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Despite worsening climate change, the international community still disagrees
on how to divide the costs of mitigation between developing countries and
developed countries, which emitted the bulk of historical carbon emissions.
We study this issue using an economic experiment. Specifically, we test how
information about historical emissions influences how much participants pay
for climate change mitigation. In a four-player game, participants are assigned
to lead two fictional countries as members of either the first or the second
generation. The first generation produces wealth at the expense of greater
carbon emissions. The second generation inherits their predecessor’s wealth
and negotiates how to split the climate change mitigation costs. Here we show
that when the second generation knows that the previous generation created
the current wealth and mitigation costs, participants whose predecessor
generated more carbon emissions offered to pay more, whereas the succes-

sors of low-carbon emitters offered to pay less.

Mitigating climate change is a global social dilemma that spans both
geography and, importantly, generations'. However, after nearly three
decades of diplomatic efforts and 26 UN Climate Change Conferences,
countries have failed to reach an agreement that can effectively curb
global carbon emissions. Even if countries reached their Nationally
Determined Contributions under the Paris Agreement, it would not be
enough to keep the global average temperature within 2°C above
preindustrial levels>*. A major hurdle in climate negotiations is the
disagreement on how the burden of climate change mitigation should
be divided between the industrialized and the developing countries®.
Developing countries believe that industrialized countries should lead
the mitigation effort since they are responsible for the bulk of histor-
ical emissions’. For example, China supports holding countries
accountable for historical emissions both in academic and official
communication®. Instead, industrialized countries believe that climate
change mitigation should be carried out where it is most cost-effective
and most beneficial, irrespective of historical emissions’. In this paper,
we study the nature of this disagreement with an economic experi-
ment. Specifically, we designed an economic game to test whether

information about historical emissions’ can affect the division of
mitigation costs between historically low and high emitters, and assess
whether this information influences the success of international cli-
mate negotiations.

In our game, participants in the first generation work to
develop their country and create wealth for themselves and their
successor. However, production also generates exponentially
greater emissions and exacerbates climate change. Participants in
the second generation inherit the wealth created by their pre-
decessors and negotiate how to divide the mitigation costs to
prevent a climate disaster. In this setup, second-generation par-
ticipants did not personally cause climate change, although they
owe their prosperity to their predecessor’s historical emissions.
We compare two treatments: in the History treatment, second-
generation participants are aware that their current wealth and
the climate change problem were created by their predecessor; in
the Baseline, participants did not know the origins of climate
change or their wealth. The treatment difference reveals how the
division of climate change mitigation costs changes in response
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to accurate information about historical emissions provided by
the recent advances in climate science’.

By studying how historical emissions affect the division of climate
mitigation costs, we illuminate how history shapes efforts for climate
change mitigation. Several previous experimental papers studied how
climate change negotiations depend on the decisions made by parti-
cipants in a previous stage®'?. However, in previous experiments, the
same participants took part in both stages, therefore second-stage
decisions would be driven by personal rather than collective respon-
sibility. In our experiment, second-generation decisions are made by a
new set of participants who inherit the consequences of the first
generation’s decisions. Separating the two generations has an impor-
tant advantage over previous work: this design reflects more accu-
rately the fact that industrial development in Western countries
occurred many decades or even centuries ago, so people alive today
did not create them. Instead, if the same participants make both
decisions as in prior research, the correlation between decisions in the
two stages could be driven by personal characteristics, such as social
preferences. Or, the information observed in the first generation could
change expectations about the behavior of others, driving decisions in
the second generation. The present design overcomes these
limitations.

Our study also contributes new insights to the climate
change debate on whether countries with high historical emis-
sions should pay for mitigation. On one extreme, there is the view
that countries that created the bulk of carbon emissions are
morally responsible for the actions of their predecessors and
should cover most of the mitigation costs”®™™. Intermediate pro-
posals balance historical emissions with the present capacity to
pay: the principle of common but differentiated responsibilities
in the light of different national circumstances'®”. On the other
side, the notion of historical responsibility is rejected for a
number of reasons, including that responsibility is personal', that
previous generations simply did not know that carbon emissions
could cause disastrous climate change'®?°, or that establishing
historical responsibility is an impossible task due to practical
constraints®*. While we acknowledge this debate, we remain
agnostic about which side is right, and focus our attention on the
effect of information about historical emissions on the share of
climate change mitigation costs that countries are willing to bear.

Next, we illustrate the design of the climate game. We designed a
game in which higher production by the first generation increased
both the wealth and the costs that the next generation needed to pay
to avert a climate disaster. Two participants (denoted as Al and B1)
were the first-generation leaders of two fictional countries A and B.
Two other participants (A2 and B2) were the leaders of these same
countries in the second generation. The first generation never inter-
acted with the second generation.

First Generation: production
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First-generation leaders could create wealth at the expense of
environmental costs by completing real effort tasks (moving up to
40 sliders from a random starting position to the middle). Earnings for
completing each task (piece rates) varied across pairs: there were equal
probabilities that the piece rates would be equal ($8 per task for Al, $8
for B1), moderately unequal ($10 for Al, $6 for B1), or highly unequal
($12 for A2, $4 for B1). We used three sets of piece rates to create
heterogeneity in emissions and wealth in the second generation. In
addition to generating income, first-stage production increased the
climate change mitigation costs that the second generation would
need to pay to avoid a climate disaster. In line with the literature”?*,
the costs were convex in production (see Methods for more details).

In the second generation, A2 inherited the wealth of Al and B2
inherited the wealth of B1: the starting endowment of A2 (B2) was equal
to the total earnings of Al (B1), plus $600. Then, A2 and B2 decided
how to divide the costs of mitigating climate change to prevent a
disaster that could destroy their earnings (for an illustration, see Fig. 1).
Costs were divided using an ultimatum game with the strategy
method. The proposer made an offer on how to split the costs and the
responder set the maximum amount they were willing to pay. The
proposer’s offer was implemented if it was acceptable to the respon-
der; otherwise, it was rejected. If the offer was rejected, there was a
90% chance that participants will earn nothing because of a climate
disaster and a 10% chance that the participants would keep their ori-
ginal endowments. Each participant made decisions both as a pro-
poser and as a responder and their role was determined by a random
draw once all data had been collected. Second-generation participants
played the game four times, using the outcomes from four different
first-generation pairs. Multiple observations allow us to classify each
participant based on their sensitivity to the outcomes from the first
generation.

We compared choices in two treatments. In the History treatment,
second-generation participants were fully informed about how their
endowments and climate change mitigation costs were determined, as
well as the choices that the first generation made. In the Baseline, no
information about the first generation was provided; instead, partici-
pants were seeded with the same outcomes (endowments and costs)
as the participants in the History treatment but were not informed
about the origins of these variables. This design allows us to identify
the effect of information about historical emissions independent of
the emissions and wealth generated by the first generation. We
recruited 103 participants for the first generation, 101 participants for
the second generation in the History treatment (62% female; average
age: 22 years old), and 103 participants for the second generation in
the Baseline (69% female; average age: 22).

We now present the game-theoretic predictions. Equilibrium
predictions are identical in the History treatment and the Baseline
because information about the origins of climate change is irrelevant

Second Generation: mitigation
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Fig. 1| Illustration of the game structure. Participants Al and B1 provide effort at a certain piece rate (in the example, Al earns $12 per task and Bl earns $4), creating
wealth and emissions. Participants A2 and B2 inherit the wealth of their predecessors and use it to mitigate climate change.

Nature Communications | (2023)14:1408



Article

https://doi.org/10.1038/s41467-023-37130-7

for incentives. In section S3 of the Supplementary Information, we
show that for the parameters used in the experiment, there always is a
Nash equilibrium in which the proposer and the responder reach an
agreement. Any division of costs can be supported by some Nash
equilibrium, as long as both players earn more than they would if no
agreement was reached. If climate change mitigation costs are suffi-
ciently high, there also are equilibria in which no agreement is reached,
in addition to the equilibria in which agreements are successful.

An alternative hypothesis is that information about historical
emissions from the previous generation evokes a sense of collective
guilt and makes the descendants of high emitters more willing to pay
for climate change mitigation. In our setup, greater production by Al
benefits A2, but it also increases the mitigation costs and potentially
hurts B2, which might make A2 feel guilty. Guilt is relieved by making
amends®; A2 could do so by offering to pay more as a proposer (which
decreases the disaster risk and increases the earnings of B2 if disaster
does not occur) or by accepting lower offers as a responder (which
decreases the disaster risk). Since the wrongdoer (Al) is not the same
person as the one who can make amends (A2), the decisions of the
second generation would be driven by collective, rather than personal
guilt. Previous work found that collective guilt may occur even in
minimal intergroup situations® and can drive the willingness to miti-
gate climate change®.

Our design models several features that define collective guilt in
climate negotiations: Current leaders share the identity with their
predecessors (reinforced in the experiment using the framing); are
temporally separated from their predecessors; and personally benefit
but also face a greater risk from their predecessor’s emissions. These
elements of shared identity, temporal separation, personal benefit,
and greater risk make collective guilt interesting to study empirically
because they are the distinctive elements of the global climate miti-
gation dilemma.

Lastly, we provide an overview of the main variables. We designed
the experiment to identify whether participants who inherit
more carbon emissions cover a larger share of climate change miti-
gation costs in the History treatment. Two key variables are therefore
the stock of historical emissions that second-generation
participants inherit and the share of costs that second-generation
participants cover.

Historical emissions are defined as the share of climate mitigation
costs created by the participant’s predecessor. We measured historical
emissions on a scale from O to 1, calculated as a ratio of costs created
by the participant’s predecessor to the total costs created by both first-

Share of costs paid

0 2 4
Historical Emissions

Fig. 2 | Share of the climate mitigation costs paid by the proposer in the History
treatment (blue crosses) and in the Baseline (red circles), across different levels
of the proposer’s historical emissions. Each marker represents a different

generation participants (see Supplementary Fig. Al). Second-
generation participants were exogenously assigned to a combination
of inherited wealth and historical emissions, which differed across
participants due to differences in production and productivity by first-
generation participants. Supplementary Fig. A2 shows the distribution
of historical emissions to which participants could be assigned. Het-
erogeneity in historical emissions allows us to identify how it affects
climate negotiations.

The share of costs that participants covered is the main outcome
of climate negotiations. We calculate it by matching the proposers to
all the responders who were assigned the same first-generation out-
come and calculating the share of costs that the proposer would pay
conditional on the offer being accepted; in other words, the share of
costs is calculated as the average proposer’s offer, weighted by the
acceptance probability. On average, proposers paid 54% of the costs in
the History treatment and 51% in the Baseline. We also found that 60%
of participants reached a successful agreement in the History treat-
ment and 61% did in the Baseline, a difference that is not statistically
significant (Mann-Whitney U test two-sided p = 0.95). As a robustness
check, we also used the individual decisions of the proposers and
responders, even if they did not reach an agreement.

Results

Cost division

First, we study how the second-generation participants who success-
fully reached an agreement divided climate change mitigation costs.
Figure 2 shows the share of costs paid by the proposer in each treat-
ment. Each marker represents an outcome from the first generation.
For each outcome, we calculated the expected division of costs by
aggregating the decisions of all proposers and responders assigned to
that outcome. We find that the share of costs covered by participants
was correlated with historical emissions more strongly in the History
treatment than in the Baseline (Pearson’s r = 0.86 in the History
treatment, r = 0.42 in the Baseline).

Table 1 shows that these results hold in OLS regressions where the
dependent variable is the share of costs that participants paid. Since
the data is aggregated on the first-generation outcome level, we do not
have repeated observations and therefore we use an OLS regression
with heteroscedasticity-robust standard errors calculated using the
HC3 bias correction method. In the History treatment, participants
with greater historical emissions covered a larger share of the costs
(8=0.53 in Model 1). In the Baseline, the stock of historical emissions
also has a small but positive effect (ﬁ =0.13 in Model 2). Model 3 shows

+ History
o Baseline
—— 45-degree line

.6 .8 1

outcome created by a first-generation pair of participants. Blue and red solid lines
indicate the best linear fit for the data; the 45° line indicates how costs would be
divided if costs were always divided proportionally to historical emissions.
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Table 1| OLS regression of the share of costs that the proposer
paid conditional on reaching the agreement

(U] 2 3) (4)
H B Hand B Hand B
Historical emissions ~ 0.53*** 0.13** 0.13** 0.1
(13.49) (2.80) (2.79) (0.74)
Total costs -0.018 -0.037 -0.027 -0.027
(-0.78) (-1.18) (-1.42) (-1.37)
History treatment -0.18*** -0.18***
(-4.71) (-4.70)
History x Emissions 0.40%** 0.40***
(6.50) (6.46)
Relative wealth 0.17
(0.20)
Constant 0.28*** 0.47*** 0.47+** 0.40
(9.92) (10.16) (12.17) (1.20)
Observations 90 87 177 177
R? 0.758 0.199 0.647 0.647

t statistics in parentheses; costs are measured in thousands.

The dependent variable is the average share of costs that the proposer paid, aggregated across
all the decisions made by the proposers and responders who were assigned to the same first-
generation outcome. The number of observations is therefore equal to the number of first-stage
outcomes for each player type in that treatment. Historical emissions are calculated as a ratio of
climate mitigation costs created by the proposer’s predecessor to the total climate mitigation
costs created by the first generation. Climate costs indicates the total climate mitigation costs
created by the first generation (in thousands of experimental dollars). History x Emissions is the
interaction between historical emissions and the History treatment variable. Relative wealth is
calculated as the proposer’s endowment, divided by the sum of endowments received by both
participants. H denotes the History treatment; B denotes the Baseline. There were 47 first-stage
outcomes and two player types in generation 2 (A2 and B2), but in some of the 94 distinct
outcomes, the proposer’s offer was never accepted, leaving 90 observations in the History
treatment and 87 in the Baseline. A conservative HC3 bias correction method was used to
calculate heteroscedasticity-robust standard errors. No adjustments were made for multiple
comparisons.

*p<0.05, *p<0.01, **p <0.001.

that historical emissions had a stronger effect in the History treatment
than in the Baseline (8=0.40). Model 4 includes both historical
emissions and relative wealth, which are correlated and could poten-
tially explain why participants pay more for climate change mitigation.
When we account for relative wealth, historical emissions remain sig-
nificant in the History treatment but are no longer significant in the
Baseline. It indicates that participants who unknowingly inherited
greater emissions paid more because they received higher endow-
ments. Next, we study the decisions of both proposers and responders,
regardless of whether they led to an agreement or not. Since each
participant made four decisions in each role, we account for the
dependence using a random-effects GLS regression with a random
effect for each participant and standard errors clustered on the par-
ticipant level. We find that in the History treatment, historical emis-
sions increase both the offers of the proposers and the willingness to
pay of the responders (Supplementary Table Al and Supplementary
Table A2). In the Baseline, the effect of historical emissions is weaker
and disappears once differences in wealth are taken into account. The
results do not change if we additionally control for age, gender, poli-
tical orientation, or the support for action against climate change
(Supplementary Table A13 and Supplementary Table Al4).

Classification of strategies

To better understand how participants respond to information about
history, we classified the strategy of each participant by regressing
their four decisions on historical emissions. We classified the strategy
as proportional to emissions if the estimated regression coefficient
was close to 1 (i.e., between 0.95 and 1.05). In contrast, we classified the
strategy as orthogonal to emissions if the coefficient was close to O
(i.e., between —0.05 and 0.05), which indicates that a participant

disregarded historical emissions. We find that 22% of proposers divi-
ded costs proportionally to emissions in the History treatment, but
none did so in the Baseline (Supplementary Fig. A3). Instead, 20% of
proposers disregarded the stock of historical emissions in the Baseline,
while only 7% did so in the History treatment (the same pattern holds
for the responders; see Supplementary Table A4 for full results). The
results are similar if we use a wider interval to classify strategies (+0.1
or £0.2, instead of +0.05; see Supplementary Table A4): in both cases,
more participants are classified as using a proportional strategy and
fewer disregard historical emissions in the History treatment than in
Baseline. The cumulative distribution functions of the individually
estimated regression coefficients were significantly different between
the two treatments (two-sample Kolmogorov-Smirnov test, approx-
imate asymptotic two-sided p<0.001 for both proposers and
responders; see Supplementary Fig. A4 for further details), indicating
greater use of strategies accounting for emissions in the History
treatment.

Heterogeneous treatment effects

For policy purposes, it isimportant to understand how the information
about history affects the willingness to pay for climate change miti-
gation, especially for participants who inherited more historical
emissions. Thus, we split participants depending on whether their
predecessors created more or less than half of the climate change
costs. On average, proposers with greater historical emissions offered
to pay a significantly higher share of the costs in the History treatment
than in the Baseline (61% of the costs in the History treatment, com-
pared to 53% in the Baseline; see Supplementary Fig. A5). The result is
reversed for proposers who inherited fewer emissions, who agreed to
cover up to 36% of the costs in the History treatment, compared to 44%
in the Baseline. Both differences are statistically significant (see a GLS
regression in Supplementary Table A3). Participants who inherited
more emissions offered to pay more when they were informed about
the historical emissions (model 3 in Supplementary Table A3), but they
did not change their willingness to pay as responders (model 4 in
Supplementary Table A3). The results are reversed for participants
with less historical emissions, who were willing to pay less both as
proposers and as responders, when informed that their predecessor
created the emissions (models 5 and 6).

Ex-post rationality

Consistent with the results in previous ultimatum game
experiments® >, we find that the costs were divided evenly (proposers
on average covered 53%). Therefore, we tested whether the offers of
the proposers were ex-post rational. For each combination of wealth
and climate change mitigation costs created by the first generation, we
calculated the optimal proposer’s offer given the acceptance thresh-
olds of all potential responders. We find that proposers in the History
treatment would maximize their payoffs by dividing the costs almost
proportionally to their historical emissions, but in the Baseline, the ex-
post rational strategy is to divide the costs much more evenly (Sup-
plementary Fig. A6). On average, chosen offers were close to ex-post
rational offers, indicating that proposers maximize their earnings by
taking historical emissions into account in the History treatment but
not in the Baseline (Supplementary Fig. A7).

Obstacles to reaching an agreement

We expected that agreements would be more difficult when partici-
pants needed to cover a larger amount of costs and when they were
further apart in terms of wealth or historical emissions. We tested
these predictions by regressing the expected probability of agreement
on the inequality in wealth and in historical emissions, and controlling
for the total amount of costs. We find support for these predictions:
agreements were less likely when there was greater inequality in his-
torical emissions ([3= —0.35, p=0.036; Model 1 in Supplementary
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Table AS) and inequality in wealth (ﬁ= —2.44, p=0.01; Model 2). The
effect of inequality was the same in the History treatment as in the
Baseline. We also tested whether participants were less likely to agree if
their ancestors were further apart in terms of productivity. Compared
to participants assigned to the first-stage outcomes with equal pro-
ductivity (i.e. $8 per task for both Al and Bl1), those with moderately
unequal piece rates ($10 for Al and $6 for B1) and highly unequal piece
rates ($12 for Aland $4 for B1) were just as likely to reach an agreement
(moderately unequal: 8= — 0.05, p=0.37; highly unequal: B=-012,
p=0.052; Model 3 in Supplementary Table AS5). We conclude that
reaching an agreement was more difficult when participants had to
cover greater climate mitigation costs and when there was greater
inequality in wealth or historical emissions, but not in productivity in
the previous generation.

Additional baseline treatment

In the original Baseline treatment, we did not inform second-
generation participants about the origins of the climate change miti-
gation costs. We did so to obtain a clean comparison of having full
information about the predecessors’ actions in one treatment, and no
information in the other. However, second-generation participants
might behave differently only because they believe that the seeded
numbers were generated by the computer or chosen by the experi-
menter. To exclude this possibility, we ran an additional baseline, in
which second-generation participants (n =93, average age 22.9 years,
57% female) were seeded the same first-generation outcomes as the
participants in the original baseline. In this new baseline (which we call
Baseline with Predecessors), participants were informed that their
endowments and climate change mitigation costs were determined by
their predecessors who took part in an earlier experiment. We framed
this treatment similarly to the History treatment, describing the pre-
decessors as earlier leaders of countries A and B. However, participants
did not know what game was played, what decisions the first-
generation participants made, and how these decisions affected miti-
gation costs and endowments.

Supplementary Tables A7-A12 illustrate the results where the
original Baseline is replaced by the Baseline with Predecessors,
replicating Tables 1 and A1-AS5. We replicate the result that his-
torical emissions have a stronger effect on cost division in the
History treatment than in the Baseline with Predecessors (the
interaction term in Model 3 of Supplementary Table A7 is f=0.31,
p<0.001). The size of the effect is smaller than when the original
Baseline is used (the interaction term is [3= 0.40 in Table 1), which
is driven by a larger coefficient of historical emissions in the
Baseline with Predecessors (8=0.22) than in the original Baseline
([3= 0.13 in Model 2, Table 1), although the difference between the
two is not significant (p=0.087; statistical significance is calcu-
lated by pooling Models 2 from Table 1 and A7 and estimating the
interaction between a treatment dummy and historical emissions;
see Supplementary Table Al5). The difference between the two
baselines remains insignificant when we disaggregate the data to
look at the effect of historical emissions on proposers’ offers
(p=0.068 in Supplementary Table Al5) or on responders’ max-
imum willingness to pay (p=0.225 in Supplementary Table Al5).
We also replicate the finding that historical emissions have a
stronger effect on the decisions and the division of costs in His-
tory than in Baseline with Predecessors, even when controlling for
relative wealth (Model 4 in Supplementary Table A7 and Model 5
in Supplementary Table A8 and Supplementary Table A9).

Overall, we replicate the result that the effect of historical emis-
sions has a stronger effect in History than in the Baseline, even when
participants are informed about the existence of their predecessors.
The differences between the two baseline treatments are not statisti-
cally significant, although the estimated coefficient for cost division is
higher in the Baseline with Predecessors.

Finally, similar to the original Baseline, when using the Baseline
with Predecessors, we found that the History treatment did not change
the probability of reaching an agreement. However, in the Baseline
with Predecessors, the coefficients for inequality in emissions and
wealth were not significant, indicating that more inequality did not
reduce the probability of a successful agreement (Supplementary
Table A12).

Discussion

We found that when participants with greater historical emissions
were informed about it, they offered to pay a larger share of climate
mitigation costs. This behavior is consistent with collective
responsibility>**, even though the generation that pays for climate
change mitigation and the generation who created climate change
never interacted. Our findings suggest that citizens in developed
countries may accept paying more for climate change mitigation if the
link between past emissions, present wealth, and present climate costs
is made clear to them. Recent advances in climate science enable
policymakers to communicate this information with greater accuracy
than ever before’.

Our experiment also shows that developed countries might have
to offer paying for a larger share of climate change mitigation costs
because failure to do so reduces the probability of reaching an
agreement. In the History treatment, which models the current state of
scientific knowledge about historical emissions, proposers would
maximize their earnings by proposing to divide the costs pro-
portionally to historical emissions, because responders would reject
offers that ignore historical emissions. By securing a climate agree-
ment that averted disastrous climate change, proposers were better
off because the decreased incidence of disasters outweighed the
increased payments for climate change mitigation.

A possible interpretation of these findings is that in the History
treatment, information about the predecessor’s carbon emissions
provided a salient cue for the fraction of costs that the participant
should cover. This cue, which was unavailable in the Baseline, might act
as a focal point or an anchor, which are known to affect decisions®*,
Salience might be especially important because there are multiple
Nash equilibria in the game. Future work could study whether infor-
mation about historical emissions affects decisions because of salience
and whether decisions would be affected by other kinds of salient
information, including irrelevant anchors.

Although information about historical emissions significantly
affected offers, the probability of reaching a climate agreement was
the same regardless of whether participants were informed about
historical emissions. The reason is that in the History treatment, the
successors of high emitters made higher offers, whereas the succes-
sors of low emitters made lower offers. Thus, the combined effect of
more generous offers by the successors of high emitters and lower
offers by the successors of low emitters resulted in similar average
offers and similar agreement rates in the History treatment and in the
Baseline. In these two conditions (but not in the Baseline with Pre-
decessors), we also found that participants in the second generation
were most successful in reaching an agreement when they were
bequeathed with similar wealth and historical emissions. This finding
complements previous results about how international inequality
thwarts efforts to curb climate change®* by showing that interna-
tional cooperation would have been easier if inequality between
countries had been lower.

By using different participants to model each generation, the
present experiment overcomes key limitations of previous work that
studied the role of climate responsibility. For example, in previous
studies, the same participants played both stages of the game®"';
climate responsibility was not studied in a social dilemma game*; or
the focus was on the creation of climate costs, not their mitigation*’.
Accordingly, our results are different. For example, we find that
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information about the predecessor’s responsibility for generating the
emissions did not reduce the probability to reach an agreement, in
contrast to a previous finding that participants were reluctant to
cooperate with those who created higher thresholds in the first stage'.
In our experiment, motives for negative reciprocity are eliminated
because the second generation is not personally responsible for the
first-stage outcomes.

Our study has several limitations that could be addressed in future
work. For simplicity, the experiment involved only two participants per
generation, modeling two large economies with different historical
emissions and wealth (e.g., the United States and Brazil). If the game
involved a larger number of players, the results might be different, for
instance due to diffusion of responsibility**2. We also used a one-shot
negotiation game, and it would be interesting to see if the results
would change if participants could adjust their offers over multiple
rounds. Future research could also use real national identities instead
of fictional ones. Previous research has shown that national identity
can influence attitudes toward globalization”® and international
solidarity**. It would be interesting to study whether national attach-
ments would alter people’s willingness to pay for ameliorating the
climate wrongs committed by their co-national ancestors.

Finally, in the present experiment, we made several assumptions
that future work can relax. For instance, we assumed that first-
generation participants knew that production generates carbon
emissions that the future generation will have to mitigate. Only very
recent generations meet this knowledge condition?, so future work
could test whether information about historical emissions affects
willingness to pay for climate change mitigation even if participants
know that their predecessors were unaware of the consequences of
their production. Also, we assumed that the historical contribution to
climate change can be identified from the information about the total
historical emissions of each country. However, the effects of histor-
ical emissions may be nonlinear and depend on when and where they
were released”. Countries’ contribution to the climate change pro-
blem would therefore depend not just on the total emissions, thus
making historical responsibility more difficult to establish. We also
made the simplifying assumption that climate change negotiations
can either succeed or fail in avoiding catastrophic climate change. In
practice, countries might reach a partial agreement that would
reduce but not eliminate the disaster risk. Future work could attempt
to model these complexities.

Amid the Covid-19 pandemic, countries have increasingly strug-
gled to reach the targets set by the Paris Agreement®. As the world
nears the point of no return to stop disastrous climate change* and
needs costlier investments in high-risk, high-return investments*,
harnessing global support for climate change mitigation efforts will be
an increasingly pressing challenge. Communicating to the public in
developed countries the relationship between their present wealth and
the carbon emissions of previous generations may increase the sup-
port for more ambitious mitigation efforts in these countries.

Methods

All experiments were conducted online using Qualtrics. We ran the
main experiment in November 2020. We ran the additional baseline in
June 2022. The experiments were approved by the Institutional Review
Board at the National University of Singapore (NUS) (reference num-
ber: S-20-040). Informed consent was obtained from all participants.
All participants were NUS students, recruited from the pool of the NUS
Centre for Behavioural Economics using ORSEE". The earnings were
denominated in experimental dollars, converted at the rate: 100
experimental dollars = 1 SGD (at the time of the experiment, the
exchange rate was 1 SGD = 0.75 USD). First, we recruited 103 partici-
pants for the first generation. The average earnings of the first-
generation participants were 4.9 SGD (including the 3 SGD show-up
fee) and the median duration of the experiment was 17 min. We used

the first-generation data to calculate the outcomes for the second
generation. For the second generation, we recruited 103 participants
for the Baseline treatment and 101 participants for the History treat-
ment. Each participant in the second generation was assigned a fixed
role (either A2 or B2) and matched with four different first-generation
pairs. For each pair, the participants made decisions both as a proposer
and as a responder. Once we collected all second-generation data, we
randomly selected one of the four outcomes for each participant,
randomly matched the participant with someone who made choices in
the complementary role, randomly selected which participant was the
proposer, and calculated the final earnings. If no agreement was
reached, we performed a lottery to determine whether the climate
disaster occurred or not. The average earnings of the second-
generation participants were 7.1 SGD (including the 3 SGD show-up
fee) and the median duration of the experiment was 18 min.

Before starting the experiment, participants read the instructions
and answered a comprehension quiz. Participants passed the com-
prehension quizif they answered at least 5 out of 6 questions correctly.
All participants passed the comprehension quiz. After the game, par-
ticipants answered questions about their attitudes toward climate
change*® and demographic items (see section S4 of the Supplementary
Information for the full text of the instructions, comprehension quiz,
and demographic items). The descriptive statistics for the ques-
tionnaire are provided in Supplementary Table Aé6.

In the experiment, the climate change mitigation costs were
increasing in the production by the first generation: if we denote the
piece rates of Al and Bl by p, and p; and the number of completed
tasks by ¢4 and ¢, the total climate change mitigation costs were cal-

2 2
culated as C(py, pg, ta, tg) :(pfég) +(pf6t(’;) . The set of piece rates was

either {p,=8,pz=8}, {p,=10,pz =6} or {p, =12, pg =4}, chosen with
equal probabilities and revealed to the participants at the start of the
experiment. Environmental costs were convex in production because
of the empirical evidence that the relationship between increases in
global temperature and carbon emission is non-linear”*. Convexity
also ensures that pro-social participants would produce an amount
between 0 and 40, thereby increasing the variance of first-stage out-
comes needed to identify how the second generation responds to
different levels of historical emissions. The scaling parameter was set
such that the socially efficient production would not exceed 40 (the
maximum number of tasks that participants could complete) for any of
the possible piece rates.

To clarify the incentives for the first-generation participants, we
explained the relationship between production, earnings, and climate
mitigation costs using a table and a figure. We also gave real-time
feedback: after completing each task, participants saw their accumu-
lated earnings and generated costs, as well as the subsequent change
in these variables from completing one more task. In addition, we
framed the game using concrete terms, rather than using abstract
language: participants were told that completing each task will build a
factory, which will produce a certain number of cars; cars generate
earnings but also contribute to climate change, which will need to be
mitigated by the next generation (see full instructions in section S4 of
the Supplementary Information).

In the History treatment, second-generation participants
knew that their endowments and climate mitigation costs were
determined by the previous generation; they were also fully
informed about the incentives that the first generation faced and
the decisions that they made. Participants guessed how much
their predecessor produced before the predecessor’s emissions
were revealed. Information about beliefs allows us to assess
whether the predecessor’s emissions are higher or lower than
expected, which might affect behavior in the negotiations stage.
Belief elicitation is quite standard in economic experiments and
elicitation typically does not affect subsequent decisions®. In the
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Baseline treatment, second-generation participants were informed
about the endowments and climate mitigation costs but did not
know how these values were determined. In each treatment, par-
ticipants’ starting endowment was equal to the wealth of their
predecessor, plus $600. All second-generation participants were
assigned to four pairs of first-generation participants and made
decisions for each potential predecessor. Participants had to
choose how to divide the climate change mitigation costs using an
ultimatum game with a strategy method. First, each participant
acted as a proposer and chose how to split the costs between
themselves and the other participant. Then, a participant acted as
a responder and chose the maximum amount they were willing to
pay to accept the proposer’s offer. Both proposers and responders
made their decisions using a slider on their screen and saw real-
time information about the resulting division of climate mitigation
costs and earnings. Initially, the slider was set to $0 (i.e., the
proposer would be asking the responder to pay nothing, and the
responder would not be willing to pay anything), but participants
could not proceed to the next stage until they move or click on
the slider. The proposer’s offer was implemented if it was accep-
table to the responder; otherwise, it was rejected. If the offer was
rejected, there was a 90% chance that participants will earn
nothing because of a climate disaster and a 10% chance that the
participants would keep their original endowments. Whether the
participant was a proposer or a responder was determined by a
random draw once all data had been collected.

In our design, participants could either succeed in mitigating
climate change and avoid the disaster or fail to reach an agree-
ment and risk disastrous consequences. We made this simplifying
assumption to keep our design similar to the collective-risk
social dilemma and ultimatum games used in the previous
literature™*”*° and to make the game sufficiently simple to
understand and analyze. Our design models climate negotiations
in which countries need to agree on how to limit the rising tem-
perature beyond some critical level; otherwise, no deal is made.
However, in practice, countries could reach a partial agreement,
which would reduce the risk of disasters but would not eliminate
it. Future research could explore negotiations in which failing to
cover all of the mitigation costs would reduce the risk pro-
portionally to the amount paid by the participants.

The inheritance of wealth by the second generation simulates how
the development of a country generates wealth for future generations
but can also create problems that future generations will need to solve.
We added $600 to the endowments in the second generation to
ensure that participants were not budget-constrained and could cover
the climate mitigation costs. The highest possible value of costs equals
$1600 and occurs if participants in the first generation complete all the
tasks and productivities are (12, 4). In that case, the endowments of the
second-generation participants would be $1080 and $760. Therefore,
participants always have enough to jointly cover the costs, and the
poorer participant has enough to cover almost half of the costs by
themselves.

The destruction of endowments was probabilistic to reflect the
probabilistic nature of climate change and in line with the previous
literature®""2, The destruction probability was set to 90%, in line with
previous literature***°*, and ensures that reaching a deal is always
socially optimal. After the game, participants provided open-ended
comments about how they made their decisions. A quantitative ana-
lysis of participants’ open-ended comments is available in section S5 of
the Supplementary Information.

The experimental data was analyzed using Stata 14.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Experimental data that support the findings of this study have been
deposited in OSF: https://osf.io/5Srupw/?view_only=bc4ea055ed8045
c896ee9e7b34f57a3c.
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