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Abstract

Spillover effects are considered important in evaluating the impacts of food, energy and
water (FEW) conservation behaviors for limiting global greenhouse gas emissions and cli-
mate change. Failure to account for all possible spillovers, or indirect and unintended
results of an intervention, not only obscures valuable information pertaining to the
dynamic interactions across domains but also results in biased estimates. In this study,
we first systematically reviewed articles that investigate the idea that the performance of
one pro-environmental behavior influences the conduct of subsequent behaviors(s)
from the FEW domains. From our review of 48 studies in the last decade, we note that
a big part of the discussion on spillover concerns the nature and direction of causal rela-
tionships between individual FEW conservation behaviors. We identify a critical gap in
the literature regarding the distinction between spillover effects caused by the interven-
tions as distinct from those caused by the primary behaviors. Next, we conducted a quan-
titative meta-analysis of the reviewed empirical studies to find a modest but overall
positive spillover effect. Finally, we reviewed the theoretical and methodological plurality
in the FEW spillover literature using a systemic thinking lens to summarize what is already
known and identify future challenges and research opportunities with significant policy
implications.

Keywords: pro-environmental behaviors; spillover effects; food; energy and water (FEW) nexus; behavioral
spillover; systems approach

Introduction

Atmospheric concentrations of greenhouse gases (GHG) have increased signifi-
cantly as a result of human activities in the last 250 years, posing serious threats
to the economy, ecology and global climate (IPCC, 2007). Rising population,
rapid urbanization, changing food habits and economic growth not only drive the
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demand for food, energy and water (FEW) resources but also contribute to GHG
emissions and climate change (Hoff, 2011; Food and Agriculture Organization of
the United Nations, 2014; UN, 2019). For sustainable management of the FEW
resources, scholars and policymakers have called for the adoption of a “nexus”
approach that identifies potential synergies and unintended consequences of indi-
vidual actions within and across these domains (Bazilian et al., 2011; Howells
et al., 2013; Newell et al., 2019). Loosely translated from the Latin verb “nectere”,
the word nexus means “to connect” and has emerged as an important concept in
identifying and understanding the interconnections across the FEW domains at
multiple spatial and temporal scales (DeLaurentiis et al., 2016; Simpson & Jewitt,
2019). While a big majority of the current literature explores the FEW nexus at
regional, national and global scales, relatively lesser attention has been drawn on
their application at individual or residential households’ levels despite their signifi-
cant share in the overall global carbon footprint (Berman et al., 2019; Dubois et al.,
2019). However, if we are looking at consumption interventions in the intercon-
nected FEW nexus from a systems perspective, then it is important that we take
into account spillover effects.

Spillover effects are generally described as the indirect and unintended conse-
quences of an intervention, event or occurrence that are relevant to the evaluation
of a resource conservation program (Austin et al, 2011). Although the idea of one
behavior influencing subsequent behaviors across time and space is not new and
has been studied across different academic disciplines, lately, it has attracted the
attention of scholars and policymakers in the context of pro-environmental behaviors
(PEBs) due to their potential role in reducing carbon emissions and mitigating cli-
mate change. Failure to account for all possible spillovers not only leaves out valuable
information on dynamic interactions across domains but also results in biased esti-
mates and misdirected policy recommendations (Angelucci & Maro, 2015). Despite
the growing body of research on theories, mechanisms and analytical perspectives
of the PEB spillovers, however, the questions of spillover direction, strength and
mechanism remain unsettled (Nash et al., 2017).

In this study, we first systematically reviewed articles that investigate the idea that
the performance of one PEB influences the conduct of subsequent behaviors(s)
from the FEW domains. We find that the literature on behavioral spillovers is
marked by multiple definitions, diversity in theoretical approaches and underlying
explanations. Further, a big part of the discussion is restricted to the nature and
direction of causal relationships between individual behaviors from isolated view-
points, leaving out the bigger picture comprised of dynamic, interactive and complex
relationships across FEW domains. While this complex picture might be too difficult
to model, isolate and measure in a noisy real-world setting, clarity of concepts and
better design of empirical studies can advance our understanding of spillovers.
Next, we conducted a quantitative meta-analysis of the reviewed empirical studies
to find a modest but overall positive spillover effect. Finally, we reviewed the
theoretical and methodological plurality in the FEW spillover literature using a
systemic thinking lens to summarize what is already known and identify future
challenges and research opportunities with implications for behavioral intervention
policies.
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The remainder of this article is organized as follows: after a brief overview of the
contemporary literature on the theoretical concepts, typologies and estimation meth-
odologies for behavioral spillover effects in the section “Overview of literature on
spillover effects”, we present the outline of our analytical approach for systematic
review conducted on spillover literature. We first summarize the descriptions of
the reviewed literature and then present our findings from the quantitative
meta-analysis in section “Analytical approach and findings”. In the section
“Spillovers from systems thinking lens”, we briefly outline the key theoretical concepts
of the systems approach in analyzing spillover effects that require an understanding of
interconnections, engagement with overarching perspectives and decision on bound-
aries judgments in the context of FEW conservation behaviors. The section
“Conclusion” concludes with policy implications on FEW behavioral interventions
and suggestions for future studies.

Overview of literature on spillover effects

Improving efficiency and promoting conservation are generally considered to be
among the most cost-effective options to address the challenges associated with
FEW resource management (Bazilian et al., 2011). Traditionally, the conceptualiza-
tion, implementation and evaluation of such policy interventions have largely focused
on technical innovations, financial incentives and improvements in economic effi-
ciencies. However, scholars and policymakers are increasingly recognizing the role
and importance of human behavioral factors as an intervention strategy for a sustain-
able transition (Allcott, 2011; Stern et al., 2016). Many consider behavioral change
theory as one of the most promising elements of social sciences in terms of its poten-
tial in improving policy outcomes, particularly in the context of climate change miti-
gation and adaptation (Steg et al., 2015; Somda et al., 2017). Such changes include
behavioral interventions or “nudges” that use choice architecture to alter people’s
behavior in a predictable way without forbidding any options or significantly chan-
ging their economic incentives (Thaler & Sunstein, 2008). Whereas human behavioral
interventions present a definite opportunity to policymakers, their evaluation poses a
serious challenge as the exact role and the extent is less understood, difficult to quantify
and subject to multiple interpretations. For the design, implementation and evaluation
of interventions aimed at influencing PEBs, it is considered essential to understand
behavioral change theories along with their key variables (Glanz et al., 2015).

Primary PEBs

The behavioral sciences literature broadly identifies two types of environmentally sig-
nificant behaviors: (i) behaviors that have a significant negative impact on the envir-
onment and (ii) those intended to protect, preserve and improve the environment
(Stern, 2000; Krajhanzl, 2010). For the purpose of this study, we generally refer to
PEBs as those environmentally significant behaviors that are relevant for FEW con-
servation as a part of sustainable climate change policies (Nash et al., 2017; Caggiano
et al., 2021).

The earliest efforts to explain PEBs in the US were based on a simple linear pro-
gression model proposed in the 1970s. It suggested a linear and sequential
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relationship between environmental knowledge, attitude and the PEBs (Burgess &
Harrison, 1998; Kollmuss & Agyeman, 2010). Subsequently, Ajzen (1991) came
out with the theory of planned behavior (TPB) assuming rational human behaviors
by extending the factors responsible for behavior change identified earlier in the the-
ory of reasoned action (Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980; Ajzen,
1991). On the completion of 20 yr of the TPB, Ajzen (2011) acknowledged that des-
pite its limited consideration of irrationality, affect, emotions, measurement context,
past behavior and habits, TPB remains one of the most cited and influential models
for predicting human behavior (Ajzen, 2011). Another popular framework to account
for the general and behavior-specific causal factors of PEB is based on the value,
belief, norm (VBN) theory (Stern, 2000). It builds on and links the value theory
(Schwartz & Bilsky, 1987), norm-activation theory (Schwartz, 1977) and the New
Environmental Paradigm (NEP) perspective (Dunlap & Liere, 1978) through a causal
chain of five variables leading to PEB. In general, four types of human values are con-
sidered important for individuals’ PEBs: biospheric (i.e., concern for the environ-
ment), altruistic (ie., concern for others), egoistic (i.e., concern for personal
resources) and hedonic values (i.e., concern for pleasure and comfort) (Steg et al.,
2015). Further, persons with strong biospheric and altruistic values have been
found to be more likely to act pro-environmentally than those influenced by egoistic
and hedonic values (Bouman et al., 2018). The VBN theory has been found to predict
adequately residential household’s intention to use efficient light bulbs or other
energy efficiency applications (Fornara et al, 2016). At the same time, another
study on households’ energy-saving behavior found that attitudinal variables, such
as values, may not explain all types of environmental behavior suggesting the poten-
tial role of contextual factors, such as individual opportunities and abilities (Poortinga
et al, 2004). For a comprehensive review of the theories explaining PEBs, see
Kollmuss & Agyeman (2010) and Nash et al. (2017) among others. With the
advances made in behavioral sciences, the nature, causes and extent of PEBs have
been researched and explained better. At the same time, it may not be sufficient to
explain the subsequent spillover behaviors entirely on the basis of such models, except
for spatial and temporal behaviors. A different, although not entirely unrelated, set of
theoretical frameworks has been proposed to explain the secondary subsequent spill-
over behaviors.

Secondary (spillover) behaviors

Although the concept of one primary behavior influencing subsequent behaviors is not
new and has been observed and studied for quite some time, there is no consensus
regarding their causes, nomenclature, categorization, theoretical framework and under-
lying mechanisms. These secondary or subsequent behaviors have been known by dif-
ferent names, such as “knock on”, “spin-off”, “catalyst behavior”, “foot in the door
effect” and “rebound effects” (Austin et al., 2011; Nash et al., 2017). Such behaviors
have been studied and analyzed from different academic perspectives, including but
not limited to, economics, marketing, health, law, physical and social sciences (Cody
& Smallwood, 1996; Rickerby & Serventi, 2010; Austin et al., 2011; Truelove et al,
2014; Schnittker et al., 2015; Rogan & Lacher, 2018; Trung, 2019).
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In the social sciences literature, there are two overlapping, yet distinct definitions
of behavioral spillovers based on whether the initial causal factor is an intervention or
the primary behavior itself (Maki et al., 2019; Henn et al., 2020). Based on their sys-
tematic and extensive review of literature, Galizzi and Whitmarsh (2019) define
“behavioral spillover” as the observable and causal effect that a change in one behav-
ior (behavior 1) has on a different, subsequent behavior (behavior 2). Specifically, to
constitute such spillovers, the behaviors must be different (i.e., not related compo-
nents of a single behavior), sequential (where one behavior follows another), share
a motive (e.g., pro-environmentalism) and involve a common link (Nash et al.,
2017; Galizzi & Whitmarsh, 2019). In the second definition, behavioral spillovers
are understood as the effect of an intervention (rather than the primary behavior)
on subsequent behaviors not targeted by the intervention (Truelove et al., 2014;
Henn et al., 2020). A report for the UK Department for Environment, Food and
Rural Affajrs (Defra) makes a distinction between the changes in behavioral outcomes
“spillovers” resulting from causative intervention, nudge, event or occurrence from
“behavioral spillovers”, in which the intervention itself is a prior behavior and calls
such special interventions as “catalyst behavior” (Austin et al.,, 2011). While these
two understandings of behavioral spillovers may have their relative strengths and
weaknesses depending on the research objectives, the subtle difference between
them has important implications for the policy design as discussed further in the sub-
section “Theoretical and methodological plurality”.

Types of spillovers

In the evolving literature on PEBs, spillovers have been categorized and explained dif-
ferently based on the direction between behaviors or their occurrences over space and
time. Depending on the direction of the secondary spillover behaviors from the pri-
mary behavior, a body of literature suggests performing one environmentally con-
scious behavior can make the performance of other behaviors more (less) likely
and considers them as examples of positive (negative) spillovers (Truelove et al.,
2014). In addition to the spillover behaviors within a given setting, recent studies
have also explored and found evidences of positive spillovers, typically relating to
energy conservation or recycling behaviors across the home and workplace settings.
Such relationships in which the adoption of one behavior leads to the adoption of
similar behaviors across contexts or settings have been generally known as “situ-
ational spillovers” (Tudor et al., 2007; Nash et al., 2017; Whitmarsh et al., 2018).
Similarly, on a time scale, cross-temporal spillover describes how enactment of a
PEB can affect the frequency of conducting the same behavior in the future, i.e.,
whether conducting behavior A in time 1 affects the probability of conducting the
same behavior A in time 2 (Nilsson et al., 2016). A recent study also describes a
related concept of “spillunder” as a category of environmental behaviors triggered
by extrinsic interventions, in which the non-targeted behavior precedes the intended
outcome behavior (Krpan et al., 2019).

Separately, development economics literature mentions four different types of
spillover effects such as externalities, social interactions, context equilibrium effects
and general equilibrium effects (Angelucci & Maro, 2015). Drawing from the
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human health behavior literature, Dolan and Galizzi (2015) describe different types of
spillovers as promoting, permitting and purging behaviors. To inform policy, they
suggest capturing all ripples of behaviors when a pebble of intervention is thrown
in the pond instead of focusing on any one specific behavioral response at a time
(Dolan & Galizzi, 2015). In the context of evaluating net impacts from the ratepayer-
funded energy efficiency programs, spillovers generally refer to additional reductions
in energy consumption or demand that are due to program influences beyond
those directly associated with program participation (Violette & Rathbun, 2014).
For a comprehensive cost-benefit analysis of environmental campaigns, all changes
in resource consumption should be considered based on the full understanding of
underlying mechanisms (Tiefenbeck et al., 2013). However, a recent meta-review of
ratepayer-funded energy efficiency programs in the US notes wide variations in
nomenclature, classifications and methodologies in the measurement and evaluation
of spillovers with significant implications on their cost-benefit analysis results (Froio
et al., 2020).

Theoretical frameworks for behavioral spillovers

The most commonly used explanations for positive spillover are based on the cogni-
tive dissonance theory (Festinger, 1957), the self-perception theory (Bem, 1972) and
other learning theories based on gateway behaviors (Nigg et al., 1999). According to
the cognitive dissonance theory, people with pro-environmental views are likely to
behave sustainably across domains and settings to reduce their perceptions of cogni-
tive discomfort. On the other hand, the self-perception theory postulates that percep-
tions of identity based on PEBs in the past are likely to cause similar behaviors. By
combining psychological factors based on pro-environmental goals and values, iden-
tity, skills, knowledge and self-efficacy, Thegersen (2012) proposed a theoretical
framework that links primary and secondary behaviors by priming, learning and self-
efficacy actions for positive spillovers. Alternately, Nash et al. (2017) have explained
the behavioral spillover effects on the basis of social practice theory that considers
individuals as “carriers” or “carrying points” of multiple different practices rather
than being the core unit of analysis.

Separately, theoretical explanations of negative spillover behaviors are often asso-
ciated with psychological and economic principles, e.g., moral licensing, contribution
ethic, the single action bias and rebound effects at individual and societal levels
(Thegersen, 2012; Truelove et al, 2014; Nash et al, 2017; Verfuerth &
Gregory-Smith, 2018). In their comprehensive analysis of spillover behaviors,
Truelove et al. (2014) explore the dichotomy between the existence of positive and
negative spillovers. They suggest that the extent to which an initial behavior influ-
ences subsequent behaviors depends on two major factors: (i) affect-based, rule-and
role-based, or calculation-based decision modes, and (ii) attribution of behavior to
either internal or external sources. According to their framework, calculation-based
decisions attributed externally lead to no net spillover, affect-based decisions are likely
to have negative spillovers and role-based decisions that enhance environmental iden-
tity are likely to result in positive spillovers (Truelove et al, 2014; Verfuerth &
Gregory-Smith, 2018).
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The emerging literature on behavioral spillovers based on theoretical models and
empirical studies do help us in understanding complex behavioral relationships from
diverse perspectives. However, their empirical evaluation gets limited due to a lack of
consistency in the nomenclature, types and underlying theoretical explanations. To
explore these issues further, we conducted a review of the current literature on
FEW spillover behaviors from the perspective of carbon emission reduction and asso-
ciated policy implications.

Analytical approach and findings

For this review, we systematically searched for studies on behavioral spillovers pub-
lished using the terms “behavior, spillover, environment, food, energy, water, conser-
vation, evaluation”. Our search on the Science Direct database for research and review
articles resulted in a total of 194 studies. Separately, we also searched the Scopus data-
base using the terms “behavior, environment, energy, spillover” and accessed 15 arti-
cles published during the years 2010-2020. Using these terms, we also searched the
Google Scholar search engine that returned 17,300 results and scrutinized the first 20
pages for articles relevant to our study. We also benefitted from the special issue on
advances in theoretical, methodological and applied aspects of behavioral spillovers
containing 14 articles published in the Frontiers in Psychology journal (Jones et al.,
2019).

As a limitation of this study, we examined only a few prominent social psycho-
logical models relevant to pro-environmental behavioral spillovers, excluding other
economic and social marketing models. We also restricted our attention to the evalu-
ation of spillovers from PEBs with residential households as the unit of analysis,
ignoring any differences in the household behavior dynamics within the family mem-
bers (O’Brien, 2005; Seebauer et al., 2017). For ease of analysis, we artificially distin-
guished between the causes, explanations and background theories of the primary and
subsequent secondary (spillover) behaviors despite the possibility of overlaps and the
absence of clear boundaries between them. Further, the distinctions between primary
and secondary behaviors may not strictly apply to the discussion on contextual or
temporal spillovers (similar behaviors triggered across space and time). We also lim-
ited our review to the studies on behavioral, contextual or temporal spillover effects
from food, energy and water conservation behaviors in a residential household con-
text excluding the search results on spillovers in education, health, transportation or
those mentioned in the economic development context.

After filtering out studies beyond the scope of our study and excluding the duplica-
tions, we carefully finalized a list of 48 journal articles/publications that explore concep-
tual, theoretical and methodological aspects of spillover evaluations from behavioral
interventions across food, energy and water domains for a detailed review (a list of
all reviewed articles and author names is shown in Appendix). A quick glance at the
year-wise distribution of our selected publications (see Figure 1) suggests an increasing
trend in the number of publications since 2016 onwards, except for the year 2020,
apparently because of the unusual situation caused by the Covid-19 pandemic.

Our review also suggests a fairly representative sample of studies spread across 21
publications/journals on diverse topics with 14 contributions from Frontiers in
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Figure 1. Year-wise frequency distribution of reviewed publications.

Psychology journal, 8 from Journal of Environmental Psychology, 4 from Resources,
Conservation, and Recycling journal, 2 each from Energy Research ¢ Social Science
and Global Environmental Change followed by one each from E2E working Paper,
Economics Letters, Energy Policy, Environmental Education Research, Journal of
Cleaner Production, Journal of Economic Psychology, Journal of Vocational
Behavior, Nature Sustainability, Procedia - Social and Behavioral Sciences, Research
Handbook on Employee Pro-Environmental Behaviour, Resources, Conservation and
Recycling, Tourism Management, Transportation Research Part D: Transport and
Environment, Journal of Environmental Economics and Management, WIREs
Climate Change, and Sustainability.

Summary description

For this study, we distinguish between articles depending on whether they proposed
any theoretical explanations for the spillover behaviors, reviewed the spillover litera-
ture or tested hypotheses using empirical data despite some of them falling under
more than one category. We found the majority of them to be empirical studies
that tested hypotheses using quantitative, qualitative or mixed methods followed by
review and theoretical/conceptual articles (Figure 2).

We also grouped the reviewed studies based on their underlying theoretical frame-
works. Figure 3 below displays the number of reviewed publications distributed
against the underlying theoretical frameworks or explanations.

In terms of the theoretical frameworks and underlying explanations for the spill-
over behaviors, pro-environmental identity, social values/norms, cognitive disson-
ance, self-perception, action-based learning, goals were cited most frequently
followed by the TPB, beliefs, attitudes for the positive spillovers and moral licensing,
contribution ethic, rebound effects and single action bias for the negative spillover
behaviors. Table 1 summarizes brief descriptions of the reviewed articles with respect
to spillover attributes analyzed in our study.
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Figure 3. Distribution of studies across theoretical frameworks and underlying explanations.
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Table 1. Spillover attributes in reviewed studies

Citations

Truelove et al. (2014), Dolan and Galizzi (2015), Nash et al. (2017), Capstick et al.
(2019), and Krpan et al. (2019)

Klockner et al. (2013), Poortinga et al. (2013), Tiefenbeck et al. (2013), Lanzini
and Thegersen (2014), Spence et al. (2014), Steinhorst et al. (2015), Lacasse
(2016), Wells et al. (2016), d’Adda et al. (2017), Jessoe et al. (2017), Margetts
and Kashima (2017), Al-Chalabi et al. (2018), Werff and Steg (2018), Whitmarsh
et al. (2018), Xu et al. (2018), Brigger and Hochli (2019), Capstick et al. (2019),
Elf et al. (2019), Ghesla et al. (2019), Hochli et al. (2019), Lin and Azar (2019),
Nash et al. (2019), Thomas et al. (2019), Verfuerth et al. (2019), Arias and
Trujillo (2020), Henn et al. (2020), Hu et al. (2020), Truelove and Nugent (2020),
Zhang and Wang (2020), and Carlsson et al. (In press)

Austin et al. (2011), Michel et al. (2011), Rashid and Mohammad (2012),
Thegersen (2012), Thomas and Sharp (2013), Angelucci and Maro (2015),
Nilsson et al. (2016), Nash et al. (2017), Verfuerth and Gregory-Smith (2018),
Fanghella et al. (2019), Galizzi and Whitmarsh (2019), Maki et al. (2019),
Carman and Zint (2020)

Rashid and Mohammad (2012), Poortinga et al. (2013), Lanzini and Thegersen
(2014), Spence et al. (2014), Steinhorst et al. (2015), Wells et al. (2016), d’Adda
et al. (2017), Al-Chalabi et al. (2018), Werff and Steg (2018), Whitmarsh et al.
(2018), Capstick et al. (2019), Elf et al. (2019), Lin and Azar (2019), Nash et al.
(2019), Thomas et al. (2019), Arias and Trujillo (2020), Henn et al. (2020), Hu
et al. (2020), Zhang and Wang (2020), and Carlsson et al. (In press)

Attributes Description
Study type Theoretical/conceptual
Empirical
Review
Spillover type(s) Positive
Negative

Capstick et al. (2019) and Elf et al. (2019)

Both/net (Steg et al., 2015)

Austin et al. (2011), Michel et al. (2011), Klockner et al. (2013), Thomas and Sharp
(2013), Tiefenbeck et al. (2013), Angelucci and Maro (2015), Dolan and Galizzi
(2015), Lacasse (2016), Nilsson et al. (2016), Jessoe et al. (2017), Margetts and
Kashima (2017), Nash et al. (2017), Verfuerth and Gregory-Smith (2018), Xu
et al., (2018), Briigger and Hochli (2019), Fanghella et al. (2019), Ghesla et al.
(2019), Galizzi and Whitmarsh (2019), Hochli et al. (2019), Maki et al. (2019),
Verfuerth et al. (2019), and Truelove and Nugent (2020)
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Temporal

Thegersen (2012), Truelove et al. (2014), Nilsson et al. (2016), Verfuerth and
Gregory-Smith (2018), and Hochli et al. (2019)

Contextual/spatial/socio-cultural

Austin et al. (2011), Michel et al. (2011), Rashid and Mohammad (2012), Nilsson
et al. (2016), Wells et al. (2016), d’Adda et al. (2017), Nash et al. (2017),
Verfuerth and Gregory-Smith (2018), Uzzell and Rathzel (2018), Yuriev et al.
(2018), Whitmarsh et al. (2018), Capstick et al. (2019), Hochli et al. (2019), Lin
and Azar (2019), Nash et al. (2019), Verfuerth et al. (2019), Carman and Zint
(2020), Hu et al. (2020), and Zhang and Wang (2020)

Spillunders (Krpan et al.,
2019)

Intervention type

Policy intervention

Poortinga et al. (2013), d’Adda et al. (2017), Hochli et al. (2019), Maki et al. (2019),
Thomas et al. (2019), and Zhang and Wang (2020)

Wide range of behavior change techniques,
information, group identity, menu choice,
display, feedback

Tiefenbeck et al. (2013), Spence et al. (2014), Al-Chalabi et al. (2018), Xu et al.
(2018), Elf et al. (2019), Verfuerth et al. (2019) and Carlsson et al. (In press)

SUI’VEy responses

Wells et al. (2016), Margetts and Kashima (2017), Werff and Steg (2018) and
Capstick et al. (2019)

Personal/social norms

Klockner et al. (2013) and Jessoe et al. (2017)

Self-identity priming, goal commitment,
recall paradigm,

Thegersen (2012), Lacasse (2016), Werff and Steg (2018), and Briigger and Hochli
(2019)

Choice defaults in dictator game

d’Adda et al. (2017) and Ghesla et al. (2019)

Framing effects

Steinhorst et al. (2015)

Verbal praise

Lanzini and Thegersen (2014)

Guilt manipulation video

Truelove and Nugent (2020)

(Continued)
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Table 1. (Continued.)

Attributes

Description

Citations

Underlying explanation(s)

TPB (Ajzen, 1991)

Klockner et al. (2013), Whitmarsh et al. (2018), Arias and Trujillo (2020) and Hu
et al. (2020)

Decision modes, attribution, behavioral
similarity and difficulty

Truelove et al. (2014)

Promoting, permitting and purging

Dolan and Galizzi (2015)

Social practice theory

Nash et al. (2017)

The social identity theory, place attachment
theory

Rashid and Mohammad (2012)

Five-Factor Model (FFM) of personality

Michel et al. (2011)

Cognitive dissonance, self-perception,
action-based learning, goal, moral
licensing, contribution ethic

Austin et al. (2011), Rashid and Mohammad (2012), Thegersen (2012), Tiefenbeck
et al. (2013), Nilsson et al. (2016) and Carlsson et al. (In press)

Compensatory, catalyzing beliefs

Jessoe et al. (2017) and Capstick et al. (2019)

Pro-environmental identity, social values/
norms identity process theory

Poortinga et al. (2013), Thomas and Sharp (2013), Spence et al. (2014), Lacasse
(2016), Werff and Steg (2018), Xu et al. (2018), Capstick et al. (2019), Elf et al.
(2019), Fanghella et al. (2019), Verfuerth et al. (2019) and Hu et al. (2020)

Attitude change, generativity

Wells et al. (2016), Briigger and Hochli (2019) and Henn et al. (2020)

Intrinsic motivation, guilt, incentives

Lacasse (2016) and Maki et al. (2019)

Goal theoretical perspectives, resource
similarity

Margetts and Kashima (2017) and Hochli et al. (2019)

Egocentric network mapping

Al-Chalabi et al. (2018)

Rebound, single action bias

Austin et al. (2011) and Xu et al. (2018)

Border crossing and institutional logic

Uzzell and Rathzel (2018)

Personal norms, self-efficacy

Steinhorst et al. (2015) and Arias and Truijillo (2020)
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Guilt mediated by environmental identity,
concern

Truelove and Nugent (2020)

Primary behavior

Waste reduction, waste recycling, dietary
choice defaults, bike-to-work campaign,
waste separation, altruistic behavior,
online simulated shopping, electricity,
water saving, electric car purchase, straw
use reduction

Klockner et al. (2013), Tiefenbeck et al. (2013), Steinhorst et al. (2015), Wells et al.
(2016), d’Adda et al. (2017), Jessoe et al. (2017), Margetts and Kashima (2017),
Al-Chalabi et al. (2018), Whitmarsh et al. (2018), Xu et al. (2018), Hochli et al.
(2019), Verfuerth et al. (2019), Truelove and Nugent (2020), Zhang and Wang
(2020) and Carlsson et al. (In press)

Secondary behavior(s)

Using own grocery bag, reusing plastic bag,
reducing food waste, donation, policy
spillover, exercise, reduced meat
consumption, protecting environment,
gas consumption, travel, electricity
consumption, green purchase, car use

Kldckner et al. (2013), Poortinga et al. (2013), Tiefenbeck et al. (2013), Thomas
and Sharp (2013), Lanzini and Thegersen (2014), Wells et al. (2016), Jessoe
et al. (2017), Al-Chalabi et al. (2018), Verfuerth and Gregory-Smith (2018),
Brigger and Hochli (2019), Elf et al. (2019), Fanghella et al. (2019), Hochli
et al. (2019), Thomas et al. (2019), Arias and Trujillo (2020) and Zhang and
Wang (2020)

Adaptation behavior
(Carman & Zint, 2020)

Methods (Galizzi &
Whitmarsh, 2019)

Quantitative

Klockner et al. (2013), Poortinga et al. (2013), Tiefenbeck et al. (2013), Lanzini
and Thegersen (2014), Spence et al. (2014), Steinhorst et al. (2015), d’Adda
et al. (2017), Jessoe et al. (2017), Werff and Steg (2018), Xu et al. (2018),
Capstick et al. (2019), Fanghella et al. (2019), Ghesla et al. (2019), Briigger and
Hochli (2019), Lin and Azar (2019), Arias and Truijillo (2020), Henn et al. (2020),
Hu et al. (2020), Truelove and Nugent (2020), Zhang and Wang (2020) and
Carlsson et al. (In press)

Qualitative

Uzzell and Rathzel (2018), Nash et al. (2019) and Verfuerth et al. (2019)

Mixed

Al-Chalabi et al. (2018), Whitmarsh et al. (2018), Elf et al. (2019) and Thomas
et al. (2019)

Outcome measured

Direct/actual

Tiefenbeck et al. (2013), Jessoe et al. (2017), Xu et al. (2018), Fanghella et al.
(2019) and Carlsson et al. (In press)

Self-reported behavior

Klockner et al. (2013), Poortinga et al. (2013), Lanzini and Theggersen (2014),
Spence et al. (2014), Steinhorst et al. (2015), Lacasse (2016), Wells et al. (2016),
d’Adda et al. (2017), Al-Chalabi et al. (2018), Uzzell and Rathzel (2018), Werff

(Continued)
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Table 1. (Continued.)

Attributes Description

Citations

and Steg (2018), Whitmarsh et al. (2018), Capstick et al. (2019), Briigger and
Hochli (2019), Hochli et al. (2019), Lin and Azar (2019), Nash et al. (2019),
Thomas et al. (2019), Verfuerth et al. (2019), Arias and Truijillo (2020), Henn
et al. (2020), Hu et al. (2020), Truelove and Nugent (2020) and Zhang and
Wang (2020)

Study duration Longitudinal

Tiefenbeck et al. (2013), Jessoe et al. (2017), Al-Chalabi et al. (2018), Xu et al.
(2018), Elf et al. (2019), Hochli et al. (2019), Lin and Azar (2019), Thomas et al.
(2019), Verfuerth et al. (2019), Henn et al. (2020), Truelove and Nugent (2020)
and Carlsson et al. (In press)

Cross-sectional

Klockner et al. (2013), Steinhorst et al. (2015), Wells et al. (2016), Werff and Steg
(2018), Whitmarsh et al. (2018), Briigger and Hochli (2019), Capstick et al.
(2019), Fanghella et al. (2019), Ghesla et al. (2019), Lin and Azar (2019), Nash
et al. (2019), Arias and Trujillo (2020), Hu et al. (2020) and Zhang and Wang
(2020)

Relationship Correlation

Klockner et al. (2013), Wells et al. (2016), Whitmarsh et al. (2018), Lin and Azar,
(2019), Henn et al. (2020), Hu et al. (2020) and Zhang and Wang (2020)

Causality

Tiefenbeck et al. (2013), Spence et al. (2014), Steinhorst et al. (2015), Lacasse
(2016), Jessoe et al. (2017), Werff and Steg (2018), Werff and Steg (2018), Xu
et al. (2018), Brigger and Hochli (2019), Fanghella et al. (2019), Ghesla et al.
(2019), Hochli et al. (2019), Maki et al. (2019), Truelove and Nugent (2020) and
Carlsson et al. (In press)

Multiple interventions/
crowd out effects
(Brandon et al., 2019;
Hagmann et al., 2019)

Fanghella et al. (2019)
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From the review, we find that the number of studies on the positive (20)* or con-
textual/spatial (19) spillover behaviors are much higher than the number of studies
examining negative (3) and temporal (5) spillovers. We also note the recent develop-
ment in evaluating both (24) the positive, negative or net spillover effects. With few
exceptions, our review suggests that most empirical studies examine the cause—effect
relationships between the primary and secondary behaviors triggered by interventions
relying on the qualitative, quantitative or mixed methods broadly outlined by Galizzi
and Whitmarsh (2019). Some of the common examples of initial interventions used
are — information, group identity, menu choice, display, feedback, survey responses,
personal/social norms, self-identity priming, goal commitment, recall paradigm,
choice defaults in the dictator game, framing effects and verbal praise. Further, the
examples of primary behaviors tested mostly relate to activities such as waste reduc-
tion, separation and recycling, dietary choice defaults, bike-to-work campaign, altru-
istic behavior, online simulated shopping, water and electricity saving, and electric car
purchase. Similarly, activities related to using own grocery bag, reusing plastic bags,
reducing food waste, monetary donation, policy spillover, exercise activity, meat con-
sumption, protecting environment intention, gas consumption, travel activity, electri-
city consumption, green purchase and car use were frequently tested as examples of
secondary spillover behaviors. For example, a recent study examined the direct and
indirect effects of the perceived consumer effectiveness (PCE) on recycling behavior.
The authors found a significant mediating role of carrying shopping bag behavior in
the connection between PCE and recycling (Arias & Trujillo, 2020). In another study,
Truelove and Nugent (2020) checked whether the relationships between plastic straw
use and self-reported, non-targeted PEBs were mediated by environmental guilt,
identity and concern using a video message as the intervention. They found signifi-
cant, positive and indirect effects of reducing straw usage on changes in other PEBs
(Truelove & Nugent, 2020). The introduction of five pence plastic bag charge in the
UK is considered as one of the earliest examples of policy spillovers. Using a mixed-
method longitudinal study, Thomas and Sharp (2013) found that the plastic bag
charge not only changed consumers’ behavior but also increased awareness and sup-
port for other charges to reduce plastic waste.

In our review, we could find only four studies that directly measured actual behav-
ioral outcomes in comparison to 22 studies resorting to indirect methods based on
survey responses of respondents’ perceptions (see Figure 4).

Although the choice between the two methods requires a tradeoff between cost
and validity, the possibility of getting socially desirable biased results using indirect
methods in the absence of separate validation cannot be overruled even with a larger
sample size, especially when the questions are of sensitive nature (Groves et al., 2009;
Krumpal, 2013). Further, such responses also suffer from non-random bias caused by
the decision heuristics of survey participants. For example, a recent article compared
consumers’ perception of electricity consumption with their actual use in Texas, US.
It found that consumers often over/underestimate their electricity use depending on
the low/high rating of such appliances (Lesic et al., 2018).

"The numbers in parentheses correspond to the total number of reviewed articles studied for that specific
category.
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Direct/Actual Self-reported behavior/Contingent

Figure 4. Direct measured vs self-reported behaviors in reviewed studies.

Whereas the geographical scope of most studies appears limited to the national or
sub-national context, few studies also explore the spillover behaviors across countries.
In a longitudinal study based on continuous engagement between the participants of
the lagom” project support system in the UK and Ireland over 1 yr, EIf et al. (2019)
analyzed whether program participation led to changes in targeted and non-targeted
PEBs (Elf et al., 2019). Based on their quantitative and qualitative studies, they found
a significant and positive correlation between targeted and non-targeted behaviors.
Similarly, Capstick et al. (2019) conducted a cross-cultural study of catalyzing and
compensating beliefs from seven countries - Brazil, China, Denmark, India,
Poland, South Africa, and the UK. Using a mix of factor analyses and correlation
tests on survey-based self-reported behaviors, they found a positive relationship
between catalyzing beliefs and different PEBs with variations across countries.
However, their other hypothesis regarding compensatory beliefs being inversely
related to PEBs was not supported by the data (Capstick et al., 2019).

Quantitative meta-analysis

Recently, Maki et al. (2019) conducted a meta-analysis of 22 studies on behavioral
spillovers. While noting the variabilities in the measurement of spillovers in the lit-
erature underlining the need for future studies on temporal and contextual spillover
analysis, they analyzed only experimental studies that used an external intervention to
trigger primary and secondary PEBs. Using Cohen’s d metric for the effect size, they
found an overall positive and small spillover effect for intentions but overall negative
spillover effects for actual behaviors and policy support with intrinsic motivation as
the most statistically significant underlying explanation (Maki et al, 2019).
Subsequently, Geiger et al. (2021) have also comprehensively explored the nature
and extent of spillover effects. Using a Bayesian analysis, they found a moderate evi-
dence for overall spillover on intention as well as behaviors (Geiger et al., 2021).

*The word lagom is sometimes used to describe the Swedish way of life. Loosely translated it means “just
the right amount” or “balance.” It is an alternative approach to sustainable lifestyles that emphasizes the
idea of sufficiency.
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We conducted a meta-analysis to get a statistical summary of the overall spillover
effects of behavioral interventions related to FEW resources. Out of the total 48
reviewed articles, we shortlisted 23 experimental, quasi-experimental or observational
studies that empirically analyzed behavioral spillover outcomes. We finalized a list of
16 studies for meta-analysis after dropping articles that did not report all parameters
required for calculating numerical effect sizes and standard errors or those reporting
temporal and spatial spillovers. We included all outcomes from studies reporting
multiple spillover effects from interventions totaling a list of 33 items for the
meta-analysis. For studies reporting spillover outcomes measured on a binary/ordinal
scale, the effect sizes in terms of standardized means and standard errors were derived
using appropriate conversion formulas (Lipsey & Wilson, 2001; Borenstein et al.,
2009). The analysis was done using the maximum likelihood iterative method
using the random effects model in Stata MP 17.0 Mac (64-bit Intel) software. A com-
plete list of citations, interventions, spillover description along with meta-analysis
output showing effect sizes, 95% confidence intervals and relative weights is presented
in Table 2.

For consistency, we changed the signs of electricity use behaviors, so that lesser
electricity consumed reflects a positive energy conservation spillover outcome. A for-
est plot of the meta-analysis results from the reviewed empirical studies is shown in
Figure 5 with the line graph showing individual mean effect sizes and horizontal lines
representing the extent of confidence intervals.

With a statistically significant Cochran’s Q value of 205.71 and I” value of 88.82%
as a measure of the proportion of total heterogeneity, our result suggests significant
variation across studies (Cleophas & Zwinderman, 2017; Ahir & Chakraborty, 2021).
The overall effect size of spillover outcomes has a modest but significant value of
0.058 within the 95% confidence interval ranging from 0.013 to 0.103 (Prob>z=
0.0116). However, individual results present a mixed pattern of both positive and
negative spillover effects distributed within and across studies. Out of the total 33
studied outcomes, 16 positive spillover effects were found significant with a max-
imum standardized mean value of 1.61 for push measures on subsequent donation
behavior in the online simulated dictator games. In comparison, only three negative
spillover outcomes were found significant with a maximum standardized mean value
of —0.12 for the electricity conservation behavior following water-saving messages.
However, we could not come across any study that empirically tested for “spillunder”
effects or spillovers from climate change adaptation behaviors despite their import-
ance and cost-effectiveness (Carman & Zint, 2020).

Spillovers from systems thinking lens

Although the idea of “systems” is not new and can be traced back to the earliest quest
for comprehensive knowledge by human minds, the term was formally introduced as
a part of biological studies in the 20th century and later became popular as a man-
agement concept (Senge, 1990; Richmond, 1993; Lin & Forrest, 2012; Arnold &
Wade, 2015). However, there appears to be no single agreed-upon definition of “sys-
tems” in the literature, and the term has been defined, described and redefined in
multiple different ways since then. In general, the words “systems”, “systemic
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Table 2. Description of empirical studies with meta-analysis results

Citation with outcome Effect [95% conf.

description Intervention Primary behavior Spillover outcome size interval] % Weight

Arias and Trujillo (2020) PCE used as a mediating Use of reusable bags Recycling waste 0.146 0.079 443

variable 0.213

Truelove and Nugent Guilt video A Straw use A Plastic policy —0.217 —0.652 0.88
(2020): A Plastic policy support 0.218
support

Truelove and Nugent Guilt video A Straw use A Climate policy 0.078 -0.177 1.92
(2020): A Climate policy support 0.333
support

Truelove and Nugent Guilt video A Straw use A Curtailment PEBs —0.151 —0.418 1.81
(2020): A Curtailment 0.116
PEBs

Truelove and Nugent Guilt video A Straw use A Food PEBs —-0.179 —0.473 1.59
(2020): A Food PEBs 0.115

Truelove and Nugent Guilt video A Straw use A Recycle and reuse —0.045 —0.345 1.55
(2020): A Recycle and PEBs 0.255
reuse PEBs

Carlsson et al. (2020): Social information Water use Electricity use 0.613 —2.919 0.02
homogeneous group (homogeneous group) 4.145

Hu et al. (2020): use of Identity contamination Energy conservation in Use of public 0.047 —0.029 43
public transport organizational settings transport 0.123

Hu et al. (2020): use of Identity contamination Energy conservation Use of laundry driers 0.097 0.021 43
laundry driers in organizational 0.173

settings
Zhang and Wang (2020): Pilot program on waste Waste sorting Waste sorting in 0.115 0.070 4.67
sorting neighboring cities 0.160

waste sorting in
neighboring cities
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Zhang and Wang (2020): Pilot program on waste Waste sorting Bringing own grocery 0.164 0.101 4.48
bringing own grocery sorting bag 0.227
bag

Zhang and Wang (2020): Pilot program on waste Waste sorting Reusing plastic bags 0.126 0.063 4.48
reusing plastic bags sorting 0.189

Fanghella et al. (2019): Self-priming Identity Average donation to —0.04 —0.120 4.24
identity charity 0.040

Fanghella et al. (2019): Self-priming Identity and goal Average donation to —0.028 —0.108 4.24
identity and goal commitment charity 0.052
commitment

Brligger and Hochli (2019) Recalling past environment Strong/weak environmental Switching-off 0.058 0.019 4.73

friendly/unfriendly attitude as a mediating electronic devices 0.097
behavior variable when not used

Thomas et al. (2019): Plastic bag charge Plastic bag charge Water bottle charge 0.22 0.161 4.52
water bottle charge support 0.279
support

Thomas et al. (2019): Plastic bag charge Plastic bag charge Packaging charge 0.2 0.141 4.52
packaging charge support 0.259
support

Thomas et al. (2019): fuel Plastic bag charge Plastic bag charge Fuel charge support 0.02 —0.019 4.73
charge support 0.059

Werff and Steg (2018): past Past environmental Past environmental behavior Pro-environmental 0.07 —0.204 1.75
environmental behavior behavior behavior 0.343

Werff and Steg (2018): Monetary benefits Monetary benefits Pro-environmental 0.132 —0.143 1.75
monetary benefits behavior 0.406

(Xu et al., 2018): Waste Waste classification credit Waste sorting Electricity 0.352 —0.562 2.38
classification credit consumption 0.142

Xu et al. (2018): dumping Classifying dumping Waste sorting Electricity —0.064 —0.089 3.14
accuracy accuracy consumption 0.217

(Continued)
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Table 2. (Continued.)

Citation with outcome Intervention Primary behavior Spillover outcome Effect [95% conf. Weight
description size interval] %
Xu et al. (2018): separation Classifying separation Waste sorting Electricity —0.272 0.107 2.97
accuracy accuracy consumption 0.437
d’Adda et al. (2017): push Policy intervention (Push) Push Donation 1.611 0.074 0.08
3.148
d’Adda et al. (2017): nudge Policy intervention (nudge) Nudge Donation 0.503 —0.916 0.1
1.922
Jessoe et al. (2017) Watersmart social Water saving Electricity 0.028 0.001 4.81
comparison message consumption 0.055
Steinhorst et al. (2015): Environment framing Environment friendly Climate friendly 0.21 0.024 2.67
environment framing Intentions behavior intention 0.396
Steinhorst et al. (2015): Monetary framing Environment friendly Climate friendly —0.045 —0.234 2.65
monetary framing Intentions behavior intention 0.143
Lanzini and Thogersen Monetary messaging to buy Change in Green buying Switch-off lights 0.212 —0.071 1.68
(2014): monetary green products 0.495
messaging
Lanzini and Thegersen Non-monetary (verbal Change in Green buying Switch-off lights 0.344 0.060 1.66
(2014): Non-monetary praise) messaging to buy 0.629
messaging green products
Tiefenbeck et al. (2013) Normative message on Water saving Electricity —-0.125 —0.254 35
water conservation consumption 0.004
Poortinga et al. (2013): Plastic bag charge Plastic bag charge Recycling waste 0.006 —0.033 4.73
recycling waste increased 0.045
Poortinga et al. (2013): Plastic bag charge Plastic bag charge Buying energy-saving —0.086 —0.125 4.73
buying energy-saving light bulbs —0.047
light bulbs decreased
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Effect size Weight

Study with 95% CI (%)
(Arias and Trujillo, 2020) Ir 0.15[ 0.08, 0.21] 4.43
(Truelove and Nugent, 2020):A Plastic Policy support _.‘Z_ -0.22[-0.65 0.22] 088
(Truelove and Nugent, 2020):4 Climate Policy support + 0.08[-0.18, 0.33] 182
(Truelove and Nugent, 2020): & Curtailment PEBs -0.15[-0.42, 0.12] 181
(Truelove and Nugent, 2020):4 Food PEBs -0.18[-0.47. 0.11] 1.59
(Truelove and Nugent, 2020):4 Recycle and Reuse PEBs - -0.04 [ -0.34, 0.25] 155
(Carisson et al., 2020): (homogeneous group) 0.61[-2.92, 4.14] 002
(Hu et al., 2020): Use of public transport 0.05(-0.03, 0.12] 430
(Hu et al., 2020): Use of laundry Driers 0.10[ 0.02, 0.17] 430
(Zhang and Wang, 2020): Waste sorting in neighboring cities 0.12[ 0.07, 0.16] 467
(Zhang and Wang, 2020): Bringing own grocery bag 016[ 010, 0.23] 448
(Zhang and Wang, 2020): Reusing plastic bags 013[ 0.06, 0.189] 448
(Fanghella et al., 2019): Identity ] -0.04[-0.12, 0.04] 424
(Fanghella et al., 2019): Identity and Goal commitment -0.03[-0.11, 0.05] 4.24
(Brilgger and Hochli, 2019) 0.06[ 0.02, 0.10] 473
(Thomas et al., 2019): Water bottle charge support 0.22| 016, 0.28] 452
(Thomas et al., 2019): Packaging charge support } 0.20[ 014, 0.26] 452
(Thomas et al., 2019): Fuel charge support 0.02[-0.02, 0.06] 473
(Van Der Werff and Steg, 2018): Past environmental behavior 4 0.07[-0.20, 0.34] 1.75
(Van Der Werlf and Steg, 2018): Monetary benefits l— 0.13[-0.14, 0.41] 175
(Xu et al., 2018). Waste classification credit < -0.35[-0.56, -0.14] 238

0.06[-0.09, 0.22] 3.14
0.27[ 0.1, 0.44] 297
1.61[ 0.07, 3.15] 0.08
0.50(-0.92, 192 0.10
0.03[ 0.00, 0.06] 481
0.21[ 0.02, 0.40] 267

(¥u et al., 2018): dumping accuracy

(Xu et al., 2018): separaticn accuracy
(d'Adda et al,, 2017): Push

(d"Adda et al., 2017): Nudge

(Jessoe et al., 2017)

(Steinhorst et al., 2015): Environment framing

(Steinhorst et al., 2015): Monetary framing = -0.05[-0.23, 0.14] 2865
{Lanzini and Thegersen, 2014): Monetary messaging - 0.21[-007, 050] 1868
(Lanzini and Theg 2014): Non. tary (verbal praise) messaging 7— 0.34[ 0.06, 0.63] 166
(Tiefenbeck et al., 2013) 1 0.12[-0.25, 0.00] 350
(Poortinga et al., 2013): Recycling waste 0.01[-0.03, 0.05] 473
(Poortinga et al., 2013): Buying energy-saving light bulbs -0.08[-0.13, -0.05] 4.73
Overall 0.06[ 0.01, 0.10]

Heterogeneity: 1@ = 0.01, I = 88.82%, H* = 8.94
Testof 8 = 6 Q(32) = 205.71, p = 0.00
Testof 8 =0:z=252, p=0.01

-2.9188561 0 41448551
Random-effects REML model

Figure 5. Forest plot of the spillover effects in included empirical studies.

thinking” or “systems approach” are commonly used in the literature as an umbrella
term for holistic approaches and distinguished from “reductionist” methodologies
that concentrate on a relatively narrow set of linear, causal relationships between pre-
defined variables (Midgley, 2000; Befani et al., 2015). A systemic approach should not
be seen merely as an assemblage of boxes and arrows of individual parts but as an
organic whole that uncovers hidden insights and contextualizes individual methods
as a part of the bigger picture (Midgley, 2007; Sanneh, 2018).

In this context, it is relevant to distinguish between the systemic approach and sys-
tematic approaches. Whereas the systems approach involves complex analysis of pro-
cesses that may be different from their constituent parts, systematic approaches are
based on step-by-step linear causal effect analysis of parts to understand the whole
(Forrester, 1994; OpenLearn, 2015). For a comprehensive understanding of complex
behavioral interventions that may trigger subsequent sustainable FEW conservation
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actions, multi-disciplinary systems thinking offers a useful lens capable of appreciat-
ing the interconnections across spatial and temporal dimensions (Williams et al.,
2017; Abdi et al., 2020; Schlor et al., 2021). In analyzing complex behaviors, theoret-
ical and methodological plurality are considered inherent features of systemic
thinking as compared to a mechanistic description of reality built on objective
knowledge (Midgley, 2000). For our study, we distilled from the literature three
core concepts of systems thinking that require understanding interconnections across
domains, engagement with multiple perspectives and decision on boundaries judg-
ments (Williams, 2015; Reynolds et al., 2016; Midgley, 2000; Schlor et al., 2021).
We use the systems thinking approach less as a FEW resource management tool
and more of an analytical framework that looks at the complex interrelationships
between individual behaviors across domains and contexts to see if studying them
as a whole brings out new insights from sustainable policy perspectives. In the follow-
ing sub-sections, we briefly outline the key theoretical concepts of the systems
approach relevant to analyzing spillover behaviors in the context of FEW
conservation.

Theoretical and methodological plurality

Midgley (2000) considers theoretical and methodological pluralism as inherent
features of systemic thinking and argues that all theories are essentially partial
as they are informed by the purposes and values of the agents constructing
them. In this review, we looked at the theoretical and methodological plurality
in describing the spillover effects from FEW conservation behaviors. A schematic
sketch of the different theoretical concepts used in spillover studies is shown in
Figure 6.

“Behavioral spillover” has been defined as the observable and causal effect that a
change in one behavior (behavior 1) has on a different, subsequent behavior (behav-
ior 2) (Galizzi & Whitmarsh, 2019). In our review, however, we could not find any
study that specifically used primary behaviors as initial causal intervention. Rather,
most empirical studies used initial interventions that can be distinguished from the
primary and secondary behaviors. In most of the reviewed examples of behavioral
change, the causal interventions used are information nuggets, feedbacks based on
socio-technical parameters or even monetary incentives that might trigger more
than one concurrent behavioral change. Some of the common examples of spillover
measurement use interventions in the form of social norms messaging on the electri-
city consumption of residential households to find water conservation behaviors
(Jessoe et al., 2017); or test spillovers from self-reported green purchase behavior
to other PEBs caused by interventions based on financial incentives or verbal praise
(Lanzini & Thegersen, 2014). As shown in the Figure 3, experiments to test the mag-
nitude and direction of behavioral spillovers do not unequivocally rule out the pos-
sibility of mediating relationships or triggering multiple PEBs by the same initial
causal intervention (Arias & Trujillo, 2020; Henn et al., 2020). This apparent gap
between the theoretical definition of behavior spillovers and their estimation based
on interventions in real life has potential implications for the design and evaluation
of behavioral intervention policies.
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Figure 6. Theoretical and methodological plurality in spillover studies.

Interactions within and across FEW behaviors

The conservation of food, energy and water resources is seen as increasingly intercon-
nected due to their synergies, tradeoffs and rebounds (Abdi et al., 2020). However,
exploring the interactions within and across FEW behaviors in a real-life setting
often gets restricted due to the presence of multiple confounding variables that are
extremely difficult to isolate and filter out. In such situations, the interactions between
the interventions and targeted and non-targeted FEW behaviors may not be explicit,
unidirectional and independent of each other. As such, the possibility of interactions
between interventions and non-targeted behaviors cannot be ruled out as explained
in a recent study in terms of depletion, overload and diversion concepts
(Trachtman, 2021).

Although the estimation of isolated positive or negative spillover effect adds to the
spillover literature, the comprehensive design of policies also requires examination of
net effects after accounting for the positive and negative spillovers (Truelove et al.,
2014). We find a healthy and encouraging trend in spillover literature reflected in
the growing number of publications that study both positive and negative behaviors
together — 24 in comparison to 21 and 2 for positive and negative spillover studies,
respectively. However, except for the recent study by Fanghella et al. (2019), we
did not come across any other article that analyzed the net effects of positive and
negative spillover behaviors together using multiple nudges. In that study, the authors
found a negative interplay between identity priming and goal-setting nudges on the
net outcome donation behavior that has significant policy implications.

Scales and boundary judgment

Defining boundaries to choose what is included or not included in the analysis is con-
sidered an important feature of systems thinking (Midgley, 2000; Williams, 2015).
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Depending upon the choice of units on spatial, temporal or jurisdictional scales, the
idea of boundary judgment provides a useful construct in analyzing complex systems
(Cash et al., 2006; Williams et al., 2017). The most notable examples of boundary
judgments in spillover literature are contextual and temporal spillovers across FEW
domains at individual and households’ levels as the units of analysis. Verfuerth
et al. (2019) propose a conceptual framework for the contextual spillover based on
the “Identity process” theory. Using qualitative interviews, they found evidence of
people carrying the behaviors across contexts where the appeals are integrated into
identities. However, they did not find evidence of negative spillovers across contexts
(Verfuerth et al., 2019). From another perspective based on concepts of “permeabil-
ity”, “border crossings” and “institutional logic”, Uzzell and Rithzel (2018) conducted
life history interviews to explain how workers in a transnational oil corporation car-
ried environmental practices between the home and workplaces (Uzzell & Rathzel,
2018). Similarly, Hochli et al. (2019) propose a goal theoretic perspective to explain
the temporal spillover. Using an experiment that tested the effects of bike-to-work
campaign intervention, they found positive spillovers to other leisure biking activities
that continued even after 2 months of the campaign (Hochli et al., 2019). Another
study by Ghesla et al. (2019) links two strands of behavioral sciences literature on
the effects of choice defaults or nudges and their spillover in a laboratory setting.
Using weak, medium and strong choice default types as an intervention in a dictator
game setting with charity donation/recipients as other players, they could not find
any significant role of moral licensing and negative spillovers (Ghesla et al., 2019).
These studies provide valuable insights into individual behaviors across spatial and
temporal scales. Future studies will need to build upon these experiments by scaling
up the units of analysis from individual to organizational behaviors and beyond for
better-informed FEW conservation policies (Williams et al., 2017; Chater &
Loewenstein, 2022).

Perspectives

Systems thinking involves seeing and thinking from different perspectives to look at
the whole as more than the sum of its parts (Richmond, 1993; Ackoff, 1994; Arnold &
Wade, 2015). Recently, Ivanova et al. (2020) studied the carbon emission mitigation
potential of food, energy, water, transportation conservation actions and compiled an
extensive list of households’ behaviors. Using the estimates from their study, we com-
pared the carbon emission mitigation potential of listed FEW spillover behaviors with
the number of times those behaviors were captured in the reviewed studies (see
Figure 7).

We plotted the average carbon emission potential of prominent FEW households’
conservation behaviors in tons of CO, equivalent per capita per year in decreasing
order along the horizontal axis. The secondary vertical axis in Figure 7 shows the
overall frequencies of the FEW behaviors in reviewed studies. At the risk of over-
simplification, it emerges from the comparison that except for few examples - inten-
tion to use battery-based electric vehicle use and energy efficiency behaviors - a big
majority of high potential mitigation actions still need to be studied for their spillover
effects.
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Conclusion

Assessing the impacts of human behavior on climate change are subject to theoretical
and methodological limitations involving complex, uncertain and aleatory situations
(Bridges et al., 2014). Drawing from the spillover literature in the last decade, we con-
ducted a quantitative meta-analysis of the spillover effects for behavioral interventions
across FEW domains. With an overall finding that suggests a modest but significantly
positive effect, our analysis draws from and adds to the current spillover literature.
We also used the key systems thinking concepts of boundaries, interactions and
perspectives to summarize what is already known and identify future challenges
and research opportunities. From our review, we observe that the behavioral spillover
literature on contextual, temporal and net spillover effects across FEW domains has
evolved over time with the use of better analytical tools and robust research
methods in terms of their scope and validity. However, there remain limitations
caused by the predominance of self-reported behaviors focused on singular,
unidirectional relationships between primary and secondary behaviors. We also
note that there is a disconnect between the theoretical explanations of behavioral
spillovers and their estimation based on interventions triggering primary and second-
ary behaviors. Although the current literature suggests the presence of multi-faceted,
mutually enhancing and co-occurring behaviors, there is a lack of sufficient evidence
for a generalized “theory of everything” that can establish causality from one behavior
to others, to the exclusion of other underlying effects (Midgley, 2000; Austin et al,
2011). Based on the lifecycle impact in terms of carbon emissions, we find a big major-
ity of studied behaviors to be lying on the lower range of scale, leaving out high-impact
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behaviors in the residential context largely unexplored. These inherent limitations in
behavioral spillover literature will have to be made explicit and deliberated in future
studies and policy interventions.

Behavioral policy interventions have been criticized in the past for their reliance on
one-off behaviors that are based on binary decision-making and “light-touch” solutions
(Sanders et al., 2018; Chater & Loewenstein, 2022). Given the limitations of any one
particular theoretical and methodological approach in describing complex relationships
between human behaviors that are relevant for reducing carbon emissions and climate
change, systems perspective presents a useful analytical framework for studying
spillover behaviors. We believe that in addition to studying causal relationships
between individual behaviors, future studies can explore the possibilities of scaling
up individual spillover behaviors to organizations and beyond. Our study also identifies
a need for analyzing spillover behaviors across FEW domains taking into account the
net effects of such behavioral interventions in assessing life cycle impacts of their
carbon emissions in a noisy real-life setting. We believe that future studies that consider
the entirety of the FEW nexus will not only shed light on a comprehensive understand-
ing of dynamic FEW consumption behaviors but also help in better-informed policy
interventions.
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Appendix

Table Al. List of reviewed publications

illt;. Citation Year Journal/Publication

1 Carlsson et al. (In press) 20213 Journal of Environmental Economics
and Management

2 Arias and Trujillo (2020) 2020 Sustainability

3 Truelove and Nugent (2020) 2020 Journal of Environmental Psychology

4 Carman and Zint (2020) 2020 Global Environmental Change

5 Hu et al. (2020) 2020 Resources, Conservation and Recycling

6 Zhang and Wang (2020) 2020 Resources, Conservation and Recycling

7 Henn et al. (2020) 2020 Journal of Environmental Psychology

8 Lin and Azar (2019) 2019 Energy Research & Social Science

9 Galizzi and Whitmarsh (2019) 2019 Frontiers in Psychology

10 Maki et al. (2019) 2019 Nature Sustainability

11 Capstick et al. (2019) 2019 Frontiers in Psychology

12 Elf et al. (2019) 2019 Frontiers in Psychology

13 Krpan et al. (2019) 2019 Frontiers in Psychology

14 Nash et al. (2019) 2019 Frontiers in Psychology

15 Fanghella et al. (2019) 2019 Frontiers in Psychology

16 Ghesla et al. (2019) 2019 Frontiers in Psychology

17 Thomas et al. (2019) 2019 Frontiers in Psychology

18 Verfuerth et al. (2019) 2019 Frontiers in Psychology

19 Hochli et al. (2019) 2019 Frontiers in Psychology

20 Briigger and Hochli (2019) 2019 Frontiers in Psychology

21 Al-Chalabi et al. (2018) 2018 Energy Research & Social Science

22 Yuriev et al. (2018) 2018 Journal of Cleaner Production

23 Xu et al. (2018) 2018 Resources, Conservation and Recycling

24 Verfuerth and Gregory-Smith (2018) 2018 Research Handbook on Employee
Pro-Environmental Behaviour

25 Uzzell and Rathzel (2018) 2018 Frontiers in Psychology

26 Whitmarsh et al. (2018) 2018 Frontiers in Psychology

27 Werff and Steg (2018) 2018 Frontiers in Psychology

28 d’Adda et al. (2017) 2017 Economics Letters

29 Margetts and Kashima (2017) 2017 Journal of Environmental Psychology

(Continued)

>This article was in press at the time of the search but has been published since.
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Zlc;. Citation Year Journal/Publication

30 Nash et al. (2017) 2017 WIREs Climate Change

31 Nilsson et al. (2016) 2017 Environmental Education Research

32 Jessoe et al. (2017) 2017 E2E working Paper

33 Lacasse (2016) 2016 Journal of Environmental Psychology

34 Wells et al. (2016) 2016 Tourism Management

35 Steinhorst et al. (2015) 2015 Journal of Environmental Psychology

36 Angelucci and Maro (2015) 2015 Report

37 Dolan and Galizzi (2015) 2015 Journal of Economic Psychology

38 Truelove et al. (2014) 2014 Global Environmental Change

39 Lanzini and Theggersen (2014) 2014 Journal of Environmental Psychology

40 Spence et al. (2014) 2014 Journal of Environmental Psychology

41 Tiefenbeck et al. (2013) 2013 Energy Policy

42 Klockner et al., (2013) 2013 Transportation Research Part D:
Transport and Environment

43 Poortinga et al. (2013) 2013 Journal of Environmental Psychology

44 Thomas and Sharp (2013) 2013 Resources, Conservation and Recycling

45 Rashid and Mohammad (2012) 2012 Procedia - Social and Behavioral
Sciences

46 Thegersen (2012) 2012 Report

47 Michel et al. (2011) 2011 Journal of Vocational Behavior

48 Austin et al. (2011) 2011 Report
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Table A2. Mitigation potential vs frequency of reviewed FEW behaviors based on Ivanova et al. (2020)

Average of absolute carbon mitigation

Activity potential (tCO,eq/cap per year) Frequency
Live car-free 2.098058095 0
Shift to BEV 2.007089076 2
One less flight (long return) 1.888937779 0
Renewable electricity 1.460602281 0
Produce renewable electricity 1.32385744 0
Shift to public transport 0.994893601 0
Refurbishment and renovation 0.929425784 0
Less transport by air 0.833094929 0
Shift to active transport 0.788397613 0
No pets 0.778333333 0
Less car transport 0.773228592 0
Heat pump 0.752632596 0
Shift to plug-in hybrid electric vehicle 0.728275552 0
(PHEV)/ hybrid electric vehicle (HEV)
Renewable-based heating 0.680039347 0
One less flight (medium return) 0.6213 0
Improved cooking equipment 0.553271528 0
Passive house 0.537565378 0
Service/sharing economy 0.516800142 0
Shift to lower carbon meats 0.481524676 0
Sustainable diet (unspecified) 0.47398 0
Organic food 0.471037271 0
Energy and material efficiency 0.467879096 1
Telecommuting 0.44450622 0
Regional/local food 0.444324568 0
Partial shift to dairy/plants/fish 0.424308083 0
Shift to a smaller car 0.422260518 0
Produce own food 0.3643565 0
Less living space/co-housing 0.344748643 0
Car-pooling/sharing 0.317339938 0
Eat out eco-friendly 0.31122 1
Food sufficiency 0.303114913 0
Hot water saving 0.299564017 1
Fuel efficient driving 0.2838083 0
(Continued)
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Table A2. (Continued.)

Average of absolute carbon mitigation

Activity potential (tCO,eq/cap per year) Frequency
Smart metering 0.229815182 0
Less animal products 0.221504267 0
Seasonal/fresh food 0.205159213 0
Better thermal insulation 0.176777844 0
Less packaging 0.160091083 1
Lower room temperature 0.139774535 0
More efficient appliances 0.107320428 1
Fewer purchases/durable items 0.102762795 0
Less processed food/alcohol 0.096989783 0
Walk instead of bus 0.082432432 0
Bio-plastics/less plastic/chemicals 0.075750653 2
Less energy use (clothing) 0.073481829 0
Less textiles 0.064949609 0
Energy and material efficiency 0.058141501 1
Recycle 0.057548779 1
Low-carbon construction 0.046659176 0
Fewer appliances 0.036007685 0
Better use of appliances 0.035247174 0
Food waste management 0.027024094 2
Recycled materials 0.018210276 2
Green roofs 0.011299356 0
Less paper 0.010295769 0
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food, energy and water conservation behaviors using insights from systems perspective. Behavioural Public
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