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In a carbon-based economy, the common pool resource dilemma
surrounding appropriation of the global climate commons through
economic development is inextricably linked to the collective action
problem of climate change mitigation. As a result, rights and obliga-
tions pertaining to past, present and future greenhouse gas emissions
are at the heart of disagreements in international climate change ne-
gotiations. We introduce an experimental game that captures the
interdependent social dilemma of anthropogenic climate change and
its mitigation. Treatments in which responsibility for the adverse
consequences of climate change is endogenously determined by ex-
traction from a common pool resource are compared to conditions
in which endowments are identically distributed but exogenously de-
termined. In an additional treatment we capture the distinction
between industrialized and industrializing countries by manipulating
historical opportunities for wealth creation. We find that endoge-
nous responsibility makes successfully overcoming the social dilemma
more di�cult because it complicates the resolution of the mitigation
dilemma by introducing another dimension of fairness considerations.
Though our findings highlight the deleterious e↵ect that asymmet-
ric historical responsibility can have on successfully overcoming the
climate change dilemma, they also demonstrate that when made
salient, such responsibility can shape the behavior of the histori-
cally advantaged in such a way that facilitates bottom up solutions
to governing the global climate commons. These solutions closely
resemble obligations that have been built into proposed top-down
solutions such as the Kyoto Protocol and the Warsaw Mechanism.

Significance Statement: Wealthy countries have grown rich
while emitting a large amount of greenhouse gases that con-
tribute to climate change. While rapidly industrializing coun-
tries are currently large emitters, they have historically con-
tributed less to this problem. This di↵erential causal responsi-
bility has been a major hurdle in international climate negoti-
ations. We introduce a new experimental game that explicitly
ties historical economic development to both responsibility for
the gravity of climate change and the cost of its mitigation.
While our results show that introducing causal responsibility
makes it more di�cult for the players to successfully miti-
gate climate change, they also show that the “early developers
seem to understand that their privileged status carries with it
a greater obligation to shoulder the burden of mitigation.

Rights and obligations pertaining to past, present and future
appropriation of the global climate commons through emis-
sions of greenhouse gases are at the heart of disagreement in
international climate change negotiations [1, 2]. These include
both the right to materially benefit, i.e., through industrializa-
tion and economic development, from appropriating the global
climate commons, and obligations to pay for economic loss re-
sulting from such appropriation [3]. Ethical dimensions of the
resource and burden sharing associated with climate change
mitigation have been investigated in [4, 5, 6, 7, 8]. With re-
spect to bearing the costs of climate change mitigation ef-
forts, three general ethical principles emerge: ability to pay,
causal responsibility, and beneficiary pays1 [8, 6]. “Ability
to pay” in the form of wealth inequalities in a collective risk
social dilemma (CRSD) framework has been explored, using

both behavioral game theory and computational simulation
[9, 10, 11, 12, 13, 14]. However, these all lack the endoge-
nous wealth generation that characterizes the climate change
dilemma. Building on the the now-standard CRSD we intro-
duce the dimension of causal responsibility into the experi-
mental study of climate change mitigation behavior. Because
obligations to finance mitigation e↵orts cannot be decoupled
from a nation’s history of industrialization, our design cap-
tures the jointly constituted social dilemma that is anthro-
pogenic climate change and its mitigation.

The CRSD [16, 17] is a threshold public goods game of loss
avoidance: players are randomly assigned to small groups and
(exogenously) endowed with an initial wealth level, portions
of which can be contributed—over multiple periods—toward
an exogenously given threshold value. If the group’s collec-
tive contributions meet or exceed this threshold, the group
avoids a collective loss of earnings and each member retains the
un-contributed remainder of their endowment. If the group’s
collective contributions fail to reach the threshold value, the
members face some exogenous and known probability of cli-
mate change-induced “catastrophic loss” (loss of the entirety
of their retained earnings). The social dilemma arises, as in
all public goods games, from the incentive to free-ride on the
contributions of others in hopes that one’s group will meet the
threshold through the contributions of others.

Insofar as the CRSD is intended to model climate change
mitigation, an important backstory emerges regarding the ori-
gin of these exogenous initial wealth levels. Such wealth plays
an important role in the potential economic loss that contri-
butions to the public good in a CRSD are intended to prevent.
Because wealth in a carbon-based economy inevitably leads to
the appropriation of the climate commons, wealth and histor-
ically accumulated “carbon2 debt” are endogenously linked to
responsibility for the gravity of the existing anthropogenic cli-
mate change problem [11]. We introduce this endogeneity into
the CRSD, and we expect that behavior in the CRSD should
be sensitive to such a linkage if it is made salient.

Reserved for Publication Footnotes

1An additional criterion, advanced in [4] involves “equal per capita emission rights.” We limit our
study to the analysis of individual behavior, which is by default defined on a per capita basis.
2Though we will refer to “carbon” for expositional purposes, the more general quantity of interest is
the “carbon dioxide equivalent” (CDE) which measures the total amount of warming potential in a
given mixture of greenhouse gas(es) over time and is expressed in equivalent units of carbon-dioxide
[18].
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The Earth’s atmosphere is capable of absorbing only a finite
amount of CDE before anthropogenic climate change results
in catastrophic economic losses [19, 21]. As a result, the global
climate commons is a common pool resource, and its appropri-
ation is a common pool resource dilemma (CPRD) [20]. The
degree to which the climate commons that has been appro-
priated determines the costs of climate change mitigation and
the severity of the consequences should mitigation e↵orts fall
short. However, current conceptions of the CRSD take as ex-
ogenously given three important parameters that link histor-
ical appropriation of the climate commons with the climate
change mitigation dilemma: initial wealth endowments, the
threshold value, and the probability of loss [16, 11, 10]. As in
all CPRDs, the crux of the social dilemma is that while the
group is made worse o↵ though collective over-use of the com-
mon pool, each individual stands to profit from extraction or
appropriation of the resource. In the case of the global climate
commons each individual actor gains through wealth generat-
ing activities that deplete the common pool. Such depletion
increases the probability of a catastrophic economic loss for
the group, while also increasing the cost of any successful mit-
igation e↵ort (the threshold) [15], thereby endogenously deter-
mining the two key parameters of the CRSD. We embed causal
responsibility into the CRSD by introducing endogenously gen-
erated wealth inequalities arising from extraction behavior in
a preceding common pool resource dilemma (CPRD). There is
a wide historical disparity between industrialized countries in
the “global north” and industrializing countries in the “global
south” that motivate this study. Figure 1 shows the dramatic
historical di↵erences in historical carbon emissions for a num-
ber of the world’s key economies.

Fig. 1. Historical CDE emissions data show that wealthier countries, as a result of
their industrialization, have appropriated the global climate commons to a greater ex-
tent than poorer countries. Currently, their emissions represent the bulk of the stock.
Developing countries, especially China, are engaging in “catch-up” growth and as a
result increasing their share of both stocks and flows of carbon. Figure 1 is adapted
from http://www.economist.com/blogs/graphicdetail/2013/11/daily-chart.

Inequality of the initial endowments makes cooperation in
the CRSD more di�cult to achieve, although cooperation can
be enhanced through communication, and by other signs of
leadership by wealthy actors [13, 10, 11, 9]. The inequality of
the initial wealth distributions in previous studies, however, is
exogenously induced, and the collective risk and cost of miti-

gation are not a function of the individual and group wealth
levels. Our design incorporates two endogenous treatments
each coupled with a control treatment that is characterized
by identical, but exogenous, wealth inequalities, thresholds
and probabilities of loss. Our principal experimental manipu-
lation is to allow treated participants the opportunity to en-
dogenously construct their own endowments of wealth through
extraction of a resource across multiple rounds. Group level
extraction in the CPRD then determines the group’s threshold
and probability of loss in a subsequent CRSD. This design per-
mits the analysis of the e↵ects of both the degree of inequality
(di↵erential ability to pay) and the the source of inequality
(di↵erential causal responsibility) on mitigation behavior. In
the second endogenous manipulation, we randomly designate
individuals to play the role of early developers (“wealthy coun-
tries”) or late developers (“developing countries”), giving the
lates a delayed right to exploit the common pool resource.

We model anthropogenic climate change and its mitigation
as a compound common-pool/collective-risk social dilemma
in which there are two potentially synergistic ways in which
actors can display prosocial behavior: by limiting their appro-
priation of the global climate commons and/or by shouldering
a greater share of the burden of mitigation. Both of these be-
haviors have analogues in international climate negotiations.
To manage the global climate commons, the Kyoto protocol
mandated emissions cuts for developed countries but explicitly
exempted developing countries to allow for “catch-up” growth
[23]. With respect to mitigation, the Warsaw International
Mechanism for Loss and Damage would obligate wealthy coun-
tries to compensate vulnerable developing countries for eco-
nomic loss and damage associated with climate change [24].
We explore the behavioral implications of this compound so-
cial dilemma using paid human subjects in a computer-based
laboratory experiment. Our results demonstrate that endoge-
nous responsibility can have a deleterious e↵ect on cooperation
in the CRSD. However, they also clearly show that “bottom-
up” institutions [25], which can help solve both aspects of the
climate change dilemma, can emerge. These institutions e↵ec-
tively mirror the top-down institutions proposed in the Kyoto
and Warsaw agreements.

Experimental Design
Our design involves the manipulation of two levels of each of
two factors—responsibility and inequality—yielding four total
between-subjects treatments: Endogenous–Symmetric Oppor-
tunities, Endogenous–Asymmetric Opportunities, Exogenous-
Symmetric and Exogenous-Asymmetric. Each treatment con-
tains 12 groups of 6 players each.

Endogenous–Symmetric Opportunities (End-Sym):
explicitly links initial wealth and past carbon emissions with
responsibility for potentially harmful climate change. The
first phase of the game is a CPRD, described to the par-
ticipants as the economic development phase. The partic-
ipants are randomly and anonymously placed into (a total
of 12) groups of 6 [16]. In each of t = 1, . . . , 10 periods
each participant i in group j can choose an extraction level,
eij,t 2 $[0, 1, 2, 3, 4], from a common pool of resources—R—
representing, in e↵ect, the total economic value of the available

CDEs.3 Eij =
10P
t=1

eij,t is the total extraction for i in j rep-

resenting each participant’s “carbon debt” and will become

3 Implicit in our design is the simplifying assumption that the economic value of CDEs is constant
across time and space.

2 www.pnas.org — — Footline Author
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their endowment in the next phase of the game. The total

“carbon debt” of group j is Ej =
6P

i=1

10P
t=1

eij,t.

The next phase of the game consists of 10 periods of a
CRSD, or mitigation phase. Each participant’s endowment
is endogenously chosen in the preceding CPRD, and equal to
Eij . Participants were briefed on the basic mechanisms be-
hind anthropogenic climate change and the link between na-
tional wealth in a carbon based global economy and climate
change. [Experimental instructions and further design details
are contained in the SI text.] In each of s = 1, . . . , 10 periods,
each player chooses a contribution level, cij,s 2 $[0, 1, 2, 3, 4].

Cij =
10P
s=1

cij,s is each participant’s total contribution toward

the threshold, and Cj =
6P

i=1

10P
s=1

cij,s is each group’s total con-

tribution. Recall that in a CRSD, if Cj < Tj , where Tj is
the threshold value for group j, then catastrophic economic
loss occurs with a specific, commonly known probability (p)
that is stepwise increasing in Ej (see Table 1). In the ex-
periment, this economic loss is represented by the loss of the
group members’ remaining endowments. If Cj � Tj then loss
is avoided and ij’s payo↵ is ⇡ij = Eij � Cij . In our design,
the equation, Tj = Ej ⇤ 0.53 explicitly ties aggregate wealth—
as a result of the choice to extract resources in the economic
development phase—with responsibility for the gravity of the
climate change situation and thus the di�culty in mitigating
it through contributions in the mitigation phase.

Endogenous-Asymmetric Opportunities (End-Asym):
captures another crucial aspect of asymmetric historical re-
sponsibility: for some period of time, the vast majority of
the world’s total carbon emissions were produced by what
are today the world’s developed countries [26]; though to-
day’s rapidly industrializing countries (e.g., China, India, and
Brazil) are currently large emitters of carbon, their collective
responsibility for the current stock of carbon is limited because
their large scale appropriation of the climate commons is quite
recent [27, and see Figure 1]. End-Asym is identical to End-
Sym, except in this case three randomly selected members of
each group (“late developers”) are explicitly prevented from
exploiting R in the first 5 periods, while the other half of the
group (“early developers”) are free, as those in End-Sym, to
extract from the common pool in all 10 periods. This opera-
tionalizes the notion that developing countries have had his-
torically fewer opportunities for economic development. Such
“lates” therefore have a lower ability to pay in addition to less
causal responsibility for the problem. Aside from the asym-
metric opportunities for extraction, the extraction strategy
space is equivalent to that in End-Sym.

Tj is a key feature of the CRSD, because if Cj < Tj , all
members of group j will face some probability of losing their
remaining endowments. In previous studies, this probabil-
ity of loss has been manipulated [16] but always exogenously
given. To capture another aspect of the real-world climate
change dilemma, the probability of loss in our design is en-
dogenously determined as an increasing function of Ej [28].
Table 1 contains the correspondence between Ej and p for
both End-Sym and End-Asym. Because End-Asym contains
25% fewer rounds in which extraction can take place, maxi-
mum extraction is reduced by 25% relative to End-Sym, and
the mapping between Ej and p is scaled down concomitantly.

In order to uncover any e↵ect of endogenous responsibility
on behavior in the CRSD we must compare it to an other-
wise identical scenario that lacks such a feature. Treatments
Exogenous-Symmetric and Exogenous-Asymmetric serve as

exogenous responsibility control conditions for End-Sym and
End-Asym respectively. These control treatments are identi-
cal in the sense that the initial endowments in the CRSD are
exogenously assigned based on randomly matching individual
endowments within each group from each of the groups in both
of the respective endogenous treatments. For the exogenous
treatments, we randomly assign the individual endowments
of each group in the endogenous condition to a group in the
corresponding exogenous condition.

Exogenous-Symmetric (Ex-Sym): is a control treatment
consisting of only the contribution phase that is not preceded
by an economic development phase. In Ex-Sym each group
is randomly matched to a group in End-Sym, and then each
of the six members of the group is randomly matched to one
of the six members of their End-Sym counterpart group, and
assigned the initial endowment of the matched subject from
End-Sym. Employing the notation from above, Eij (End-Sym)
7! Enm (Ex-Sym) 8 i = n and 8 j = m. As a result, the de-
gree of inequality as well as the threshold and probability of
loss across each matched pair of groups is held constant. Thus,
we can compare End-Sym and Ex-Sym in terms of behavior
in the mitigation phase of the game, with the sole di↵erence
being in the source of the initial endowments.

Exogenous-Asymmetric (Ex-Asym): is identical to Ex-
Sym except that the initial endowments in the CRSD, as
well as the group thresholds and probabilities of loss, are
exogenously determined by the behavior of the participants
in End-Asym and randomly matched to participants and
groups in Ex-Asym: Eij (End-Asym) 7! Enm (Ex-Asym)
8 i = n and 8 j = m. Due to asymmetric opportunities for ex-
traction, the within-group inequalities of the endowments are
greater in End-Asym and Ex-Asym than in End-Sym and Ex-
Sym. [Further information about individual and group level
endowments is available in SI text.]

Table 2 displays the factorial nature of our design, and
demonstrating the control conditions allowing us to separate
the e↵ect of endogeneity from inequality. Mean Gini coe�-
cients for each condition are in parentheses.

There is a great multiplicity of equilibria in the games in
[11] and [16] and therefore neither fully characterize them. In
our design, the strategy space is greatly expanded as a result

Table 1. Probability of loss of retained earnings as a function of amount extracted.
Though the probability of loss is increasing monotonically in CDE concentration, there
are likely to be tipping points, in which the climate system moves rapidly from one
equilibrium to another [22]. We use a step-function to model these dynamics.

Ej : End-Sym Ej : End-Asym Pr(Loss)
0-60 0-45 0.167
61-120 46-90 0.5
121-180 91-135 0.75
181-240 136-180 0.917

Table 2. Two-factor design: Inequality and Endogeneity. In order to isolate the
e↵ects of endogeneity, we needed to control for inequality. Each endogenous condition
has a matched treatment in which the individual endowments are exogenously mapped
onto a second set of 12 groups, thereby preserving the group-by-group distribution of
endowments and thus their inequality. With endogenous but asymmetric opportuni-
ties the inequalities are greater. Mean Gini index coe�cients for each condition are
displayed in parentheses, with higher numbers indicating greater inequality.

Responsibility Inequality
Low High

Endogenous End-Sym (0.104) End-Asym (0.158)
Exogenous Ex-Sym (0.104) Ex-Asym (0.158)

Footline Author PNAS Issue Date Volume Issue Number 3
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of the addition of the CPRD. Therefore it is nearly impossi-
ble to fully characterize even the pure strategy equilibria in
our game. Certainly one symmetric equilibrium is to maxi-
mally extract in the CPRD, and then contribute nothing in
the CRSD. [Further (informal) equilibrium analysis in SI text.]

Results
In the aggregate, the results demonstrate that groups in the
Endogenous treatments are significantly less likely than those
in the Exogenous treatments to be successful in the climate
change game. Success in overcoming the social dilemma is
measured by the proportion of groups in each treatment for
which Cj � Tj . Endogenous responsibility significantly de-
creases a group’s chances of success [n=48; p=0.001, two-sided
Fisher’s Exact (FE) test]. The Inequality factor, however, has
no e↵ect on the chances of success [n=48; p=0.212, two-sided
FE test], though the lack of significance may be due to the
relatively mild di↵erence in the degree of inequality between
Ex-Asym and Ex-Sym. Figure 2 displays success by treat-
ment and factor. [Further analyses in SI Text.] We believe
that participants are more sensitive to deviations from pro-
portionality in contributions in the Endogenous treatments
because the link between wealth and responsibility for climate
change is made salient. As a result fragile conditional cooper-
ation quickly vanishes. Because the groups in the Exogenous
treatments were constructed so as to be identical to the En-
dogenous groups in terms of endowment inequalities, these
results show that the introduction of causal responsibility sig-
nificantly decreases the likelihood, over and above any e↵ect
of inequality, that the groups are able to successfully resolve
the social dilemma.
Figure 3 displays the distributions of the contribution

choices by treatment and period. Note the drop-o↵ in con-
tributions in the final period, especially in Ex-Asym and Ex-

Fig. 2. Proportion of groups meeting threshold by treatment and factor. Each
treatment consists of 12 groups. Error bars represent 95% confidence intervals. The
figure visually confirms the results from our FE tests. No overlap between the red bars
indicates that groups in the Endogenous treatments are significantly less likely to
reach the threshold than those in the Exogenous treatments, whereas the (blue)
error bars for the two levels of the Inequality factor overlap substantially.

Fig. 3. Distributions of Contributions by Treatment and Period. Contributions tend
to start o↵ higher and decrease over the 10 periods. The decrease is more marked
in the final period, and especially in Ex-Sym. This “end-game” e↵ect reflects the
fact that some groups, especially in Ex-Asym and Ex-Sym, had already met the
threshold by period 8 and thus the group members had no incentive to contribute as
the threshold had already been met.

Sym. This is a well known phenomenon in linear public goods
games [29], but the CRSD is in e↵ect a threshold public goods
game. The steep drop-o↵ thus reflects a surfeit rather than
a dearth of cooperation: in Ex-Sym, two-thirds of the groups
met the threshold before the final period, with three meeting
the threshold in the 8th period. Ex-Asym is characterized by
similar, but less pronounced, behavior. In contrast, only two
groups in End-Sym and one group in End-Asym managed to
meet the threshold before the 10th period. Nonetheless, aside
from the interpretation of the end-game e↵ects, the pattern of
contributions is similar to more standard public goods games:
the game begins with relatively high levels of contributions,

Table 3. Proportional Contributions by Treatment, Wealth, and Development Sta-
tus. The p-values in the rightmost column are derived from two-sided KS tests for
equality between two distributions, a and b. In Sym conditions, wealthy players
contributed proportionally more than poorer players, whereas the opposite is true
in Asym conditions. Only in End-Asym is the di↵erence between the propor-
tional contributions of the wealthy members significantly higher [n=72; p=0.013,
one-sided KS test]. When we compare the di↵erence between the earlys and lates
[n=72; p=0.001, one-sided KS test], whereas there s no di↵erence between “early”
and “late” giving in Ex-Asym [n=72; p=0.105, one-sided KS test]. Thus it appears
that wealthy individuals, who nearly always early developers, feel more responsible for
contributing to the threshold in End-Asym.

Treatment Status Proportion p(a = b)

End-Sym above median (a) 0.49 0.20
End-Sym below median (b) 0.55
Ex-Sym above median 0.52 0.31
Ex-Sym below median 0.55
End-Asym above median 0.54* 0.02
End-Asym below median 0.46
Ex-Asym above median 0.56 0.22
Ex-Asym below median 0.49
End-Asym Late developers (a) 0.42* 0.01
End-Asym Early developers (b) 0.55
Ex-Asym Late developers 0.48 0.15
Ex-Asym Early developers 0.57

4 www.pnas.org — — Footline Author
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which steadily decline, until the final few periods in which
there is a more dramatic decline in contributions.

Consistent with the ability to pay principle, we hypothesize
that wealthier participants will contribute proportionally more
toward meeting the threshold. Table 2 displays mean propor-
tional contributions by treatment/development status and by
wealth (above or below their respective group’s median endow-
ment). Those above the median contribute significantly (pro-
portionally) more than those below the median only in End-
Asym [n=72; p=0.013, one-sided Kolmogorov-Smirnov (KS)
test]. No di↵erence was found in End-Sym [n=72; p=0.819,
one-sided KS], Ex-Sym [n=72; p=0.701, one-sided KS], nor
Ex-Asym [n=72; p=0.150, one-sided KS]. Perhaps because the
wealthier individuals tend to be earlys, they feel an additional
obligation to contribute. Relative wealth levels are (partly)
endogenous in End-Asym, but we can exploit the randomly as-
signed early distinction to determine whether earlys give more
than lates as a result of their privileged status. The “earlys”
and the “lates” in Ex-Asym serve as control cases that are
assigned identical endowments without the early/late status
being made explicit. Results show that in End-Asym, earlys
contributed significantly more than lates [n=72; p=0.001, one-
sided KW test], whereas in Ex-Asym no di↵erence is detected
[n=72; p=0.105, one-sided KW test]. This suggests that par-
ticipants’ early status per se is a↵ecting their contribution lev-
els, and that perhaps the salience of historical opportunity can
be used to encourage cooperation in the CRSD. Those par-
ticipants who had greater historical opportunity to become
wealthy may also have felt an increased obligation to help
ameliorate the problem exacerbated by their wealth creation.
That this was not the case in End-Sym—a scenario in which
the historical opportunities were symmetric—bolsters such an
interpretation.

In End-Asym, earlys contribute proportionally more than
lates. Does greater proportional contribution by earlys in-
crease the chances of success? Using logistic regression we
find that in End-Asym the marginal e↵ect of aggregate con-
tribution by earlys is associated with increased odds that a
group is successful in meeting the threshold [n=72; Odds Ra-
tio (OR)=131.2, p=0.025], once the marginal e↵ect of earlys’

Fig. 4. Average Extraction by Period and Treatment/Development Status. Error
bars represent 95% confidence intervals. These indicate that earlys in End-Asym

extract significantly less, across virtually all periods, than those inEnd-Sym, whereas
lates in End-Asym extract more than earlys and less than those in End-Sym.
Thus earlys appear to be allowing the lates to engage in catch-up growth.

giving is taken into account, there is no significant e↵ect of
increased aggregate giving [n=72; OR=1.02, p=0.771], indi-
cating that it is specifically giving by earlys that is driving
success. Conversely, there is no significant e↵ect of giving by
earlys in Ex-Asym [n=72; OR=2.92, p=0.63], while increased
total aggregate contributions do significantly increase the odds
of success in this treatment [n=72; OR=1.07, p=0.04]. This
suggests that giving by “earlys” is not of any additional rele-
vance, as their status is not di↵erentiated in Ex-Asym. Recall
that “earlys” in Ex-Asym are randomly assigned the initial
endowment of earlys from End-Asym, but participants in Ex-
Asym are only di↵erentiated by their endowment, not their
status. This is further evidence that the historical availability
of opportunities for development, over and above inequalities
in wealth, play an important role in the participants’ behavior.

We now analyze extraction behavior. Due to their privi-
leged status, were earlys in End-Asym less likely to exploit
the common pool resource than participants in End-Sym, who
had symmetric opportunities? Figure 4 displays the average
extraction behavior across rounds by treatment and develop-
ment status. Earlys in End-Asym did extract significantly less
than their counterparts in End-Sym during periods 1 to 5, the
period of their exclusive rights to extraction [n=108; p=0.031,
two-sided KS test]. This prosocial behavior continued through
periods 6 to 10, with the same pattern of attenuated extraction
by earlys emerging when comparing them to those in End-Sym
[n=108; p=0.008, two-sided KS test], and when comparing
earlys to lates [n=72; p=0.001, two-sided KS test]. This is
despite the fact that in periods 6 to 10, both groups are given
the same extraction rights. Thus what di↵erentiates the two
groups are their historical extraction opportunities. Total ex-
traction by earlys in periods 6 to 10 is no higher than it is in
1 to 5 [n=36; p=0.779, one-sided KS test]. This willingness
to forego additional extraction and, in e↵ect, allow the lates
to engage in “catch-up” growth while constraining their own
levels of extraction is strikingly similar in spirit to the Ky-
oto protocol [4, 23]. The Kyoto protocol proposed emissions
caps that would apply to developed countries while developing
countries were given explicit exemptions from such limits to
avoid prematurely stunting their economic development.

In sum, despite the fact that the behavior of earlys is proso-
cial in both limiting their extraction and by contributing pro-
portionally more toward the threshold, groups in End-Sym
were the least successful of all four treatments. Nonetheless,
it is promising to observe the willingness of the earlys to vol-
untarily behave in this way when the causal e↵ect of their
behavior on the likelihood of catastrophic loss is made salient.
Our results seem to be consistent with the lack of progress
in international climate negotiations, wherein historical asym-
metries foment discord among the disadvantaged actors and
prevent e↵ective cooperation.

Discussion
We broaden the CRSD’s ontology to include linkages between
wealth resulting from historical carbon emissions and the grav-
ity of the climate change problem. In so doing, we demon-
strate that causal responsibility has deleterious e↵ects on co-
operation in climate change mitigation. On the other hand,
once we recognize the duality of the social dilemma that is an-
thropogenic climate change, we can also see that experimen-
tal participants seem to have organically arrived at strategies
that resemble key principles embedded in international climate
agreements such as the Kyoto protocol and the Warsaw agree-
ment. Early developers—our randomized experimental prox-
ies for the industrialized nations—were willing to forego wealth
creating opportunities that exacerbate anthropogenic climate

Footline Author PNAS Issue Date Volume Issue Number 5
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change and to provide a proportionally higher rate of contri-
bution towards mitigation e↵orts. The dual nature of the so-
cial dilemma was recognized by a number of the participants,
many of whom noted that their strategy included attempting
to limit their extraction to keep their group’s probability of
loss low. Still, due to the additional fairness considerations
that are introduced through endogenous responsibility, poorer
participants may have been reluctant to reciprocate such be-
havior. Though inequality could also lead to such behavior
[1], it is more pronounced in End-Asym than it is in Ex-Asym,
indicating that historical disadvantage also plays a role.

Although our model captures important features of inter-
national climate bargaining, care must be exercised when ex-
trapolating the prosocial behavior we observe in experiments
to the real-world analogues they are meant to embody [30].
We are cognizant that individual decision-making processes
are not the same as those underlying the behavior of nation-
states. Future research should include experiments in which
extraction and contribution decisions reflect group delibera-
tion rather than isolated individual decisions; an approach
which would also permit an investigation of per capita emis-
sions rights [4]. Still, public opinion can influence elite policy-
making [31]. Thus, an understanding of the revealed pref-
erences for fairness in the domain of historical responsibil-
ity for climate change is an important, if only a first, step.
Other avenues of investigation might include asymmetric prob-
abilities of loss—to model di↵erential vulnerability to climate
change—and asymmetric rates of return to contributions in
the CRSD—to model di↵erential e�cacy. Historical account-
ability is but one ethical dimension that impacts debates
over anthropogenic climate change. Intergenerational trade-
o↵s must also be made [32]. The starkness of our design, which
makes the link between wealth and responsibility explicit and
deterministic, di↵ers in a fundamental way from climate sci-
ence which is permeated by uncertainty. Finally, our design
simplifies the dual social dilemma that we have characterized
in two additional ways. We treat the CPRD and CRSD as se-
quential and discrete dilemmas, while in fact they are concur-
rent. Moreover, our design assumes that the economic benefit
of a CDE is fixed across time, though new technologies allow
for more e�cient use of CDEs, while renewable energy sources
have the potential to replace carbon-based fuels.

Because so much of what is contested in international cli-
mate negotiations relates to how to tie obligations such as
mitigation expenditures and emissions caps to historical re-
sponsibility for climate change and/or ability to pay, it is im-
portant to explicitly model the compound social dilemma that
is constituted by anthropogenic climate change and its miti-
gation.

Methods
The experimental sessions were fully computerized and held at
the Center for Behavioral Political Economy at Stony Brook
University between April and November 2013. The sample
consists of students recruited from the general undergraduate
population. All participants were paid a $5 show-up fee and
additionally compensated according to the payo↵s described
in the text, with average payo↵s of approximately $13, and
a range of $5-$45. When a group failed to meet the thresh-
old, the experimenter rolled a 12-sided die in full view of all
participants to determine whether the group su↵ered a catas-
trophic economic loss according to the group’s endogenously
determined probability of loss. When the die roll indicated
such a loss, all group members lost their remaining endow-
ments, and thus received only their show-up fee. Participants
were privately paid in cash immediately following the comple-
tion of the experimental session. Each session consisted of two
groups of six participants each. There were 12 groups in each
treatment for a total of 288 participants. Endogenous sessions
lasted for about one and a half hours on average, whereas
Exogenous sessions lasted about an hour. Subjects were all
provided with hard copies of written instructions, and the in-
structions were all read aloud by the same experimenter (RK)
in all sessions. Along with the instructions, comprehension
questions were included, and were overwhelmingly returned
with the correct answers. In all sessions group membership
and individual behavior were anonymous, but all players’ ac-
tions were common knowledge and a summary of contribution
and extraction decisions by each player were given at the con-
clusion of each period. Players were identified only by a num-
ber randomly assigned from 1-12. Players were informed that
group membership was fixed throughout the experiment. The
text of the instructions and demographic information pertain-
ing to the subjects can be found in SI Text.
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Supporting Information:

Causal responsibility, asymmetric opportunity and
inequality in anthropogenic climate change

Kline, Seltzer, Lukinova and Bynum

“An essential feature of the global

climate change game is that inequality

in endowments is mirrored by

inequality in past appropriation of the

climate commons; roughly speaking,

the richer a nation is, the more ‘carbon

space’ it has used in the atmosphere

attributable to past greenhouse gas

emissions.”

— Tavoni et al. 2011

Additional Empirical Analyses

Success in the CRSD

In the main text, we use non-parametric tests to test for the e↵ect of the endogenous and

inequality factors, and find that causal responsibility seems to lead to decreased cooperation,

whereas there was no significant e↵ect found for inequality per se, although this result may

be a result of the relatively small di↵erence between in inequality between the two levels

represented by the Sym and Asym treatments. Here we check for di↵erences between each

of the four treatments.

Number of groups meeting the threshold:

• End-Sym: 7 of 12

• End-Asym: 4 of 12
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• Ex-Sym: 12 of 12

• Ex-Asym 10 of 12

Tables S1 and S2 display the endowments, thresholds, contributions and initial inequal-

ities of for each of the groups in the Sym and Asym treatments respectively. As a result

of our matched design, the group level endowments, thresholds and inequality (here, as

measured by the Gini coe�cient) are identical within each of the matched in the Sym and

Asym treatments. Despite these similarities, we also see that the levels of contributions, and

the groups’ success in meeting the threshold vary. Importantly, the average Gini coe�cient

for the Asym treatments (table S2) is considerably higher—0.158—than it is for the Sym

treatments—0.104 (table S1).

Table S1: Endowments, Thresholds, Contributions and Inequality: Sym Treatments
Treatment Group Endowment Gini Threshold Contributions Met Threshold

End-Sym / Ex-Sym 1 172 0.12 91 50 / 92 No / Yes

End-Sym / Ex-Sym 2 175 0.19 93 96/ 94 Yes / Yes

End-Sym / Ex-Sym 3 196 0.10 104 106 / 77 Yes / Yes

End-Sym / Ex-Sym 4 165 0.16 87 85/ 88 No / Yes

End-Sym / Ex-Sym 5 203 0.09 108 109 / 95 Yes / Yes

End-Sym / Ex-Sym 6 193 0.04 102 100 / 94 No / Yes

End-Sym / Ex-Sym 7 176 0.18 93 98 / 110 Yes / Yes

End-Sym / Ex-Sym 8 176 0.08 93 96 103 Yes / Yes

End-Sym / Ex-Sym 9 228 0.04 121 118 / 121 No / Yes

End-Sym / Ex-Sym 10 145 0.13 77 77 / 105 Yes / Yes

End-Sym / Ex-Sym 11 225 0.02 119 126 / 122 Yes / Yes

End-Sym / Ex-Sym 12 203 0.08 108 107 / 108 No / Yes

Using Fisher’s extract tests, we find that in terms of the likelihood that a group success-

fully resolves the CRSD, Ex-Sym > End-Sym (p = 0.037, two-sided FE test) and Ex-Asym

> End-Asym (p = 0.036, two-sided FE test). Taken together, these results indicate that the

endogenous treatments are less likely to lead to success than the exogenous ones. However,

that is not the case when we look at the inequality factor, because Ex-Sym = Ex-Asym

(p = 0.478, two-sided FE test) and End-Sym = End-Asym (p = 0.414, two-sided FE test).
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Table S2: Endowments, Thresholds, Contributions and Inequality: Asym Treatments
Treatment Group Endowment Gini Threshold Contributions Met Threshold

End-Asym / Ex-Asym 1 154 0.18 82 82 / 82 Yes / Yes

End-Asym / Ex-Asym 2 101 0.20 54 51 / 91 No / Yes

End-Asym / Ex-Asym 3 148 0.21 78 79 / 73 Yes / Yes

End-Asym / Ex-Asym 4 132 0.16 70 67 /78 No / Yes

End-Asym / Ex-Asym 5 170 0.17 90 87 / 72 No / Yes

End-Asym / Ex-Asym 6 105 0.14 56 47 / 72 No / Yes

End-Asym / Ex-Asym 7 120 0.09 64 62 / 65 No / Yes

End-Asym / Ex-Asym 8 119 0.01 63 64 / 59 Yes / No

End-Asym / Ex-Asym 9 113 0.14 60 53 / 57 No / No

End-Asym / Ex-Asym 10 131 0.23 69 41 / 63 No / Yes

End-Asym / Ex-Asym 11 138 0.19 73 70 / 54 No / Yes

End-Asym / Ex-Asym 12 114 0.17 60 64 / 56 Yes / Yes

The use of a dichotomous outcome measure of meeting the threshold (see Figure 2 in the

main text) masks considerable variation in the degree to which the groups were unsuccessful

in meeting the threshold. Another way of measuring the e↵ect of the endowment assignment

process is to look at the distance of each group from their threshold. A number of groups

in End-Sym and End-Asym fell short of the threshold by substantial amounts, including by

$41 in End-Sym and $28 in End-Asym. Figure S1 displays the average deviation from the

threshold for each of our three treatments. Figure S1 reveals that groups in the endogenous

conditions seem to have been in general much less successful in overcoming the collective risk

social dilemma. Another set of Kruskal Wallis tests confirm that this di↵erence is statistically

significant (p = 0.0798). Thus, qualitatively similar results are found when parsing the data

in a number of ways.

Contribution, Extraction and Inequality Dynamics.

A focus on aggregate contributions at the treatment level obscures the dynamics of the

extraction and contribution processes, and their joint e↵ect on inequality at the level of the

group.

Next, we analyze the contribution decision across treatments. A cursory look at Figure

might make it seem like it was the relatively stingy contributions of players in End-Sym that

3



Kline et al. Causal Responsibility & Climate Change Mitigation: Supporting Information

Figure S1: Mean Group Distance from Threshold by Treatment

led to low levels of cooperation, and to some extent such a conclusion is correct. Absolute

levels of contribution, however, exaggerate the di↵erences in behavior: due to the restrictions

on extraction in End-Asym (and, by design, Ex-Asym) the thresholds were systematically

lower, and thus the levels of contributions necessary to meet the threshold are proportional

to this lower threshold. We therefore normalize the contributions by endowment,1 contribu-

tions normalized in this fashion are plotted in Figure S2. The normalization reveals is that

proportional contributions do not di↵er drastically, but the small di↵erences are consistent

with the di↵erential success across the four treatments. Another notable feature of the data

is the drop-o↵ in contributions—across all four treatments—in the final few rounds. This is

a well known phenomenon in linear public goods games [10, 12, 13, 11] but the logic—and

thus the dynamics—of the CRSD is more like a threshold public goods game. Thus, rather

than demonstrating a lack of cooperation, the steep drop-o↵ reflects a surfeit of cooperation:

in Ex-Sym, a full two-thirds (8) of the groups met the threshold before the 10th and final

1
Normalizing by threshold would be an equivalent procedure.
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Figure S2: Average Contribution by Treatment and Round

round, with 3 meeting the threshold in the 8th round. Ex-Asym is characterized by similar

behavior. In contrast, only two groups in End-Sym and one group in End-Asym managed

to meet the threshold before the 10th round. Due to the strategic di↵erences between a

linear public goods game and the CRSD, a sudden decline in contributions during the final

stages of the game of a CRSD is not necessarily indicative of the failure of cooperation. In

fact, it indicates quite the opposite, and that is why we see the steepest end-game e↵ects for

Ex-Sym and Ex-Asym. Nonetheless, aside from the interpretation of the end-game e↵ects,

the pattern of contributions is similar to more standard public goods games: the game be-

gins with relatively high levels of contributions, which steadily decline, until the final few

rounds in which we witness a more dramatic decline in cooperation. Finally, though there

are significant di↵erences in the final outcome, the trends for each of the treatments do not

look radically di↵erent. Contributions in the exogenous treatments (Ex-Sym and Ex-Asym)

started o↵ at a substantially higher level, than the endogenous treatments, and this would

appear to be a principal reason for their greater success.
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Figure S3: Normalized Contribution by Treatment and Round

The joint e↵ect of the group’s extraction and contribution decisions is manifested in

the group’s degree of wealth inequality. We measure inequality using the well-known Gini

coe�cient2, which we calculate for each group’s initial endowments entering the contribution

phase of the game. We then calculate the round-by-round Gini, by calculating the coe�cient

of the retained endowment at the end of each contribution round. Figure S4 plots this

dynamic Gini coe�cient, with round 0 indicating the initial endowments. Note that, by

design, End-Sym and Ex-Sym commence at the same level of inequality, as do End-Asym

and Ex-Asym. However, while the plots for End-Sym and Ex-Sym closely track each other

throughout, End-Asym’s Gini quickly increases (at a rate similar to that of End-Sym and

Ex-Sym) while Ex-Asym’s Gini increases at a much slower rate. Both increase across the

course of the game much less than in End-Sym and Ex-Sym, and this is because of the fact

that the wealthy individuals in End-Asym and Ex-Asym gave proportionally more than the

wealthy individuals in End-Sym and Ex-Sym, and this results in a relatively smaller increase

2
The calculations were carried out using the egen inequal package in Stata.
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Figure S4: Average Gini Coe�cient by Treatment and Round

in inequality.3

A Regression Analysis of Structural and Idiosyncratic Factors.

Table S3 displays the results for a regression in which the contribution c of each individual i

in round t (cit) is the dependent variable. This allows us to capture the individual round by

round contribution dynamics as a function of individual characteristics, as well as previous

rounds’ individual and group contributions. First we examine the game-related variables at

the individual level. We see that a subject’s previous round contribution has a significant

e↵ect on current round contributions, with a $1 increase in ci,t�1 associated with a $0.4

increase in cit. That one’s past behavior should be predictive of one’s future behavior is not

too surprising. Note, however, that the behavior of the participant’s group (that is c�i,t�1)

also a↵ects a participant’s contribution behavior: a $1 increase in the previous round’s

contributions from the others in the group results in a $0.04 increase in ci,t. This estimate

3
Despite proportionally higher contributions of wealthy individuals in End-Asym and Ex-Asym, measured

inequality nonetheless increases, but at a slower rate, because of the way in which the Gini coe�cient is

calculated.
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may seem small, however, the reader should keep in mind that each subject observes the five

other players in his group. If each of them increase their contribution by $1, then the subject

increases his/her contribution by $0.20. Therefore, we can state that on the whole concerns

over group behavior have about half the e↵ect of a subject’s own past history. Unsurprisingly,

ei is also positively associated with cit, with each increase of $1 in ei associated with an

increase of $0.036 in ci,t. Variables measuring one’s relative position within the group are

also of interest. As noted above, in End-Sym and Ex-Sym the poorer participants contribute

proportionally more than those with a higher levels of wealth. However, wealthy participants

in End-Asym contribute proportionally more. These countervailing tendencies would seem

to explain the lack of significance of the hi income variable. Nonetheless, to our surprise, an

interaction between treatment and hi income did not uncover a significant e↵ect.

Both social desirability and authoritarianism are positively associated with individual

contributions. That these variables are estimated to be significant and the inequality/empathy

scales are not is interesting. What they have in common, that is not shared with the other

psychometrics, is a preoccupation with social norms or expectations of behavior. All the

other metrics more fundamentally dispositions to certain distributions of outcomes. This

suggests that inequality may be tolerable if the process from which it results is perceived

as legitimate, or itself not in violation of social norms. In addition, and consistent with

previous work on the e↵ect of gender on generosity and cooperativeness in social dilemmas

[6], we find that female subjects contribute on average about $0.12 more than men.

Self-Reports of Extraction and Contribution Strategies

At the end of each session the experimental subjects were asked to give open-ended responses

regarding their extraction and contribution strategies. There were of course a wide variety

of responses, ranging from the terse or insouciant to the very thoughtful and calculated.

When asked about their extraction strategies, many subjects noted that their strategies

involved trying to keep the group below a certain probability of loss level. This indicates

that they voluntarily limited their extraction in order to benefit the group and/or reduce

8
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the likelihood that they lose their own retained earnings in the event that the group failed

to contribute enough to meet the threshold. This is a potentially promising attitude, and

perhaps indicates that if the potential for catastrophic loss is made salient enough to the

public, that individuals may indeed be willing to sacrifice for the common good. Here, we

enumerate a few responses in this vein:

• “Based on the trend of the common pool extraction of others, I could see how quickly

others were taking out the largest amount (4$) as the rounds continued. At first I

wanted to keep small amounts to keep the probability of loss as low as possible, but

others did not think of that it seems. Once the probability of loss was quickly 75%, I

decided to shrug it o↵ and take out the last amount of money available to stay in the

< 180 range.”

• “I decided to take $2 each round in order to have some to give back during the second

round while not trying to take to much to lessen the probability of loss.”

• “I tried to extract enough to keep below a certain amount according to what the rest

of the group was extracting. I wanted to aim for 120 max, but then it went over quite

quickly, so I tried to aim for below 180, but unfortunetly, did not happen. I started

high and quickly decreased the amount I extracted as the game went on. Going from

$4 in the beginning to $0, $1, and $2 trying to stay below the 180 line.”

• “I was trying to keep the group below the $180 extraction mark (so if we didn’t meet

the threshold we would at least have a 25% chance to keep) so I extracted my share of

$30”

In terms of contribution strategies, many of the players elaborated what amounts to a

strategy of conditional cooperation in terms of contributions. Perhaps conditional cooper-

ation in the international arena could be the key to solving the climate change mitigation

problem. Below are a few select quotes from the participants who were conditional cooper-

ators:

9
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• “I was trying to keep the group below the $180 extraction mark (so if we didn’t meet

the threshold we would at least have a 25% chance to keep) so I extracted my share of

$30.

• “I saw no1 contributing in my group so I thought it would be better to let a dice chance

my endowment than lose the money by putting in the climate account when there was

a strong chance threshold would not be met.”

• “Same method as before, then I noticed Player 7 wasn’t contributing anything, so in

the last round, I didn’t contribute anything and interestingly, neither did other people.

Hence we lost by 1 and now we are all going to lose our money, because we are not

going to get a 12.”

• “Based on each player’s contribution after each round and how much each player started

with, I tried to see how much they were willing to sacrifice. If they sacrificed a certain

fraction of their endowment then I would too. If they sacrificed only a small amount

then I would not contribute because I had much less than the other players did.”

Table S3: Predicting Individual Contributions By Round

Variable Coe�cient (Std. Err.)
L.contrib it 0.397 (0.034)
L.contrib jt2 0.041 (0.014)
gini endowment 0.260 (0.322)
End-Sym 0.062 (0.048)
End-Asym 0.207 (0.057)
endowment 0.036 (0.005)
egalitarianism 0.001 (0.004)
authoritarianism 0.040 (0.020)
gender01 -0.116 (0.052)
soc desireability 0.010 (0.004)
empathy 0.000 (0.005)
inequality aversion -0.002 (0.012)
hi lo income -0.043 (0.057)
Intercept -1.272 (0.296)
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Additional Theoretical Analyses

Informal Equilibrium Analysis.

While we do not provide formal definitions and proofs of equilibria, it is worthwhile to

characterize the equilibria of our game. Our game is based on [8] and [9]. Neither of these

studies fully characterizes the equilibria of the game, and our game is considerably more

complex given the enlarged strategy space in the CRSD (0, 1, 2, 3, or 4 units compared to

0, 2 or 4 units in the other studies) and the addition of the interdependent CPRD. In the

CPRD portion of the game, the players must anticipate the e↵ect of their behavior on the

threshold and the probability of loss, as well as the strategic e↵ect on other players. Thus,

even if we only consider pure-strategy equilibria, we are confident that it is not possible to

find a closed-form analytical solution to the game. However, we can discuss a few simple

classes of pure strategy equilibria.

Because the contribution phase is equivalent to a threshold public goods game, we can

look to the literature on such games for guidance. There are two types of equilibria noted

by [7, 6]: one which is a socially ine�cient one (nobody contributes) and an e�cient one

(contributions are just enough to meet the threshold). Since the game is played over 10

rounds with 6 players, the e�cient equilibrium may be arrived at through many possible

vectors of allocations. From [9] we know that there is an e�cient equilibrium. He points out

an “all fair-sharer equilibrium”, that is but one vector of possible allocations. Another Nash

equilibrium exists such that nobody contributes and all players settle for an expected payo↵

equal to their endowment times the probability of loss. The strategy sets in our design have a

higher cardinality than those in [9] or [8], but the logic that any vector of allocations through

which the threshold is just met, but is not exceeded is an equilibrium of our contribution

subgame. In fact, even this is too simple. Depending on the wealth levels of each player,

those with wealth levels near the lower bound of 0 may be better o↵ taking on the collective

risk rather than ensuring the threshold is met. Though, as we will see, such a scenario can be
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ruled out as o↵ the equilibrium path due to the strategic dynamics of the extraction phase.

If the probability of loss were not increasing in the amount extracted, then maximal

extraction would be a dominant strategy. However, since our experimental design involves

an extraction phase (CPRD) which determines the probability of loss in the CRSD portion

of the game, we must also take it into account when finding the equilibrium. We elaborate

three distinct classes of equilibria: 1) Players extract as much as possible and contribute

nothing and 2) they extract as much as possible and contribute up to the threshold. These

two equilibria are somewhat analogous to those of the [9] design. However, since endowment

and risk of loss are endogenous in our design, a third class of equilibrium exists where the

expected payo↵s given the threshold is not met must be compared to the average payo↵ if

the threshold is met. Specifically, we find a third equilibrium where players extract exactly

$120 total are extracted (50% of total pool). This is the highest level of extraction that keeps

the risk of loss less than or equal to 0.5. Assuming a symmetric extraction strategy, each

player would have extracted $20. With such an endowment, if all players contribute nothing,

the threshold will not be met, and the expected payo↵ for each player is $10. If strategies

were such that the threshold was just met, then, assuming symmetric contribution strategies

(and ignoring the discreteness of the strategy set), each player would have retained earning of

$9.70, which is strictly less than $10. This is not a stable equilibrium precludes any equilibria

where an amount less than 120 units are drawn, because one can always do strictly better by

extracting more. If more than 120 units are drawn, then players will continue to extract the

entire pool and either contribute nothing or just up to the threshold. We believe that the

parameters and the structure of the game do reflect the reality that some economic growth

is necessary and not particularly harmful.
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SI Materials and Methods

Methodological Details

The study sample consists of Stony Brook University students who had registered with our

online experiment management system (approximately 2,000 students) recruited through

mass e-mails to undergraduate students across all majors on campus. The study was con-

ducted as a between-subjects design. Participants were compensated monetarily, with pay-

ments of approximately $13 on average, with a range from $5-$45. Students registered in

our online experiment management system need not, but may be, enrolled in Political Sci-

ence courses (96% of the subject pool are non-Political Science majors). Participants are

always paid in cash immediately following the completion of the experimental session, and

are never deceived about the manner in which their decisions determine how much they may

earn. Moreover, these payments are always carried out for each participant in private, so

only they and the experimenters know how much they have earned.

Our design is motivated by the epigraphic quote from [8] above, who conduct an impor-

tant study involving the e↵ects of inequality and communication on success in the collective

risk social dilemma (CRSD). Their results are enlightening in many respects—especially in

the e↵ect of communication and pledges of future contributions by wealthy subjects on facil-

itating cooperation in the CRSD. The manner in which inequality is induced in their study

captures quite well the “ability to pay” principle, but because the inequality is exogenously

induced, it does not capture causal responsibility, which is the focus of this study. [8] demon-

strate that inequality is an important factor in successfully resolving the CRSD. However,

because climate change and its mitigation in a carbon-based economy jointly constitute a

compound social dilemma, exogenously induced inequality that is divorced from the grav-

ity of the climate change problem does not fully captured the manifold e↵ects underlying

inequalities in wealth.

Therefore, our baseline treatment—Endogenous-Symmetric Opportunities (End-Sym)—
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is meant to capture this fundamental link between the current level of wealth of nations and

their past greenhouse gas emissions and therefore responsibility for the degree of di�culty

in (i.e., the cost of) mitigating the risk of climate change induced catastrophic economic

loss, should it occur. As explained in more detail in the Text, we do so by combining a

common pool resource dilemma (CPRD) with a CRSD in which the initial wealth levels, the

probability of loss and the threshold are all a function of individual behavior in a common

pool resource dilemma (CPRD). This directly captures the link between wealth and the

di�culty of climate change mitigation. The second endogenous treatment we conduct—

Endogenous-Asymmetric Opportunities (End-Asym)—captures a second dimension of causal

responsibility, i.e. the fact that, due to di↵erent histories of economic development, some

countries have had greater opportunity to appropriate the climate commons than others.

The countries with greater historical opportunities, if they avail themselves of them, would

then be more causally responsible for any economic losses due to climate change, should they

occur. However, such actors may in fact be willing to limit their wealth creation in an e↵ort

to limit their impact on the climate while allowing the historically disadvantaged actors to

engage in catch-up growth.

In addition to the endogenous nature of the inequalities, our design also endogenizes—as

a function of the total group extraction in the CPRD—both the contribution threshold and

the probability of loss should contributions not be su�cient to meet the threshold. For both

treatments, we chose the threshold to be 53% of the total group extraction. We chose such

an unusual number in order to make it more less straightforward to choose their strategies in

the CRSD as a function of their extractions in the CPRD. We wanted to retain a complete

information environment while not rendering a “fair” strategy too obvious. Endogenizing

the probability of loss was also important, as a greater concentration of greenhouse gases

increases the likelihood of catastrophic climate change [16]. However, though this function

is monotonically increasing, it is likely not strictly monotonically increasing, and is likely

more akin to a step function, as there are likely tipping points in which the climate abruptly
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moves from one equilibrium to another [15]. Our function mapping total group extraction

into a probability of loss was designed to capture this reality, albeit roughly.

In End-Sym we calibrated our experimental parameters to be as consistent as possible

with [9] and[8].4 Nonetheless, it was impossible, given the endogenous nature of the inequal-

ities, to get them to match perfectly with those from [8]. Therefore, in order to isolate the

e↵ect of endogenous inequality in End-Sym and End-Asym we instead needed to construct

our own control conditions with exogenous inequality that is identical to the inequalities in

the two endogenous treatments. We conducted the endogenous treatments first, and then we

used the individual extraction choices—and by extension the group’s aggregate choices—to

parameterize each group in each of the exogenous treatments by matching it with a group in

the endogenous treatments. This keeps the group-by-group inequalities, aggregate wealth,

threshold levels and probabilities of loss constant between groups. As a result, the only

di↵erence between the groups is the source of these inequalities, and their historical genesis.

This is important because causal responsibility is a key stumbling block in international

climate negotiations. In [8] there is no link between wealth levels and the gravity of the

climate change problem. In the unequal treatments, all participants began the game with an

equal endowment (40 ⇠). Players were randomly chosen to be a “low” or ”high” contributor.

High contributors were forced to contribute 4 ⇠ for the first three rounds, leaving them

with 28 ⇠ to begin the active phase, whereas low contributors cannot contribute anything

through the first three inactive rounds and therefore begin the active phase with their full

endowment of 40 ⇠. This is actually a very clever way of going about inducing inequality.

Despite the fact that the high contributors have already made contributions in the unequal

conditions, the threshold value is una↵ected by these as it is identical to the threshold in the

equal conditions. There are good reasons for this, in particular comparability. However, the

implication of this design choice is that the contributions and the past history have actual

4
Though we did increase the contribution strategy space from three to five choices. This, and the addition

of the interdependent CRSD, significantly complicates the equilibrium analysis of what was already a complex

game (see below).
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e↵ect on the threshold, and therefore there is no link between wealth and the gravity of

the climate change problem (the probability of loss) or the costs required to overcome it

(the threshold). With our exogenous treatments being parameterized by the wealth levels

in the endogenous treatments we are able to preserve comparability while still allowing the

probability of loss and the threshold to be a function of group wealth levels.

The two varieties of this game proposed capture the relevant and salient features of the

main stumbling block to progress in international climate change negotiations: the notion

that developed countries—having grown rich while at the same time generating sizable “car-

bon debts”—are insisting that the large, rapidly growing emerging economies also agree to

provide equal contributions to mitigate (either as payouts for mitigation or opportunity costs

in terms of foregone utilization of the common pool resource) the significant risk caused by

the current stock of atmospheric carbon, the bulk of which was generated by developed

countries, with much of their wealth directly resulting from these carbon stocks . This de-

sign links wealth and responsibility for climate change, thus allowing us to investigate how

this link a↵ects the behavior of experimental subjects in using their wealth to make costly

contributions to mitigate the climate change caused by their wealth creation.

Experimental Instructions (for End-Sym)

Note: To ensure maximum comparability with previous results from Tavoni et al. (2011), we

have included some of the language used in their instructions, especially that pertaining to

the mechanisms behind anthropogenic climate change.

Welcome to the Decision Experiments Laboratory here at the Department of Political

Science at Stony Brook University. Thank you for agreeing to participate in our experiment

today that involves collective action in a climate game.

Before we begin, please take a moment to turn o↵ all cell phones and other devices

that could interrupt the experiment. To make this experiment a success, please do not talk

to the other participants. If you have a question, please raise your hand and wait for an

experimenter to come to you.
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Rules and Payment. In this experiment, you can earn money based on your decisions in

a collective decision making environment. This money is in addition to your show up fee of

$5, which is not a↵ected by any decisions you make within the game.

Please, listen attentively as the rules of the experimental game are read aloud to you.

You will be able to refer to this written copy of the rules at any time during the game should

you need clarification. However, please, make sure you understand the rules of the game

before we begin. Should you have any questions, please raise your hand. At the end of the

instructions, you will find several comprehension questions. Please answer these questions

to the best of your ability. We will then go over the answers as a group, to ensure that

everyone understands the game.

Climate Change. Today, we will introduce you to a game simulating the causes and

consequences of climate change. Global climate change is seen as a serious environmental

problem faced by mankind. CO2 originates from burning of fossil fuels like coal, oil, or natural

gas in industrial processes. Therefore, while industrialization creates wealth, a byproduct

of this wealth is the production of greenhouse gases. CO2 is a global pollutant (i.e., each

quantity unit of CO2 emitted has the same e↵ect on the climate regardless of the location

where the emission has occurred).

In the following game, any money you extract from the common pool resource (your

endowment generated by your choices in the first phase of the game) represents real money

you have earned in industries that emit CO2. Any money you return in the second phase of

the game represents a reduction in the e↵ect of CO2 emissions that correspond to an equal

reduction in your personal endowment (reduction in real earnings from playing the game

today).

Rules of Play. In total, six players, including yourself, are assigned to your group for the

duration of the game. Every player faces the same decision-making problem.

You will be making your decisions anonymously. To guarantee this, you will be assigned

a player number for the duration of the game. This number is distinct from your payment
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number that is listed on the green card you were given. There are two groups of six in

the room today, but each group is playing independently. If your group consists of players

1-6, you are in group 1; if your group consists of players 7-12 you are in group 2. While

the players in your group are anonymous, their decisions are not. You will not know who

you are playing with, but you will know the individual decisions of group members you are

playing with. You will see the decisions of anonymous players displayed in a table after each

round. (See Table 2 [Figure S5])at the end of the instructions for an example.)

Figure S5:
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During the course of the experiment, you will first play 10 rounds of an “Economic

Development Game” followed by 10 rounds of a “Climate Game.” However, these games

are dependent on one another, as the nature of the “Climate Game” depends on the group’s

decisions in the “Economic Development Game.”

During the “Economic Development” phase of the game, each player will be able to

extract money from the common pool resource For each of ten rounds, you may choose to

extract $0, $1, $2, $3, or $4. This money represents the money a developing nation earns

from industry production that leads to CO2 output. This money also represents your real

potential earnings from participating in today’s experiment. (These earnings are in addition

to your guaranteed $5 show-up fee.)

During the “Climate Game” portion of the game (second phase of the game), each mem-

ber of the group will start with a personal endowment equal to that they extracted from the

“Economic Development” portion of the game (earnings from Game 1 carry over to Game

2). Your group will be given a target threshold you must meet to avoid a probable loss

of earnings. The amount of this threshold is determined by the total amount your group

extracts in the extraction phase (the “Economic Development” game). During the “Cli-

mate Game” phase of the experiment, you will choose how much money from your private

account you will invest in a “Climate Account” to prevent the possibility of catastrophic

climate change—represented by the economic loss of your earnings in today’s game.

Your total earnings at the end of the game are determined only by the extraction and

contribution amounts you individually make during the two phases of the game. Thus, if

the threshold is met, and Player 1 has an endowment of $30 and Player 2 $10, Player 1 will

earn $30 and Player 2 will earn $10. However, the probability that you earn the amount you

kept in your private account (your endowment) is determined by the collective extractions

and contributions of the group. If your group fails to meet the climate account threshold in

the “Climate Game” you face a probable loss of your total earnings based on the amount

the group extracted in the “Economic Development Game.” We will roll a 12-sided die
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corresponding to your probability of loss (see Table [S4]) to determine your earnings.

Table S4: Probability of Loss if Climate Threshold is NOT Met
Total Group
Extraction in
Economic

Development
Game

Probability
of Loss

Numbers on Die that
Lead to LOSS of Entire

Endowment

Numbers on Die that
Allow Players to KEEP

Entire Endowment

$0-$60 2/12 (1̃7%) 1, 2 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

$61-$120 6/12 (50%) 1, 2, 3, 4, 5, 6 7, 8, 9, 10, 11, 12

$121-$180 9/12 (75%) 1, 2, 3, 4, 5, 6, 7, 8, 9 10, 11, 12

$181-$240 11/12 (9̃2%) 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11 12

More detailed instructions for each round of play are given below. Please, follow along

with the instructions carefully, and raise your hand if something is unclear. Please, do not

ask questions of others participating in the experiment.

Economic Development Game: Phase I

In the “Economic Development Game,” each group of 6 players begins with a common pool

of resources equal to $240. In each of the “Industrialization” rounds of the game, the 6

players will be simultaneously asked “How much do you wish to extract from the common

pool?” The possible choices of extraction values are $0, $1, $2, $3 or $4 per round. After

each player has chosen the extraction amount for the round, they will see a table displaying

the sum total amount each player has extracted from the climate account as well as the

remaining total that can be extracted from the climate account. While you will know the

individual total extractions for each player, you will not know the identity of the players in

your group. Figure S6 on the following page is a screenshot of the screen you will see each

round during the economic development phase.

Given that a maximum of $4 can be extracted in each of ten rounds, each player can

choose to extract up to a total of $40 from the common pool. Any amount remaining in the

common pool is not allocated to any of the players. The total amount that each player has

extracted over the 10 rounds will then become their endowment for the “Climate Game”,
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Figure S6:

which is described next. For example, if a player were to choose to extract $2 each round,

then their endowment for the climate game would be $20. Because players cannot extract

any more resources from the climate account in the second phase of the game, this amount

represents their maximum possible earnings for the entire course of the game.

Economic Development Game: Phase I

The “Climate Game” will also be played out over exactly 10 rounds. Each player begins

the “Climate Game” with an endowment equal to the total amount (over all 10 rounds)

they extracted from the common pool in the “Economic Development” portion of the game.

In each round of the climate game, you can invest $0, $1, $2, $3, or $4 per round in an

attempt to protect the climate and to prevent dangerous climate change. Among other

things, dangerous climate change will result in a probable significant economic loss, which

will be simulated in this experiment by loss of players personal endowments. The figure

below (Figure S7) is a screenshot of the screen you will see each round during the climate

phase of the game.

Your group’s threshold in the climate game represents the total amount of earnings your

group needs to give back to the climate account to avoid a probable loss. The probability

of loss is based on the total extraction made by the group from the economic development

phase of the game (see Table 2 [S4] below). This threshold will be the equivalent of 53%

of the total extraction of your entire group from the “Economic Development” phase of the
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Figure S7:

game. Thus, if your group extracted $100 of the $240 common pool resource, you would

need to collectively return at least $53 (100 x 0.53 = $53) to the climate account over the

next 10 periods of the game to avoid a probable loss.

As in the first round of the game, you will play ten rounds to make decisions regarding

the climate account. However, in each round of the “Climate Game,” the amount you select

will be subtracted from your total endowment. (For example, if you have an endowment of

$20 in round 1, and you choose to contribute $2 to the global climate account, you will be

left with $18 in round 2.)

The probability of loss (based on group’s “Climate Game” extractions), in the event the

threshold is not met, can be seen in Table [S4].

If the threshold is met, each group member will keep the entirety of their remaining

private endowment (the total amount extracted minus the total amount contributed toward

the threshold). If the threshold value is not reached, dangerous climate change will

occur with a probability that increases as the total extraction of the group increases and is

displayed in the Table 2 [S4] above (also visible on the white board in the lab). In the event

that the threshold is not met, at the end of the game we will roll a die in your presence to

determine your earnings. If both groups fail to meet the threshold, the results of a single die

role will apply to both groups. If the die indicates a loss, each player will lose all the money

left in their account and no one will be paid anything (other than the show-up fee). If the

die indicates a win, each player will be paid the entirety of the endowment they earned at
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Figure S8:
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the end of the Climate Game (in addition to the show-up fee). The payments will be made

anonymously, so no other player will know how much you earned.

Comprehension Questions

Please, answer the following questions so we can make sure you understand the game before

beginning. When you have completed the questions, raise your hand and someone will be

by to check your answers. Once everyone has completed the comprehension questions, the

game can begin.

Question 1: Assume you are in a group in which the total extraction is 200.

Now let’s assume that your group, after 10 rounds has contributed a total of

100.

What would the threshold for your group be?

1. 53

2. 86

3. 106

4. 200

Based on your answer to question 1, did your group meet the threshold? YES NO

Question 2: Now let’s say that you are in a group with a threshold of 150, and

your group meets the threshold (meaning that collectively the group contributed

at least $150). You have a retained endowment of 20 and player B has a retained

endowment of 30.

How much will you be paid (earn)?

1. $0

2. $10

3. $20

4. $30

What would the threshold for your group be?
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1. 53

2. 86

3. 106

4. 200

Question 3: Now let’s say that in the “Economic Development” phase of the

game your group extracted $150. This resulted in a “Climate Game” threshold

of $80, but your group only contributed $65. You currently have a personal

endowment of $20. (Remember you can refer to the probability table to calculate your

probability of loss.)

With what probability will you get to keep all $20 of your remaining endowment?

1. 17%

2. 50%

3. 75%

4. 92%

With what probability will you lose your entire endowment?

1. 17%

2. 50%

3. 75%

4. 92%

For the following questions, please, answer True or False:

Question 4: You can potentially increase your private endowment in both the “Economic

Development” and “Climate” phases of the game? T F

Question 5: The amount you take from the “common pool resource” in the “Economic

Development” phase of the game is your total endowment at the beginning of the “Climate

Game.” T F

Question 6: If the target threshold is met in the “Climate Game,” all group members can

keep their individual earnings. T F
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Questionnaire Items

Demographics

Please answer the questions.

• Are you male or female?

• Are you a U.S. citizen?

• If not a U.S. citizen, of what country are you a citizen?

• In general, how interested are you in U.S. politics?

• In general, how interested in world politics are you?

Political and Environmental Items

• If public o�cials asked everyone in your community to conserve water or electricity,

how likely is it that people in your community would cooperate -would you say it is

very likely, likely, unlikely, or very unlikely?

• Overall, how much impact do you think people like you can have in making your

community a better place to live - no impact at all, a small impact, a moderate impact,

or a big impact?

• Consider the following statement: “Sometimes politics and government seem so com-

plicated that a person like me cannot really understand what’s going on.” Do you:

• Thinking ideologically about social issues in politics, how would you describe your own

general outlook?

• Thinking ideologically about economic issues in politics, how would you describe your

own general outlook?

• How would you describe your partisan identification?
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• When there is a conflict between environmental protection and economic growth, which

do you think is more important?

• I am willing to sacrifice my immediate happiness or well-being in order to achieve

future outcomes.

• How much attention do you feel government o�cials pay to what the people think

when they decide what action to take, if any, to address global warming?

• Which best describes your position on the issue of global warming?

• If eligible, are you registered to vote? (if you are not eligible to vote please skip this

question)

• If eligible, did you vote in the election in November (if you are not eligible to vote

please skip this question)

• Are you a member of any student, religious, or community groups?

• In the past year, have you done any of the following?: used social media (Twitter,

Facebook, etc.) to follow or contact a politician, post or forward a campaign message,

posted or commented on a political comment; or commented or posted a link to a

political blog?

Pyschometric Scales

Egaliatarianism [4]

Please indicate to what extent you agree with the following statement.

• More equality of income would allow most people to live better.

• All in all, I think economic di↵erences in this country are justified.

• Incomes should be more equal because every family’s needs for food, housing, and so

on, are the same.
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• We have gone too far in pushing equality in this country.

• This country would be better o↵ if we worried less about how equal people are.

• If wealth were more equal in this country we would have many fewer problems.

• Incomes cannot be made more equal since people’s abilities and talents are unequal.

• One of the biggest problems in this country is that we don’t give everyone an equal

chance.

Social Desirability [2]

Please indicate to what extent you agree with the following statement.

• I never hesitate to go out of my way to help someone in trouble.

• I sometimes feel resentful when I don’t get my way.

• If I could get into a movie without paying and be sure I was not seen I would probably

do it.

• I like to gossip at times.

• I can remember “playing sick” to get out of something.

• There may have been occasions when I took advantage of someone.

• I’m always willing to admit it when I make a mistake.

• I always try to practice what I preach.

• I am always courteous, even to people who are disagreeable.

• There have been occasions when I felt like smashing things.

• I would never think of letting someone else be punished for my wrongdoings.
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• There have been times when I was quite jealous of the good fortune of others.

• I am sometimes irritated by people who ask favors of me.

• I sometimes think when people have a misfortune they only got what they deserve.

• I have deliberately said something that hurt someone’s feelings.

Empathic Concern [1]

The following statements ask about your thoughts and feelings in various situations. For

each item indicate how well it describes you.

• I often have tender, concerned feelings for people less fortunate than me.

• I am often quite touched by things.

• I would describe myself as a soft-hearted person.

• Sometimes I don’t feel very sorry for other people when they are having problems.

• When I see someone being taken advantage of, I feel kind of protective towards them.

• Other people’s misfortunes do not usually disturb me a great deal.

• When I see someone being treated unfairly, I sometimes don’t feel very much pity for

them.

• I would describe myself as a selfless and caring person.

• I accept others, even when they do things I think are wrong.

Authoritarianism [3]

• Which is more important for a child to have: Independence or respect for elders?

• Which is more important for a child to have: Obedience or self-reliance?
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• Which is more important for a child to have: Curiosity or good manners?

• Which is more important for a child to have: Being considerate or being well-behaved?

Inequality Aversion [5]

Please indicate to what extent you agree with the following statement.

• Inequality continues to exist because ordinary people don’t join together to get rid of

it.

• People should be willing to help others less fortunate than themselves.

• Large income di↵erences are necessary for America’s prosperity.

• Those in need have to learn to take care of themselves and not depend on others so

much.

Items related to the Experiment and Strategies

• How did you decide how much to extract from the Common Pool Account during the

Economic Development Game?

• How did you decide how much to extract from the common pool resource during the

Economic Development Game?

• How did you decide how much to contribute to the Climate Account during the Climate

Game?

• What did you think other players in your group would do?

• Did you expect that your group would make the threshold?

• If you were going to play the game again, would you do anything di↵erently?

30



Kline et al. Causal Responsibility & Climate Change Mitigation: Supporting Information

References

[1] Davis, M. H. (1980). A multidimensional approach to individual di↵erences in empathy.

JSAS Catalog of Selected Documents in Psychology, 10, 85.

[2] Crowne, D. P. and Marlowe, D. (1960), A New Scale of Social Desirability Independent

of Psychopathology. Journal of Consulting Psychology 24, 349-354.

[3] Feldman, S., and Stenner, K. (1997). Perceived threat and authoritarianism. Political

Psychology 18, 741770.

[4] Feldman S. and Steenbergen M R. (2001) The Humanitarian Foundation of Public

Support for Social Welfare. American Journal of Political Science 45-3: 658-77.

[5] ISSP Research Group (2009): International Social Survey Programme: Leisure Time

and Sports - ISSP 2007. GESIS Data Archive, Cologne. ZA4850 Data file Version 2.0.0,

doi: 10.4232/1.10079.

[6] Cadsby, C Bram and Elizabeth Maynes (1998) Gender and free riding in a threshold pub-

lic goods game: Experimental evidence. Journal of Economic Behavior & Organization

34(4):603620.

[7] Croson, Rachel TA and Melanie Beth Marks (2000) Step returns in threshold public

goods: A meta-and experimental analysis. Experimental Economics 2(3):239259.

[8] A. Tavoni, A. Dannenberg, G. Kallis, and A. Löschel (2011) Inequality, communication

and the avoidance of disastrous climate change in a public goods game. Proc Natl Acad

Sci USA 108: 11825–11829.

[9] Milinski M, Sommerfeld RD, Krambeck HJ, Reed FA, and Marotzke J (2008) The

collective-risk social dilemma and the prevention of simulated dangerous climate change.

Proc Natl Acad Sci USA 105(7):2291–2294.

31



Kline et al. Causal Responsibility & Climate Change Mitigation: Supporting Information

[10] Ledyard J, (1995) Handbook of Experimental Economics, eds. Kagel JH, Roth AE

(Princeton University Press), pp. 111-194.

[11] Keser, Claudia and Frans Van Winden (2000) Conditional cooperation and voluntary

contributions to public goods. The Scandinavian Journal of Economics 102(1):2339.

[12] Gonzalez, Luis G, Werner G uth and M Vittoria Levati. 2005. When does the game end?

Public goods experiments with non-definite and non-commonly known time horizons.

Economics Letters 88(2):221226.

[13] Zelmer, Jennifer (2003) Linear public goods experiments: A meta-analysis. Experimental

Economics 6(3):299310.

[14] Committee on Abrupt Climate Change (2002) Abrupt Climate Change: Inevitable Sur-

prises (National Academies Press, Washington, DC).

[15] Committee on Understanding and Monitoring Abrupt Climate Change and Its Impacts

(2014) Abrupt Impacts of Climate Change: Anticipating Surprises (National Academies

Press, Washington, DC).

[16] Hansen J et al. (2008) Target atmospheric co2: Where should humanity aim? Open

Atmosph Sci J 2:217–231.

32


