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Constant carbon pricing increases support for
climate action compared to ramping up costs
over time
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The introduction of policies that increase the price of carbon is central to limiting the adverse effects of global warming.
Conventional wisdom holds that, of the possible cost paths, gradually raising costs relating to climate action will receive the
most public support. Here, we explore mass support for dynamic cost paths in four major economies (France, Germany, the
United Kingdom and the United States). We find that, for a given level of average costs, increasing cost paths receive little support whereas constant cost schedules are backed by majorities in all countries irrespective of whether those average costs are
low or high. Experimental evidence indicates that constant cost paths significantly reduce opposition to climate action relative
to increasing cost paths. Preferences for climate cost paths are related to the time horizons of individuals and their desire to
smooth consumption over time.

T

wo decades ago, over a dozen national academies of sciences
urged policymakers to take prompt action to reduce emissions of greenhouse gases1. Although scholars have continued to assess the numerous ways in which climate change affects
humans2,3, animals4,5 and plants6,7 on Earth, governments have been
hesitant to pursue policies able to successfully reduce emissions8,9
because of a costs–participation dilemma: to be effective, climate
policy must raise the price of carbon and include most countries of
the world. Realizing both of these objectives is challenging because
climate action is voluntary and existing studies demonstrate that
publics are averse to costs10–13. A potential response to this problem
is the ‘ramping-up principle’, that is, the idea that the price of carbon should be gradually increased to give publics time to adjust to
stricter regulations8. Although intuitively appealing, it is not clear
whether publics do indeed prefer increasing cost paths over alternative cost schedules or whether they simply favour climate policies
with average low costs. Previous work has explored the willingness
of individuals to invest in energy efficiency improvements14,15 and
public approval of costly climate policy initiatives16–20. So far, there
exists no systematic evidence on which intertemporal cost paths
maximize public support for climate action.

Mapping mass support for climate cost schedules

To characterize mass preferences over climate cost paths, we
devised a survey that we conducted among representative samples
of adult populations (n = 10,075) in four major economies (France,
Germany, the United Kingdom and the United States). The sociodemographic margins for the raw and weighted samples along with the
population margins for each country are shown in Supplementary
Table 1. We first studied support for different climate cost schedules
using a direct question item to introduce the idea of an international
agreement that would entail certain average costs per month and
per household. The survey then presented respondents with four
different ways to distribute the costs of implementing an international climate agreement over time and asked them to indicate

which cost schedule they would select in a referendum given a certain cost level average (Fig. 1; see the Methods for the wording of
the questions). The cost level was held constant for respondents in
the United States, but we randomized whether the average monthly
household costs for implementing the agreement were expected to
be low (€28, €39 and £15) or high (€113, €154 and £60) in France,
Germany and the United Kingdom, respectively. These values have
been used in previous research10 and correspond to approximately
0.5% and 2.0% of gross domestic product (GDP) expressed in average monthly costs per household.
The share of respondents who preferred a constant allocation
of climate costs over time as opposed to other options, including
an increasing cost path, is shown in Figure 2. The results are virtually identical for the weighted data (see Extended Data Fig. 1). The
pooled responses show that 58% of all individuals selected a constant cost path whereas only 12% preferred an increasing cost path
(Fig. 2a). When we inspected responses separately by country, we
found that the constant cost schedule received majority support in
each of the four countries (Fig. 2b). We also explored whether preferences for climate cost paths reflected expectations about average
cost levels. When breaking out the results by cost treatment, we still
found that a majority preferred a constant cost path over increasing,
decreasing and inverse U-shaped allocations in both the low-cost
and the high-cost conditions. These results indicate that ramping
up climate costs over time may provoke more public opposition
than a policy that keeps the costs of climate action stable, even if the
average cost level is relatively high (€113, €154 and £60 per month
and per household in France, Germany and the United Kingdom,
respectively).

The causal effects of cost schedules

Our mapping of the distribution of support for different climate
cost paths suggested a correlation between a constant distribution
of costs and climate policy support. However, it remained unclear
whether a constant cost path does in fact cause a higher level of
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Fig. 1 | Cost paths presented to respondents. Respondents were asked to select their preferred time path from four options: constant, increasing,
decreasing and inverse U-shaped. The order in which these options were shown was randomized across respondents.

public approval than that caused by the widely discussed option
of an increasing cost schedule, and how sizeable this effect is relative to the level of costs. To answer these questions, we devised a
randomized climate cost conjoint experiment10,21. The experiment
presented respondents with two climate policy scenarios and asked
them to indicate which of the two they prefer. Each respondent
completed eight conjoint tasks, each of which specified both the
temporal allocation of costs that each scenario entailed (increasing,
constant or decreasing) and the associated average costs to households (0.5%, 1.0%, 2.0% or 2.5% of GDP), along with other policy
features (see Methods). By independently randomizing both the
level of costs and their temporal distribution, this approach allowed
us to separate and directly compare the causal effects of these two
forces (see Methods). The instructions to respondents, along with
an example conjoint task, are shown in Supplementary Fig. 1. For
our analysis, each policy profile was treated as one observation. We
estimate the causal effects of climate cost paths on policy support
by regressing whether a scenario was chosen on indicator variables
for each randomly assigned attribute value. The full results of the
conjoint analysis are shown in Extended Data Fig. 2.
Our estimates of how costs paths affect policy support, along
with 95% and 99% robust confidence intervals, are shown in Fig. 3a.
Moving from an increasing to a constant cost path caused a
significant increase in policy support by 7 percentage points compared to the widely discussed option of ramping up costs over
time (the reference category), even when we explicitly specified
and fixed the cost level of the policy proposal. At the same time,
decreasing cost schedules also raised climate policy support compared to the increasing cost path. The causal effects estimated from
the conjoint analysis show how cost paths changed the average
level of support, but may as such not be informative about the level
of support for a particular policy package, which was 50% across
all profiles by design in the forced-choice, paired-profile conjoint

experiment. We also note that the causal effect estimates are a function of both the preference for a policy feature and the intensity of
that preference, which contrasts to the analysis above in which the
estimates are simply a function of the number of individuals who
prefer a given cost schedule (Fig. 2). Understanding the rationale
for the positive estimate of the decreasing cost path in the conjoint
experiment seems a productive inquiry for future research, but we
focus primarily on the comparison between constant costs and
increasing costs in the remainder of this paper because constant
costs are preferred to an increasing time path across both measurement strategies.
To put the sensitivity to cost paths into perspective, we also
visualized the causal effects of cost levels with support for climate
action (Fig. 3a). First, consistent with previous research, costs had
a significant and substantively noteworthy effect on public support.
Second, when using these estimates to benchmark the sensitivity to
an increasing domestic cost path, the effect of switching from a constant to an increasing schedule was similar to doubling the average
monthly household costs from 0.5% of GDP (€28, €39, £15 and $53)
to 1.0% of GDP (€56, €77, £30 and $107). These results are robust
across all four countries (Fig. 3b). Overall, both the pooled estimates and the results by country suggest that constant and decreasing cost schedules increase the willingness to support climate action
compared to a policy with increasing costs over time.
Although the results provide information about the causal effect
of cost paths on the support of publics for climate action, opposition to an increasing cost schedule could reflect concerns about rising cost levels. To address this, we explicitly informed respondents
to the survey that, in the various scenarios, costs were distributed
differently over time but average household costs across the plans
remained unchanged. Furthermore, we re-estimated the cost path
effects separately by cost level to explore whether the aversion to an
increasing cost schedule depended strongly on costs (Fig. 4).
Nature Climate Change | www.nature.com/natureclimatechange
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Fig. 2 | Preferences for distributing climate costs over time. a,b, The percentage of respondents who prefer constant, increasing, decreasing or inverse
U-shaped intertemporal allocations of climate costs. Data are pooled (a) (n = 10,075) and by country (b) (France, n = 2,000; Germany, n = 2,000; United
Kingdom, n = 2,000; United States, n = 4,075). c, Low average household costs for implementing the agreement were set to €28, €39 and £15 for France,
Germany and the United Kingdom, respectively. d, High average household costs for implementing the agreement were set to €113, €154 and £60 for
France, Germany and the United Kingdom, respectively.

A constant cost schedule increased support by 8 percentage
points if costs were low (0.5% of GDP) and by 6 percentage points
if costs were high (2.5% of GDP). This suggests that the aversion to
increasing cost paths is unlikely to be explained by concerns about
average cost levels. Comparison of decreasing cost paths to constant cost paths showed that decreasing schedules were only preferred over constant plans when costs were particularly high (2.0%
of GDP or more). In addition, we considered the possibility that
respondents would have different expectations about when costs
would commence depending on the cost schedule. We devised an
alternative version of the conjoint experiment that replaced the cost
path attribute with information about the year in which household
contributions would start. These values were drawn from a continuous set of integers ranging from 2020 to 2040. This version of the
climate action conjoint experiment was completed by 680 randomly
chosen respondents from the United States.
Nature Climate Change | www.nature.com/natureclimatechange

We examined the causal effect of start year by regressing policy
support on a full set of indicator values that binned the start year
integers into 2-year periods. If publics were mostly concerned about
cost avoidance, a later starting period should significantly increase
public approval. The results (Fig. 5) indicate that changing the start
year had no significant effect on support for climate action. Overall,
this evidence is consistent with the idea that publics prefer cost stability, a tendency that seems to be relatively independent of concerns related to cost levels.

Stability and predictability drive support for constant costs

To assess potential explanations for why publics prefer constant cost
paths over the intuitively appealing ramping-up approach, our survey included an open-ended question that asked respondents why
they selected a certain cost path. We then performed an exploratory
text analysis of the responses (see Methods) to determine which

Articles

NaTUrE ClImaTE CHanGE

a

b

Cost path

Increasing
Constant
Decreasing

Cost level

Cost path

Pooled

Cost level

€28, €39, £15, $53
€56, €77, £30, $107
€113, €154, £60, $213

By country
Increasing
Constant
Decreasing

€28, €39, £15, $53
€56, €77, £30, $107
€113, €154, £60, $213
€141, €193, £75, $267
–30

€141, €193, £75, $267
–30

–20

–10

0

10

Change in chosen policy profile (percentage points)

–20

–10

0

10

Change in chosen policy profile (percentage points)
United States

United Kingdom

Germany

France

Fig. 3 | Support for climate action as a function of cost paths and cost levels. a,b, Results are pooled (a) (n = 129,280 policy profiles) or by country
(b) (France, n = 32,000; Germany, n = 32,000; United Kingdom, n = 32,000; United States, n = 33,280 policy profiles). Dots with horizontal lines are
point estimates from linear least squares regressions of climate policy chosen on randomly assigned cost path and cost level attributes. Error bars
indicate 95% and 99% confidence intervals computed from robust standard errors clustered by respondent. Results with weighting are shown in
Extended Data Figs. 3,4.

words were predictive of an individual’s time path choice22. The distinctiveness and frequency of the 20 most distinguishing terms for
each country and time path are shown in Fig. 6.
Word stems such as ‘budget’, ‘easier’, and ‘know’ were systematic
predictors of choosing the constant cost path, which indicates that
the popularity of this option was related to the desire of individuals
to simplify budgeting and planning for the future. Additional word
stems were related to stability concerns that could be expected if
individuals tried to smooth consumption over time. Consistent with
the rationale underlying the ramping-up approach8, individuals that
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Fig. 4 | Support for climate action as a function of cost paths by cost level.
Causal effects of climate cost paths on policy support estimated separately
for each randomly assigned cost level (0.5% of GDP, n = 32,305; 1% of
GDP, n = 32,373; 2% of GDP, n = 32,367; 2.5% of GDP, n = 32,235 policy
profiles). Dots with horizontal lines are point estimates from linear least
squares regressions of climate policy chosen on randomly assigned cost
path attributes. Error bars indicate 95% and 99% confidence intervals
computed from robust standard errors clustered by respondent. Results
with weighting are shown in Extended Data Fig. 5.

supported an increasing cost path in part justified this preference by
highlighting that this schedule allowed publics to gradually adjust
to rising costs. However, respondents also chose this option in the
hope that delayed costs would be felt less strongly, arguably because
of wage increases and inflation, because they themselves would be
too old or no longer alive, or because they generally discounted
future income and consumption. Respondents who preferred
higher costs up front that decreased over time emphasized the need
to make investments now, which they believed to be essential to
confronting climate change.
The text analysis suggests at least two theoretical explanations
for why people prefer a constant cost path over an increasing schedule: consumption smoothing and time discounting. Consumption
smoothing refers to the extent that individual utility in intertemporal choices is characterized by diminishing marginal utility so
that individuals prefer to consume similar amounts across time. A
recent study finds that experimental estimates of diminishing marginal utility predict preferences over large-stake payment plans (D.
Aycinena, S. Blazsek, L. Rentschler and C. Sprenger, personal communication). Individuals with a strong preference for consumption
smoothing should prefer constant cost plans over increasing schedules. Many studies have demonstrated the importance of time discounting23,24 for understanding individual decisions on borrowing25
and saving26, the willingness to invest in clean energy14, as well as
the policy preferences of elected officials27. Individuals who exhibit
relatively high levels of patience (that is, low discounting) probably
also prefer constant to increasing plans.
To assess these two arguments, our survey instrument included
an item to capture an individual’s general preference for intertemporal smoothing and time discounting (patience). The measurement
of these preferences relies on the convex time budget approach28,29 in
which respondents are asked to repeatedly choose a bundle of payments that will pay out some combination of a lower payout sooner
or a higher payout later. Our respondents chose from a set of six
options that included both extreme cases in which the full payment
is realized either sooner or later as well as mixed bundles. The differences in those choices allowed separate identification of attitudes
toward consumption smoothing, present bias and time discounting.
See Methods for details about this measurement approach.
We investigated the importance of consumption smoothing
and discounting by regressing cost path choice on a dichotomized
Nature Climate Change | www.nature.com/natureclimatechange
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smoothing parameter variable, a measure of patience (both set to
one for respondents with above-median values and zero otherwise),
and a full set of sociodemographic predictors in a multinomial probit model. We find that individuals with a higher desire to smooth
consumption are significantly more likely to select the constant cost
path over the increasing and decreasing climate cost paths. Similarly,
respondents who were more patient were significantly more likely
to support a constant climate cost schedule over time-varying cost
paths such as the ramping-up approach (Supplementary Table 2).
Overall, the predictive patterns indicate that, consistent with the
results from our analysis of respondents’ answers to our open-ended
question, general attitudes towards time seem to play a systematic
role in understanding mass preferences for constant over dynamic
cost paths.
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Credible climate policies will have to raise the price of carbon, and
the public are concerned about these costs even if they believe the
science of climate change and generally would like governments to
address the issue. One intuitively appealing approach to this problem is to ramp up the costs of climate action over time. This lowers
costs in the near to medium term but also requires individuals to
keep adjusting to steadily increasing carbon prices. Our results indicate that such cost plans run the risk of reducing support for climate
policies because many individuals prefer to smooth their consumption over time. The ramping-up approach could remain politically
feasible if some voters focus on near-term costs or if policy experience causes mass preferences to become more favourable towards
costly climate action in general. But to the extent that policymakers

10
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Fig. 5 | Support for climate action as a function of cost paths by start year.
Results from a conjoint experiment conducted in a separate section of
the United States survey that randomized the year in which contributions
would start (n = 10,880 policy profiles; see Methods for details). Dots with
horizontal lines are point estimates from linear least squares regressions
of climate policy chosen on randomly assigned cost path attributes. Error
bars indicate 95% and 99% confidence intervals computed from robust
standard errors clustered by respondent. Results with weighting are shown
in Extended Data Fig. 6.
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seek to design policies that are transparent and meet meaningful
emission reduction goals, constant cost plans promise more support
for climate action relative to ramping-up approaches. Moreover,
owing to the delay in large-scale policy responses to climate change,
countries will probably have to pursue more progressive and costly
climate action to limit the adverse effects of global warming. The
drop in support because of higher costs associated with these more
ambitious policy efforts may be at least partially mitigated by selecting a set of attractive design features such as the constant distribution of costs.

Online content

Any methods, additional references, Nature Research reporting summaries, source data, extended data, supplementary information, acknowledgements, peer review information; details of
author contributions and competing interests; and statements of
data and code availability are available at https://doi.org/10.1038/
s41558-020-00914-6.
Received: 14 January 2020; Accepted: 20 August 2020;
Published: xx xx xxxx

References

1. Australian Academy of Sciences et al. The science of climate change. Science
292, 1261 (2001).
2. Obradovich, N., Tingley, D. & Rahwan, I. Effects of environmental stressors
on daily governance. Proc. Natl Acad. Sci. USA 115, 8710–8715 (2018).
3. Stevanović, M. et al. The impact of high-end climate change on agricultural
welfare. Sci. Adv. 2, e1501452 (2016).
4. Chen, I.-C., Hill, J. K., Ohlemüller, R., Roy, D. B. & Thomas, C. D. Rapid
range shifts of species associated with high levels of climate warming. Science
333, 1024–1026 (2011).
5. Bonebrake, T. C. & Mastrandrea, M. D. Tolerance adaptation and
precipitation changes complicate latitudinal patterns of climate change
impacts. Proc. Natl Acad. Sci. USA 107, 12581–12586 (2010).
6. Panetta, A. M., Stanton, M. L. & Harte, J. Climate warming drives local
extinction: Evidence from observation and experimentation. Sci. Adv. 4,
eaaq1819 (2018).
7. Cámara-Leret, R. et al. Climate change threatens New Guinea’s biocultural
heritage. Sci. Adv. 5, eaaz1455 (2019).
8. Nordhaus, W. Climate change: the ultimate challenge for economics. Am.
Econ. Rev. 109, 1991–2014 (2019).
9. Keohane, R. O. & Victor, D. G. Cooperation and discord in global climate
policy. Nat. Clim. Change 6, 570–575 (2016).
10. Bechtel, M. M. & Scheve, K. F. Mass support for global climate agreements
depends on institutional design. Proc. Natl Acad. Sci. USA 110,
13763–13768 (2013).

NaTUrE ClImaTE CHanGE
11. Drews, S. & van den Bergh, J. C. J. M. What explains public support for
climate policies? A review of empirical and experimental studies. Clim. Policy
16, 855–876 (2015).
12. Aklin, M. & Urpelainen, J. Debating clean energy: frames, counter frames,
and audiences. Glob. Environ. Change 23, 1225–1232 (2013).
13. Egan, P. J. & Mullin, M. Climate change: US public opinion. Annu. Rev. Polit.
Sci. 20, 209–227 (2017).
14. Newell, R. G. & Siikamäki, J. Individual time preferences and energy
efficiency. Am. Econ. Rev. 105, 196–200 (2015).
15. Feldman, L. & Hart, P. S. Climate change as a polarizing cue: framing effects
on public support for low-carbon energy policies. Glob. Environ. Change 51,
54–66 (2018).
16. Stoutenborough, W., Bromley-Trujillo, R. & Vedlitz, A. Public support for
climate change policy: consistency in the influence of values and attitudes
over time and across specific policy alternatives. Rev. Policy Res. 31,
555–583 (2014).
17. Hammar, H. & Jagers, S. C. Can trust in politicians explain individuals’ support
for climate policy? The case of CO2 tax. Clim. Policy 5, 613–625 (2006).
18. Tingley, D. & Tomz, M. Conditional cooperation and climate change. Comp.
Polit. Stud. 47, 344–368 (2014).
19. Bernauer, T. & Gampfer, R. How robust is public support for unilateral
climate policy? Environ. Sci. Policy 54, 316–330 (2015).
20. Mildenberger, M. Support for climate unilateralism. Nat. Clim. Change 9,
187–188 (2019).
21. Hainmueller, J., Hopkins, D. J. & Yamamoto, T. Causal inference in conjoint
analysis: understanding multidimensional choices via stated preference
experiments. Polit. Anal. 22, 1–30 (2014).
22. Monroe, B. L., Colaresi, M. P. & Quinn, K. M. Fightin’words: lexical feature
selection and evaluation for identifying the content of political conflict. Polit.
Anal. 16, 372–403 (2008).
23. Andersen, S., Harrison, G. W., Lau, M. I. & Rutström, E. E. Eliciting risk and
time preferences. Econometrica 76, 583–618 (2008).
24. Frederick, S., Loewenstein, G. & O’Donoghue, T. Time discounting and time
preference: a critical review. J. Econ. Lit. 40, 351–401 (2002).
25. Meier, S. & Sprenger, C. Present-biased preferences and credit card
borrowing, Am. Econ. J. Appl. Econ. 2, 193–210 (2010).
26. Sutter, M., Kocher, M. G., Glätzle-Rützler, D. & Trautmann, S. T. Impatience
and uncertainty: experimental decisions predict adolescents’ field behavior.
Am. Econ. Rev. 103, 510–531 (2013).
27. Sheffer, L., Loewen, P. J., Soroka, S., Walgrave, S. & Sheafe, T.
Nonrepresentative representatives: an experimental study of the decision
making of elected politicians. Am. Polit. Sci. Rev. 112, 302–321 (2018).
28. Andreoni, J. & Sprenger, C. Estimating time preferences from convex budgets.
Am. Econ. Rev. 102, 3333–3356 (2012).
29. Andreoni, J., Kuhn, M. A. & Sprenger, C. Measuring time preferences: a
comparison of experimental methods. J. Econ. Behav. Organ. 116,
451–464 (2015).
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
© The Author(s), under exclusive licence to Springer Nature Limited 2020

Nature Climate Change | www.nature.com/natureclimatechange

NaTUrE ClImaTE CHanGE
Methods

Sample. We carried out our survey in four major economies (France, Germany,
the United Kingdom and the United States). The survey was conducted online by
YouGov using matched sampling. Propensity scores were used to match available
internet respondents (participants of the YouGov online panel) to a stratified
random sample of the target adult population. The propensity score model
included age, gender, years of education and region (European countries), or age,
gender, race or ethnicity, years of education and region (the United States).
United States. The survey period was 18 December 2018 to 3 January 2019. The
sampling frame for the target population was constructed from the full 2016
American Community Survey. All matched respondents were then assigned
weights stratified on 2016 presidential vote, age, gender, race and education to
correct for remaining imbalances. The final number of respondents was 4,075.
France, Germany and the United Kingdom. The survey period was 31 March 2019
to 4 April 2019. The sampling frames for the target populations were constructed
from the 2018 Eurobarometer survey for selection within strata by weighted
sampling with replacements (using the person weights on the public use file). The
final number of observations was 2,000 for France, 2,000 for Germany, and 2,000
for the United Kingdom. The distributions of sociodemographic characteristics in
the population, the raw samples and the weighted samples by country are reported
in Supplementary Table 1.
Measurements. We measured individual tendency to discount future events
and the preference for consumption smoothing using the convex time budget
method28,29. The allocation of payments xt and xt+k between period t and t + k was
considered. The utility function of an individual was defined as:
 α
α
if t ¼ 0
xt þ βδk xtþk
U ðxt ; xtþk Þ ¼
α
xtα þ δk xtþk
if t > 0
where α measures consumption smoothing as the utility function curvature, δ
denotes long-run time discounting, and β captures present bias. We estimated
these parameters using the choices of respondents in a convex time budget task.
In this task, respondents were asked to select a bundle of payments that would be
received at time t and t + k, where each choice comprised the cases in which the full
payment occurred at time t and t + k and also included four convex combinations.
For example, a choice task might ask respondents to choose between a combination
of US$19 today and $0 in 5 weeks, a combination of $0 today and $20 in 5 weeks,
as well as the following four convex combinations of these two: $15.20 today and
$4.00 in 5 weeks, $11.40 today and $8.00 in 5 weeks, $7.60 today and $12.00 in 5
weeks, and $3.80 today and $16.00 in 5 weeks.
This example compares payments today to payments in 5 weeks. Following
existing work28, we asked respondents to also assess budgets in which the earlier
payment would occur at t > 0 and the later payment after that. Variation in
individual choices provided information to estimate the consumption smoothing
parameter α and the other parameters mentioned above using individual-level
regressions.
Parameters were estimated by regressing the natural log of the ratio of the
chosen earlier and later payments on the number of days to the first payment,
the number of days that the payment is delayed, and the natural log of the price
ratio of the later payments to the earlier payments. Our estimate of the smoothing
parameter α was the inverse of the coefficient on the price ratio. The time
discounting (or patience) parameter was the exponent of the ratio of the coefficient
on the temporal delay to the coefficient on the natural log of the price ratio. To
deal with extreme values we trimmed the estimated parameters at the 5th and
95th percentiles. We then transformed the estimated parameters into an indicator
variable that equals one if a respondent’s consumption smoothing measure was
greater than the median and is zero otherwise (Supplementary Table 2). Similarly,
we constructed an indicator variable that took a value of one if a respondent’s time
discounting estimated parameter was above the median, thus corresponding to a
relatively high degree of patience.
The sociodemographic predictors that were used included gender, age, income,
education and children. Age categories were 18–34 years, 35–49 years, 50–64 years,
and 65 years and above. Respondents were divided into three income categories
such that the sample in each country was equally split between these groups.
Education was also split into three categories adjusted to the education system of
each country, with groupings broadly corresponding to less than a high school
degree, a high school degree or more and a bachelor’s degree or more. ‘Children’
was measured as a binary variable that took a value of one if the respondent
indicated having any children.
Cost schedule questions. The full survey instrument is available as part of the
replication archive for this study. Our main outcome variables were based on two
items, namely a climate agreement item and a climate cost path item.
The climate agreement item was as follows:
“As you probably know, many experts say that countries should take action to
address global warming.
Nature Climate Change | www.nature.com/natureclimatechange
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Suppose [your country] is considering joining an international agreement to
reduce greenhouse gas emissions. Implementing the agreement would mean that
each household would have to pay on average [France, €28, €113; Germany, €39,
€154; the United Kingdom, £15, £60; the United States, $107] more per month
through, for example, higher energy prices.
Generally speaking, do you approve or disapprove of [France, Germany, the
United Kingdom, the United States] joining such an agreement?”
Respondents were asked to answer on a scale from 1 (strongly approve) to 10
(strongly disapprove).
The climate cost path item was as follows:
“Regardless of your previous answer, suppose [France, Germany, the United
Kingdom, the United States] is going to implement that international agreement
and the household costs would still be [same costs as above] per month on average.
However, there are different ways of distributing these costs over time.
The figures below indicate four alternatives. If you had to select one of the
options in a referendum, which would you chose? Please carefully consider the
available options.”
The options were presented to respondents as shown in Fig. 1. The preferences
for distributing climate costs over time, shown in Fig. 2, were calculated as the
share of respondents who selected a particular time path. We investigated the role
of different individual-level covariates using a multinomial probit regression. The
four possible values of the outcome variable corresponded to the four time path
options available to respondents. Our independent variables were the measures of
consumption smoothing, patience and the sociodemographic covariates described
above (the results are reported in Supplementary Table 2).
Climate cost conjoint experiment. The forced-choice conjoint experiment
started by explaining to respondents that they were about to see a pair of policies,
from which they would be asked to choose their preferred option. The full
introductory text is available in Supplementary Fig. 1a. Respondents then
saw two possible climate policies side by side, with information about eight
different aspects of each policy. They were then asked to choose which of the two
policy sets they would prefer to see enacted. An example of such a task is shown
in Supplementary Fig. 1b. Each respondent was asked to make a choice regarding
eight different pairs of policies. Our analysis treats one policy scenario or proposal
as one observation.
The randomized policy features comprised the policy’s cost to the average
household, the distribution of those costs over time, and the percentage of revenues
used for adaptation and mitigation efforts. Information was provided on each of
these features regarding the respondents’ own country and other major economies.
The temporal distribution feature could take increasing, decreasing or constant
values. The percentages of revenue spent varied between 0% and 100%, such that
adaptation and mitigation together summed to 100%. The different household cost
values for each country were equivalent to 0.5%, 1.0%, 1.5%, 2.0% and 2.5% of per
capita GDP (see Extended Data Fig. 2).
Each of the policy features was randomized separately. One of the strengths
of conjoint experiments is that this separate randomization allows for the direct
calculation of the treatment effect of different values of the features, that is, the
average marginal component effect21. This causal effect captures the change in
probability that a respondent will choose a particular profile with that value,
compared to a profile with the baseline value for that policy feature. We computed
this treatment effect using linear regression, where the unit of analysis was a
policy profile and the outcome of interest was whether the profile was selected
by the respondent. Standard errors were clustered by respondent to account for
within-individual correlation of the error term (see Extended Data Fig. 2 for the
resulting treatment effects). To investigate differences between populations of
respondents, we estimated this regression separately for different subgroups.
All respondents in France, Germany and the United Kingdom completed
the climate cost path conjoint experiment. In the United States, this conjoint
experiment was administered to 2,080 randomly chosen respondents (about 50%
of the total sample). Each respondent performed eight conjoint tasks in which
they assessed two profiles simultaneously. The results (Fig. 5) rely on an alternative
version of the climate conjoint experiment that replaced the cost schedule attribute
with the randomly assigned year in which household contributions would start.
This conjoint experiment was administered to 680 randomly chosen respondents
in the United States. Each respondent again performed eight conjoint tasks
in which they assessed two profiles simultaneously. Therefore, the number of
observations for this analysis is 10,880.
Quantitative text analysis. After selecting one of the four time paths, respondents
were asked an open-ended question that read “Please let us know why you chose
this response”. The text analysis that we performed on the responses to these
questions was not preregistered. We first applied standard text-as-data cleaning
procedures to these responses by removing all punctuation, capitalization and word
orderings to treat the responses as a ‘bag of words’. In each of the three languages,
we discarded common stop words (for example, ‘the’ and ‘and’) and we stemmed
each word to combine related terms (for example, ‘consistently’ and ‘consistency’
both became ‘consist’). We then discarded rare terms, namely those that occurred
less than five times across answers from a particular country. After this cleaning
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process, we were left with 9,428 responses containing at least one useable term
(United States, 3,844; United Kingdom, 1,887; France, 1,894; Germany, 1,803).
To identify the words that best predicted the time path option that a respondent
had selected, we applied the ‘Fightin’ Words’ algorithm22. The basic intuition of
this measure is captured by a normal log odds ratio. For a given time path k and a
given word j, we calculated the log odds ratio according to the probability of a text
string containing that word j being written by a respondent who chose option k or
another option:




PðkjjÞ
Pð:kjjÞ
Log odds ratioj;k ¼ log
� log
1 � PðkjjÞ
1 � Pð:kjjÞ
The approach developed in ref. 22 produces a similar measure, but with useful
regularization. The model sets up the text corpus as a multinomial distribution, with
a Dirichlet prior on the probabilities of different topics based on different words:
π  DirichletðαÞ
yk  Multinomialðnk ; πk Þ

Using an informative prior avoids overfitting to rare terms. We followed the
approach in ref. 22 and used the average number of words per text such that α = 5 in
our application. Furthermore, we emphasized words for which the estimates were
more certain by reweighting words using their variance. To this end, we employed
the z-score of the log odds ratio, which is the regularized log odds ratio divided by its
standard deviation. This z-score is the measure displayed on the vertical axis in Fig. 6.
Preregistration. This study has been preregistered at the American Economic
Association’s registry for randomized controlled trials, under AEARCTR-0004090.
Ethics oversight. This study was approved by the internal review boards of
Washington University in St. Louis (201803178) and Stanford University
(eProtocol 46325).
Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.
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Extended Data Fig. 1 | Preferences for distributing climate costs over time (weighted data). The percentage of respondents who prefer constant,
increasing, decreasing, or inverse U-shaped intertemporal allocations of climate costs (n = 10,075).
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Extended Data Fig. 2 | The causal effects of cost path, cost level, and other policy attributes on public support. Dots with horizontal lines are point
estimates from a linear least squares regression of climate policy chosen (n = 129,280) on randomly assigned cost path, cost level, and revenue investment
attributes. Error bars indicate 95% and 99% confidence intervals computed from robust standard errors clustered by respondent.

Nature Climate Change | www.nature.com/natureclimatechange

NaTUrE ClImaTE CHanGE

Articles

Extended Data Fig. 3 | Support for climate action as a function of cost paths and cost levels (weighted data). Dots with horizontal lines are point
estimates from linear least squares regressions of climate policy chosen on randomly assigned cost path and cost level attributes. Error bars indicate 95%
and 99% confidence intervals computed from robust standard errors clustered by respondent, n(policy profiles)=129,280.
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Extended Data Fig. 4 | Support for climate action as a function of cost paths and cost levels by country (weighted data). Dots with horizontal lines are
point estimates from linear least squares regressions of climate policy chosen on randomly assigned cost path and cost level attributes. Error bars indicate
95% and 99% confidence intervals computed from robust standard errors clustered by respondent, n(France, policy profiles)=32,000, n(Germany, policy
profiles)=32,000, n(United Kingdom, policy profiles)=32,000, n(United States, policy profiles)=33,280.
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Extended Data Fig. 5 | Support for climate action as a function of cost paths by cost level (weighted data). Causal effects of climate cost paths on policy
support estimated separately for each randomly assigned cost level, n(0.5% of GDP, policy profiles)=32,305, n(1% of GDP, policy profiles)=32,373,
n(2% of GDP, policy profiles)=32,367, n(2.5% of GDP, policy profiles)=32,235. Dots with horizontal lines are point estimates from linear least squares
regressions of climate policy chosen on randomly assigned cost path attributes. Error bars indicate 95% and 99% confidence intervals computed from
robust standard errors clustered by respondent.
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Extended Data Fig. 6 | Support for climate action as a function of cost paths by cost level (weighted data). Results from a conjoint experiment conducted
in a separate section of the United States survey that randomized the year in which contributions would start, n(policy profiles)=10,880, see Methods
section for details. Dots with horizontal lines are point estimates from linear least squares regressions of climate policy chosen on randomly assigned cost
path attributes. Error bars indicate 95% and 99% confidence intervals computed from robust standard errors clustered by respondent.

Nature Climate Change | www.nature.com/natureclimatechange

Last updated by author(s): Jul 10, 2020

Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics

nature research | reporting summary

Corresponding author(s): Michael Bechtel

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
n/a Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons
A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code
Data collection

Stata version 15, R.

Data analysis

Stata version 15, R.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability
Data and replication materials will be made available at the Harvard Dataverse.
October 2018

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
Life sciences

Behavioural & social sciences

Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

1

All studies must disclose on these points even when the disclosure is negative.
Study description

Survey

Research sample

Representative sample of the adult populations in the US, UK, Germany, and France.

Sampling strategy

We fielded our survey in four major economies that belong to the group of Annex 1 countries (France, Germany, the United Kingdom,
and the United States). The survey was conducted online by YouGov on representative samples of the adult populations. YouGov
employs matched sampling in which interviews are conducted from participants in YouGov’s online panel. Matched sampling involves
taking a stratified random sample of the target population and then matching available internet respondents to the target sample using
propensity scores. The propensity score model included age, gender, years of education, and region for the European countries and
gender, age, race/ethnicity, region, and education for the United States.

Data collection

Computer (online survey)

Timing

United States: The field period was December 18, 2018 to January 3, 2019.
France, Germany, United Kingdom: The field period was March 31, 2019 to April 04, 2019.

Data exclusions

United States: YouGov interviewed 4081 respondents. 6 were excluded from the analyses because they did not meet the age
requirement. The final n was 4,075.
UK: YouGov interviewed 2135 respondents who were then matched down to a sample of 2000 to produce the final dataset using
matched sampling (see above).
Germany: YouGov interviewed 2093 respondents who were then matched down to a sample of 2000 to produce the final dataset using
matched sampling (see above).
France: YouGov interviewed 2039 respondents who were then matched down to a
sample of 2000 to produce the final dataset using matched sampling (see above).

Non-participation

The universe of possible individual was YouGov's opt-in sample. Respondents were drawn from this sample using the matched sampling
approach described above.

Randomization

Random allocation.
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The universe of possible individual was YouGov's opt-in sample. Respondents were drawn from this sample using the matched
sampling approach described above to obtain samples representative of adult populations in the countries studied.

Ethics oversight

The study was approved by the Internal Review Boards at Washington University in St. Louis (#201803178) and Stanford
University (eProtocol 46325).
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