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Nudging pro-environmental behavior:
evidence and opportunities
Hilary Byerly1,2*, Andrew Balmford3, Paul J Ferraro4, Courtney Hammond Wagner1,2, Elizabeth Palchak1,2,
Stephen Polasky5, Taylor H Ricketts1,2, Aaron J Schwartz1,2, and Brendan Fisher1,2
Human behavior is responsible for many of our greatest environmental challenges. The accumulated effects
of many individual and household decisions have major negative impacts on biodiversity and ecosystem
health. Human behavioral science blends psychology and economics to understand how people respond to
the context in which they make decisions (eg who presents the information and how it is framed). Behavioral
insights have informed new strategies to improve personal health and financial choices. However, less is
known about whether and how these insights can encourage choices that are better for the environment. We
review 160 experimental interventions that attempt to alter behavior in six domains in which decisions have
major environmental impacts: family planning, land management, meat consumption, transportation
choices, waste production, and water use. The evidence suggests that social influence and simple adjustments
to decision settings can influence pro-environmental decisions. We identify four important gaps in the
evidence that provide opportunities for future research. To address these gaps, we encourage collaborations
between researchers and practitioners that look at the effects of embedding tests of behavior-
change
interventions within environmental programs.
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H

uman behavior is a key determinant of the state of
the environment. Individual consumption and lifestyle choices contribute greatly to climate change (IPCC
2014), ecosystem conversion and biodiversity loss (Foley
et al. 2005), and water scarcity (Wada and Bierkens
2014). These impacts are projected to worsen as the size
and wealth of the global human population continue to
grow (Ferrara and Serrat 2008); as such, modifying
human behavior is essential for addressing environmental
challenges (Fischer et al. 2012; Cowling 2014).

In a nutshell:
• Insights into human behavior offer new options for influencing
people’s choices in ways that will affect the environment
• Experimental evidence suggests that information about
social norms and changes to the decision context can
encourage pro-environmental behavior, especially in relation
to water conservation, sustainable land management, and
reduced meat consumption
• Large gaps in our understanding of how particular interventions can influence people’s choices will require further
research using well-designed experiments that measure
cost-effectiveness and behavior-change over time
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Non-regulatory policies and programs designed to influence decision making have historically been shaped by the
economic model of the “rational actor”. With limitless
cognitive capacity for evaluating decisions and attention
only to private costs and benefits, this actor responds to
information and incentives. However, there is ample evidence that people are sensitive to the behavior of others
and are not strictly self-interested (Ostrom 2000; Nyborg
et al. 2016). Insights from psychology, economics, and
neuroscience further suggest that cognitive constraints
and biases play important roles in how people make decisions (Simon 1955; Tversky and Kahneman 1974).
In fact, people respond not only to incentives, information, and persuasion, but also to how these interventions
are framed and communicated (Kahneman et al. 1991;
Kamenica 2012). Altering the context within which
decisions are made can encourage socially desirable
behaviors and discourage socially undesirable ones
(Figure 1). For example, people are generally motivated
to keep their promises and attain their goals, so asking for
commitments (whether written or oral, public or private)
may increase the likelihood of certain actions. Other
behaviors are more likely to follow the status quo, or the
default setting, in a given situation. Choices can be
swayed by the identity of the person, or messenger, who
suggests the behavior change, and communicating social
norms, such as expectations or peer comparisons, can
influence how individuals behave. People also respond to
information that is made accessible in their mind (via
priming) and to which their attention is repeatedly drawn
(via salience) (Figure 2). Unlike financial incentives and
education, which target controlled, conscious deliberawww.frontiersinecology.org
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Figure 1. Examples of targeting contextual variables to increase pro-social and pro-environmental behavior. (a) Pledges elicit
commitments that spur action to reduce energy use; (b) automatically enrolling consumers in green energy programs increases
participation compared to a default where people must opt in; (c) health information is more effective when the messenger suggesting
the behavior change is perceived as similar; (d) the behavior of peers and neighbors indicates social norms that promote recycling.

tion, these contextual variables often moderate behavior
through automatic, unconscious cognitive processes
(Dolan et al. 2012).
Applications of these insights from behavioral science
have been shown to have positive effects on both individual and social welfare. Changing the context in which
choices are presented can encourage people to save for
retirement (Thaler and Benartzi 2004), make healthier
diet and lifestyle choices (Downs et al. 2009; Volpp et al.
2011), and participate in socially beneficial programs
such as organ donation (Johnson and Goldstein 2003).
Yet the potential for behavioral insights to advance sustainability is unrealized in many environmental policies
and programs (Clayton et al. 2013; Dietz 2014; Reddy
et al. 2017).
There is evidence that interventions targeting these
contextual variables can improve recycling rates and
reduce energy use (see Panel 1 for an overview), but
whether such approaches can influence other environwww.frontiersinecology.org

mentally relevant behaviors is not as well understood.
We review the experimental evidence on behavior-
change interventions in six other domains in which individual decisions have large environmental impacts (hereafter, “domains”): family planning, land management,
meat consumption, transportation choices, waste production, and water use. For each of these six domains, we
evaluate the effectiveness of eight sets of contextual
interventions (hereafter, “interventions”; Figure 3). Six
of these sets of interventions aim to affect the contextual
variables – commitments, defaults, messenger, norms,
priming, and salience – described above. We contrast
these contextual interventions with two sets of traditional
behavior-change interventions – financial incentives and
education – that target the cost–benefit calculations of
the rational actor. These traditional interventions set the
performance benchmark against which contextual interventions can be compared – a comparison that allows us
to draw conclusions on the full suite of behavior-change
© The Ecological Society of America
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Figure 2. Examples of using priming and salience to influence behavior. (a) Displays of healthy foods prime shoppers to purchase
healthier food items; (b) reminders and prompts make energy use and conservation salient.

options available to policy makers and those designing
conservation programs.
We seek to address three questions: (1) What is already
known about using contextual interventions to change
environmentally important behaviors? (2) Are there
interventions that have proven effective across domains?
(3) How should we prioritize further research on behavioral science to address environmental challenges?

relevant domains described above (Figure 3). We confined our review to studies that employed experimental
designs in order to draw conclusions about the causal
impact of interventions on behavior. Our review was
guided by four criteria: (1) experiments that (2) focused
on pro-environmental behavior changes (3) in contexts
related to our six domains and (4) reported statistical
inferences. “Experiments” refer to empirical designs in
which exposure to a condition/treatment was experimentally manipulated across or within subjects to permit
JJ Methods
unbiased causal inference. “Behavior changes” refer to
We conducted a systematic literature review to examine self-reported or observed behaviors rather than knowlthe effects of contextual interventions on pro- edge, attitudes, or intentions. The behaviors of interest
environmental behavior in the six environmentally in each domain were those that have the potential
Panel 1. Behavioral evidence in recycling and energy use
Recycling
The experimental literature on recycling dates back to the
1980s. Today, waste management behaviors – recycling and not
littering, in particular – have become so embedded in some
countries that many consider them normative (Gould et al.
2016).
Changing defaults, such as adding bins for recycled goods
alongside trashcans and offering curbside pickup on the same
day as trash pickup, has been shown to encourage recycling.
Messenger interventions (via neighbors) and commitments (via
goal setting, verbal promises, and public statements) have also increased recycling. Social norms, in the form of comparative feedback and visual presence of curbside pickup, promoted recycling
behavior, but the effect was often mediated by personal values.
Recent reviews have demonstrated that large gaps remain in our
understanding of the specific moderators and mechanisms that
influence recycling behavior-change, particularly over the long
term.
See reviews by Schultz et al. (1995); Osbaldiston and Schott
(2012); Abrahamse and Steg (2013); Kirakozian (2016); and Maki
et al. (2016).

© The Ecological Society of America

Energy
Research on behavioral interventions for energy use began in
the 1970s, and has focused largely on reducing residential energy consumption and improving energy efficiency. Multiple meta-
analyses and review articles synthesize the experimental evidence
on energy behavior research.
Salience (frequent, in-home reminders of current use) and commitments (goals for reducing use) have made energy-use feedback more
effective in changing individual behavior toward energy conservation.
Defaults that automatically enroll customers in efficiency or green
energy programs have also increased participation compared to opt-
in programs. Comparison messages about neighbors’ energy use have
been widely employed to target social norms and have resulted in a
range of treatment effects, although they can be less impactful than
other contextual interventions in reducing energy use. Messenger effects warrant further research; for instance, engaging “block leaders”
in neighborhoods and model employees in offices have been shown
to influence energy behavior, but the results and contexts are limited.
See reviews by Abrahamse et al. (2005); Osbaldiston and Schott
(2012); Abrahamse and Steg (2013); Delmas et al. (2013); and
Karlin et al. (2015).
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not report study effect sizes or
weight the studies by quality. The
behavioral outcomes across domains
vary greatly and a large number of
studies did not report all the elements necessary to calculate standardized effect sizes. Moreover, some
studies used self-reported outcomes
or experienced treatment non-
compliance, which can affect their
internal validity. Second, because
we count multiple outcome estimates from a single study separately,
our review is prone to the “multiple
comparison problem” (inflated
Type I errors). Third, despite inclusion of six unpublished papers,
selective publication of studies may
have biased conclusions toward statistically significant effects. Also,
researchers themselves are possibly
Figure 3. Behavior-change interventions that target decision making in six domains where biased in their selection of interhuman behavior has large impacts on the environment. See Panel 1 for a summary of ventions to test. Finally, not all
tested interventions fit perfectly
evidence on energy use and recycling. Variables are adapted from Dolan et al. (2012).
into our defined categories. Despite
to mitigate negative environmental impacts, such as these limitations, we believe our analysis offers a useful
using contraception (as a means of reducing population perspective on the state of the evidence.
growth), regardless of whether the intent of the experimenter was environmentally motivated. We identified JJ Evidence for pro-environmental behavior change
search terms within each of these domains (WebTable
1) and used them in combination with the words We identified 72 studies that tested a total of 160
experiment, intervention, treatment, control, behavior, sus- interventions across our six domains (Table 1). Nearly
tainable, and pro-environmental, and with the eight all studies (96%) were conducted in the field, as opposed
behavior-change interventions commitment, default, mes- to a laboratory, and almost three-quarters (73%) measreported, behaviors.
senger, norms, priming, salience, financial incentives, and ured observed, rather than self-
education. Searches were conducted in Web of Science, Sample sizes ranged from 23 to over 100,000 particiPsycINFO, EconLit, other electronic databases, relevant pants, with a median of 379. The majority of estimates
journals, and the citations listed in included papers. addressed water use and transportation choices, whereas
Our search centered on peer-
reviewed literature but the fewest targeted land management and meat conworking papers from active researchers in the field were sumption (Figure 4). Norms were the most frequently
affected contextual variable (48 times), followed by
also included.
The studies that met our criteria were coded according to commitments (25), salience (11), defaults (8), priming
domain, behavior, sampled population, sample size, setting (2), and messenger (1). The two traditional approaches
(field or lab), measure (reported or observed), intervention of financial incentives and education were targeted 29
target, intervention tested, and statistical significance of and 36 times, respectively.
each treatment. Our unit of analysis was a single intervention within a study; by intervention, we are referring to a Family planning
treatment and its measured impact on a unique behavioral
outcome. For experiments that measured multiple behav- The behavioral outcomes in this domain were measured
ioral outcomes (eg used contraception and reduced sexual by contraception use, fertility rate (actual births), and
activity), each behavior counted separately. Two authors sexual activity (Table 1). Although tested only once,
independently coded each study (81% agreement) and an intervention targeting norms showed a strong effect
discrepancies were reconciled through discussion. The full on family planning. Women offered contraception
vouchers when alone were 25% more likely to use
set of reviewed studies is listed in WebTable 2.
Our objective was to give the reader a broad survey of contraception and 27% less likely to give birth than
multiple domains and interventions, and to achieve this women who received the voucher in the presence of
we constrained our review in several ways. First, we do their husbands (Ashraf et al. 2014). A single study of
www.frontiersinecology.org
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Table 1. Summary of included studies
Domain

Behavior

Interventions

Observed

Studies

Sample size

Family planning

Reduce fertility rate

4

75%

9

73–6275

7

58–5076

4

55–491

16

23–700

10

52–1302

26

40–106,669

Land management
Meat consumption

Transportation choices

Waste production

Water use

Reduce sexual activity

2

0%

Use contraception

10

30%

Adopt conservation practices

5

40%

Contribute resources to conservation

9

78%

Choose climate-friendly protein

1

0%

Eat vegetarian foods

4

100%

Reduce meat consumption

1

0%

Improve driving efficiency

7

100%

Reduce driving

11

0%

Use public transport

21

52%

Reduce food waste

3

67%

Reduce paper waste

9

100%

Reduce plastic waste

9

56%

Participate in conservation programs

3

100%

Reduce water use

40

98%

Reuse hotel towels

21

100%

Total

160

73%

72

Notes: Behavior is the outcome variable used to measure the effect of an Intervention (see Figure 3); a single Study may test multiple interventions; Observed shows the
proportion of interventions that are evaluated on an observed (versus self-reported) behavior change; and Sample size shows the lower and upper bounds of the sample sizes
for studies in that domain.

the effect of salience, via daily reminders to use contraception, failed to detect an effect on the rate of
missed birth control pills compared to a control group
that received no reminder (Hou et al. 2010).
More than two-thirds of tested interventions in our
search were educational, with overall mixed results (similar to the results of a systematic review performed by
Mwaikambo et al. [2011]). Financial incentives were
tested in only one study, in which neither access to microcredit nor microcredit combined with family planning
services affected contraception use compared to a control
group that received neither (Desai and Tarozzi 2011).
Land management

Outcome measures in this domain were divided between
adopting sustainable land management practices and
committing resources toward conservation. In one example of a messenger intervention, adoption of sustainable
agriculture increased when the gender of the farmer
was the same as the gender of the agricultural extension
agent (Kondylis et al. 2016). Switching the default cost-
share from 0% to 100% in an auction to engage farmers
in conservation actions increased the amount farmers
were willing to pay by 9% (Messer et al. 2016). In the
same study, priming farmers to perceive a conservation
practice as socially desirable (ie by indicating that their
peers approved of the practice) increased the likelihood
© The Ecological Society of America

of bidding but had no effect on the amount farmers
were willing to pay. Commitments to dedicate land or
time toward conservation had mixed results, and no
effect was detected for a test of salience, which framed
information about conservation tillage as either profitable
or environmentally beneficial (Andrews et al. 2013).
Traditional interventions produced mixed findings.
Paying forest-
owning Ugandan households not to cut
trees reduced the rate of deforestation by one-half as compared to forests owned by households that did not receive
such financial incentives (Jayachandran et al. 2016), but
no effect was detected where payments were made in
exchange for communal litter collection (Kerr et al.
2012), nor did information about conservation practices
have an effect on farmers’ time spent on those practices
(Lokhorst et al. 2010).
Meat consumption

Studies on meat consumption measured vegetarian meal
purchases and self-
reported changes in eating meat.
Changing the default cafeteria menu to vegetarian-only
and moving meat-
based options to a separate menu
increased the proportion of vegetarian meals ordered by
50% (Campbell-Arvai et al. 2014) and increased the
odds of choosing vegetarian meals by a factor of 15
(Campbell-Arvai and Arvai 2015). Commitments to eat
less meat reduced meat consumption by 15% compared
www.frontiersinecology.org
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discounts, largely had no effect.
However, other non-monetary incentives, including free bus tickets, travel
vouchers, and prizes, encouraged
sustainable transportation behavior.
Waste production

This domain focused on behavioral
outcomes related to waste production (ie reducing consumption)
rather than waste disposal (but
see the section on recycling in
Panel 1). Results here offer evidence
in favor of defaults and commitments in lowering the amount of
food, paper, and plastic waste.
Making the default plate size smaller
reduced food waste by 20%
(Kallbekken and Sælen 2013) and
Figure 4. Number of tested behavior-
change interventions across six domains of switching default printer settings to
environmentally impactful behavior. Column order is expressed in the key at the bottom of double-sided printing reduced paper
the chart. An empty column indicates we found no tested interventions targeting that consumption at a university by 15%
contextual variable in that domain.
per day (Egebark and Ekström
2016). Commitments increased self-
to a group that only received information about the reported food waste prevention behaviors in households
impacts of meat consumption (Loy et al. 2016).
and made shoppers 29% more likely to refrain from
Of the three experiments that tested education inter- using plastic bags at a grocery store (Rubens et al. 2015).
ventions, one study found that education resulted in a Mixed results were found for norms and salience.
self-reported reduction of meat consumption, although Communicating social norms reduced plastic bag use
the estimated effect was small (Monroe et al. 2015), and and buffet food waste, but no effect was detected on
two studies could not detect differences in the levels of reducing paper waste. Salience had an effect on opting
meat consumption between groups that received educa- out of receiving junk mail but not refusing plastic bags
tion and those that did not (Campbell-Arvai et al. 2014; for groceries (Hamann et al. 2015; Rubens et al. 2015).
Campbell-Arvai and Arvai 2015).
Traditional interventions changed behavior in this
domain. Financial incentives and education were effective in reducing junk mail and plastic waste (Rommel
Transportation choices
et al. 2015; Santos and van der Linden 2016).
Studies in this domain focused on three types of transportation behavior: driving efficiency, self-
reported Water use
driving behavior, and public transportation use. Only
one contextual intervention, which targeted salience, Commitments and norms showed an effect on reducing
showed an effect on transportation behavior. Targeting water consumption by households, students, and hotel
salience by highlighting the environmental, rather than guests. Interventions employing commitments were
the economic, impacts of driving increased the likeli- effective nine of the 10 times they were tested, parhood of improving driving efficiency, although the ticularly those encouraging hotel guests to reuse towels
sample size was small (n = 23; Bolderdijk et al. 2013). (Baca-Motes et al. 2013). Targeting norms by exposing
Evidence on commitments was split: three studies found participants to messages about the water-saving behavior
that personal goals to use public transportation were of their peers also reduced water use, and increased
effective, whereas three other studies failed to detect both towel reuse and participation in conservation
effects. No effect was found when social norms were programs (Goldstein et al. 2008; Ferraro and Price 2013;
targeted, nor did facilitating the purchase of tickets Brent et al. 2015). Making personal identity salient
by bus riders (by changing the default payment method) had mixed effects on water use but simple reminders
proved effective: water use was 23% lower in househave an effect (Katzev and Bachman 1982).
Most of the experimental literature within this domain holds in which water-use labels were attached to showers
focused on financial interventions (Figure 4). Direct finan- and appliances than in households that received the
cial incentives, such as monetary payments, charges, and same information via leaflets (Kurz et al. 2005).
www.frontiersinecology.org
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Table 2. Balance of evidence to change environmentally relevant behaviors

Intervention

Promising

Mixed

165
No effect

Commitments

Defaults

Messenger

Norms

Priming

Salience

Education

Financial

Notes.

= family planning;

= land management;

= meat consumption;

= transportation choices;

= waste production;

= water use. Domains are allocated to a particular column according to the proportion of studies in that domain that measured a statistically
significant effect of that intervention, as reported by the studies’ authors. Promising = 75% or more results found an effect; Mixed = less than
75% but more than zero results; No effect = none of the studies that tested that intervention detected an effect. See Figure 4 for the relative
frequency of tested interventions within each domain.

Education and financial incentives showed mixed results,
leading to lower water use in some cases but not others.
JJ What

we know about contextual interventions

Experimental evidence suggests that the use of behavioral insights may alter environmentally relevant behaviors (Table 2). Interventions aimed at affecting norms
or defaults produced consistent effects on behaviors
across multiple studies and domains. Several large-scale
field experiments demonstrated that normative messages
reduced household water consumption by 2.5–7.7%
compared to control groups who did not receive the
contextual intervention (Ferraro and Price 2013; Brent
et al. 2015; Datta et al. 2015). Switching default buffet
© The Ecological Society of America

plate size, printer settings, menu offerings, and cost-
share baseline amounts made it easier for individuals
to act in a pro-environmental manner.
The evidence for the effects of commitments and salience is less straightforward. Although commitments to
reuse towels and to reduce waste and meat consumption
were effective, no effect was found on reducing driving or
adopting land conservation practices. Reminders to
change behavior had an effect on water consumption but
not on taking daily contraception or reducing plastic bag
use at the supermarket. Reminders about financial benefits did not increase pro-environmental behavior more
than facts alone, and actually had a negative effect compared to reminders about environmental benefits. Priming
and messenger effects were each only tested in one study.
www.frontiersinecology.org
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experimental research on reducing meat consumption,
for example, could slow the rate of land conversion
Overall, contextual interventions outperform education (Foley et al. 2011), and lower greenhouse-gas emissions
interventions. Six studies that compared contextual (Garnett 2011) and biodiversity loss across land-and
interventions directly against an education intervention seascapes (Machovina et al. 2015). Future research should
and a no-
intervention control reported that the con- also target producer behavior. Whereas financial incentextual intervention produced the largest gain in pro- tives and regulation will remain important tools for
environmental behavior (Ferraro and Price 2013; influencing corporate decisions, contextual interventions
Campbell-Arvai et al. 2014; Rommel et al. 2015). may encourage low-cost, potentially high-benefit behavFinancial incentives also outperformed education inter- ioral changes that are good for the environment.
ventions. However, it is less clear how contextual
interventions compared to financial incentives. The two Test interventions that have not been well examined
may be substitutes, with one being more effective than with respect to pro-environmental behaviors
the other in certain instances. Or they may be complementary: appropriately tailored contextual interven- More research on messenger effects could be useful to
tions may optimize the acceptability and impact of environmental programs and policy makers. Given the
strength of these factors in influencing health behaviors
financial incentives.
Indeed, our findings indicated that some interventions and charitable donations (Durantini et al. 2006; Landry
work best in combination. Several family planning stud- et al. 2006), such interventions may prove to be impories showed education interventions to be most effective tant tools for conservation.
when combined with health visits, vocational training, or
social networking (Chong et al. 2013; Ahmed et al. 2015; Test interventions using randomized controlled
Bandiera et al. 2015). A number of studies combined designs of adequate size
multiple interventions into a single treatment, making it
difficult to discern the causal effects of any one interven- Well-designed experiments allow us to determine cause-
and-
effect relationships between interventions and
tion or their interactions.
The effectiveness of contextual interventions is often desired environmental outcomes, yet many pro-
change studies are poorly
conditional on who receives the intervention and in environmental behavior-
what context. Whereas targeting norms reduced water designed, lacking adequate controls and randomization
consumption, effects were repeatedly moderated by other (Frederiks et al. 2016). Fewer than 10% of the studies
factors such as delivery method, baseline water use, and in our literature review explicitly discussed the statistical
socioeconomic status. Communication of norms also power of their results, and given that nearly one-quarter
influenced family planning behavior, but gains in contra- of the studies we reviewed had sample sizes of fewer
ception use were offset by a negative effect on women’s than 100 participants, many results are likely undersubjective well-being. These caveats illustrate an impor- powered. Studies involving appropriate experimental
tant limitation of behavioral interventions: because their designs and sufficient sample sizes will allow us to
success is often conditional on prior beliefs, characteris- draw stronger conclusions about the causal effects and
tics, and context, the development of universally effec- magnitude of behavior-change interventions.
tive solutions is unlikely. Accounting for such complexity
may require combinations of interventions that target Evaluate conditions, cost-effectiveness, and
both deliberative and subconscious thought to change persistence of behavior-change interventions
behaviors (van der Linden 2013).
In order to translate experimental evidence into environmental policy, more research is required to understand
JJ Future research and program design
the contexts in which certain interventions work, at
Our review identified four areas where additional research what cost, and for how long. There are roadmaps for
could yield guidance for policy making that encourages implementation (see Clayton et al. 2013; Reddy et al.
pro-environmental behavior changes.
2017), but little is known about the combinations and
moderators of interventions that will determine their
relevance to policy. A meta-analysis on commitments
Test interventions in domains that have the greatest
similarly highlights a lack of empirical evidence explainimpact on the environment
ing why and under what conditions a given intervention
Meat consumption, unsustainable land management, will be effective (Lokhorst et al. 2013). Although advoand population growth put considerable stress on the cates of contextual interventions highlight their low
environment (Wynes and Nicholas 2017), yet we could cost (Benartzi et al. 2017), only 15 of the 72 studies
find only four, seven, and nine studies, respectively, included in our review addressed the cost-effectiveness
that tested behavior changes in these domains. More of the tested interventions. Twenty studies considered
JJ Contextual

interventions in practice
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the duration of behavior change, but only nine measured the effect beyond 6 months. If the effects of
promising interventions expire with the end of their
implementation, there is little hope for addressing the
scale of current environmental challenges (van der
Linden 2015). Future experiments should prioritize evidence on the net value of the behavioral insight and
the persistence of the behavioral changes even after
the interventions are no longer being implemented.
JJ Looking

ahead

Behavioral insights show promise for sustainability, but
much work remains to make them actionable for environmental policy design and program implementation.
We encourage collaboration between scholars and practitioners to embed tests of behavioral interventions within
existing environmental programs, given that such tests
provide both generalizable scientific knowledge and specific
applications that can be incorporated into scaled-up programs. A variety of researcher–practitioner collaborations
are doing just this for programs in poverty alleviation,
public health, criminal justice, tax compliance, and education. Similar efforts have begun to address environmental
challenges. Our review suggests that there is both a need
and an opportunity to build an evidence base of behavioral insights tailored to achieving sustainability goals.
JJ Acknowledgements

We thank S Flint and D Fredman for helpful comments
and contributions, which greatly improved this manuscript; the Gund Institute for Environment for their
Collaboration Grant to BF, which made this work
possible; and the University of Vermont’s James Marsh
Professor-
at-
Large and Burack Distinguished Lecture
Series for supporting SP and AB, respectively.
JJ References

Abrahamse W and Steg L. 2013. Social influence approaches to
encourage resource conservation: a meta-
analysis. Global
Environ Chang 23: 1773–85.
Abrahamse W, Steg L, Vlek C, and Rothengatter T. 2005. A
review of intervention studies aimed at household energy conservation. J Environ Psychol 25: 273–91.
Ahmed S, Ahmed S, McKaig C, et al. 2015. The effect of integrating family planning with a maternal and newborn health program on postpartum contraceptive use and optimal birth spacing in rural Bangladesh. Stud Family Plann 46: 297–312.
Andrews AC, Clawson RA, Gramig BM, and Raymond L. 2013.
Why do farmers adopt conservation tillage? An experimental
investigation of framing effects. J Soil Water Conserv 68: 501–11.
Ashraf N, Field E, and Lee J. 2014. Household bargaining and
excess fertility: an experimental study in Zambia. Am Econ Rev
104: 2210–37.
Baca-Motes K, Brown A, Gneezy A, et al. 2013. Commitment and
behavior change: evidence from the field. J Consum Res 39:
1070–84.
Bandiera O, Burgess R, Goldstein M, et al. 2015. Women’s empowerment in action: evidence from a randomized control trial in
© The Ecological Society of America

Nudging pro-environmental behavior
Africa. London, UK: The London School of Economics and
Political Science, Suntory and Toyota International Centres
for Economics and Related Disciplines.
Benartzi S, Beshears J, Milkman KL, et al. 2017. Should governments invest more in nudging? Psychol Sci 28: 1041–55.
Bolderdijk JW, Steg L, Geller ES, et al. 2013. Comparing the effectiveness of monetary versus moral motives in environmental
campaigning. Nat Clim Change 3: 413–16.
Brent DA, Cook JH, and Olsen S. 2015. Social comparisons,
household water use, and participation in utility conservation
programs: evidence from three randomized trials. J Assoc
Environ Resource Econ 2: 597–627.
Campbell-Arvai V and Arvai J. 2015. The promise of asymmetric
interventions for addressing risks to environmental systems.
Environ Systems Decisions 35: 472–82.
Campbell-Arvai V, Arvai J, and Kalof L. 2014. Motivating sustainable food choices: the role of nudges, value orientation, and
information provision. Environ Behav 46: 453–75.
Chong A, Gonzalez-Navarro M, Karlan D, and Valdivia M. 2013.
Effectiveness and spillovers of online sex education: evidence
from a randomized evaluation in Colombian public schools.
Cambridge, MA: National Bureau of Economic Research.
Clayton S, Litchfield C, and Geller ES. 2013. Psychological science, conservation, and environmental sustainability. Front
Ecol Environ 11: 377–82.
Cowling RM. 2014. Let’s get serious about human behavior and
conservation. Conserv Lett 7: 147–48.
Datta S, Miranda JJ, Zoratto LDC, et al. 2015. A behavioral
approach to water conservation: evidence from Costa Rica.
Washington, DC: The World Bank.
Delmas MA, Fischlein M, and Asensio OI. 2013. Information
strategies and energy conservation behavior: a meta-analysis of
experimental studies from 1975 to 2012. Energ Policy 61:
729–39.
Desai J and Tarozzi A. 2011. Microcredit, family planning programs, and contraceptive behavior: evidence from a field
experiment in Ethiopia. Demography 48: 749–82.
Dietz T. 2014. Understanding environmentally significant consumption. P Natl Acad Sci USA 111: 5067–68.
Dolan P, Hallsworth M, Halpern D, et al. 2012. Influencing behaviour: the mindspace way. J Econ Psychol 33: 264–77.
Downs JS, Loewenstein G, and Wisdom J. 2009. Strategies for promoting healthier food choices. Am Econ Rev 99: 159–64.
Durantini MR, Albarracín D, Mitchell AL, et al. 2006.
Conceptualizing the influence of social agents of behavior
change: a meta-analysis of the effectiveness of HIV-prevention
interventionists for different groups. Psychol Bull 132: 212–48.
Egebark J and Ekström M. 2016. Can indifference make the world
greener? J Environ Econ Manag 76: 1–13.
Ferrara I and Serrat Y. 2008. Household behaviour and the environment: reviewing the evidence. Paris, France: Organisation
for Economic Co-operation and Development.
Ferraro PJ and Price MK. 2013. Using nonpecuniary strategies to
influence behavior: evidence from a large-scale field experiment. Rev Econ Stat 95: 64–73.
Fischer J, Dyball R, Fazey I, et al. 2012. Human behavior and sustainability. Front Ecol Environ 10: 153–60.
Foley JA, DeFries R, Asner GP, et al. 2005. Global consequences of
land use. Science 309: 570–74.
Foley JA, Ramankutty N, Brauman KA, et al. 2011. Solutions for a
cultivated planet. Nature 478: 337–42.
Frederiks ER, Stenner K, Hobman EV, and Fischle M. 2016.
Evaluating energy behavior change programs using randomized
controlled trials: best practice guidelines for policymakers.
Energy Res Soc Sci 22: 147–64.
Garnett T. 2011. Where are the best opportunities for reducing
greenhouse gas emissions in the food system (including the
food chain)? Food Policy 36: S23–32.
www.frontiersinecology.org

167

Nudging pro-environmental behavior

168

Goldstein NJ, Cialdini RB, and Griskevicius V. 2008. A room with
a viewpoint: using social norms to motivate environmental
conservation in hotels. J Consum Res 35: 472–82.
Gould RK, Ardoin NM, Biggar M, et al. 2016. Environmental
behavior’s dirty secret: the prevalence of waste management in
discussions of environmental concern and action. Environ
Manage 58: 268–82.
Hamann KRS, Reese G, Seewald D, and Loeschinger DC. 2015.
Affixing the theory of normative conduct (to your mailbox):
injunctive and descriptive norms as predictors of anti-
ads
sticker use. J Environ Psychol 44: 1–9.
Hou MY, Hurwitz S, Kavanagh E, et al. 2010. Using daily text-
message reminders to improve adherence with oral contraceptives: a randomized controlled trial. Obstet Gynecol 116: 633–40.
IPCC (Intergovernmental Panel on Climate Change). 2014. Climate
change 2014: mitigation of climate change. Contribution of
Working Group III to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, UK,
and New York, NY: Cambridge University Press.
Jayachandran S, de Laat J, Lambin EF, and Stanton CY. 2016.
Cash for carbon: a randomized controlled trial of payments for
ecosystem services to reduce deforestation. Cambridge, MA:
National Bureau of Economic Research.
Johnson EJ and Goldstein D. 2003. Do defaults save lives? Science
302: 1338–39.
Kahneman D, Knetsch JL, and Thaler RH. 1991. Anomalies: the
endowment effect, loss aversion, and status quo bias. J Econ
Perspect 5: 193–206.
Kallbekken S and Sælen H. 2013. “Nudging” hotel guests to reduce
food waste as a win–win environmental measure. Econ Lett
119: 325–27.
Kamenica E. 2012. Behavioral economics and psychology of incentives. Annu Rev Econ 4: 427–52.
Karlin B, Zinger JF, and Ford R. 2015. The effects of feedback
on energy conservation: a meta-
analysis. Psychol Bull 141:
1205–27.
Katzev R and Bachman W. 1982. Effects of deferred payment and
fare manipulations on urban bus ridership. J Appl Psychol 67:
83–88.
Kerr J, Vardhan M, and Jindal R. 2012. Prosocial behavior and
incentives: evidence from field experiments in rural Mexico
and Tanzania. Ecol Econ 73: 220–27.
Kirakozian A. 2016. One without the other? Behavioural and
incentive policies for household waste management. J Econ
Surv 30: 526–51.
Kondylis F, Mueller V, Sheriff G, and Zhu S. 2016. Do female
instructors reduce gender bias in diffusion of sustainable land
management techniques? Experimental evidence from
Mozambique. World Dev 78: 436–49.
Kurz T, Donaghue N, and Walker I. 2005. Utilizing a social–ecological framework to promote water and energy conservation: a
field experiment. J Appl Soc Psychol 35: 1281–300.
Landry CE, Lange A, List JA, et al. 2006. Toward an understanding
of the economics of charity: evidence from a field experiment.
Q J Econ 121: 747–82.
Lokhorst AM, van Dijk J, Staats H, et al. 2010. Using tailored
information and public commitment to improve the environmental quality of farm lands: an example from the Netherlands.
Hum Ecol 38: 113–22.
Lokhorst AM, Werner C, Staats H, et al. 2013. Commitment and
behavior change: a meta-
analysis and critical review of
commitment-
making strategies in environmental research.
Environ Behav 45: 3–34.
Loy LS, Wieber F, Gollwitzer PM, and Oettingen G. 2016.
Supporting sustainable food consumption: mental contrasting
with implementation intentions (MCII) aligns intentions and
behavior. Front Psychol 7: 607.

www.frontiersinecology.org

H Byerly et al.
Machovina B, Feeley KJ, and Ripple WJ. 2015. Biodiversity conservation: the key is reducing meat consumption. Sci Total
Environ 536: 419–31.
Maki A, Burns RJ, Ha L, and Rothman AJ. 2016. Paying people to
protect the environment: a meta-analysis of financial incentive
interventions to promote proenvironmental behaviors. J
Environ Psychol 47: 242–55.
Messer KD, Ferraro PJ, and Allen W. 2016. Behavioral nudges in
competitive environments: a field experiment examining
defaults and social comparisons in a conservation contract auction. Newark, DE: University of Delaware.
Monroe JT, Lofgren IE, Sartini BL, and Greene GW. 2015. The
Green Eating Project: web-
based intervention to promote
environmentally conscious eating behaviours in US university
students. Public Health Nutr 18: 2368–78.
Mwaikambo L, Speizer IS, Schurmann A, et al. 2011. What works
in family planning interventions: a systematic review. Stud
Family Plann 42: 67–82.
Nyborg K, Anderies JM, Dannenberg A, et al. 2016. Social norms
as solutions. Science 354: 42–43.
Osbaldiston R and Schott JP. 2012. Environmental sustainability
and behavioral science: meta-
analysis of proenvironmental
behavior experiments. Environ Behav 44: 257–99.
Ostrom E. 2000. Collective action and the evolution of social
norms. J Econ Perspect 14: 137–58.
Reddy SMW, Montambault J, Masuda YJ, et al. 2017. Advancing
conservation by understanding and influencing human behavior. Conserv Lett 10: 248–56.
Rommel J, Buttmann V, Liebig G, et al. 2015. Motivation crowding theory and pro-environmental behavior: experimental evidence. Econ Lett 129: 42–44.
Rubens L, Gosling P, Bonaiuto M, et al. 2015. Being a hypocrite or
committed while I am shopping? A comparison of the impact
of two interventions on environmentally friendly behavior.
Environ Behav 47: 3–16.
Santos JM and van der Linden S. 2016. Changing norms by changing behavior: the Princeton drink local program. Environ
Practice 18: 116–22.
Schultz PW, Oskamp S, and Mainieri T. 1995. Who recycles and
when? A review of personal and situational factors. J Environ
Psychol 15: 105–21.
Simon HA. 1955. A behavioral model of rational choice. Q J Econ
69: 99–118.
Thaler RH and Benartzi S. 2004. Save More Tomorrow™: using
behavioral economics to increase employee saving. J Polit Econ
112: S164–87.
Tversky A and Kahneman D. 1974. Judgment under uncertainty:
heuristics and biases. Science 185: 1124–31.
van der Linden S. 2013. A response to Dolan. In: Oliver AJ (Ed).
Behavioural public policy. Cambridge, UK: Cambridge
University Press.
Volpp KG, Asch DA, Galvin R, and Loewenstein G. 2011.
Redesigning employee health incentives – lessons from behavioral economics. New Engl J Med 365: 388–90.
Wada Y and Bierkens MFP. 2014. Sustainability of global water
use: past reconstruction and future projections. Environ Res Lett
9: 104003.
Wynes S and Nicholas KA. 2017. The climate mitigation gap:
education and government recommendations miss the most
effective individual actions. Environ Res Lett 12: 074024.
JJ Supporting

Information

Additional, web-only material may be found in the
online version of this article at http://onlinelibrary.
wiley.com/doi/10.1002/fee.1777/suppinfo

© The Ecological Society of America

