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A B S T R A C T

China’s sudden growth in solid waste production and energy consumption is challenging the government more
severely than ever. The aims of this study are three-fold, to: (1) test how much intervention policies requiring
householders to dispose different types of waste into separate receptacles, currently implemented in pilot cities
such as Hangzhou, indirectly affect household electricity consumption; (2) investigate the importance of the
form of policies (information campaigns vs. monetary incentives) and the difficulty of adopting waste disposal
behaviour in considering this “spillover” effect; and (3) examine the dynamic changes of positive and negative
spillover effects. Based on three-year objective panel data of two samples of Hangzhou households, this study
confirms the existence of spillover, showing that, in contrast with monetary inducements, the information
campaign disseminating the environmental advantages of waste separation promoted a positive spillover, al-
though this may be influenced by difficulties in waste separation. However, positive spillover decreased more
significantly over years than negative spillover, leading to the conclusion that policymakers should focus on how
to maintain the positive spillover of such pro-environmental policies in the long-term.

1. Introduction

1.1. Background

A recent surge of theoretical and empirical studies has shown that a
pro-environmental intervention, or policy, focusing on defined target
behaviours could also indirectly affect the residents’ other pro-en-
vironmental behaviours. For example, the need to separate the disposal
of household waste into recycling and non-recycling bins may alert
householders to their environmental responsibilities in general, mani-
festing in the more careful use of electricity for High Voltage
Alternating Current (HVAC). This spinoff, or “positive spillover”
(Thøgersen, 1999), as it is usually termed, has been detected in many
domains such as energy consumption, waste disposal and climate
governance (e.g. Lanzini and Thøgersen, 2014; Thøgersen and Noblet,
2012; Truelove et al., 2014; Steinhorst and Matthies, 2016). With the
continuous and all-around environment crisis and limited success of
direct environmental policies, especially in developing countries,
knowledge of this spillover effect is clearly important for policymakers
in developing improved pro-environmental strategies. Making simple
and painless steps, such as providing information, incentives or

facilities to encourage waste separation, functions as an indirect lever
or “wedge” to obtain the far-reaching changes in consumption habits
and lifestyles required to bring about the difficult private en-
vironmentally-friendly behaviours needed (Kunreuther and Weber,
2014; Vandenbergh et al., 2011; Allcott and Mullainathan, 2010; Steg
and Vlek, 2009).

China is presently undergoing a speedy economic transition and
huge ecological deterioration. Extreme energy consumption and the
rapid growth of solid waste are approaching alarming levels because
the pollution they have caused is becoming the main threat to both the
quality of residential life and urban sustainable development.
Households have been especially known to be responsible for the
highest overall electricity consumption compared to the
Service & Commercial, Agriculture & Forestry sectors,1 as well as almost
9 percent of the total solid waste production of 246 large and medium
cities (MEP, 2016), for which saving household electricity and waste
separation are two major strategies in the environmental protection
framework adopted by the Chinese government since the 1990s and
early 21th century respectively. Governments and non-governmental
organisations have advocated various large-scale awareness campaigns
aimed at encouraging or inducing people to save household electricity,
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such as the annual nationwide “Energy Conservation Week” beginning
in 1991, which focuses on disseminating information about the en-
vironmental and economic benefits of electricity conservation to the
public through a variety of theme activities, but still with an average
annual electricity consumption rise of 10.78% in the residential sector
over 10 years.1 The need for the majority to conserve electricity (Du
et al., 2017), and the little success of the isolated campaigns to date,
calls for an innovation in behavioural change strategies. As the UK
Department for Environment, Food and Rural Affairs (DEFRA) ad-
vocates,

[we] need to promote a range of behaviours as entry points in
helping different groups to make their lifestyles more sustainable –
including catalytic (or ‘wedge’) behaviours if identified through
research”

(DEFRA, 2008).

Recently, with “garbage sieges” (Wang, 2010) becoming increas-
ingly serious in cities, the policy of separating household waste for
disposal has been raised to an unprecedented level in China’s main
metropolises, e.g. Beijing, Shanghai, Hangzhou, Guangzhou, although
public participation still needs to be improved due to a weak con-
sciousness, ineffective waste management systems and other internal or
external factors (Zeng et al., 2016; Zhang et al., 2016). Furthermore,
the National Development and Reform Commission (NDRC) and Min-
istry of Housing and Urban-Rural Development (MoHURD) jointly is-
sued their “Mandatory Waste Classification System Program (Draft)” on
June 2016, highlighting the urgency and importance of this work.
Opportunistically, the present study explores the extent to which the
household waste separation policy contributes indirectly to saving
household electricity and its trend over time. We choose household
waste separation and electricity conservation as the study cases for
three reasons. Firstly, they can help identify a behavioural lever, that is,
electricity conservation that requires far-reaching changes in con-
sumption habits and lifestyles2 is usually more difficult to bring about
than separating household waste, which is relatively simple, painless
and easier to be influenced by government intervention (Wan et al.,
2015). Meanwhile, both are the outcome of the residents’ daily beha-
viours and account for a large share of the households’ carbon footprint
(Du et al., 2017; Gu et al., 2015; Tiefenbeck et al., 2013), indicating a
highly practical value in the test for multiple effects of waste separation
policies. Additionally, this investigation is also important for the gen-
eralization of behavioural spillover, which means that an initial action
might change individuals’ cross-situational motivations (e.g. identity,
guilt and/or moral perception) and, in turn, change the performance in
other domains (see Section 1.3), as waste and electricity related beha-
viours are not very closely associated. In brief, the policy of separating
household waste may be worth pursuing more vigorously if it improves
household electricity conservation behaviour (i.e. positive spillover) in
the long-term, or modifying if it only produces a fleeting positive
spillover or even actually increases electricity consumption over time,
which is a form of negative spillover usually caused by a single-action
bias or moral licensing effect (see Section 1.3).

1.2. Overview of the spillover effect

Prior studies have different opinions in defining spillover. Lanzini
and Thøgersen (2014), for example, argue that behaviour spillover
implies that acting in a pro-environmental way changes (increases or
decreases) the likelihood or extent of adopting other pro-environmental
behaviours (also see Steinhorst and Matthies, 2016; Thøgersen, 1999).

Truelove et al. (2014) define the spillover as the effect of an interven-
tion on subsequent behaviours not directly targeted by the intervention
(also see Poortinga et al., 2013). They also point out the intervention
includes any attempt to encourage such changes in behaviour such as a
request, infrastructure provision, tax incentives, public education
campaign or regulatory policy. In this paper, we adopt the latter view as
the evidence confirming completely independent decision making free
of such external forces as mass media, government or people around
can hardly be found in realistic settings, and this can provide more
direct and clearer implications for policymakers when taking into ac-
count situational factors inclusive of economic incentives and in-
formation dissemination. Hence, a positive/negative spillover means
the potential/risk of an intervention to promote/inhibit subsequent pro-
environmental behaviours.

Scott (1977) first introduced the concept of “spillover” from studies
stemming from explorations of the relationships between different pro-
environmental behaviours. Studies in the late 20th century discovered
the potential relationships between individuals’ waste recycling, green
consumption, water conservation and other pro-environmental beha-
viours, and also carried out some preliminarily tests of the moderating
effects of psychological and demographic factors on the cross-sectional
correlations between multiple behaviours (e.g., Thøgersen, 1999;
Berger, 1997; Weber, 1997). An intense discussion on spillover has been
under way since 2000. Studies have examined the prospects for the
generalization of individual responses in such various environmental
domains as household energy consumption, waste disposal, commuting
trips and climate change (e.g., Marian et al., 2014; Austin et al., 2011;
Whitmarsh and Neill, 2010; Thøgersen, 2006; Thøgersen and Ölander,
2003). However, few have found evidence in support of the spillover
argument, and with only small or modest effects (Truelove et al., 2014;
Thøgersen and Ölander, 2003).

Meanwhile, some studies also provide evidence of spillover from
private-sphere behaviours to environmental policy support (e.g.
Steinhorst and Matthies, 2016; Thøgersen and Noblet, 2012; Thøgersen
and Crompton, 2009; Truelove et al., 2016), which is a typical public-
sphere behaviour, and usually of high importance because it can change
the behaviours of groups and organisations by influencing public po-
licies (Stern, 2000). For example, Thøgersen and Crompton (2009)
theoretically explore the correlation between the simple steps of a
marginal lifestyle change and support for painful but more effective
policies, and draw attention to the possible limitations of spillover in
public environmental campaigns that call for “do your bit” or “every
little helps”. In a subsequent study, Thøgersen and Noblet’s (2012)
survey of a random sample of residents in the U.S. state of Maine found
that green consumerism indeed helped increase the acceptance of wind
power policy. Conversely, in a creative experiment conducted by
Truelove et al. (2016), democrats who recycled water bottles gave less
support for a campus green fund than their counterparts in the control
group, indicating negative spillover.

This paper focuses on the second meaning of spillover, which con-
cerns the effect of an external behavioural intervention on pro-en-
vironmental behaviour unrelated to the intervention target, rather than
pure correlation free of external forces or actions. The number of stu-
dies pertaining to this issue is increasing, however, they are mostly
carried out in laboratory settings or with recruited university students,
which may restrict the external validity of their conclusions (Lanzini
and Thøgersen, 2014). Furthermore, the findings from a range of field
studies are also inconsistent. For example, people exposed to an en-
vironmental-framed intervention for saving electricity are more likely
to support low carbon policies (Steinhorst et al., 2015; Steinhorst and
Matthies, 2016). Similarly, Poortinga et al.’s (2013) opportunistic field
research of the effects of a plastic bag charging policy in Wales found,
compared to England with no such policy, a higher identification with
environment that could produce a positive spillover in the longer term
but with no immediate waste-related change. In another field study,
however, Tiefenbeck et al. (2013) found evidence of negative spillover

2 For example, with the modernization and ageing population in China, such lifestyle-
related factors as the larger dwelling size, the rising popularity of home appliances and
old households predict the increased residential electricity demand (Zhou and Teng,
2013), which cannot be changed without the highly individual and collective costs.
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when observing the effect of a water conservation campaign on
household energy use, with households in their treatment group pro-
vided with water usage feedback conserving more water but also sig-
nificantly increasing their electricity use compared with the control
group. In other words, the water conservation intervention caused an
increase in household energy usage instead.

1.3. Key psychological determinants of spillover

Several studies have reported the phenomenon of positive spillover,
with limited consensus on its genesis mechanisms to date. Many psy-
chological theories have been proposed to explain this effect, including
goal theory, self-perception theory, cognitive dissonance theory and
many learning theories (for a review, see Thøgersen and Noblet, 2012
or Thøgersen and Crompton, 2009), of which the behaviour consistency
effect and social identity effect are widely accepted because of their
great explanatory power of positive spillover (Truelove et al., 2014).

According to Abrahamse et al. (2005), Cialdini et al. (1995), Suh
(2002) and Willis and Schor (2012), people have an intrinsic and/or
social motivation to maintain behaviour consistency to avoid un-
comfortable feelings due to cognitive dissonance and/or social criticism
and sanctions from such spectators as family, friends, colleagues or the
public who see them as “two-faced”. Hence, these people are prone to
act in an environmentally considerate way across domains. Exploiting
this type of positive spillover is exemplified by the “foot-in-the-door”
technique widely used in business marketing, environmental protection
or other public education campaigns (Thøgersen and Crompton, 2009;
Thøgersen and Noblet, 2012; Truelove et al., 2014) to persuade people
to act in more difficult situations by encouraging them to adopt some
simple and painless behaviours initially (Freedman and Fraser, 1966).

As an important component of a person's self-concept that embodies
a group of beliefs about “who I am” (Myers, 2009), the perception of
social identity also helps people determine their behavioural choices
(Ariely and Norton, 2008; Burger and Caldwell, 2003; Van der Werff
et al., 2013). Individuals are subordinate to specific social groups and
their perceived identity as a member of these groups usually endows
people with special feelings and values (Tajfel and Turner, 1979;
Truelove et al., 2014). Generally, people with stronger social identities
are more likely to follow the common goals of groups and adopt asso-
ciated behaviours (Sturmer et al., 2003). Studies show that social
identity theory extends to the realm of the environment, where acting
in a pro-environmental way can make the identity of “en-
vironmentalists” more salient and further motivate them to engage in
other pro-environmental behaviours (De Groot and Steg, 2007;
Joireman et al., 2010; Schultz et al., 2007), which induces positive
spillover. In other words, environmental identity can mediate positive
spillover (Truelove et al., 2014) – a result also found in Van der Werff
et al.’s (2013) two-year panel study of the relationship between eco-
friendly vehicle driving and meat consumption.

Comparatively fewer studies have provided conclusive evidence of
negative spillover, with the rebound, single-action bias and moral li-
censing effect universally acknowledged as the main factors involved
(Thøgersen and Crompton, 2009; Thøgersen and Noblet, 2012; Truelove
et al., 2014). The rebound, or “take-back”, effect is widely discussed in
economic and psychological studies. In economics, the rebound effect
usually refers to the phenomenon of technological improvements in en-
ergy efficiency inevitably preceding increases in energy use (Schneider,
2010). This is explained as a macro or micro price effect, in that energy-
saving technologies not only increase efficiency, but also at a lower price
and increased disposability for consumers, which makes an incremental
increase in energy consumption possible (Berkhout et al., 2000;
Gillingham et al., 2013). However, Truelove et al. (2014) for instance,
maintain that the spillover effect also results from a change in the dis-
position or motivation of a person’s environmental behaviour in-
dependent of any financial drivers. Hence, psychological studies of
spillover tend to focus on the role of motivation or preference.

The single-action bias effect suggests that individual perceptions of
environmental risk or guilt for a previous environmental footprint and
the necessity for subsequent and more environmentally beneficial be-
haviours tend to reduce after engaging in an initial single action that
contributes to an incremental environmental improvement because
negative mood states are usually aversive (Heath and Gifford, 2006;
Leiserowitz, 2006; Lubell, 2002; Weber, 2006; Truelove et al., 2014).
Single-action bias induces a subjective belief that environmental risk
has been mitigated or minimized through one’s own effort, together
with an unwillingness to continue the environmental protection prac-
tice, triggering negative spillover (Thøgersen and Noblet, 2012;
Truelove et al., 2014). Weber’s (1997) survey of a sample of American
farmers, for example, found farmers who complied with government
requests for more environmentally friendly production practices to be
less amenable to other measures or interventions proposed by the
government. An alternative explanation is that decreased fear or per-
ception of risk prompts people to reject continuation or support for
farther-reaching and perhaps more environmentally beneficial practices
after their initial single efforts (Weber, 2006).

In contrast with single-action bias which focuses on the mediation of
risk perceptions or guilt (Truelove et al., 2014), the moral licensing effect
highlights the determining function of moral self-image on an in-
dividual’s choice (Zhong et al., 2009), so that a person’s moral sense is
strengthened after an ethical act such as environmental protection (i.e.,
moral cleansing). Most importantly, after initially engaging in easy and
inexpensive environmental responsible practices based on their ethical
contribution (Guagnano et al., 1994; Thøgersen and Crompton, 2009),
people tend to reward themselves and feel less moral obligation. They
may hold a blind efficacy such as “I have done my part” or even simply
want to play a part in one ethical action to deflect any blame for in-
action in another (i.e., “rest on one’s laurels”) (Thøgersen and
Crompton, 2009). Hence, they are reluctant, or do not intend, to behave
environmentally in other situations that are possibly more costly
(Bamberg and Möser, 2007; Thøgersen and Crompton, 2009; Truelove
et al., 2014; Steg et al., 2005; Stern, 2000). A recent investigation in
Norway, for example, found that the owners of electric cars benefitting
from a new car energy policy felt less moral obligation to act pro-en-
vironmentally in other areas (Klöckner et al., 2013). Similarly,
Sachdeva et al. (2009) found people acting pro-socially to have a higher
moral sense and less inclined to support local pollution control policies.
These all provide evidence aligned with a moral licensing effect, in
which people adjust their subsequent environmental behaviour choices
in accordance with their own moral balance sheets.

1.4. Interventions and spillover

To date, researchers from a variety of disciplinary backgrounds have
studied the genesis of behavioural spillover, while this kind of catalytic
effect cannot be taken for granted and may be strongly contingent on
contextual influences (Bamberg and Möser, 2007; Steinhorst and
Matthies, 2016; Thøgersen and Crompton, 2009; Truelove et al., 2014).
For practical purposes, it is also important to understand the difference
in spillover caused by the various forms of intervention. Some clues
exist in the few extant studies on this issue.

As Truelove et al. (2014) hypothesise, the reasons for people’s initial
pro-environmental behaviour influence their subsequent en-
vironmentally related decisions. Furthermore, people attributing their
initial behaviours to an external cause, such as through coercion or
monetary inducement by the government or other organisations, un-
dermines the intrinsic environmental motivation or preference for
subsequent pro-environmental behaviours. This means an intervention
framed on financial incentives or enforcement by law probably high-
lights a monetary motivation or excessive reliance on the government
and makes people feel less obliged to undertake other actions or accept
moral obligations (also see Steinhorst and Matthies, 2016) − triggering
a negative spillover. Especially, monetary incentives can also prompt a
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calculation-based mode heavily weighting monetary considerations,
which might lead to the classic rebound effect (Truelove et al., 2014).
Meanwhile, what cannot be understated is the importance of internal
attribution in perceiving the performance of a special behaviour as
being motivated by environmental concern (Lanzini and Thøgersen,
2014; Steinhorst and Matthies, 2016; Thøgersen and Crompton, 2009;
Truelove et al., 2014). Repeated practice reinforces the environmental
motivation priming a specific behaviour (Thøgersen and Crompton,
2009). Furthermore, an environmental intervention (cuing people with
environmental reasons for behavioural modification) usually renders
the recognition or strengthening of a pro-environmental identity and
helps people engage in an initial behaviour to live up to the role of an
environmentalist (i.e. rule- or role-based decisions) (Steinhorst et al.,
2015; Truelove et al., 2014). Consequently, such people are more likely
to perceive themselves as “environmentalists” and endeavour to
maintain this consistency or follow an environmental goal due to their
strengthened identity (Baca-Motes et al., 2013; Cornelissen et al., 2008;
Weber and Lindemann, 2007), positive spillover thus occurs.

Several experiments have demonstrated that an environmental
framed intervention (e.g. sending participants email reminders to pro-
mote environmental philosophy) can effectively spur positive spillover,
compared with the controversy surrounding the effect of monetary in-
ducement (Lanzini and Thøgersen, 2014; Steinhorst et al., 2015;
Steinhorst and Matthies, 2016). Steinhorst and Matthies (2016), for
example, found participants faced with an environmentally framed in-
tervention were more inclined to support low carbon policies than those
exposed to monetary inducements. However, in another longitudinal
work in Demark, students were encouraged to purchase “green” pro-
ducts by either the non-symbolic monetary incentives, inclusive of a
sum compensating for the premium, and a lottery draw for some ad-
ditional prizes, or verbal inspiration stressing the contribution to opti-
mizing policy design and protecting the environment, with others
studying in the same university serving as control groups. The results of
this six-week intervention study, showed that students exposed to two
types of interventions act more pro-environmentally in other private
domains than the control groups, indicating that, contrary to common
belief, both non-monetary and monetary framings could generate po-
sitive spillover (Lanzini and Thøgersen, 2014). It is possible, however,
that differences between actual behaviour and policy support caused
these two contrary findings, or the measurement error from self-re-
ported data used by both studies.

Except for the behavioural attribution and individual decision-mode
by which the analytical processing of intervention effects can be lo-
cated, the difficulty of initial behaviour targeted by intervention or
policy is also anticipated to influence the likelihood of spillover
(Truelove et al., 2014). Behavioural difficulty is one of the fundamental
dimensions describing the characteristics of pro-environmental beha-
viours (Thøgersen and Ölander, 2003; Truelove et al., 2014). In general,
a difficult behaviour needs more investment in time, physical exertion
and knowledge, and may seem more inconvenient and uncomfortable
to execute (Thøgersen and Crompton, 2009). However, according to
self-perception theory that treats past experience as a crucial reference
when making decisions (Bem, 1972), people with more difficult ex-
periences usually have more salient pro-environmental identities and
therefore are more likely to participate in secondary pro-environmental
behaviour (Cialdini et al., 1995; Gneezy et al., 2012; Truelove et al.,
2014). Hence, a highly difficult initial behaviour resulting from the
rigorous demands of environmental policies or campaigns would be
more likely to trigger positive spillover. Conversely, people may not
adopt follow-up actions because of the single-action bias or moral li-
censing effect when their past behaviours are much easier (Diekmann
and Preisendörfer, 2003; Truelove et al., 2016). However, few studies
to date have tested these assertions.

In sum, therefore, prior studies have already explored the nature,
categories, genesis mechanisms and catalytic conditions involved in
spillover (Evans et al., 2013; Poortinga et al., 2013; Thøgersen and

Crompton, 2009; Thøgersen and Ölander, 2003; Truelove et al., 2016;
Whitmarsh and O'Neill, 2010). However, the empirical results of di-
verse disciplines are often ambiguous and sometimes even conflicting
(Lanzini and Thøgersen, 2014; Truelove et al., 2014). This may be be-
cause of individually mutable psychological states causing measure-
ment errors in the widely used self-report of resident’s behaviour (e.g.
Lanzini and Thøgersen, 2014; Steinhorst and Matthies, 2016; Thøgersen
and Noblet, 2012; Thøgersen and Ölander, 2003; Truelove et al., 2016),
an artificial outcome motivated by internal consistency and social de-
sirability, or a lenience effect caused by fleeting mood swings. How-
ever, these unexpected biases would not occur in the measurement of
objective data (e.g. Tiefenbeck et al., 2013). More importantly, few
intervention studies have been made (Lanzini and Thøgersen, 2014)
and with no special assessment of any time trends. Moreover, although
there is an increasing spillover literature, all focus on cases from de-
veloped countries. It is crucial, therefore, to examine this effect in de-
veloping countries because of their different forms of government,
economies, environmental and social cultural conditions.

Based on data from the city of Hangzhou, this paper presents the
first spillover study from China in investigating the extent to which
household waste separation policies lead to household electricity con-
servation over time, as well as the importance of the types of inter-
ventions and characteristics of targeted behaviours in considering this
spillover effect.

2. Hypotheses

Currently, the advocacy and education carried out by local gov-
ernments and community neighbourhood committees are the main
measures to encourage waste sorting and recycling in China. These
awareness campaigns are environmentally framed interventions that
provide residents with information concerning the environmental
benefits of waste separation and how to perform the behaviour cor-
rectly. Meanwhile, monetary incentives have also been implemented in
some areas, such as “using behaviour credits as an alternative currency
to pay for life necessities”, to induce residents by means of financial
rewards, indicating that people can acquire different amounts of credits
contingent on their separation performance and trade them for com-
modities. Raising awareness of the need to separate waste can increase
people’s environmental reasoning and identity, as well as their moti-
vation and willingness to maintain behavioural consistency.
Consequently, the people accustomed to waste separation may be more
inclined to save household electricity. On the other hand, the goods
redeemed by the disposal separation credits bring residents an addi-
tional income and reduce their daily expenses on necessities, which
may increase their wasteful behaviour – a kind of rebound effect.
Furthermore, the recipients of monetary inducements may also attri-
bute their initial behaviour to a financial inducement, which cannot
help them improve their moral obligation or environmental necessity,
as well as the awareness to participate in another environmental action
not sponsored by a monetary reward. Therefore, a monetary framed
intervention makes it more likely to trigger a negative spillover from
household waste separation to household electricity saving. Hence, we
hypothesise that

H1a. There is a positive spillover of household waste separation to
electricity-saving behaviour when residents are exposed to an
awareness campaign relevant to the environmental significance of
separation

H1b. There is a negative spillover of household waste separation to
electricity-saving behaviour when residents actually earn monetary
rewards from separation activities.

Households in Hangzhou are supplied with waste bags by neigh-
bourhood committees and asked to load the bags with rubbish before
dumping. In one of our observation fields, the inspectors assess the
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quality of waste separation in terms of dumping and separating accu-
racy, which manifests in two standards of policy implementation. More
specifically, dumping accuracy requires the disposal of waste bags to
separate bins, compared to which the separating accuracy not only
requires putting each kind of waste bag into its correct corresponding
bin, but also the correct type of waste. The pure dumping behaviour is
quite easy because people only need to match bags with the bins of the
same colour. In other words, mixed or incorrectly separated household
waste disposal still occurs if residents discard waste bags regardless of
their content, especially when people are short of time or patience,
unfamiliar with complicated guidance information and standards, or
not provided with a sufficient amount of waste bags (Xu et al., 2017).
Hence, waste separating accuracy measures a more difficult waste re-
lated behaviour than pure dumping accuracy. Therefore, people who
maintain correct separating habits may have a more salient environ-
mental identity and, as outlined above, are more likely to play an active
role in saving household electricity (Truelove et al., 2014). Conse-
quently, we hypothesise that

H2. Positive spillover is stronger when households initially perform a
more difficult behaviour, such as separating waste into both correct
bags and bins, than simply dumping waste bags into corresponding bins

A careful review of the literature confirms that few studies in-
vestigate behavioural spillover based on long-term panel (e.g.
Steinhorst and Matthies, 2016; Thøgersen and Ölander, 2003). This is
especially the case when there is no discussion of changing trends over
time or the underlying mechanism behind this form of effect. En-
vironmental education can increase a person’s identification with
greenness by information dissemination, knowledge transfer, spiritual
inspiration and social mobilisation (Truelove et al., 2014). However, a
long-term propaganda campaign may also risk leading to a decline in
positive spillover, as supported by Steinhorst and Matthies’ (2016) ex-
perimental evidence. In their first follow-up assessment almost one year
after the pre-test, a pairwise comparison of participants with strong
ecological norms showed a significant positive spillover to the accept-
ability of low carbon policies in the environmental framing group. This,
however, had disappeared by the second follow-up assessment some
time later. Meanwhile, they did not find any significant effects for
participants with a weak personal ecological norm throughout the
whole experiment. One possible explanation for this trend is the re-
cipients’ defensive response resulting from a highly pressured manner
and low ecological norm (Schwartz and Howard, 1981; Steinhorst and
Matthies, 2016). When an environmental appeal or argument is pre-
sented in a heavily pressured and repeated way and becomes a prime
debate in society, the recipients, especially those with weak personal
ecological norms, can become averse to the perception of being ma-
nipulated and suspicious of the motivation of the advocates. Conse-
quently, they might turn to a denial of necessity and take a defensive
reaction to subsequent environmentally responsible behaviours. This is
especially the case in China, where the integral social level of ecological
concern is still poor and environmental education resources for
household waste separation are relatively scarce (Xu et al., 2017).
Mission-based mobilisation is the government’s most common strategy,
the monotonous content, unitary technique and mobilised manner from
top to bottom can easily result in a defensive reaction and an under-
mining of the necessity to perform such other pro-environmental public
behaviours as electricity saving in the long term. Instead, monetary
inducements would lessen the environmental responsibility and
strengthen the external attribution for recipients (Steinhorst et al.,
2015; Thøgersen and Crompton, 2009). Meanwhile, additional income
and increased budget for electricity use might help households develop
high-energy consumption habits and lead to an inability to change their
lifestyle due to the ratcheting effect involved (Freeman et al., 2016). In
other words, this framing for waste separation activities might
strengthen a proclivity to “chase the Yuan” and consumerism, making
people less willing to save electricity due to the dilution of their

environmental concern and increased reluctance to adjust their energy
consumption habits. Hence, we hypothesise that

H3. Waste separation education is more likely to reduce positive
spillover in the long term, while negative spillover triggered by
monetary inducement remains stable.

3. Materials and methods

3.1. Sample selection

The samples studied derive from the households of two residential
areas named JBL and MLC in Hangzhou city. There are three main
reasons for choosing these two areas. Firstly, the notion of disposing
different kinds of waste separately occurred relatively late in China
and a vast majority of local governments have yet to carry out a census
or even a sample survey of household separation activities, which has
led to a severe lack of statistics. As one of the first pilot cities in China,
Hangzhou has adopted waste separation for 16 years. However, only
JBL and MLC have collected waste separation statistics in their own
areas, which provides valuable data for this study. Secondly, the dif-
ferent methods of household waste separation adopted in the two
areas can help us examine the effects of environmental and financial
oriented interventions on spillover. More specifically, the community
neighbourhood committee in MLC has been promoting waste separa-
tion education campaign by organising door-to-door interviews and
other volunteer activities to provide monthly information on the
households’ necessity for, and knowledge of, waste separation since
2012, which can be regarded as an environmental framed interven-
tion. Moreover, the JBL committee has applied a monetary induce-
ment since late 2013 in the form of consumer credits redeeming life
necessities to induce participation in waste separation. Thirdly, al-
though these two areas adopt different intervening methods for waste
separation, they belong to the same sub-district, are adjacent to each
other and have strong similarities in their external environment such
as socio-economic, institutional culture, population structure and
community construction, which makes this study more controllable
and reliable.

We conducted a panel study to capture the annual average spillover
effect over a three-year period, as annual statistics can more efficiently
address the impact of seasonal temperature conditions, consumption
changes during holidays and other disruptive factors on household
activities. The commencing year of the study is 2014, when the two
areas first started to assess household waste separation. Indigenous
households that had resided in our observation areas before 2014 (357
in JBL and 578 in MLC) were randomly selected and surveyed based on
a sampling proportion of 30%, with four criteria used to screen the
families in order to avoid the potential bias of the external schooling,
population and occupational mobility of family members during the
observation period. Firstly, the families must have resided in these two
areas from 2014 to 2016, with no influx of new members (e.g. new
born) or outflow of permanent residents (e.g. long-term or frequent
travel, hospitalisation or deaths). Secondly, all members of the families
must have been in continuous employment or residence in Hangzhou
and not receiving schooling. Thirdly, they self-occupied their residence
rather than renting out. Fourthly, the household activity data of elec-
tricity use and waste separation must be complete for the whole period.
This resulted in data for 121 households, of which 57 were in JBL and
64 in MLC. These limited samples are the aggregated result of the small
size and high mobility of the population in the two areas as well as data
availability.

The average family size of the JBL and MLC samples is 3.1 and 2.5
respectively. The gender ratio of 62% of families is one to one, and the
average proportion of female members per family is 46.1% in JBL and
50.9% in MLC. Nearly 64% of the families have members with a high
school education or above, and the average proportion of members with
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this education level in one family is 32.4% in JBL and 40.5% in MLC.
The age distribution of 118 households basically remained stable
during the observation period, the average proportion of members aged
60 or above in one family was 23.9% in 2014 (23.3% in JBL and 24.4%
in MLC) and 25.4% in 2016 (25.6% in JBL and 25.2% in MLC).3 Fur-
thermore, the non-parametric Mann-Whitrney U test was used due to the
abnormal distribution of the data relating to household characteristics,
indicating a significant difference in family size (p = 0.002), the pro-
portions of elders (p = 0.087) and members with a high school edu-
cation (p = 0.052) between the two samples.

3.2. Variables and data collection

Exploring the different relationships between targeted and non-
targeted behaviours under different household waste-separation in-
tervention regimes is the main way to test their spillover effect. In
this case, electricity usage is the explained variable measured by the
natural logarithm of annual amount of household electricity con-
sumption.

We measured waste separation behaviour, the key explanatory
variable in our study, differently in the two areas due to data avail-
ability. JBL uses intelligent bins provided by CK Environmental Co.,
Ltd. for waste separation. The community neighbourhood committee
sends to each household four types of garbage bags of the same size
but different colour linked to different type of waste. Unique QR codes
are attached to every bag help the company or committee track the
waste from door to door. Residents are required to drop their garbage
into intelligent bins scattered over the neighbourhood. As one of the
daily services sponsored by the local government, the company staff
check each bag thrown away every evening and evaluate it by the
correctness of dumping (throwing different waste bags into their
corresponding bins) and separation (dividing and packing garbage
into appropriate bags), before shifting the refuse to a disposal plant.
Specifically, they record the scores for each bag according to a grading
system comprising four levels of excellence (correct dumping and
accurate separation), goodness (correct dumping but not very accurate
separation), qualification (correct dumping but inaccurate separation)
and disqualification (wrong dumping). Residents could gain greater
scores at the higher level but nothing for disqualification, and the
difference in credits between two adjacent ranks is increasing with the
level (e.g. the gap between excellence and goodness is bigger than that
between goodness and qualification). Finally, the system auto-
matically groups all credits inputted for the same family into a single
account. Therefore, higher scores reflect more accurate separation
behaviour and hence greater redemption of commodities in the
company’s stores. We adopted the natural logarithm of the annual sum
of these credits to measure the separation behaviour of the JBL
households.

For MLC, there are waste disposal bins placed outside the door of
every apartment4 and the community neighbourhood committee’s in-
spectors (social workers and volunteers) send four types of garbage
bags to each family, that are identical to those distributed in the JBL
households but lack a QR code. They then check the bins and dumped
bags every night, and count the bags dropped, dumped into correct bins
and loaded with the correct type of waste respectively, prior to emp-
tying the garbage bins and calculating each household’s dumping and

separation accuracy rates. The former is evaluated by the ratio of gar-
bage bags correctly dumped into their corresponding bins by a family to
the total this family throws away during a certain period, while the
separation rate is calculated by a more stringent proportion of bags
both dumped correctly and filled with required type of waste. We
averaged the monthly dumping and separating rates within each year to
approximate the yearly ones and measure the dumping and separation
performances of the MLC households.5

Prior research suggests that common environmental concerns and
community affinities may influence their environmental footprints
(Merrill and Sintov, 2016; Thøgersen and Noblet, 2012), making it
more likely that people with more environmental concerns and affinity
to the community will adopt both waste separation and electricity
conservation. To consider these in measuring behavioural spillover, we
counted the number of family attendances at monthly environmental
protection activities such as lectures and fun contests hosted by com-
munity neighbourhood committee each year. To reflect the connection
to the community, a dummy variable shows whether family members
had been social workers, volunteers or joined social organisations of the
residential community in this year. We also measured annual dis-
posable household income on a scale of 1–19 (10,000 RMB as one unit
of income level, 1 = 60,000 RMB or below, 19 = 24,0000 RMB or
above). The family size, gender and education structures of members
are stable because there was no residential population flow during the
observation period and the age distribution changed little. However,
these time-invariant variables may also influence the separation and
electricity consumption behaviours simultaneously. For example, the
larger households might use more electricity and also produce and re-
cycle more waste. To minimise the influence of these time-invariant
variables, we separately counted the number of household members,
proportion of females, members with high school education or above,
and elders (aged 60 or above), as well as the natural logarithm of the
apartment area, and further calculated the interactions between the
household characteristics and waste separation performance data.

In terms of the analytical strategy, we conducted three regressions
to fit the relationships between the variables mentioned above, of
which one used credits as the proxy for household performance in waste
separation, and the other two used either the separating or dumping
rate to measure waste related behaviour. Furthermore, we compared
the regression results concerning the dumping and separating rates to
test H2. That is, the dumping and separating accuracy rates actually
measure two kinds of waste disposal behaviours performed by house-
holds in MLC based on the same calculation method (the proportion of
bags conforming to a certain standard), which can help compare the
magnitudes of positive spillover and test the influence of the difficulty
of the targeted behaviour. We also compared the separating rates and
credits to test H1a, H1b and H3. More specifically, although the credits
scored in JBL and separating accuracy rate calculated in MLC are dif-
ferent in evaluation and data processing, both indicate the separating
accuracy of dumping garbage into corresponding bags and bins. In
other words, the residents’ higher scores or higher rates can be con-
strued as indicating their better engagement in waste separation and
vice versa. In this way, the different statistics allow a comparison of the
different directions or polarities of the effects of the two interventions
instead of their absolute strength, given that the main household
characteristics have been controlled and the macro situation of two

3 Because the age structures of only 4 households (2 in JBL, 2 in MLC) changed during
the observation period, we treated the proportion of elders as a time-invariant variable
and used the age data in 2015.

4 Basically, the required effort of waste dumping in MLC is lower than that in JBL, as
residents in JBL need to go downstairs to dump their garbage (see the description of the
measure about waste related behaviour for JBL sample). As discussed earlier, the easier
targeted behaviour is more likely to decrease follow-up behaviour (Truelove et al., 2014).
Therefore, this difference might reduce the chance of positive spillover being observed in
MLC.

5 We cannot calculate the yearly dumping or separating rate because the committee
had lost the numbers of trash bags counted in 2014 and 2015. However, the average of
the monthly rates is a good proxy variable for the yearly ratio, that is, the incremental
change in average of monthly dumping/separating rates must mean an increase in the
proportion of trash bags consistent with accurate dumping/separating criterion to the
total, and vice versa. The measurement error or difference between these two metrics
only depends on the distribution of monthly total trash bags of a household within a year,
which is not related to any metric. Hence, this operation would not threaten the un-
biasedness and effectiveness in subsequent estimation (Wooldridge, 2003).
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areas is basically the same (see Section 3.1), even though there is a
comparative measurement error.6 Hence, it is possible to distinguish
between the positive and negative spillover produced by the two types
of policy measures and their own dynamic changes.

The data collected and used for this research come from various
resources. Household electricity usage is from the Hangzhou power
supply company; the waste separation and dumping accuracy ratios are
from the MLC community neighbourhood committee; classifying credits
from CK Environmental Co., Ltd.; and data for the control variables
from the neighbourhood committee records of two residential areas and
surveys of households. Tables 1–3 provide the descriptive statistics of
the variables used in the empirical analysis.

Table 3 also shows the variability and stability of the household
waste separation and electricity use. The mean values of household
waste separation of the samples are close to those of the general po-
pulation in both areas, and the mean values of the classifying credits
increased yearly and with highly significant (p < 0.01) ANOVA dif-
ferences, indicating an obvious improvement in the average level of
household waste separation under JBL’s monetary inducement scheme.
However, the MLC mean values of the dumping and separating

accuracy rates are essentially the same, with the ANOVA differences not
statistically significant, which indicates the average waste separation of
the MLC households remained stable and high during 2014–2016. The
insignificantly decreasing benefit of the single publicity policy launched
in late 2012 can be ascribed to some extent to reaching the limitation
and the regression towards the mean in considering the direct effect of a
prolonged behavioural intervention (Cohen et al., 2003; Lanzini and
Thøgersen, 2014). Nevertheless, these high values still indicate an ef-
fective environmental education campaign and the active and con-
tinued separation participation during the observation period,7 which
might influence individuals’ cross-situational motivation (e.g. pro-en-
vironmental identity) and then render behavioural spillover (Truelove
et al., 2014). The average electricity consumption in the samples in-
creased significantly from 2014 to 2016 (p < 0.01), with a higher
growth in JBL, and was also slightly lower than the population in both
areas, which might be due to the larger energy usage of the community
stores excluded from this study. Moreover, the two pro-environmental
behaviours were highly stable from 2014 to 2016 (all correlation
coefficients greater than 0.48 and p < 0.01), which means the balance
of forces determining household waste separation and electricity use
behaviours remained unchanged (Ajzen, 2002; Thøgersen and Ölander,
2003).

3.3. Econometric model

As the two main analytical models for panel data, the two-way fixed
and random effect model can more efficiently mitigate the potentially
endogenous bias resulting from the omitted variables problem than
ordinary least square regression by means of controlling for the un-
observed individual effect at different time points and the overall time
effect. Their difference lies mainly in the relationship between the in-
dividual effect and explanatory variables (correlation in the fixed effect
model but zero correlation in the random effect model). Due to the
different measurements of household waste separation behaviour, the
Hausman test was used to confirm the specific form of panel model for
each regression, where waste related behaviour was measured by either
credits or one of the two accuracy rates. Both ordinary and robust
Hausman tests8 indicated the applicability of the fixed effect model
regardless of the measures, which was therefore chosen to examine the

Table 1
Descriptive statistics of the time-variant control variables.

Residential areas Year Environmental concern (Continuous variable) Affinity to Community (Dummy variable) Disposable household income (Ordinal variable)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

JBL 2014 3.158 1.473 0 6 0.386 0.491 0 1 4.193 0.854 2 6
2015 2.702 1.439 0 6 0.298 0.462 0 1 4.439 0.887 2 6
2016 3.158 2.051 0 8 0.246 0.434 0 1 5.298 0.865 3 7

MLC 2014 3.453 1.284 0 6 0.781 0.417 0 1 4.422 0.662 3 6
2015 2.984 1.240 0 6 0.766 0.427 0 1 4.641 0.675 3 6
2016 2.500 1.613 0 6 0.531 0.503 0 1 5.250 1.069 4 8

6 Two steps, including a mathematical deduction help elaborate this. We will first as-
sume that the scoring and separating rate are both applied to the sample in JBL. Letyi
denote the natural logarithm of household electricity usage, then

∑= + + +y β β x β x ui i

k

k ki i0 1 1
2

, where x i1 is the natural logarithm of household separ-

ating scores, xki is any other potential control variable, β toβk1 are their coefficients, β0 and
ui represent the intercept and disturbance separately. In accordance with Gauss-Markov
assumptions, we can also obtain =u XE( | ) 0i . Furthermore, let m i1 denote the household
waste separating rate, then = +m x ei i i1 1 1 , e i1 is the potential measurement error when
substituting m i1 for x i1 . Therefore, >d x d m( )/ ( ) 0i i1 1 since scores increase with the pro-
portion of the number of bags conforming to the accurate separating standard. Because
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1 1 in that = +m x ei i i1 1 1 . Hence . Hence d y d m( )/ ( )i i1

shares the same symbol but actual size with d y d x( )/ ( )i i1 in that >d x d m( )/ ( ) 0i i1 1 and
≠x mi i1 1 , which indicates that the direction of spillover would not altered if ratings were

used to analyse the behaviours practised by a group of JBL residents. The estimation bias
due to the missing explanatory variable, however, comes from our case where

≠m ecov( , ) 0i i1 1 , and − ≠m u β ecov( , ) 0i i i1 1 1 (and ≠x ecov( , ) 0i i1 1 since ≠d x d m( )/ ( ) 0i i1 1 ),
which would lead to inaccurate significance tests of explanatory variables (Wooldridge,
2003). To be precise, the separating rate cannot present the situation characterized by
grades “goodness” or “qualification” existing in JBL, which means there is an incon-
sistency (comparative measurement error) between two measures, especially when the
mixed waste disposal prevails. Fortunately, this situation was uncommon in JBL during
our observation period because of a much stronger incentive from the grade “excellent”
compared with the other two levels. Meanwhile, we have also incorporated many vari-
ables, possibly resulting in mixed separation such as household size and environmental
identity into our two-way fixed model, it seems we could mitigate the bias resulting from
this type of error effectively. Therefore, a difference in direction of spillover found be-
tween two samples in JBL and MLC, if so, may be more likely due to the differentiable
effects of framed interventions and the heterogeneities of time-variant and −invariant
household characteristics. Obviously, the former is what we want to test, given the latter
could be controlled through a series of econometric methods.

7 According to a preliminary survey conducted by the neighbourhood committee,
nearly 95% of households in MLC did not engage in separation activities before the
promotion of waste separation, indicating the very low participation at the beginning.
After this long-term intervention, all households have performed waste separation in late
2016, with 91% dumping accuracy and 83% separating accuracy averagely (as described
in Table 3), which also supports the effectiveness of the education campaign in MLC.

8 The ordinary Hausman test may not work well when cross-sectional dependence,
autocorrelation or heteroscedasticity exists in the longitudinal data, which could be di-
agnosed by means of Pesaran’s test, Wooldridge test and Wald test respectively. According
to the test results, cross-sectional dependence was not the case in our study; auto-
correlation only existed when credits was involved (F = 59.330, p = 0.000); hetero-
scedasticity always existed no matter how the waste behaviour was measured (all Chi-
square values were significant at 1% level). Therefore, we also conducted robust
Hausman tests by introducing a weighted least squares auxiliary regression. Full details
can be found in Arellano (1993).
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relationships between electricity use and the explanatory variables in
the form:

∑ ∑
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In this model, electricityit, envir concernit , comaffinityit and incomeit
respectively represent electricity usage, environmental concern, com-
munity affinity and disposable income of household i in year t,
classifyingit refers to the logarithm of credits, the rate of dumping or
separating accuracy, yearkit is a dummy variable of year 2015 or 2016 to
control the time effect, the vector Xmit represents the household char-
acteristics variables, classifying year*it kit represents the interaction terms
between household waste separation and the year dummy variables,

Xclassifying *it mit represents the interaction terms between waste-related
behaviour and the household characteristics variables, β0 is the
intercept term, β1 to β4, γ1 to γ2, δ1 to δ2, θ1 to θ5 are the corresponding
coefficients of the independent variables, αi represents the entity fixed
effect and εit is the random disturbance error.

4. Results

In order to avoid potential bias from multicollinearity and the dif-
ficulty in comparing the relative impact of different dimensional de-
terminants within the same regression, all the non-dichotomous vari-
ables were standardized before fitting and evaluating the model.9 Three

regressions were used to fit the relationship between the explained and
explanatory variables, with the Rogers or clustered standard errors for
coping with heteroscedasticity and autocorrelation in our panel data.
Table 4 summarises the results.

Firstly, consistent with H1a, ‘classification (separating accuracy)’
have a significantly negative relationship with ‘electricity’, which sug-
gests that the act of separating household waste has a positive spillover
effect on reduced electricity consumption when residents receive an
environmental education. In addition, consistent with H1b, ‘classifica-
tion (credits)’ has a significantly positive relationship with ‘electricity’,
which indicates that households encouraged to separate their waste by
monetary inducement are more likely to increase their electricity usage.
Secondly, compared with ‘classification (separating accuracy)’, ‘classi-
fication (dumping accuracy)’ have an insignificantly negative impact on
‘electricity’, that is, positive spillover only occurs between waste se-
paration behaviour and electricity saving, which supports H2 – that
positive spillover resulting from the performance of more difficult in-
itial behaviour, such as waste separation, is stronger. Thirdly, the value
of the interaction term shows that ‘classifying (credits)*year2015’ and
‘classifying (credits)*year2016’ have an insignificantly negative re-
lationship with ‘electricity’, while ‘classifying (separating accuracy)*-
year2016’ have a significantly positive relationship with ‘electricity’.
This indicates that, as H3 expects, positive spillover resulting from
education and mobilisation is more likely to reduce over time.
Interestingly, however, the weak negative relationship between waste
dumping behaviour and electricity use had been declining and turned
positive in the third year (−0.064 + 0.193 = 0.129).

For the time-variant control variables, the three regressions all in-
dicate a negative relationship between environmental concern and

Table 3
Variability and stability of household waste separation and electricity use behaviours (2014–2016).

Residential
areas

Variable Meana Meanb ANOVAb(F-
Value)

Correlationb

2014 2015 2016 2014 2015 2016 (2014–2015) (2015–2016) (2014–2016)

JBL Classifying credits (natural logarithm) 6.318 7.504 8.254 6.615 7.367 8.083 13.80*** 0.871*** 0.582*** 0.486***

Household electricity usage (natural
logarithm)

7.967 8.029 8.227 7.710 7.907 8.075 7.31*** 0.814*** 0.849*** 0.690***

MLC Dumping accuracy rate (%) 88.551 89.127 91.251 89.891 89.813 90.844 1.15− 0.773*** 0.784*** 0.536***

Separating accuracy rate (%) 84.103 84.113 82.926 84.156 83.188 82.843 1.52− 0.821*** 0.766*** 0.821***

Household electricity usage (natural
logarithm)

7.733 7.814 8.099 7.724 7.777 7.938 26.04*** 0.883*** 0.830*** 0.780***

a Population statistic.
b Sample statistic.
*** p < 0.01.
− p > 0.1.

Table 2
Descriptive statistics of the time-invariant control variables.

Residential areas Statistics Household size Female Elder Education Housing area
(count) (proportion) (proportion) (proportion) (natural logarithm)

JBL Mean 3.12 0.46 0.26 0.32 4.60
SD 1.17 0.17 0.33 0.32 0.19
Min 1 0 0 0 4.29
Max 6 0.8 1 1 4.92

MLC Mean 2.50 0.51 0.25 0.41 4.58
SD 0.67 0.12 0.38 0.37 0.14
Min 2 0.33 0 0 4.45
Max 4 1 1 1 4.91

9 The value of each variable’s VIF (Variance Inflation Factor) is below 4, one of the
common threshold values over which multicollinearity significantly affect the efficiency
of regression estimation (Grazhdani, 2016), in three models (Min = 1.05, Max = 3.13,

(footnote continued)
Mean = 1.81 in Model 1; Min = 1.14, Max = 3.97, Mean = 1.87 in Model 2;
Min = 1.15, Max = 3.98, Mean = 2.02 in Model 3), which reflects that multicollinearity
did not pose a significant threat to our estimates.
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Table 4
Spillover-effect test results.

Explanatory variable Explained variable: electricity

1(JBL) 2(MLC) 3(MLC)

classifying (credits) 0.352***

(0.107)
classifying (dumping accuracy) −0.064

(0.078)
classifying (separating accuracy) −0.272***

(0.084)
envirconcern −0.169** −0.100** −0.061

(0.072) (0.041) (0.044)
comaffinity −0.128 −0.080 −0.087

(0.175) (0.099) (0.089)
income 0.097 0.053 0.048

(0.066) (0.077) (0.075)
year2015 0.132** 0.218*** 0.177***

(0.064) (0.061) (0.042)
year2016 0.297** 0.948*** 0.944***

(0.132) (0.100) (0.089)
classifying (credits)*year2015 −0.137

(0.120)
classifying (credits)*year2016 −0.034

(0.109)
classifying (dumping accuracy)*year2015 0.054

(0.066)
classifying (dumping accuracy)*year2016 0.193**

(0.086)
classifying (separating accuracy)*year2015 −0.001

(0.061)
classifying (separating accuracy)*year2016 0.178**

(0.077)
classifying (credits)*householdsize −0.133*

(0.072)
classifying (credits)*female 0.002

(0.076)
classifying (credits)*education 0.021

(0.144)
classifying (credits)*elder −0.085

(0.115)
classifying (credits)*housingarea −0.043

(0.077)
classifying (dumping accuracy)*householdsize −0.016

(0.087)
classifying (dumping accuracy)*female −0.041

(0.050)
classifying (dumping accuracy)*education −0.044

(0.077)
classifying (dumping accuracy)*elder 0.043

(0.100)
classifying (dumping accuracy)*housingarea −0.005

(0.075)
classifying (separating accuracy)*householdsize −0.247**

(0.124)
classifying (separating accuracy)*female −0.072

(0.068)
classifying (separating accuracy)*education 0.129*

(0.073)
classifying (separating accuracy)*elder 0.157

(0.104)
classifying (separating accuracy)*housingarea 0.183*

(0.098)
intercept term −0.081 −0.351*** −0.313***

(0.100) (0.092) (0.079)
N 171 192 192
R2 0.523 0.741 0.779
Number of households 57 64 64

Rogers (clustered) standard errors in parenthesis.
* p < 0.1.
** p < 0.05.
*** p < 0.01.
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electricity use, which is statistically significant in model 1 and 2,
compared with the nonsignificant correlations of community affinity
and disposable income to electricity use in the three models. For the
interaction terms between household characteristics and classifying
performance, only household size in model 1 and 3, housing area and
members with at least a high school degree in model 3 have significant
interaction effects with classifying behaviour. Meanwhile, two year-
dummy variables have a significantly positive impact on the explained
variable in the three models. The empirical results are discussed in the
following.

5. Discussion

The presence of spillover has been validated by many empirical and
experimental studies in distinctive resource conservation fields (e.g.
Lanzini and Thøgersen, 2014; Steinhorst et al., 2015; Thøgersen and
Ölander, 2003; Tiefenbeck et al., 2013; Truelove et al., 2016). The
purpose of the present research is to investigate behavioural spillover
related to the external forces of policy measures in environmental do-
main. Based on a three-year observational study, we found that en-
gagement in household waste separation could guide or impede re-
sidents’ electricity conservation behaviour. For the first time, this paper
provides clear evidence on the existence and availability of the spillover
or the behavioural-lever effect in China, the world’s largest developing
country. In contrast with previous work based on self-reported beha-
viours, this study also used objective household activity data to over-
come possible biases.

We examined how different interventions (environmental versus
monetary framed) influenced the direction of spillover. This involved a
comparison in behavioural performance between two areas exposed to
different forms of waste separation inducement, and revealed that an
environmental framed intervention such as a public education cam-
paign could more easily trigger a positive spillover. This finding con-
forms to the theories of social identity and behavioural consistency and
manifests an increase in environmental identity and conservation ne-
cessity by special behaviour guidance, and that norm construction can
motivate actors to maintain their willingness and engage in other pro-
environmental behaviours (Lanzini and Thøgersen, 2014; Truelove
et al., 2016). Comparatively, a negative effect on non-targeted beha-
viour produced by the monetary incentives suggests a rebound effect
and erosion of internal attribution caused by financial rewards
(Truelove et al., 2014), which corresponds with extant mainstream
findings but contradicts the positive findings of Lanzini and Thøgersen
(2014). However, the participants of the study consisted solely of col-
lege students and behavioural data were all self-reported which, as they
themselves observe, reduce the credibility of the findings due to their
limited representativeness and potential measurement bias.

Furthermore, the present study confirms that the difficulty of initial
behaviour have an important effect on positive spillover. Specifically,
we detected positive spillover when residents’ waste related behaviours
were measured by separating rates, rather than dumping records, which
manifests that only households performing more difficult initial beha-
viour well could be observed to save more electricity. This supports
Truelove et al.’s (2014) argument that people are more likely to make
decisions according to their experience, an indicator of their self-con-
cept. Generally, when past environmental behaviour needs more time
and investment to perform, people will be more likely to infer that they
are environmentalists and the environmental identities will be more
salient, hence, they are more inclined to act in other altruistic domains
than those performing easier alternatives.

Perhaps the greatest contribution of this study is to investigate the
changing trend of spillover over time. It was found that positive spil-
lover significantly reduced in the context of environmental framing
over years when compared with the long-term negative stability in-
duced by financial incentives. The defensive response and other nega-
tive cognitive effects it creates need to be considered to understand this

situation. When faced with the high pressured, unitary and almost
coercive advocacy mobilisation measure of waste separation adopted in
Hangzhou (Xu et al., 2017), recipients are more likely to have a de-
fensive reaction to actions targeted by the authority over time
(Schwartz and Howard, 1981; Steinhorst and Matthies, 2016) and
perceive they have done their duty (Thøgersen and Crompton, 2009).
Consequently, they feel less inclined to accept other appeals such as
energy conservation from the government (Weber, 1997). Moreover, a
significantly directional shift of the relationship between dumping
performance and electricity consumption also suggests that the positive
spillover of a less difficult initial behaviour might even become nega-
tive over a longer-term, which can be explained as a function of a less
salient identity caused by easier initial behaviour and defensive reac-
tion. However, it is still worth exploring why a significant recession
occurred in 2016 rather than 2015. Except for the postulated me-
chanism of defensive reaction, another possible explanation is Hang-
zhou’s substantial temperature fluctuation in 2016 (an average 3.1 °C
rise in summer and 0.7 °C drop in winter compared with 201510), which
has been controlled statistically in our regressions by means of a year
dummy variable, and might increase the difficulty of saving household
electricity even for individuals with a high environmental identity. As
Truelove et al. (2014) argue, more difficult subsequent behaviour could
prevent the occurrence of positive spillover. Conversely, monetary
framing would be strengthening external attribution (Truelove et al.,
2014) and evidently improving the living standard of recipients with a
poor personal ecological norm, as is typical of the current general
public in China (Xu et al., 2017), which is associated with less will-
ingness to engage in energy conservation.

Meanwhile, the tests of the control variables produced some un-
expected findings. There were no significant effects of either commu-
nity affinity or income in any of the models. Affinity with the com-
munity may mainly focus on such participation in public affairs as
community service and other voluntary activities, which does not ne-
cessarily lead to an enthusiasm for individual energy conservation. The
general measurement of household disposable income due to the dif-
ficulty in accessing such private information accurately might be nar-
rowing the difference in disposal income between participants and
underestimating its effect, creating a probable bias in evaluating the
influence of a resident’s income. We also found that larger households
displayed a stronger positive spillover (see model 3) and weaker ne-
gative spillover (see model 1). It is known that collective environmental
action is more likely to fail with an increase in group size and a strong
internal identity or perceived norm usually acts as a key to overcoming
this dilemma (Ostrom, 1980). Therefore, the better separation perfor-
mance of larger households could be interpreted as a more salient en-
vironmental identity shared by their members, which is also a catalyst
for positive spillover. Hence, these larger households are more willing
to save electricity in both framings. In addition, housing area had a
negative moderating effect on positive spillover. As mentioned above, a
highly difficult secondary behaviour is expected to reduce the possibi-
lity of positive spillover (Truelove et al., 2014). Residents living in
bigger apartments might be likely to use electrical appliances more
frequently to cope with indoor lighting and thermal variation (Jones
et al., 2015), and find it more difficult to engage in daily energy con-
servation. Thus, people would be less inclined to save electricity even
though they were good at waste separation. Finally, contrary to popular
belief, it was found that well-educated families had less positive spil-
lover. There are two possible reasons for this. One is that higher edu-
cation does not necessarily render a stronger environmental identity
(Pakpour et al., 2014). The other is that education with an important
enlightenment effect on the public could arouse their critical con-
sciousness and stimulate their desire for liberalism (Kingston et al.,
2003; Phelan et al., 1995), which might trigger more suspicion of the

10 Data source: http://www.weather.com.cn (Retrieved 5 May 2017).
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authority and defensive responses to mobilisation measures.
The main limitations of the research are the different measures of

waste separation behaviour and the relatively small sample due to the
restricted availability of objective data. The study also lacks stricter
causal inference of the genesis of spillover and the reasons why it
varies. To date, some studies have embarked on testing the psycholo-
gical factors theoretically involved in spillover by experimentation. For
example, Truelove et al. (2016) found that participants with decreased
pro-environmental identity displayed less policy support after recycling
bottles. Additionally, personal norms and efficacy have been showed to
mediate the positive relationship between energy conservation and
climate-friendly intention (Steinhorst et al., 2015). Future research,
therefore, would benefit investigating this further with a large-sample
longitudinal and experimental field study and unified metrics into the
underlying psychological mechanisms of the spillover and its changing
trend to a fine degree over time.

6. Conclusions and policy implications

Based on a three-year panel study of the activities of two samples of
households from the city of Hangzhou, this paper detected a positive
spillover when residents received an environmental education, but
negative when residents were encouraged by monetary inducement.
This difference may be due to the residents’ increased environmentalist
identity because of exposure to environmental information, and re-
bound and single-action bias caused by the financial incentive.
Moreover, the positive spillover effect was stronger when residents
were engaged in more difficult initial behaviour (such as waste se-
paration rather than dumping), which is consistent with the expectation
that the performing a more difficult pro-environmental behaviour in-
itially can engender a more salient environmental identity and higher
willingness to maintain behavioural consistency. More importantly,
positive spillover decreased more significantly over the three-year
period than negative spillover − most likely as the result of the de-
fensive response of residents from the longer-term education process
involved.

We can also draw some conclusions from the results of our analysis
for policymakers in further improving their pro-environment strategies.
In principle, the government and social organisations would benefit
from a greater understanding of the spillover effect and may learn to
apply it to improve environmental governance. This is especially the
case in China, where its extensive environmental crises – including the
rapid growth of solid waste, resource exhaustion, abnormal climate and
air pollution levels – provide a severe threat to the life quality of its
population, and with many separate promotion efforts aimed at en-
couraging the public into profound behavioural change in different
environmental domains. The findings of the present research suggest
that an improved knowledge of behavioural spillover focusing on the
‘wedge’ effect of simple and painless steps on far-reaching changes can
further enrich the policy package and provide a new approach to en-
vironmental challenges (Steinhorst and Matthies, 2016; Thøgersen and
Crompton, 2009). As we pointed out, household waste separation is
relatively simple and easier to be reshaped by external interventions,
which can be considered as one of the effective instruments or levers for
transition of energy consumption, habit and lifestyle.

However, it is possible that household behavioural change cam-
paigns could actually backfire and hinder engagement in other pro-
environmental behaviours in some contexts, which demands a more
thoughtful design of the policy instruments involved to optimize the
likelihood of positive spillover (Steinhorst et al., 2015; Thøgersen and
Crompton, 2009; Truelove et al., 2016). Public information campaigns
by governments or volunteer organisations, and monetary incentives
relying on resource markets could be two available methods to en-
courage public participation in environmental protection (e.g. waste
separation). As has been validated by previous studies, monetary in-
centives are usually perceived as one of the most efficient measures for

obtaining desired behaviour improvements (e.g. Owusu et al., 2013;
Struk, 2017; Thøgersen and Crompton, 2009), but their rendering un-
expectedly negative spillover to other non-targeted pro-environmental
behaviours prohibits follow-up altruistic action, in comparison with the
strong power of environmental appeals in spurring other non-targeted
behaviours Hence, governments and other organisations should prefer
pro-environmental appeals over purely financial inducements to en-
courage pro-environmental behaviour if positive spillover is desired. In
other words, an essential and indispensable part of a green campaign is
the formation of information strategies focusing on environmental ad-
vantages and ecological sustainability (Steinhorst and Matthies, 2016),
as these can contribute to the development of identity as an en-
vironmentalist, personally internal attribution and perception of the
necessity for subsequent actions.

Moreover, the transience of positive spillover also shows that the
risk of defensive reactions in a long-term environmentally framed in-
tervention, such as the application of the conventional command-and-
control approach widely used in China (Mol and Carter, 2006).
Therefore, it is very important for society to increase the diversification
of policies and continually foster personally ecological norms and pro-
environmental values, which have been demonstrated to be helpful in
triggering positive spillover and avoiding defensive reactions
(Steinhorst and Matthies, 2016; Thøgersen and Ölander, 2003). For
example, school education needs to take responsibility as early as
possible to signal active commitment to environmentalism in order to
facilitate the internalization of children’s pro-environmental values
(Thøgersen, 2004). Besides, policymakers should also make the most of
such nudging measures as setting the default to a pro-environmental
option or designing opt-out strategies for strengthening societal norms
and general pro-environmental motivations (Steinhorst and Matthies,
2016).

Another implication is the importance of the characteristics of tar-
geted behaviour, and that the higher degree of behavioural difficulty
predicts more chance of positive spillover (Truelove et al., 2014).
Therefore, policy implementation also needs to involve raising the
difficulty of targeted behaviour suitably during the later period of a
campaign (e.g. requiring the more accurate separation rather than
merely correct dumping). Above all, an important consideration for
governments and campaigners is an urgent need to involve spillover
into the general system of environmental policy performance appraisal.
Government needs to evaluate net environmental impact increasingly
after accounting for the direct and indirect behavioural effects of one
policy (Truelove et al., 2014). For example, although economic rewards
do produce substantial improvements in waste separation, they can also
be a counterproductive investment in leading to severely excessive
energy consumption and increased GHG emissions.
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