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Personalized scenario testing uncovers
feasible and effective choices for climate

change mitigation
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Achieving climate change mitigation targets necessitates individual consumption and lifestyle
changes that are both highly effective at cutting emissions and broadly accepted by the public. Yet,
precisely which changes fit the effectiveness-acceptability criteria remains unclear. We systematically
map the effectiveness-acceptability frontier with a novel priority evaluator method, an
individually-parameterized scenario generator that pinpoints which actions satisfy both crucial
conditions, using a representative sample of the Swiss population (n = 2793). We find that people favor
mitigation options that are both financially cost-effective and require fewer behavioral changes. The
adoption of effective but more expensive technologically-driven mitigation options is strongly
influenced by income levels. Policy should, therefore, support the most accepted low-cost actions,
make high-impact technologies affordable for lower-income households, and avoid politically costly

measures that deliver little emission reduction.

Mitigating climate change requires major shifts away from greenhouse gas-
intensive consumption patterns and lifestyles'™. Yet, the uptake of such
individual mitigation measures has remained very low", particularly for
many effective but also costly mitigation options.

Mitigating climate change can be regarded as a political optimization
challenge: identifying and fostering mitigation options that are both effective
in reducing emissions while remaining acceptable to the mass public.
Existing research on individual climate actions has yet to systematically
address this optimization challenge. While previous literature has made
important contributions to understand individuals” willingness to reduce
emissions, it either explores individuals’ willingness to reduce emissions
without making personalized costs and behavioral consequences explicit™
or relies on model-based approaches that do not capture individual-level
perceptions of feasibility of and willingness to adopt different mitigation
options’. Another large strand of literature applies (incentivized) laboratory
experiments to make personal costs salient, but often at the cost of ecological
validity (but see ref. 8 for an example of how to address this issue). As a
result, there are limited insights into how people prioritize mitigation
options when facing real-world trade-offs between behavioral and monetary
costs, and the resulting emissions reductions.

We address this gap via a personalized scenario tool that simulta-
neously quantifies mitigation effectiveness and costs across a range of
individualized options. Within the ‘priority evaluator’ choice-task tool,
individuals are presented with information on their personal climate

footprint, options for reducing it, and the effectiveness and costs of
mitigation options. Respondents are then tasked with developing miti-
gation strategies towards reaching a personalized 30% emissions
reduction target, parameterized by their individually estimated cost and
mitigation benefits’"".

Exploring how individuals develop mitigation strategies in a frame-
work where choices are made voluntarily, but within a scarcity induced
scenario of meeting an emission reduction target, allows for the identifi-
cation of the most effective, yet publicly acceptable, mitigation options.
Although our focus is on voluntary emission reductions, this approach
offers insights into how climate policies could be better aligned with people’s
mitigation preferences, thereby increasing the acceptability of new climate
policies and improving the impact of chosen political interventions'*™*.
From this research, we also derive a set of policy recommendations aimed at
facilitating what we identify as the most effective yet publicly acceptable
mitigation options.

First, we are interested in understanding when people are willing to
reduce their emissions, as captured by stated preferences in our choice task.
Although we encourage emission reductions by presenting participants with
a personalized target (a 30% reduction based on their current overall
emissions), individuals’ level of engagement with the choice task is entirely
voluntary. Existing research commonly finds that even climate concerned
individuals are unwilling to substantially reduce their emissions
voluntarily'>'. This reluctance is usually attributed both to structural and
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2. Priority evaluator (choice task)

>

Your estimated annual carbon emissions are 710 t CO,. Please try to
reduce them by 30% to the best of your abilities by choosing different
mitigation strategies below (target =71t CO,).
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Fig. 1 | Overview of the survey-embedded carbon calculator and priority eva-
luator choice task in the survey. Illustration of the two main components. Carbon
calculator (left): Participants answered questions about their emission-related
behaviors and lifestyles. Priority evaluator (right): Example of choice task (hypo-
thetical values in italics for illustration). Participants were informed about their
estimated carbon emissions based on prior survey responses and tasked to reduce

them by 30% by selecting from a list of mitigation options. These options included a
binary choice of whether to adopt a measure and, for some, a choice of the specific
measure/amount via dropdown menus. Cost/savings in CHF were displayed for
each measure. Target status was displayed by a dynamic bar (‘After changes’) as well
as a color signal (orange = target not reached / green = target reached).

psychological barriers'”"*, such as limited financial resources””’ or the
difficulty in overcoming ingrained habits and strong lifestyle
attachments™"*. However, these barriers to behavioral change are likely to
vary greatly by socio-demographic (e.g., age, education, gender, income),
behavioral (e.g., car and house ownership) as well as attitudinal character-
istics (e.g., political ideology, climate attitudes and norms, self-efficacy
perceptions). Therefore, we expect that the likelihood of achieving this target
will differ substantially by socio-demographic, behavioral and attitudinal
factors.

Second, we identify how preferences for mitigation options vary by
their behavioral and monetary cost implications. Individual actions can, in
principle, reduce greenhouse gas emissions in two ways: i) via changes to
current behaviors (e.g. travelling less, changing dietary habits, lowering
room temperatures); and ii), by adopting low-carbon, end-user technologies
(e.g. switching from petrol or diesel vehicles to fully electric cars, replacing
oil-based heating systems with heat pumps, or installing thermal or pho-
tovoltaic collectors to meet household energy consumption). Generally,
people prefer making less personally costly (behavioral and financial)
changes over making more difficult or expensive personal lifestyle changes
(e.g., changing dietary habits or adopting financially costly low-carbon end-
user technologies)'*****. We expect, therefore, that individuals are likely to
prefer reducing emissions by adopting behaviorally and financially less
costly mitigation options, rather than costly and inconvenient mitigation
options.

Third, we presume that the financial and behavioral implications of
different mitigation options vary across an individual’s characteristics and
financial circumstances. Environmental choices depend on both motiva-
tional and structural factors'”. Specifically, we examine how climate change
attitudes and income levels influence how individuals seek to reduce their
emissions'“***°, Lower income levels can be a major barrier to individual
climate mitigation, particularly for the adoption of costlier, low-carbon
technologies. As individuals are presumed to prefer convenient mitigation
options, we expect that they are generally more likely to favor low-carbon
technologies (e.g., replacing oil-based heating systems with heat pumps or
installing thermal or photovoltaic collectors to meet household energy
consumption) as well as purchasing carbon offsets (certificates). However,
as the financial costs of these options can be considerable”*’, adoption likely

depends on income™. Therefore, we expect that higher income individuals
tend to adopt low-carbon technology and certificates more often than
individuals with lower income levels. Further, concern about climate change
is a fundamental driver of climate action'®, with more concerned individuals
more likely to accept higher non-financial costs of mitigation. Therefore, we
expect participants with more climate concern to be more likely to accept
mitigation options focusing on behavioral changes.

To assess these arguments and expectations, we use data from an
original online survey with a population-representative sample of the adult
resident population of Switzerland in Autumn 2022 (n = 2793). The survey-
embedded choice task consisted of two main components (Fig. 1): alife cycle
assessment (LCA)-based carbon calculator for identifying participants’
current emissions, and a priority evaluation task where participants created
a personalized mitigation plan by evaluating various emission reduction
options, along with their effectiveness and associated costs’"'. The survey
also included items capturing income levels, climate attitudes, and other
variables of interest.

Based on their responses to the carbon calculator, participants were
presented with a set of personalized emission reductions options. They
could adopt either behavioral changes (e.g., less air travel or dietary chan-
ges), technology-based options (e.g., buying a less carbon intensive car,
replacing a fossil fuel heating system), or offset emissions by buying CO,
certificates to meet their 30% emissions reduction goal. Given the large
differences in initial individual carbon footprints, such a proportional target
of 30% for all participants is more realistic than a uniform, absolute
reduction target for everyone’'. While the IPCC places the total potential of
consumption-based measures in reducing GHG emissions at 40-70% by
2050", we opt for a somewhat lower 30% target that might be more realistic
when looking at behavioral changes and low-carbon technology adoption,
as the IPCC report also includes effects of changes in infrastructure design
and use.

The priority evaluator methodology improves on several limitations
common to ex-ante stated preference approaches. Such designs often rely
on more generic attributes which are not directly tailored to the
respondent’s circumstances or current behaviours, reducing potential
realism and study relevance®. Stated preferences and discrete choice
experiments are useful for eliciting preferences over multiple attributes,
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Fig. 2 | Predicted probabilities of reaching emission reduction target in the
priority evaluator. Probabilities are calculated from logistic regression model
estimates (see Supplementary Table 10), regressing target status (reached/not
reached) on socio-demographic, behavioral and attitudinal variables. Error bars
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represent 95% confidence intervals. Probabilities are calculated for representative
values using a counterfactual approach: for each observation in the dataset, a key
variable is set to a specific value of interest, while all other covariates remain at their
observed levels (n =2’973).

but are insufficient to reveal how people prioritize competing behavioural
changes. Moreover, cost considerations are often simplified via a single
monetary term or willingness to pay, which could potentially overlook
the temporal sequencing of costs and benefits. In contrast, real-world
personal mitigation decisions frequently involve an upfront investment
and subsequent annual savings/expenses. Failing to differentiate these
factors could limit behavioural inferences.

The priority evaluator method advances on the extant literature by
generating personalized decision-making scenario. Here, respondents
evaluate and prioritize specific mitigation actions based upon their stated
current lifestyles, financial situation, and emissions profile. Costs and ben-
efits are calculated for each respondent based upon their baseline beha-
viours, making these trade-offs more concrete and better reflective of those
faced in real-life. Within a realistic emissions-reduction objective, this
approach allows us to observe how individuals prioritise and combine
behavioural and technological adjustments while accounting for costs and
feasibility constraints. As a result, it offers a closer approximation of real-
world mitigation decision-making under emissions reduction constraints
and provides new insights into behavioural priorities that shape individual
pathways to climate mitigation. While this is an improvement, this stated
preference approach may still overstate behavioural willingness estimates
because the associated costs remain hypothetical and not yet experienced.
Additionally, some respondents may have treated the priority evaluator as a
costless game aimed at reaching the emission reduction target, or the
framing of the task may have influenced the magnitude of the emission
reduction effort. We return to these points in the discussion.

Results

We first explore individual characteristics associated with meeting
the 30% reduction target. Next, we investigate which options partici-
pants used to reduce their emissions, what the cost implications
were, and how effective they were. Hence, we shed light on how pre-
ferences are influenced by trade-offs between the costs and effective-
ness of various mitigation options. Last, we explore how preferences
differ by climate concern and income, as these factors are likely to
influence the willingness and ability of individuals to choose specific
mitigation options.

Which factors are associated with reaching one’s emissions
reduction target?

The likelihood of reaching the emission reduction target varies strongly
by socio-demographic, behavioral, and attitudinal predictors - largely in
line with theoretical expectations (see Fig. 2). Compared to the full
sample average (55.8%), participants have a higher probability of
reaching the 30% emission reduction target if they are younger (61.0%),
hold a higher education degree (63.8%), identify as being male (61.6%),
or have a higher household income (61.3%). The likelihood of reaching
the target is also higher for owners of (semi-) detached houses (67.4%)
and for those that fly at least once a year (60.1%). Additionally, the
likelihood of reaching the target is higher for participants who identify as
politically left (63.6%) or hold strong climate attitudes (i.e., high climate
concern (61.2%), pro-climate personal norms (60.3%) or stronger self-
efficacy perceptions (64.5%)).
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Fig. 3 | Emission reduction preferences. Illustration of 15 potential mitigation
options based on choice shares in % of participants for whom the option was
available (x-axis), and emission reductions as % of participants’ current emissions
for whom option was available (y-axis). Colors indicate mitigation options type
(blue = Technology, red = Behavior, yellow = CO, certificates). The point size

indicates one-time costs of mitigation options in Swiss Francs (CHF). The vertical
dashed line depicts the average choice probability of all mitigation options (given
they were available). The horizontal dashed line depicts the average emission
reduction in % of initial CO2 of all mitigation options. See Supplementary Table 12
for full results.

How do people prefer to reduce their emissions?

Next, we examine preferences for reducing emissions to identify effective
and acceptable mitigation options. The results point to trade-offs between
effectiveness and costs (in a financial and behavioral sense), as most parti-
cipants favor mitigation options that maximize reductions and minimize
(upfront) costs (Fig. 3).

We find that study participants most frequently chose strategies that
are effective, but also relatively inexpensive to reduce their emissions, such as
adopting low-carbon technology (if they were available to them). Heat
pumps are chosen most often out of all mitigation options (58.0%), and they
are also the most effective option to reduce emissions. Participants who
chose this option reduced their emissions on average by 43.6%. Installing
solar panels was similarly attractive (53.8%), although much less effective
(with an average emission reduction of 6.6%). Replacing cars was chosen less
often (32.3%), although study participants still reduced their emissions by
13.7% on average by choosing this option.

The comparatively widespread preference for heat pumps is likely
derived from the heightened effectiveness, even if it does carry notable
upfront costs (35,000 CHF). While solar panels are much less effective, they
are comparatively less expensive than other technology-based mitigation
options (21,000 CHF upfront costs). Replacing one’s car, although effective
and similarly costly (~22°000 CHF), might be somewhat less attractive
because electric cars are associated with additional behavioral costs (e.g.,
challenges with charging™).

Similarly, study participants frequently opted for purchasing CO,
certificates (33.2%), resulting in an average emission reduction of 20.6%
among those who selected this option. This is likely due to the relatively low
cost of the certificates, as prices were randomly varied from 20 to 200 CHF
per ton of CO, in the choice task - a common price range for nature-based
offsetting. Further research should explore how much individuals would be
willing to pay for more reliable and permanent forms of carbon dioxide
removal methods, such as direct air capture and geological storage™**.

Contrary to our expectations, participants frequently prioritized
behavioral changes over new technologies, even when technological options
were available. Particularly, participants frequently chose to reduce their
long-haul (36.3%) and medium-haul flights (37.7%) to reduce emissions.
These are effective options to reduce emissions (with average emission
reductions of 28.5% and 13.9% respectively). Other options relying on
behavioral change were also chosen quite often, such as reducing room
temperature (53.3%), reducing car mileage (43.3%), and reducing the
number of short-haul flights (44.0%). However, these options are less
effective in reducing emissions, with average emission reductions of 6.1%,
5.2%, and 3.5%, respectively.

While effective in reducing emissions, the willingness to reduce air
travel (see also Supplementary Figs. 10, 11, and 12) seems surprising at first,
given the high utility people gain from leisure travel”. However, the
COVID-induced disruption of air travel might have allowed participants to
reevaluate their consumption habits at the time of the survey™. Other
popular mitigation options based on behavioral changes, such as reducing
room temperatures and reduce car use, might be attractive due to their low
non-financial costs, particularly at the extent they were used (see Supple-
mentary Figs. 9 and 13). While these options are, therefore, also not very
effective, they might still be valuable in complementing more effective
options.

Our findings also point to some mitigation options that were less
attractive. Specifically, we observe that study participants were less likely to
choose more expensive structural house refurbishment options: such as
insulating the facade (16.9%), insulating the roof (24.8%), replacing win-
dows (25.0%), or installing controlled ventilation systems (6.6%). These
mitigation options vary quite substantially in their effectiveness (with
average emission reductions ranging from 5.7% up to 17.5%). The lower
adoption of structural house refurbishments may be attributed to their
relatively poor cost-benefit ratio and high upfront costs (e.g., over 60,000
CHEF for facade or roof insulation). Further, individuals were less likely to
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Fig. 4 | Predicted choice share of mitigation options by individual characteristics.
Choice shares are calculated from logistic regression estimates, regressing mitigation
option choice (yes/no) on income and climate concern among participants for
whom the respective option was available, controlling for socio-demographic vari-
ables (see Supplementary Tables 15-29). Colors indicate mitigation option type
(blue = Technology, red = Behavior, yellow = CO, certificates. Shapes indicate
individual characteristic level: Points indicate low levels of income (i.e., < 6,000
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CHF) and climate concern (i.e., not at all/not very/somewhat worried), triangles
indicate high levels of income (i.e. > 12,000 CHF) and climate concern (i.e., very/
extremely worried). Choice shares are calculated for low/high levels using a coun-
terfactual approach: for each observation in the dataset, a key variable is set to high/
low level, while all other covariates remain at their observed levels (n = 2,973). Error
bars indicate 95% confidence intervals. Black bar outlines and error bars denote
statistically significant effect of predictor on choice probability (« = 0.05).

choose more fundamental behavioral changes to reduce emissions, such as
changing one’s diet (26.3%) as well as selling one’s car without replacing it
(5.9%). While selling one’s car yields relatively strong emission reductions
(with an average emission reduction of 13.9%), changing one’s diet has less
of an effect (with an average emission reduction of 2.9%). Dietary changes
may be less appealing because the perceived behavioral costs outweigh the
benefits in terms of emission reductions. This is evident in the fact that most
participants were only willing to adopt a flexitarian diet, with few partici-
pants choosing to make more fundamental changes, such as becoming
vegetarian (see Supplementary Fig. 16). In a similar vein, selling one’s car
and fully substituting car travel by switching to alternative transport modes
is likely seen as overly burdensome.

In summary, our findings support the expectation that study partici-
pants prefer affordable and more convenient mitigation options over those
that incur higher financial or behavioral costs. However, participants are
willing to adopt rather costly low-carbon technologies, such as heat pumps
and electric vehicles, as these are more likely to be seen as being cost-
effective. Additionally, there is a notable willingness to reduce air travel,
particularly given its significant potential for emission reductions.

Why do people prefer different mitigation options?
Last, we explore how variation in the adoption of certain mitigation options
is shaped by income and climate concern (Fig. 4).

When comparing income groups, we observe the biggest differences in
the adoption of certain low-carbon technologies. Specifically, participants
with higher incomes were more likely than those with lower incomes to
replace their cars (38.2% vs. 29.0%) and to install heat pumps (64.6% vs.
48.6%). Interestingly, lower-income participants were more likely to select
facade insulation compared to higher-income participants (21.0% vs.
14.2%). We also find minor income-based differences for one behavioral
option: selling one’s car, which was chosen more often by lower-income
participants (7.7% vs. 4.4%). No income-based differences were observed for
purchasing carbon certificates.

Turning to climate concern, we identify substantial differences in
preferences for behavioral based mitigation options between participants
with low and high levels of concern. Those with higher climate concern were
more likely to sell their car than participants with low levels of concern (7.4%
vs. 4.2%), reduce car mileage (46.9% vs. 41.3%), reduce medium flights
(42.3% vs. 31.2%), reduce long flights (41.1% vs. 29.9%), change their diet
(30.8% vs. 23.4%), and reduce room temperatures (57.2% vs. 50.6%). We
further find similar differences for low-carbon technology adoption: parti-
cipants with higher climate concern were more likely to replace their cars
(37.0% vs. 29.7%) and purchase carbon certificates (38.3% vs. 28.0%). No
differences were observed for facade insulation.

These findings largely support the expectation that financial capacity
facilitates the adoption of low-carbon technology. There are also some
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differences with regards to certain behavioral change-based mitigation
options, but they are much less pronounced. Meanwhile, higher levels of
climate concern are associated with greater uptake of behavioral change-
based mitigation options — consistent with our expectation that climate
concern facilitates acceptance of the behavioral costs of mitigation options.

Discussion

Major changes in consumption behavior and lifestyles are required to
achieve net zero greenhouse gas emissions within the next two to three
decades'™. Here we introduce a new choice-based task, the ‘priority eva-
luator’, to identify what people are willing to do to meet climate mitigation
targets within a highly personalized cost and benefit scenario.

Our results indicate that emission reductions vary strongly by socio-
demographic, behavioral and attitudinal factors. People commonly reduce
their emissions by trying to optimize the cost-benefit-balance of mitigation
options, suggesting a more strategic and deliberate decision-making process
than often assumed. This contrasts with previous research arguing that
people simply prefer behaviorally convenient and financially less costly
options. While people do prefer low-carbon technologies that require
minimal behavioral changes, these options are typically more expensive, and
their adoption is income-dependent due their substantial upfront costs. At
the same time, the adoption of more behaviorally costly options is more
closely tied to individuals’ levels of climate concern.

Government actions that are well aligned with people’s mitigation
preferences can play a critical role in facilitating individual climate action.
To be most effective, climate policies should target the mitigation options
that people are more willing to adopt, and that also have the highest
emission reduction potential*""*. Conversely, governments should seek to
abstain from targeting less preferred options to avoid both policy ineffec-
tiveness and policy backlash”. This is particularly important as govern-
ments need to prioritize climate action under fiscal and administrative
constraints™.

Drawing upon our findings, we outline a set of policy recommenda-
tions aimed at facilitating the most effective yet publicly acceptable
individual-level mitigation options. Building on our results, Fig. 5 translates
the effectiveness-versus-acceptance map into concrete policy guidance.
Each mitigation option is placed in one of four quadrants, according to the
dimensions of acceptance and effectiveness. Accordingly, government
actions (in bullet points) should first focus on the dark-shaded options in the
upper-right quadrant, where both public willingness and mitigation
potential are greatest. Importantly, we focus on policies that enjoy com-
paratively higher levels of public support (e.g., incentives and subsidies),
over those that commonly receive more pushback (e.g., taxes and bans)”.

Study participants favored relatively affordable, high-impact technol-
ogies such as heat pumps and low-carbon vehicles, yet uptake rose markedly
with income. Policies should therefore focus on lowering personal financial
barriers for these technologies, making it easier for lower-income house-
holds to adopt them (Fig. 5, panel i)*""*. At the same time, stricter low-
emission standards and technology phase-outs can spur technological
innovation and cost reductions for low-carbon technology***.

Study participants indicated that they were willing to substantially
reduce their air travel. However, this willingness differed substantially by
climate concern, highlighting the importance of motivational factors in
adopting mitigation options that are behaviorally more costly'®. While short
to medium-distance flights can be substituted with improved ground
transport options such as high-speed rail*, for long-distance flights there is
no low-carbon alternative available in near future, making demand reduc-
tion the only viable option”. Innovative policy designs, such as a frequent
flyer levy or a progressive air travel tax, have been proposed as perhaps the
most just and publicly acceptable policies to this end*.

Carbon offsets were frequently chosen to reduce emissions. Here,
policies should support carbon dioxide removal technologies and infra-
structure for permanent and durable carbon storage® while reducing costs
associated with these technologies to make them scalable and more

33,50

acceptable to the public

Government action should also facilitate frequently chosen but com-
paratively less effective mitigation options (Fig. 5, panel ii). While their
mitigation effect per individual is limited, these options can still lead to
substantial emission reductions at the aggregate level due to their wide-
spread availability and adoption potential (e.g., reducing room temperatures
and car mileage). As to reducing car mileage, low-carbon alternatives such as
public transport or active transport should be made more affordable and
safer to increase their mode share’'~*’. Room temperature reductions can be
facilitated by making smart thermostats mandatory™, and installing solar
panels can be incentivized through attractive feed-in tariffs and subsidies to
allow for earlier break-even™.

While governments may also want to introduce policies targeting less
popular but highly effective mitigation options (Fig. 5, panel iii), they should
prioritize policy designs that avoid significant additional public expenditure,
given the low popularity of these options and limited fiscal space®. For
instance, regulatory policies aimed at stricter insulation standards can
ensure that house refurbishments result in reduced energy consumption.
Changes to the built environment in urban areas and eliminating envir-
onmentally harmful tax breaks could disincentivize car ownership” ™.
However, these policies also carry greater political risks — as they largely
involve policy designs with limited public support and may invoke ‘back-
lash’ against climate policy”’. Accordingly, more careful attention to the
design elements, stakeholder engagement, policy roll-out and commu-
nication strategies are rather critical for such governmental actions®.

Governments should avoid introducing policies that target the least
frequently chosen and least effective mitigation options (Fig. 5, panel iv).
Policies aimed at those options risk political backlash, potentially with
negative spill-over effects on public support for other options, without
having a substantive effect on emissions.

Overall, a wide range of incentive-based and regulatory policy
instruments is available to policymakers to facilitate commonly preferred
and effective mitigation options. While incentive-based policies such as
subsidies are often criticized for being cost-inefficient””****, costs can be kept
at moderate levels if policies focus on mitigation options that people are
more willing to adopt, and if they target low-income households. More
difficult-to-adopt policies such as high levels of carbon taxation should be
avoided for now but can be implemented later once low-carbon technology
is more mature”***,

The research presented here also has some limitations. First, we
focused on a relative reduction target, which seems realistic given the large
differences in emissions between individuals at the outset. However, larger
individual emission reductions will likely be necessary to reach net-zero
goals®. Future research could use the same study design to examine choices
under the scenario of an absolute target (e.g., reduce to 3 tons of CO,eq per
person), which is likely to induce larger distributional impacts and stronger
resistance from high emitters™. Further, we limited the number of possible
choices in the choice task to a limited set of impactful and salient mitigation
options to keep the application accessible for a lay audience, but also
because average effects of less impactful mitigation options on emissions are
harder to estimate or highly context dependent. Accordingly, some beha-
viors that are common in practice (e.g., buying locally produced products)
are excluded from the choice task. As a result, we also cannot derive any
policy recommendations regarding those behaviours, but this does not
imply that such behaviors could not be effective (e.g., setting standards for
the level of recyclable materials in packaging or incentivizing the use of
Swiss produce in public canteens). Additionally, we also do not investigate
how information environments shape behavioral intentions”. Future
research could also examine how behavioral intentions are shaped by the
information environment available to consumers, likely via randomized
information treatments.

The interpretation and generalisability of such ex-ante stated beha-
viour methods are constrained by the experimental design scenario. When
experimental attributes are insufficiently salient (e.g., either due to fram-
ing, cognitive demands, or survey timing), the revealed stated preferences
may not fully reflect true trade-offs**". Our findings should be understood
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Insulate facade and roof
* Insulation standards

Sell car
* Changes to built urban environments
* Removal of harmful tax breaks for car owners

Replace window / Install ventilation
* Insulation standards

Emission reduction effectiveness

Change diet
* Removal of meat production subsidies

Install heat pumps / Replace car I)
* Targeted subsidies for low-income households
* Low-emission standards/technology phase-outs

Reduce medium and long flights
* Frequent flyer levy

CO2 certificates
* Subsidies for durable CO2 removal and storage

Reduce car mileage / Reduce short flights
* Subsidies for low-carbon alternatives

Reduce room temperature
* Mandatory smart thermostats

Install solar panels
* Feed-in tariffs and subsidies

v

Likelihood to adopt mitigation option

Fig. 5 | Policy recommendations for individual mitigation options based on their likelihood of adoption and effectiveness in reducing emissions. Color transparency
indicates the political priority policymakers could assign to implementing policies (with increasing priority from light to dark shades).

as decisions made within this stylised, parameterised context, and are most
generalizable to other situations where similar considerations apply.
Further, while having respondents evaluate and prioritize specific miti-
gation actions based upon their stated current lifestyles, financial situation,
and emissions profile adds elements of realism and personalization to the
choice scenario, the cost implications remain ultimately hypothetical. As a
result, respondents may overstate actual willingness to adopt mitigation
behaviours. Future research should therefore examine how behavioural
willingness of ex-ante experiments compare to real-world behaviours,
particular in such priority evaluator-based methods. Also, we cannot rule
out that some respondents treated the priority evaluator like a costless
exercise aimed at reaching the specific 30% emission reduction target used
in the task, or that the framing of the scenario influenced the magnitude of
emission reductions chosen. Nonetheless, by personalizing financial and
emissions impacts, the priority evaluator-based approach likely increases
realism and attribute salience relative to more abstract stated-preference
designs.

Finally, some findings may be context-dependent. While Switzerland is
a typical case of a wealthy, high-emitting country, it also offers a high-quality
public transport system, providing reasonably good alternatives to private
motorized transport®. In countries with less developed public transport,
willingness to switch modes might be lower. Future research could thus
apply the method presented here to diverse contexts, with varying levels of
emissions and infrastructure quality.

Further, the timing of the survey, fielded towards the end of the
COVID-19 pandemic, may have influenced the results. While the survey
was fielded in summer 2022, when COVID-related restrictions have largely
been lifted in Switzerland, people’s prior experiences from the previous two
years may still have shaped their responses, rendering some of the findings
potentially time-specific. In particular, reduced international travel may
have led to overly optimistic evaluations of willingness to reduce flying.
Similarly, lower consumption during the pandemic could have temporarily

boosted the willingness to adopt low-carbon technologies or invest in house
refurbishments, due to heightened personal savings. Future research should
seek to replicate studies that were conducted during COVID-19 like this one
to see whether these findings persist.

In conclusion, we submit that the research presented here can help
policymakers identify effective mitigation options that individuals (i.e.,
citizens, consumers) would prioritize when trying to reduce their emissions
in the absence of measures that are enacted and enforced in a top-down
manner. This, in turn, could accelerate progress in reducing emissions by
enabling policymakers to avoid political battles over unpopular mitigation
options with limited emission reduction potential and focus on incenti-
vizing the adoption of both technology-focused and behavioral change-
focused mitigation options that perform well in terms of both acceptability
and effectiveness.

Methods

Data

The survey was administered to existing panelists who take part in the Swiss
Mobility Panel (SMP), a longitudinal panel drawn from a nationally
representative sample of adult (18-80 years) residents of Switzerland (i.e.,
the population register of the Federal Statistical Office BFS/SRPH of Swit-
zerland). The BFS sample mirrors the Swiss resident population. The survey
was fielded in the third wave of the SMP between 29/04/2022 and 21/07/
2022%. Participants were recruited via postal invitation letters, and the
survey was administered online. The invited sample comprises 9°088 par-
ticipants from the existing panelists. The realized sample consists of 5940
participants. The choice task on which this study is based was randomly
allocated to 2/3 of the realized sample and answered by 3454 participants
(analytic sample). The analysis is based on 2793 participants (final analytic
sample). The survey flow can be found in the supplementary information
(Supplementary Fig. 1). The criteria based on which participants were
excluded from the analytic sample and how it differs regarding socio-
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Fig. 6 | Priority evaluator. Screenshot of priority evaluator as displayed in web-
based survey environment for a fictional participant, with all potential mitigation
options available. Boxes in red are annotations not displayed to participants.

Mitigation options are associated with costs or savings based on existing estimates, to
make reduction efforts consequential and thus realistic.

demographic characteristics from the realized sample can be found in the
supplementary information (Supplementary Table 2-6). Importantly, the
analysis excluded participants that did not comply with the choice task.
The survey could be completed in German, French, Italian, or English. The
survey instrument was pre-registered at https://osf.io/gfepk/.

Carbon calculator

The online, survey-based carbon calculator has the goal to approximately
calculate a participants’ yearly carbon footprint (CO, equivalent greenhouse
gas emissions) based on a list of survey items. The goal is to achieve a high
level of accuracy with the least number of survey items to keep response
burden to a minimum. The carbon calculator follows a consumption-based
accounting method. This means that the calculated carbon footprints
should represent all emissions regardless of whether they occur in the
country of residence (i.e. Switzerland), or elsewhere (e.g. production of
goods such as cars outside of Switzerland, emissions generated through
international flights, etc.). We calculate per capita emissions for food and
transport, while we calculate emissions for heating on the household level.

Priority evaluator

Most research that investigates emission reduction preferences or the
plasticity of individual climate mitigation actions use single survey items to
capture to what extent people would be willing to change their behaviors and
lifestyles™*'*”". However, these measurements are commonly without spe-
cific reference to the effectiveness, as well as personalized costs and beha-
vioral consequences of individual climate action. We adopt an approach that
makes these costs and behavioral consequences transparent. Our approach,
which is inspired by research on preferences for policy bundles such as
participatory value evaluation (i.e., a mix of public budgeting and choice

experiment)””?, thus allows participants to make trade-offs when selecting
their preferred bundles of individual climate mitigation options. This, in
turn, allows us to elicit participants’ preferences for different climate miti-
gation options as well as trade-offs participants make.

This priority evaluator method is based on previous work from Jaggi'',
and works as follows: Using each participant’s approximate annual CO,
emissions as well as survey inputs regarding current behaviors and lifestyles,
the participants were shown an individualized, interactive choice task
(Fig. 6). Specifically, participants are asked (but not forced) to reduce their
current emissions by 30%. Given the vast differences in initial individual
carbon footprints, such a proportional target, which was translated into a
specific amount of CO, equivalents to be reduced by each participant, is
much more realistic than a uniform, absolute reduction target for
everyone’'.

On the left-hand side, three bars were shown:

* The current emissions (fixed, computed in part “carbon calculator”)

* The interactive emissions (variable to the changes in the tool)

¢ The emission target (fixed to 30% of the current emissions)
On the right-hand side, a table with options to reduce the emissions is
shown. These options are split into four categories:

¢ Blue: Mobility

* Purple: Diet

* Yellow: Housing

* Grey: Compensation

Figure 6 shows an example where all emission reduction options that
were possible are displayed. In the actual survey, only those relevant to the
participant were displayed. For instance, someone not having access to a car
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Table 1 | Carbon mitigation options and availability
overview table

Sector Option Available if
Housing Insulate roof House owner (semi-/detached,
built/refurbished > 2010)
Insulate facade House owner (semi-/detached,
built/refurbished > 2010)
Replace windows House owner (semi-/detached,
built/refurbished > 2010)
Install solar panels House owner (semi-/detached,
no current PV)
Install ventilation House owner (semi-/detached)
Install heat pump House owner (semi-/detached,
heating = wood/district/
heat pump
Reduce room Everybody
temperature
Food Change diet Everybody
Transport Replace car Car owner
Sell car Car owner
Reduce & compensate Car owner & Car access
car travel
Reduce short flights Min. 1 short-haul flight
Reduce medium flights Min. 1 medium-haul flight
Reduce long flights Min. 1 long-haul flight
CO2 certificate Buy CO2 certificate Everybody

Note: If participants completed the priority evaluator without reaching the emission reduction target,
they were prompted with a question that asked whether they want to offset the remaining emissions
by buying CO2 certificates at the price per ton specificed in the priority evaluator. This is not a option
amongst others and thus not included in the analysis unless specified differently. 14.6% of those
who were offered the option to offset (n = 1'280) also chose it (6.1% of the final analytic sample).

(i.e., neither owns a car nor has the possibility to drive one) did not get any
option about cars. Table 1 shows all possible emission reduction options as
well as what conditions need to be met for them to be available. Further-
more, a cost calculation was displayed on the right-hand side of the priority
evaluator, considering both one-time and annual costs. Negative numbers
represented costs; positive numbers represented savings. The participants
could check and uncheck any of the options, change the degree (e.g., the
number of flights to reduce) and could observe the changes to their footprint
in the second bar. Emission reductions effectiveness for each mitigation
option is based on participant’s input values. For example, if someone sells
his or her car, the footprint is reduced by the amount of carbon that the car
produced. Or if someone reduces their flights, the footprint is reduced by the
amount of carbon that this flight emitted. At the end, if a participant wanted
to continue the survey without having reached the target, they were shown a
pop-up that asked whether they were sure to continue before having reached
the target.

The full documentation of the software (carbon calculator, priority
evaluator), the underlying sources for the carbon emission estimations and
how it was implemented in Qualtrics is available at https://doi.org/10.5281/
zenodo.14218066.

Statistical analysis

To investigate what individual characteristics shape whether somebody
reaches the target (Fig. 2), we fit a logistic regression model that regresses a
variety of socio-demographic and attitudinal variables on a binary outcome
that specifies whether a participant has reached the target or not:

1
1 4 ¢ (BB XA Xt +BX,)

P(Y = 11X) = (1)

Socio-demographic variables include age, education, household
income, sex, survey language, settlement structure, carbon footprint, car
ownership (binary), house ownership (binary) and whether someone took
at least one flight in the survey year (binary). Attitudinal variables include
political orientation, climate concern, pro-climate personal norm and self-
efficacy perception. We opt for a parsimonious model specification,
meaning that we aim to control for the most important confounding vari-
ables. Adding additional control variables (like household size or employ-
ment status) does not substantively change results (i.e., effect sizes), nor does
it substantively improve model fit (Log Likelihood, AIC/BIC) or explana-
tory power (McFadden Pseudo R®). To assess substantive differences, we
calculate predicted probabilities for all variables in the model using a
counterfactual approach. This means we generate predictions by changing
specific variables to values of interest, while keeping all other variables
constant at their observed values. For binary and categorical variables, we
estimate predictions for each possible value (or group them). For continuous
variables, we calculate predictions at both low and high values, typically
defined as one standard deviation above and below the mean ( + 1 SD)”.
The regression results can be found in Supplementary Table 10.

The second outcome is mitigation option choice (Fig. 3). The variable
is operationalized as the choice share of each option in % of participants
for whom the option was available. The goal of the paper is primarily to
map the popularity of different mitigation options, and secondarily to
explore how these preferences are influenced by trade-offs between the
behavioral and monetary costs, as well as the effectiveness of these options
in reducing emissions. While advanced models, such as MDCEV, have
been applied to similar prioritisation tasks, a descriptive analysis is suf-
ficient for our goal of describing priorities””. We therefore descriptively
plot choice shares in light of the average emission reduction as well as one-
time costs. Average emission reduction for each option is calculated as the
average for each option in the sample in % of initial emissions amongst
those participants that chose the option. In the same way, we calculate
average costs/savings for each of the options (one-time and annual, in
CHF) amongst those participants that chose the option. Behavioral costs
are not quantified, but rather qualitatively derived from the characteristics
of the mitigation options. The full calculations can be found in Supple-
mentary Table 12.

To examine how willingness and ability shape the choice of different
mitigation options (Fig. 4), we examine how mitigation option choice differs
by individual characteristics and fit logistic regression models that regress a
variety of socio-demographic variables (income, climate concern, age,
education, gender, settlement structure, language) on binary outcomes that
specify whether a participant has chosen a mitigation option or not. We
again opt for a parsimonious model specification, meaning that we aim to
control for the most important confounding variables. Adding additional
control variables (like household size or employment status) does not
substantively change results (i.e., effect sizes), nor does it substantively
improve model fit (Log Likelihood, AIC/BIC) or explanatory power
(McFadden Pseudo R?). To assess substantive differences, we calculate
predicted probabilities for high and low levels of two key individual char-
acteristics, climate concern and income, using a counterfactual approach.
Climate concern, although only one motivational factor in behavioral
models to explain willingness for climate action'’’, is generally seen as a
higher order attitude that is highly predictive of related attitudes and
beliefs'®. Climate concern is measured using an item from the European
Social Survey, Wave 8" special module on ’public attitudes to climate
change’, measuring the extent to how much somebody is worried about
climate change. The outcome ranges on a scale from 1 Not at all worried’ to
5 'Extremely worried’ but is recoded to a binary variable (Low: ‘Not at all
worried’/'Not very worried’/‘Somewhat worried’ vs. High: “Very worried’/
"Extremely worried’). Income is one of the core concepts explaining the
ability (or ‘material capacity’) for climate action, we choose household
income rather than personal income as some of the technology-based
emission reduction options are likely to be chosen at the household level
(car, house refurbishments), and thus household income captures capacity
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better. Household income is measured by an item asking about participants’
net household income, ranging from 1 'below 2000 CHF per month’ to
11 'over 18,000 CHF per month’. While including the variable as it is in the
model, we create two approximately similarly sized groups to make pre-
dictions for low and high income. We operationalize low levels of income as
participants with income levels < 6000 CHF and high levels of income as
participants with income levels > 12,000 CHF.

All analyses were performed using the statistical software R version
4.2.3”. To estimate the logistic regression models and calculate counter-
factual predictions, we predominantly use the marginaleffects package”.
Figures are created using ggplot2”.

Data availability
Data is available and can be retrieved from https://osf.io/682et/.

Code availability

All scripts used for pre-processing are publicly available and can be retrieved
from https://github.com/flolichtin/PE. All scripts used for data analysis are
publicly available and can be retrieved from https://osf.io/682et/. The
priority evaluator software is available at https://doi.org/10.5281/zenodo.
14218066.
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