to novel approaches to these complex
problems. Boudet et al. (2016) is one example of an intervention study we reviewed in this paper
that brought together researchers from a variety of disciplines, including public policy, education,
environmental studies, and medicine [47]. The study approached intervention design through
social cognitive theory, a framework the researchers describe as notably being used in public health
experiments but less utilized in environmental behavior research, contributing a novel approach and
advancing our understanding of household consumption behavior.
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Scholars in the past two decades have done a great deal of writing on the challenges of
interdisciplinary research, including language barriers, publication struggles, and disciplinary
expectations [82–84]. In a review of FEW nexus studies, Albrecht, Crootof, and Scott (2018) found,
“many nexus methods are confined to disciplinary silos—only about one-quarter combine methods from
diverse disciplines and less than one-fifth utilize both quantitative and qualitative approaches” [12]
(p. 1). The nexus approach highlights seemingly endless complexities, making household interventions
substantially more challenging to design and execute.
5.3. Addressing Spillover and Moving towards a Nexus Approach
In response to our finding that very few studies focus on the multiple components of the FEW nexus,
we urge researchers to pursue this novel approach to household resource consumption. As researchers
acknowledge interconnections that give rise to the FEW nexus, future intervention research must
look across resource domains to gain better understandings of the complex ways that households
consume food, energy, and water. In a comprehensive review of FEW nexus studies, Newell et al.
(2019) found social science-based studies underrepresented in the literature [85]. Bazilian et al. (2011)
pointed to different vocabularies, competing priorities, institutional capabilities, and regulatory
regimes between the three systems as drivers of poor communication and ultimately suboptimal
decision-making [11]. A persisting problem in changing resource consumption behavior lies in
the potential for “spillover” across resource categories [86]. Behavioral spillover occurs when an
intervention changes additional behaviors that are not directly targeted [87]. Spillover can be both
positive and negative, as Truelove et al. reviewed evidence of pro-environmental behaviors, both
increasing and decreasing likelihood of performing an additional pro-environmental behavior [88].
From the perspective of FEW, a study by Tiefenbeck, Staake, Roth, and Sachs (2013) found that
weekly feedback decreased household water usage during the intervention, but increased electricity
consumption compared to a control group [89].. Monitoring only one resource domain will not capture
changes or patterns developed within other domains. Designing interventions that consider the
entirety of the FEW nexus can help address this issue while shedding light on the emerging dynamics
of consumption spillover. Additionally, interventions that attempt to capture the intersections of food,
energy, and water consumption behavior must address how to effectively communicate the indirect
and embedded energy use to consumers.
Moving towards a true nexus approach means having the tools and resources to accurately track
food, energy, and water use in the household. As researchers can collect and manage larger amounts
of data, intervention strategies can grow increasingly specific to the individual household. Sensor
technology has revolutionized the ways through which industry and researchers can track household
electricity use with fine-grained data [90–93]. With the ability to model household energy use and the
availability of big data, providing household-specific tailored information about energy use has become
a promising avenue for energy research, but is still often cost-prohibitive and difficult to implement.
Technology for water tracking is also advancing, with end-use water meters that can provide data on
the frequency and duration of household water use and identify leaks and inefficiencies [94]. Tracking
household food consumption presents a much greater challenge, with researchers developing complex
and labor-intensive food data collection protocols [95]. Recent life-cycle analysis studies, however,
provide promise for integrating food consumption data by estimating the impacts of various food
items on greenhouse gas emissions [96].
5.4. Knowledge Accumulation
Ultimately, through a wide variety of behavioral interventions, researchers hope to gain insights
into the determinants of resource consumption behavior. Without systematic logging and tracking
of study design and results, however, academics and practitioners will continue to face the same
challenges of synthesizing the vast amount of existing information. Wynes et al. (2018) provided an
example of a better way to understand impacts across studies by quantifying their greenhouse gas
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emissions reductions [97]. Providing a weight in kilograms, of reduced carbon dioxide, goes a step
further than effect sizes to measure intervention impacts. Wynes et al. found that most behavioral
intervention studies they reviewed, however, were not suitable for quantifying emissions reductions.
In a similar methodological problem, Albrecht et al. (2018) found that few nexus studies they reviewed
(less than one third) used explicitly reproducible methods [12].
Logging the results of behavioral intervention studies on a publicly available database would
advance accumulation of knowledge in the field. Studies like Wynes et al. (2018) would have a
much larger pool of data to draw from when conducting quantitative analyses. Additionally, tracing
unpublished interventions in the database may work to combat publication bias that favors positive
results, much like the way clinical trials must be registered before they are completed [98].
5.5. Crafting Purposeful Interventions
Through the studies described above in the realm of food, energy, and water resource consumption,
researchers often cite content and framing of intervention techniques as a primary factor responsible
for the success or failure of an intervention. Nuanced intervention design must take context into
account—researchers must continue to think critically about geography and sample, specific factors
when designing household interventions. It is notable that water resource studies more frequently
took place in locations that have previously experienced drought, presenting both a geographical need
and potential participant motivation for increased conservation behaviors. Further, we cannot ignore
economic and environmental inequalities: most interventions reviewed in this paper took place in
economically developed countries. Researchers must use alternative considerations when studying
developing economies and economies in transition, which is worth exploring in future research.
We must also direct attention toward resource disparities by gender, race, and class within the context
of any country under study. Ellegård and Palm (2015) further warned of confusing the individual with
the household as a unit of analysis: “Individually tailored information is often discussed, but equally
important are information and policy instruments targeting households’ and household members’
combined energy consumption patterns as they are derived from the activity sequences written in the
individuals’ time-diaries” [99] (p. 7633).
To move intervention science forward with evolving theory, researchers should think through
embedding interventions across typology categories within existing household practices. Beyond
seeing immediate or even post-study behavior change results, we must address the policy implications
and practicality of proposed interventions. Social practice theory provides one possible framework
through which to consider embedding interventions within daily household practices. While providing
information can provide initial learning experiences and begin to change social contexts through
normative messaging, current research design often continues to lack structural and contextual
focus. Action interventions can help to establish household practices, form habits, and create
environmental identity. Practices that were previously difficult, or constrained, can change through
structural interventions that affect local policy initiatives, like food waste collection or renewable
energy assistance programs. Gamification can provide additional behavioral nudges that supplement
information provision and provide a hands-on learning experience for participants in specific contexts.
Within the proposed typology, the potential impacts of each intervention category are essential to
consider in different geographical and political contexts.
6. Conclusions
To further advance the science of household resource consumption as a climate change mitigation
strategy, interdisciplinary research that highlights the FEW nexus provides a promising approach. In this
paper, we linked emerging FEW nexus research with household consumption and pro-environmental
behavior literature through an innovative typology that accounts for both behavioral and structural
intervention research.
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In addition to the generation of a typology and key findings outlined in the discussion, our review
highlighted the lack of studies that 1) address multiple FEW domains and 2) report effect sizes that
allow comparison of intervention impacts across studies. Across the FEW domains, we saw different
types of interventions used and varying results.
More food studies addressed structural constraints than another resource category. Here,
information provision was more effective when households already had structural tools to collect and
sort food waste. Household food studies more often targeted food waste than food purchasing and
other consumer behaviors.
Energy studies showed that feedback was generally effective for reducing household energy use,
but the way it was framed has implications for success. Digital home energy monitors were popular
and effective, but the feedback they provided must be purposeful and persistent. Within these studies,
the energy was typically observed as electricity use and did not consider embedded energy in another
resource use.
Within water studies, action interventions were successful but were only present in two studies.
Feedback was effective, but persistence varied across studies (many did not include follow-ups).
Researchers considered the effects of structural barriers when interventions were not effective. We also
noted that geography was framed as important for context (e.g., drought frequency).
Multi-resource studies used intervention “packages” that used multiple strategies and targeted
multiple behaviors. These comprehensive intervention packages seem to be effective and warrant
further study.
Eventually, the focus must shift to policy: how can effective interventions be successfully
implemented and imitated in policy contexts? In the spirit of interdisciplinarity, FEW nexus researchers
must connect with broader policy audiences to engage in coalition-building and the development of
science-backed policies on local and national levels. Coordinating complex and holistic interventions
outside of research settings will take coordination between and buy-in from a wide variety of
stakeholders, including local governments, utility companies, and consumers. As the food, energy, and
water systems interconnect across the globe, international cooperation and partnerships will also be
essential to large-scale conservation efforts. The literature on the co-production of scientific knowledge
and participatory research may help us overcome these hurdles [100,101]. With a focus on building
and strengthening relationships across sectors, we might create conditions in which policy changes
are possible.
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Appendix A
Table A1 alphabetically lists the studies included in the typology by the first author. F/E/W refers
to food, energy, and water studies. The fourth column lists if interventions were effective or not,
without providing information about magnitude. If there was a positive treatment effect, the study was
marked ‘yes’. If there was no treatment effect or a negative effect, studies were marked ‘no’. The fifth
column lists notes that provide some context and help understand the characteristics of the results.
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Table A1. Studies reviewed for the generation of FEW behavior intervention typologies.
Author/Year

F/E/W

Typology
Category

Intervention
Effective?

Abrahamse et al.
2007 [36]

E (FW
indirect)

Info, T Info, Action

yes (all treatment
conditions)

Allcott and
Rodgers 2014 [63]

E

Info, T Info

yes

Allcott 2011 [62]

E

Info, T Info

yes

Notes

Effects initially steep but level off
over time

Bernstad 2014
[50]

F

Info, Material

no (info),
yes (material)

Bernstad et al.
2013 [52]

F

Info

no

Boudet et al. 2016
[47]

E/F

Info, T Info, Action

yes (for energy, no
for food
component)

More effective for children
than parents

Davies et al. 2014
[73]

W

T Info

yes

Effects maintained over time
Participant households reduced food
waste by 28%, with additional
behaviors: sustainable purchasing,
storage, preparation, and waste
recovery practices

Devany and
Davies 2017 [25]

F

Info, T Info, Action,
Material

yes

Fan et al. 2015
[57]

E

T Info

yes

Fielding et al.
2013 [75]

W

Info, T Info

yes

In all treatment groups, water use
reduction, leveled-off, returning to
baseline levels after approx.
12 months. Information provision
alone was just as effective as
other conditions

Gieslar 2017 [51]

F

Info, T Info,
Material

yes

“Findings support that residents will
begin to separate food waste if
provided supportive infrastructure”
“Our finding suggests that water
check programs can be effective in
promoting water conservation when
the information provided is tailored
to meet participants’ knowledge and
skill levels”

Glenn et al. 2015
[72]

W

T Info

yes

Goodhew et al.
2015 [102]

E

Info, T Info

yes

Grønhøj and
Thogerson 2011
[58]

E

T Info, Action

yes

Harries et al.
2013 [65]

E

Info, T Info

no

Iwafune et al.
2017 [103]

E

T Info

yes

Jessoe and
Rapson 2014 [59]

E

Info, T Info, Price

yes

Price info more meaningful when
non-price information is provided

Kua and Wong
2012 [104]

E

Info, T Info, Action

yes

Face-to-face interaction had the
highest correlation with action scores

Kurz et al. 2005
[79]

E/W

Info, T Info

yes (appliance
labels for water);
no (T info/energy)

Appliance labels led to 23% reduction
in water consumption
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Table A1. Cont.
Author/Year

F/E/W

Typology
Category

Intervention
Effective?

Notes

Liu et al. 2016
[76]

W

Info, T Info

no

While 38% of households reported
changing their behavior, there were
no measurable effects

yes

Relative to control, treatment groups
reduced energy use by 2.5% but were
less likely to adopt energy-saving
measures during the trial
Households with high NEP
(New Ecological Paradigm) score
more likely to respond to the reward
program and save electricity than
those who do not

McCoy and
Lyons 2017 [69]

E

Info, T Info, Price

Mizobuchi and
Takeuchi 2013
[66]

E

Info, Price

yes

Nilsson et al.
2014 [60]

E

Info, T Info

no

Nomura et al.
2011 [56]

F

Info, T Info

yes

The first card had no significant effect,
and it was the cumulative effect of
two feedback cards that had a
significant impact on household
participation in recycling food waste
Addition of financial incentives did
not significantly enhance
conservation; Adding economic
incentives to normative messages not
only did not strengthen the effect of
the latter but may reduce it

Pellerano et al.
2017 [68]

E

Info, T Info, Price

yes (info, T info),
no (price)

Ro et al. 2017 [44]

E

Game, Price

yes

Rohm et al. 2017
[55]

Schmidt 2016 [54]

Schultz et al.
2007 [64]

Schultz et al.
2015 [67]

Schultz et al.
2016 [77]

F

F

E

E

W

no

Brochures and magnets did not affect
consumer attitudes; Respondents who
had rec’d the magnet and brochure
said the brochure influenced
their actions

yes

Specific behaviors: results indicated
improvements regarding avoiding
impulsive purchases/buying more
food than currently necessary,
avoiding discarding of excess food,
and immediate discarding of expired
(but possibly still edible) food

T Info

yes

A descriptive normative message
detailing avg. neighborhood usage
produced either desirable energy
savings or the undesirable boomerang
effect, depending on whether
households were already consuming
at a high or low rate. Adding an
injunctive message (conveying social
approval or disapproval) eliminated
the boomerang effect

Info, T Info, Price

yes (normative
message),
no (simple
feedback, info,
price)

Info

T Info

Info, T Info

yes

Residents with strong personal norms
about reduced water consumption
were less affected by the normative
messages than were residents with
low personal norms
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Table A1. Cont.
Author/Year

Seyranian et al.
2015 [78]

F/E/W

W

Typology
Category

Info, T Info

Intervention
Effective?

Notes

yes

Higher water consumers at baseline
who were exposed to social norms
intervention used less water in the
short term and long term compared to
information only condition; three
interventions were equal
in magnitude

Shearer et al.
2017 [53]

F

Info

yes

There was a significant increase
(20.74%) in the treatment group, and
this change in behavior persisted in
the longer term. Sticker prompts,
therefore, appeared to have a
significant and sustained impact on
food waste recycling rates; sticker
distribution sparked increase
inquiries about recycling caddy

Staats et al. 2004
[48]

FEW

Info, T Info, Action

yes

Whole intervention package effective
for 19/28 behaviors, maintained
2 years post-study

Stewart et al.
2013 [74]

W

T Info

yes

Water levels back to baseline in
4 months

Sudarshan 2017
[70]

E

Info, T Info, Game,
Price

yes (nudge);
no (price)

Nudge group reduced by 7%; when
incentives were added, households no
longer reduced consumption

Thondhlana and
Kua 2016 [41]

E

Info, T Info

yes

Households who rec’d a combination
of the treatment measures
(Full Treatment group) recorded
greater energy-savings than those
who did not

Tijs et al. 2017
[71]

W

Info, Action

yes

Environmental appeal, but not the
monetary appeal, effective in
reducing showering frequency

Van dam et al.
2010 [61]

E

Info, T Info

no

Walter et al. 2017
[46]

W

Info, Action

yes

References
1.

2.

3.

4.

5.

Shwom, R.; Lorenzen, J.A. Changing household consumption to address climate change: Social scientific
insights and challenges: Changing household consumption to address climate change. WIRES Clim. Chang.
2012, 3, 379–395. [CrossRef]
Villarroel Walker, R.; Beck, M.B.; Hall, J.W.; Dawson, R.J.; Heidrich, O. The energy-water-food nexus: Strategic
analysis of technologies for transforming the urban metabolism. J. Environ. Manag. 2014, 141, 104–115.
[CrossRef] [PubMed]
Ivanova, D.; Stadler, K.; Steen-Olsen, K.; Wood, R.; Vita, G.; Tukker, A.; Hertwich, E.G. Environmental Impact
Assessment of Household Consumption: Environmental Impact Assessment of Household Consumption.
J. Ind. Ecol. 2016, 20, 526–536. [CrossRef]
Dietz, T.; Gardner, G.T.; Gilligan, J.; Stern, P.C.; Vandenbergh, M.P. Household actions can provide a
behavioral wedge to rapidly reduce US carbon emissions. Proc. Natl. Acad. Sci. USA 2009, 106, 18452–18456.
[CrossRef] [PubMed]
Dubois, G.; Sovacool, B.; Aall, C.; Nilsson, M.; Barbier, C.; Herrmann, A.; Bruyère, S.; Andersson, C.; Skold, B.;
Nadaud, F. It starts at home? Climate policies targeting household consumption and behavioral decisions
are key to low-carbon futures. Energy Res. Soc. Sci. 2019, 52, 144–158. [CrossRef]

Sustainability 2019, 11, 5034

6.

7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.

20 of 24

Wilhite, H.; Shove, E.; Lutzenhiser, L.; Kempton, W. The Legacy of Twenty Years of Energy Demand.
In Society, Behaviour, and Climate Change Mitigation; Jochem, E., Sathaye, J., Bouille, D., Eds.; Kluwer Academic
Publishers: Dordrecht, The Netherlands, 2003; Volume 8, pp. 109–126, ISBN 978-0-7923-6802-1.
Liang, Y.; Henderson, L.K.; Kee, K.F. Running Out of Water! Developing a Message Typology and Evaluating
Message Effects on Attitude toward Water Conservation. Environ. Commun. 2018, 12, 541–557. [CrossRef]
Buzby, J.C.; Farah-Wells, H.; Hyman, J. The estimated amount, value, and calories of postharvest food losses
at the retail and consumer levels in the United States. USDA-ERS Econ. Inf. Bull. 2014, 121. [CrossRef]
Heller, M.C.; Keoleian, G.A. Greenhouse gas emission estimates of US dietary choices and food loss.
J. Ind. Ecol. 2015, 19, 391–401. [CrossRef]
Jones, C.M.; Kammen, D.M. Quantifying Carbon Footprint Reduction Opportunities for U.S. Households
and Communities. Environ. Sci. Technol. 2011, 45, 4088–4095. [CrossRef]
Bazilian, M.; Rogner, H.; Howells, M.; Hermann, S.; Arent, D.; Gielen, D.; Steduto, P.; Mueller, A.; Komor, P.;
Tol, R.S.J.; et al. Considering the energy, water and food nexus: Towards an integrated modelling approach.
Energy Policy 2011, 39, 7896–7906. [CrossRef]
Albrecht, T.R.; Crootof, A.; Scott, C.A. The Water-Energy-Food Nexus: A systematic review of methods for
nexus assessment. Environ. Res. Lett. 2018, 13, 043002. [CrossRef]
Steg, L.; Vlek, C. Encouraging pro-environmental behaviour: An integrative review and research agenda.
J. Environ. Psychol. 2009, 29, 309–317. [CrossRef]
Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
Fishbein, M.; Ajzen, I. Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research;
Addison-Wesley: Reading, MA, USA, 1975.
Kollmuss, A.; Agyeman, J. Mind the Gap: Why do people act environmentally and what are the barriers to
pro-environmental behavior? Environ. Educ. Res. 2002, 8, 239–260. [CrossRef]
Steg, L.; Perlaviciute, G.; van der Werff, E.; Lurvink, J. The Significance of Hedonic Values for Environmentally
Relevant Attitudes, Preferences, and Actions. Environ. Behav. 2014, 46, 163–192. [CrossRef]
Dunlap, R.E.; Van Liere, K.D. The “New Environmental Paradigm”. J. Environ. Educ. 1978, 9, 10–19.
[CrossRef]
Dunlap, R.E.; Van Liere, K.D.; Mertig, A.; Jones, R. Measuring Endorsement of the New Ecological Paradigm:
A Revised NEP Scale. J. Soc. Issues 2000, 56, 425–442. [CrossRef]
Schwartz, S.H. Normative Influences on Altruism. In Advances in Experimental Social Psychology; Berkowitz, L.,
Ed.; Academic Press: Cambridge, MA, USA, 1977; Volume 10, pp. 221–279.
Cialdini, R.B.; Reno, R.R.; Kallgren, C.A. A focus theory of normative conduct: Recycling the concept of
norms to reduce littering in public places. J. Personal. Soc. Psychol. 1990, 58, 1015–1026. [CrossRef]
van der Werff, E.; Steg, L. The psychology of participation and interest in smart energy systems: Comparing
the value-belief-norm theory and the value-identity-personal norm model. Energy Res. Soc. Sci. 2016,
22, 107–114. [CrossRef]
Gatersleben, B.; Appleton, K.M. Contemplating cycling to work: Attitudes and perceptions in different
stages of change. Transp. Res. Part A Policy Pract. 2007, 41, 302–312. [CrossRef]
Dittmar, H. Perceived material wealth and first impressions. Br. J. Soc. Psychol. 1992, 31, 379–391. [CrossRef]
Devaney, L.; Davies, A.R. Disrupting household food consumption through experimental HomeLabs:
Outcomes, connections, contexts. J. Consum. Cult. 2017, 17, 823–844. [CrossRef]
Aarts, H.; Dijksterhuis, A. Habits as knowledge structures: Automaticity in goal-directed behavior. J. Personal.
Soc. Psychol. 2000, 78, 53–63. [CrossRef]
Shove, E.; Pantzar, M.; Watson, M. The Dynamics of Social Practice: Everyday Life and How It Changes; SAGE:
Newcastle upon Tyne, UK, 2012; ISBN 978-1-4462-5817-0.
Hargreaves, T. Practice-ing behaviour change: Applying social practice theory to pro-environmental
behaviour change. J. Consum. Cult. 2011, 11, 79–99. [CrossRef]
Røpke, I. Theories of practice—New inspiration for ecological economic studies on consumption. Ecol. Econ.
2009, 68, 2490–2497. [CrossRef]
Geller, E.S.; Berry, T.D.; Ludwig, T.D.; Evans, R.E.; Gilmore, M.R.; Clarke, S.W. A conceptual framework for
developing and evaluating behavior change interventions for injury control. Health Educ Res 1990, 5, 125–137.
[CrossRef]

Sustainability 2019, 11, 5034

31.

32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
44.

45.
46.
47.

48.
49.
50.
51.
52.
53.

21 of 24

Michie, S.; Richardson, M.; Johnston, M.; Abraham, C.; Francis, J.; Hardeman, W.; Eccles, M.P.; Cane, J.;
Wood, C.E. The Behavior Change Technique Taxonomy (v1) of 93 Hierarchically Clustered Techniques:
Building an International Consensus for the Reporting of Behavior Change Interventions. Ann. Behav. Med.
2013, 46, 81–95. [CrossRef]
Abrahamse, W.; Steg, L.; Vlek, C.; Rothengatter, T. A review of intervention studies aimed at household
energy conservation. J. Environ. Psychol. 2005, 25, 273–291. [CrossRef]
Carrico, A.R.; Riemer, M. Motivating energy conservation in the workplace: An evaluation of the use of
group-level feedback and peer education. J. Environ. Psychol. 2011, 31, 1–13. [CrossRef]
Greaves, M.; Zibarras, L.D.; Stride, C. Using the theory of planned behavior to explore environmental
behavioral intentions in the workplace. J. Environ. Psychol. 2013, 34, 109–120. [CrossRef]
Collier, D.; LaPorte, J.; Seawright, J. Putting Typologies to Work: Concept Formation, Measurement, and
Analytic Rigor. Political Res. Q. 2012, 65, 217–232. [CrossRef]
Abrahamse, W.; Steg, L.; Vlek, C.; Rothengatter, T. The effect of tailored information, goal setting, and tailored
feedback on household energy use, energy-related behaviors, and behavioral antecedents. J. Environ. Psychol.
2007, 27, 265–276. [CrossRef]
Geller, E.S. Evaluating energy conservation programs: Is verbal report enough? J. Consum. Res. 1981,
8, 331–335. [CrossRef]
Burgess, J.; Harrison, C.M.; Filius, P. Environmental communication and the cultural politics of environmental
citizenship. Environ. Plan. A 1998, 30, 1445–1460. [CrossRef]
Hargreaves, T.; Nye, M.; Burgess, J. Making energy visible: A qualitative field study of how householders
interact with feedback from smart energy monitors. Energy Policy 2010, 38, 6111–6119. [CrossRef]
Owens, S.; Driffill, L. How to change attitudes and behaviours in the context of energy. Energy Policy 2008,
36, 4412–4418. [CrossRef]
Thondhlana, G.; Kua, H.W. Promoting household energy conservation in low-income households through
tailored interventions in Grahamstown, South Africa. J. Clean. Prod. 2016, 131, 327–340. [CrossRef]
Abbott, A.; Nandeibam, S.; O’Shea, L. Recycling: Social norms and warm-glow revisited. Ecol. Econ. 2013,
90, 10–18. [CrossRef]
Viscusi, W.K.; Huber, J.; Bell, J. Promoting Recycling: Private Values, Social Norms, and Economic Incentives.
Am. Econ. Rev. 2011, 101, 65–70. [CrossRef]
Ro, M.; Brauer, M.; Kuntz, K.; Shukla, R.; Bensch, I. Making Cool Choices for sustainability: Testing the
effectiveness of a game-based approach to promoting pro-environmental behaviors. J. Environ. Psychol. 2017,
53, 20–30. [CrossRef]
Seaborn, K.; Fels, D.I. Gamification in theory and action: A survey. Int. J. Hum. Comput. Stud. 2015, 74, 14–31.
[CrossRef]
Walter, N.; Demetriades, S.Z.; Murphy, S.T. Involved, United, and Efficacious: Could Self-Affirmation Be the
Solution to California’s Drought? Health Commun. 2017, 32, 1161–1170. [CrossRef]
Boudet, H.; Ardoin, N.M.; Flora, J.; Armel, K.C.; Desai, M.; Robinson, T.N. Effects of a behaviour change
intervention for Girl Scouts on child and parent energy-saving behaviours. Nat. Energy 2016, 1, 16091.
[CrossRef]
Staats, H.; Harland, P.; Wilke, H.A.M. Effecting Durable Change: A Team Approach to Improve Environmental
Behavior in the Household. Environ. Behav. 2004, 36, 341–367. [CrossRef]
Isenhour, C. On conflicted Swedish consumers, the effort to stop shopping and neoliberal environmental
governance. J. Consum. Behav. 2010, 9, 454–469. [CrossRef]
Bernstad, A. Household food waste separation behavior and the importance of convenience. Waste Manag.
2014, 34, 1317–1323. [CrossRef]
Geislar, S. The new norms of food waste at the curb: Evidence-based policy tools to address benefits and
barriers. Waste Manag. 2017, 68, 571–580. [CrossRef]
Bernstad, A.; la Cour Jansen, J.; Aspegren, A. Door-stepping as a strategy for improved food waste recycling
behavior—Evaluation of a full-scale experiment. Resour. Conserv. Recycl. 2013, 73, 94–103. [CrossRef]
Shearer, L.; Gatersleben, B.; Morse, S.; Smyth, M.; Hunt, S. A problem unstuck? Evaluating the effectiveness of
sticker prompts for encouraging household food waste recycling behaviour. Waste Manag. 2017, 60, 164–172.
[CrossRef]

Sustainability 2019, 11, 5034

54.
55.

56.
57.

58.

59.
60.

61.
62.
63.
64.
65.
66.
67.

68.

69.
70.
71.

72.

73.

74.
75.

22 of 24

Schmidt, K. Explaining and promoting household food waste-prevention by an environmental psychological
based intervention study. Resour. Conserv. Recycl. 2016, 111, 53–66. [CrossRef]
Rohm, H.; Oostindjer, M.; Aschemann-Witzel, J.; Symmank, C.L.; Almli, V.; de Hooge, I.; Normann, A.;
Karantininis, K. Consumers in a Sustainable Food Supply Chain (COSUS): Understanding Consumer
Behavior to Encourage Food Waste Reduction. Foods 2017, 6, 104. [CrossRef]
Nomura, H.; John, P.C.; Cotterill, S. The use of feedback to enhance environmental outcomes: A randomised
controlled trial of a food waste scheme. Local Environ. 2011, 16, 637–653. [CrossRef]
Fan, H.; MacGill, I.F.; Sproul, A.B. Impact of feedback interventions on residential electricity demand in
Australia’s first large scale smart grid project. In Proceedings of the 2015 IEEE Innovative Smart Grid
Technologies—Asia (ISGT ASIA), Bangkok, Thailand, 3–6 November 2015; pp. 1–6.
Grønhøj, A.; Thøgersen, J. Feedback on household electricity consumption: Learning and social influence
processes: Feedback on household electricity consumption. Int. J. Consum. Stud. 2011, 35, 138–145.
[CrossRef]
Jessoe, K.; Rapson, D. Knowledge is (Less) Power: Experimental Evidence from Residential Energy Use.
Am. Econ. Rev. 2014, 104, 1417–1438. [CrossRef]
Nilsson, A.; Bergstad, C.J.; Thuvander, L.; Andersson, D.; Andersson, K.; Meiling, P. Effects of continuous
feedback on households’ electricity consumption: Potentials and barriers. Appl. Energy 2014, 122, 17–23.
[CrossRef]
van Dam, S.S.; Bakker, C.A.; van Hal, J.D.M. Home energy monitors: Impact over the medium-term.
Build. Res. Inf. 2010, 38, 458–469. [CrossRef]
Allcott, H. Social norms and energy conservation. J. Public Econ. 2011, 95, 1082–1095. [CrossRef]
Allcott, H.; Rogers, T. The Short-Run and Long-Run Effects of Behavioral Interventions: Experimental
Evidence from Energy Conservation. Am. Econ. Rev. 2014, 104, 3003–3037. [CrossRef]
Schultz, P.W.; Nolan, J.M.; Cialdini, R.B.; Goldstein, N.J.; Griskevicius, V. The Constructive, Destructive, and
Reconstructive Power of Social Norms. Psychol. Sci. 2007, 18, 429–434. [CrossRef]
Harries, T.; Rettie, R.; Studley, M.; Burchell, K.; Chambers, S. Is social norms marketing effective? A case
study in domestic electricity consumption. Eur. J. Mark. 2013, 47, 1458–1475. [CrossRef]
Mizobuchi, K.; Takeuchi, K. The influences of financial and non-financial factors on energy-saving behaviour:
A field experiment in Japan. Energy Policy 2013, 63, 775–787. [CrossRef]
Schultz, P.W.; Estrada, M.; Schmitt, J.; Sokoloski, R.; Silva-Send, N. Using in-home displays to provide smart
meter feedback about household electricity consumption: A randomized control trial comparing kilowatts,
cost, and social norms. Energy 2015, 90, 351–358. [CrossRef]
Pellerano, J.A.; Price, M.K.; Puller, S.L.; Sánchez, G.E. Do Extrinsic Incentives Undermine Social Norms?
Evidence from a Field Experiment in Energy Conservation. Environ. Resour. Econ. 2017, 67, 413–428.
[CrossRef]
McCoy, D.; Lyons, S. Unintended outcomes of electricity smart-metering: Trading-off consumption and
investment behaviour. Energy Effic. 2017, 10, 299–318. [CrossRef]
Sudarshan, A. Nudges in the marketplace: The response of household electricity consumption to information
and monetary incentives. J. Econ. Behav. Organ. 2017, 134, 320–335. [CrossRef]
Tijs, M.S.; Karremans, J.C.; Veling, H.; de Lange, M.A.; van Meegeren, P.; Lion, R. Saving water to save the
environment: Contrasting the effectiveness of environmental and monetary appeals in a residential water
saving intervention. Soc. Influ. 2017, 12, 69–79. [CrossRef]
Glenn, D.T.; Endter-Wada, J.; Kjelgren, R.; Neale, C.M.U. Tools for evaluating and monitoring effectiveness
of urban landscape water conservation interventions and programs. Landsc. Urban Plan. 2015, 139, 82–93.
[CrossRef]
Davies, K.; Doolan, C.; van den Honert, R.; Shi, R. Water-saving impacts of Smart Meter technology:
An empirical 5 year, whole-of-community study in Sydney, Australia. Water Resour. Res. 2014, 50, 7348–7358.
[CrossRef]
Stewart, R.A.; Willis, R.M.; Panuwatwanich, K.; Sahin, O. Showering behavioural response to alarming visual
display monitors: Longitudinal mixed method study. Behav. Inf. Technol. 2013, 32, 695–711. [CrossRef]
Fielding, K.S.; Spinks, A.; Russell, S.; McCrea, R.; Stewart, R.; Gardner, J. An experimental test of voluntary
strategies to promote urban water demand management. J. Environ. Manag. 2013, 114, 343–351. [CrossRef]

Sustainability 2019, 11, 5034

76.
77.

78.
79.
80.
81.
82.
83.
84.

85.
86.
87.
88.

89.
90.

91.

92.
93.

94.

95.
96.
97.

23 of 24

Liu, A.; Giurco, D.; Mukheibir, P. Urban water conservation through customised water and end-use
information. J. Clean. Prod. 2016, 112, 3164–3175. [CrossRef]
Schultz, P.W.; Messina, A.; Tronu, G.; Limas, E.F.; Gupta, R.; Estrada, M. Personalized Normative Feedback
and the Moderating Role of Personal Norms: A Field Experiment to Reduce Residential Water Consumption.
Environ. Behav. 2016, 48, 686–710. [CrossRef]
Seyranian, V.; Sinatra, G.M.; Polikoff, M.S. Comparing communication strategies for reducing residential
water consumption. J. Environ. Psychol. 2015, 41, 81–90. [CrossRef]
Kurz, T.; Donaghue, N.; Walker, I. Utilizing a Social-Ecological Framework to Promote Water and Energy
Conservation: A Field Experiment1. J. Appl. Soc. Pyschol. 2005, 35, 1281–1300. [CrossRef]
Janet, A. Lorenzen The Limits of Household Change. In The Oxford Handbook of Energy and Society; Oxford
University Press: Oxford, UK, 2018.
Schor, J.B. In Defense of Consumer Critique: Revisiting the Consumption Debates of the Twentieth Century.
Ann. Am. Acad. Political Soc. Sci. 2007, 611, 16–30. [CrossRef]
Bracken, L.J.; Oughton, E.A. ‘What do you mean?’The importance of language in developing interdisciplinary
research. Trans. Inst. Br. Geogr. 2006, 31, 371–382. [CrossRef]
Campbell, L.M. Overcoming obstacles to interdisciplinary research. Conserv. Biol. 2005, 19, 574–577.
[CrossRef]
Rafols, I.; Leydesdorff, L.; O’Hare, A.; Nightingale, P.; Stirling, A. How journal rankings can suppress
interdisciplinary research: A comparison between Innovation Studies and Business & Management. Res. Policy
2012, 41, 1262–1282.
Newell, J.P.; Goldstein, B.; Foster, A. A 40-year review of food–energy–water nexus literature and its
application to the urban scale. Environ. Res. Lett. 2019, 14, 073003. [CrossRef]
Maki, A.; Carrico, A.R.; Raimi, K.T.; Truelove, H.B.; Araujo, B.; Yeung, K.L. Meta-analysis of pro-environmental
behaviour spillover. Nat. Sustain. 2019, 2, 307. [CrossRef]
Poortinga, W.; Whitmarsh, L.; Suffolk, C. The introduction of a single-use carrier bag charge in Wales:
Attitude change and behavioural spillover effects. J. Environ. Psychol. 2013, 36, 240–247. [CrossRef]
Truelove, H.B.; Carrico, A.R.; Weber, E.U.; Raimi, K.T.; Vandenbergh, M.P. Positive and negative spillover of
pro-environmental behavior: An integrative review and theoretical framework. Glob. Environ. Chang. 2014,
29, 127–138. [CrossRef]
Tiefenbeck, V.; Staake, T.; Roth, K.; Sachs, O. For better or for worse? Empirical evidence of moral licensing
in a behavioral energy conservation campaign. Energy Policy 2013, 57, 160–171. [CrossRef]
Barbato, A.; Capone, A.; Rodolfi, M.; Tagliaferri, D. Forecasting the usage of household appliances through
power meter sensors for demand management in the smart grid. In Proceedings of the 2011 IEEE International
Conference on Smart Grid Communications (SmartGridComm), Brussels, Belgium, 17–20 October 2011;
pp. 404–409.
Pillarisetti, A.; Vaswani, M.; Jack, D.; Balakrishnan, K.; Bates, M.N.; Arora, N.K.; Smith, K.R. Patterns of Stove
Usage after Introduction of an Advanced Cookstove: The Long-Term Application of Household Sensors.
Environ. Sci. Technol. 2014, 48, 14525–14533. [CrossRef]
Marchiori, A.; Hakkarinen, D.; Han, Q.; Earle, L. Circuit-Level Load Monitoring for Household Energy
Management. IEEE Pervasive Comput. 2011, 10, 40–48. [CrossRef]
Ziekow, H.; Goebel, C.; Strüker, J.; Jacobsen, H. The potential of smart home sensors in forecasting household
electricity demand. In Proceedings of the 2013 IEEE International Conference on Smart Grid Communications
(SmartGridComm), Vancouver, BC, Canada, 21–24 October 2013; pp. 229–234.
Jordán-Cuebas, F.; Krogmann, U.; Andrews, C.J.; Senick, J.A.; Hewitt, E.L.; Wener, R.E.; Sorensen Allacci, M.;
Plotnik, D. Understanding Apartment End-Use Water Consumption in Two Green Residential Multistory
Buildings. J. Water Resour. Plan. Manag. 2018, 144, 04018009. [CrossRef]
French, S.A.; Wall, M.; Mitchell, N.R.; Shimotsu, S.T.; Welsh, E. Annotated receipts capture household food
purchases from a broad range of sources. Int. J. Behav. Nutr. Phys. Act. 2009, 6, 37. [CrossRef]
Hitaj, C.; Rehkamp, S.; Canning, P.; Peters, C.J. Greenhouse Gas Emissions in the United States Food System:
Current and Healthy Diet Scenarios. Environ. Sci. Technol. 2019, 53, 5493–5503. [CrossRef]
Wynes, S.; Nicholas, K.A.; Zhao, J.; Donner, S.D. Measuring what works: Quantifying greenhouse gas
emission reductions of behavioural interventions to reduce driving, meat consumption, and household
energy use. Environ. Res. Lett. 2018, 13, 113002. [CrossRef]

Sustainability 2019, 11, 5034

98.
99.
100.

101.
102.
103.
104.

24 of 24

Carroll, A. Congratulations. Your Study Went Nowhere. The New York Times. Available online: https:
//www.nytimes.com/2018/09/24/upshot/publication-bias-threat-to-science.html (accessed on 5 August 2019).
Ellegård, K.; Palm, J. Who Is Behaving? Consequences for Energy Policy of Concept Confusion. Energies
2015, 8, 7618–7637. [CrossRef]
Bruckmeier, K. Environmental Research and Governance: Institutional Problems of Bridging Knowledge
Divides and Communicating Science. In Global Environmental Governance; Springer: Berlin/Heidelberg,
Germany, 2019; pp. 121–151.
Peters, M.A.; Besley, T. Citizen Science and Ecological Democracy in the Global Science Regime: The Need for
Openness and Participation; Taylor & Francis: Abingdon, UK, 2019.
Goodhew, J.; Pahl, S.; Auburn, T.; Goodhew, S. Making heat visible: Promoting energy conservation behaviors
through thermal imaging. Environ. Behav. 2015, 47, 1059–1088. [CrossRef]
Iwafune, Y.; Mori, Y.; Kawai, T.; Yagita, Y. Energy-saving effect of automatic home energy report utilizing
home energy management system data in Japan. Energy 2017, 125, 382–392. [CrossRef]
Kua, H.W.; Wong, S.E. Lessons for integrated household energy conservation policies from an intervention
study in Singapore. Energy Policy 2012, 47, 49–56. [CrossRef]
© 2019 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/).

