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International cooperation on the reduction of greenhouse gas
emissions, disarmament, or free trade needs to be negotiated. The
success of such negotiations depends on how they are designed. In
the context of international climate change policy, it has been
proposed [e.g., M. L. Weitzman J. Assoc. Environ. Resour. Econ. 1,
29–49 (2014)] that shifting the negotiation focus to a uniform com-
mon commitment (such as a uniform minimum carbon price) would
lead to more ambitious cooperation. Yet, a proof-of-concept for this
important claim is lacking. Based on game theoretical analyses, we
present experimental evidence that strongly supports this conjecture.
In our study, human subjects negotiate contributions to a public
good. Subjects differ in their benefits and costs of cooperation. Par-
ticipation in the negotiations and all commitments are voluntary. We
consider treatments in which agreements are enforceable, and treat-
ments in which they have to be self-enforcing. In both situations,
negotiating a uniform common commitment is more successful in
promoting cooperation than negotiating individual commitments
(as in the Paris Agreement) and complex common commitments that
tailor the commitment to the specific situation of each party (as
attempted with the Kyoto Protocol). Furthermore, as suggested by
our model, a uniform common commitment benefits most from
being enforced.

negotiation design | cooperation | common commitment | reciprocity |
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International cooperation on climate change, free trade, and
disarmament requires successful negotiations about how much

each party contributes to the public good. The success or failure
of these negotiations depends on how they are designed (1).
Particularly, in the context of international climate change pol-
icy, it has been hypothesized that negotiating a uniform common
commitment would be more successful in achieving cooperation
than negotiating individual or complex common commitments
(2–5). Yet, a proof-of-concept for this important claim is lacking.
Using a laboratory experiment with human subjects and a game
theoretical analysis, we fill the gap—and provide strong support
for the conjecture.
We consider a canonical public good problem. Asymmetry is

known to be an essential complication to international agree-
ments (6), so—besides a control with fully symmetric parties—
negotiators in our main laboratory treatment differ in their initial
endowment, in how much they benefit from the public good, and
in how much of it they want to be provided. Lack of enforcement
is another fundamental problem that hinders international co-
operation (7–9), so we look at a situation where parties can write
a binding and enforceable contract and at a situation where the
agreement has to be self-enforcing. Negotiations differ in two
dimensions. First, parties can negotiate a common goal to be
achieved either by individual commitments (each party deciding
individually how much to contribute) or by a common commit-
ment (all parties deciding jointly and unanimously on all con-
tributions). Second, a common commitment may be achieved
either by a complex assignment (tailoring each individual

contribution to its individual costs and benefits) or by a uniform
rule (disregarding individual differences). In all treatments,
participation in the negotiation and commitments are voluntary.
We find that negotiation design is of first-order importance. If

negotiations are focused on a uniform common commitment,
contribution levels are about twice as high compared to negoti-
ations focusing on individual or complex common commitments.
Negotiating a complex common commitment is slightly more
successful at the extensive margin by inducing more parties to
participate, but it is dominated at the intensive margin by the
uniform commitment because negotiators often fail to coordi-
nate any agreement. Negotiating individual commitments is
equally as successful as a uniform common commitment in get-
ting parties to participate, but again at substantially lower con-
tribution levels. One reason for the superior performance at the
intensive margin is that negotiating a uniform common com-
mitment turns (reciprocal) cooperation into a weakly dominant
strategy for all participating parties. The results are robust and
hold not only in the case where contracts are binding and en-
forceable (as predicted by theory) but even in the case where
agreements cannot be enforced but have to be self-enforceable
(in which case, standard game theory predicts zero cooperation
across all treatments).
Our study is motivated by, and potentially important for, in-

ternational negotiations on climate change (5). There have been
two major approaches to negotiating international climate co-
operation. In the Kyoto negotiations, the developed countries
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strived for a complex assignment of national emission caps.
However, no such assignment (that the negotiating parties could
all agree upon) has been found. Eventually, each country chose
its emission cap individually, which then became part of the
Kyoto Protocol (4, 10). Some countries later withdrew from the
Kyoto Protocol, others did not live up to their promises, and a
planned follow-up protocol was never ratified.
In the Paris negotiations, instead of attempting a common

commitment, each country pledged an individually chosen
commitment (“nationally determined contributions”). The Paris
Agreement succeeded in being signed by all countries (although
the United States decided later to withdraw its participation).
However, the announced individual commitments fall substan-
tially short of achieving the two-degree goal (11, 12).
There is a new proposal that negotiations should focus on a

common carbon price (2, 3, 13, 14). Previous authors advocated
carbon pricing as an instrument to implement the reduction of
carbon emissions at low economic cost (15, 16). The new pro-
posal points to a different and independent argument: A carbon
price provides a simple focal point for a common commitment in
climate negotiations—one number that applies to all countries in
the same way. This facilitates agreement (17) and fosters reci-
procity (2, 3, 14, 18, 19) which is key to cooperation (20–24). Yet,
evidence showing that negotiating a uniform carbon price can be
more successful than negotiating a vector of emissions caps (as in
Kyoto) or nationally determined contributions (as in Paris)
is lacking.
This paper provides evidence, based on experimental and

game theoretical analyses, that a uniform common commitment
better promotes cooperation than the alternative commitments.
The advantage of a laboratory experiment is that it allows study
of the negotiation outcomes after exogenous changes in the
negotiation design, as well as the mechanisms that causally drive
behavior. While all theory and experiments necessarily abstract
from many real-world complexities, our study informs the im-
portant debate about how to approach climate negotiations by
providing a proof-of-concept, experimentally and theoretically,
that negotiating a uniform common commitment may be more
successful than previous negotiation designs.

Experiment Design and Related Studies
The human subject experiment builds on a linear one-shot public
good game with four parties who differ in their initial endow-
ments and the costs and benefits of their investments into a
common project (see SI Appendix for details). The experiment is
framed neutrally. If applied to climate change negotiations, the
investments can be interpreted as emission reductions or carbon
prices, but there was no reference to climate change in the ex-
periment. In this game, it is a dominant strategy for each party
not to invest anything into the common project, but all parties
are better off if all invest.
The public good game is preceded by a three-stage negotiation

procedure. At the first stage, all parties decide simultaneously
whether to participate in the negotiation. At the second stage,
participants make publicly displayed proposals for a potential
agreement. Each party can replace its current proposal with a
new proposal at any time. At the third stage, they can simulta-
neously commit to an agreement.
After the negotiation, all parties decide simultaneously how

much to invest in the public good. In the treatments with en-
forcement, parties who committed to an agreement in the ne-
gotiation phase must match or exceed their commitments, while
nonparticipants and participants who did not reach an agree-
ment can choose any investment they like. In the treatments with
no enforcement, all parties are unconstrained in choosing their
investment level, no matter whether they participated in an
agreement.

We compare three negotiation designs that differ in what is
being negotiated. In Individual Commitment (IC), each partici-
pant proposes how much she is willing to invest. While she may
also propose how much each other participant should invest, the
final, binding proposal is only for her own, individual commit-
ment. In Complex Common Commitment (CCC), each partici-
pant proposes how much each party should invest. The final
proposal specifies the vector of investments, one investment for
each of the participants. It becomes a binding commitment if and
only if all participants agree to the same vector, implying that
each negotiator has the power to veto any given proposal. In
Uniform Common Commitment (UCC), each participant pro-
poses a uniform minimum investment for all participants. By
participating, the parties agree that the lowest of all proposals
(i.e., the least cooperative proposal) becomes binding for all
participants. No party can be committed to a higher contribution
than its own proposal. For more details on the experimental
procedures, see Materials and Methods.
Our study is closely related to an important experimental

literature on minimum contributions in public good games
(25), because our uniform commitment treatment imposes a
minimum contribution level. This literature mostly corrobo-
rates our finding that imposing a minimum contribution is
effective in promoting cooperation, and it does so under
various laboratory conditions. For instance, it has been shown
that a minimum contribution level may promote cooperation
1) regardless of whether it is imposed endogenously, exoge-
nously, or by a central authority (26, 27); 2) for a variety of
payoff functions including concave ones (28); and 3) under
various forms of payoff asymmetries among subjects (29–32).
A few studies mention potential challenges. For instance,
there is evidence that, in specific circumstances, a minimum
contribution level might crowd out contributions of otherwise
cooperative subjects, yet other experiments find no or only
small crowding out (27, 28, 33). Other studies come to mixed
conclusions regarding subjects’ willingness to voluntarily par-
ticipate in coalitions to provide the public good (34, 35). Fi-
nally, a related theoretical literature studies the effectiveness
of commitment devices absent strong institutions, such as
through the usage of deposits (36). Our study contributes to
this literature by comparing the effectiveness of UCC nego-
tiations with both IC and CCC negotiations, and by studying
how these three negotiation designs differ regarding partici-
pation decisions and enforcement. It is designed to capture
some of the key features of the three leading approaches to
negotiating climate cooperation that have been implemented
or proposed.

Game-Theoretic Analysis and Predictions
A game-theoretic analysis of the treatments with enforcement,
assuming that all parties are rational and purely self-interested,
predicts that the success of climate negotiations depends on the
negotiation design (for the full analysis, see SI Appendix, section
S2). In IC, because commitments are individual and nonrecip-
rocal, it is a dominant strategy for each party to commit to an
investment level of zero. In stark contrast, in UCC, there is a
unique Nash equilibrium in weakly dominant strategies that
achieves the socially efficient outcome if at least three parties
participate in the negotiations. This is because the participant
proposing the lowest uniform commitment determines the out-
come. Assuming that enough parties participate, if this partici-
pant raises her proposed commitment, she raises it for all
participants, making herself (and everybody else) better off.
Thus, each participant is predicted to propose the commitment
level that she would like to be imposed on all participants. At the
same time, high investment proposals are protected against ex-
ploitation, because nobody has to invest more than any other
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participant. In this sense, UCC successfully builds reciprocity (“I
will if you will”) into the negotiation design.
Finally, in CCC, there are multiple equilibria. If at least three

parties participate in the negotiations, almost any vector of in-
vestments is a Nash equilibrium in the negotiation subgame. No
standard refinement selects one of these equilibria as the most
plausible one to be played. While there are many equilibria
yielding an efficient outcome, none of them gives rise to equal
payoffs. Without a focal point for an agreement, coordination is
difficult (2, 17). Each negotiator prefers an agreement in which
others are committed to invest more and she herself is com-
mitted to invest less. Whether parties are able to solve this co-
ordination problem is an empirical question that is addressed by
our experiments.
Based on the game-theoretic analysis of the experiment with

enforcement, we predict IC negotiations to be least effective and
UCC negotiations to be very effective. The efficiency of the CCC
negotiations may equal that of IC or UCC or be somewhere in
between. At the same time, however, more-effective negotiation
designs tend to give stronger incentives to free ride by not partici-
pating in the negotiations in the first place. A party that does not
participate in the negotiations benefits from the commitment of the
negotiators, while she is free to choose how much to invest herself.
This may mitigate the success of effective negotiation design.
On the other hand, there is reason to expect that the partici-

pation rate will be high in all treatments, including UCC. A large
body of behavioral and experimental research shows that many
people are “conditional cooperators,” willing to invest more than
predicted by pure self-interest if others invest as well (37–39). It
has been suggested that conditional cooperators are also more
willing (than predicted by their narrow self-interest) to partici-
pate in institutions that promote cooperation (35).
In the treatments with no enforcement, parties have to rely on

nonbinding agreements. Here the assumption that all parties are
rational and purely self-interested implies that agreements are
cheap talk and that nobody will invest anything in the common
project no matter what the negotiation design. However, be-
havioral economics, economic psychology, and experimental
evidence suggest that nonbinding agreements and promises do
affect behavior (40, 41).

Results
Fig. 1 shows the results of the experiment with enforcement
and confirms that negotiation design strongly affects negoti-
ated outcomes. Cooperation levels, as measured by commit-
ments and actual investments (averaged over all subjects), are
much higher in UCC compared to IC and CCC. The average
commitment measured in percent of the socially optimal level
is almost twice as high in UCC (73%) as in IC (40%) and CCC
(33%). All differences are statistically significant. The average
investment in UCC is even higher, 83% of the social optimum,
while the investments in IC and CCC reach only 45% and
48%, respectively. This difference is again statistically highly
significant, while the difference between IC and CCC is not
statistically significant. See SI Appendix, section S3 for the full
statistical analysis.
The game-theoretic analysis assumes that all people are purely

self-interested. Therefore, it predicts that IC yields zero invest-
ments and that investments should never exceed commitments.
Fig. 1 shows, however, that IC is, to some extent, effective and
that, in all three treatments, some subjects invest more than they
are committed to do. This is consistent with overwhelming evi-
dence that many people (and countries) are not purely self-
interested, but are willing to make voluntary contributions to
the public good (12, 42). However, the data also show that this
motivation alone falls substantially short of achieving the socially
efficient outcome.

Because UCC is so effective in achieving cooperation of the
parties that participate in negotiations, it could also be more
susceptible to free riding by nonparticipants. Yet, the partici-
pation rate in UCC is, with 82%, almost as high as in IC (83%).
The rate in CCC is with 88% statistically significantly higher, but
the difference is small in absolute terms. Thus, as shown in Fig. 1,
differences in participation rates do not impede the effectiveness
of UCC.
Two other factors are decisive for the superior performance of

UCC, illustrated by Fig. 2. The first is the choice of commitment
levels by the negotiating parties. The reciprocal nature of UCC
negotiations creates incentives to choose the socially optimal
commitment if the coalition size is sufficiently large. Indeed,
overall, UCC negotiators commit to an average of 89% of the
socially optimal investment. If all four parties participate in the
negotiations, UCC negotiators reach almost full efficiency (96%;
Fig. 2). If CCC negotiators come to an agreement, they reach a
significantly lower level of efficiency (87% on average), but this
is still much higher than the average commitment for IC
negotiators of only 48%.
The second factor is the likelihood that any given group of

negotiators will reach an agreement. Because there are many
efficient and inefficient equilibrium agreements in CCC, coor-
dination is difficult. Indeed, on average, only 43% of all CCC
negotiations result in a common commitment, with little varia-
tion across coalition sizes (see purple diamonds in Fig. 2). The
failure to successfully coordinate in complex negotiations re-
duces the overall commitment level in CCC (averaged across all
negotiators) to 37%. On the other hand, there is always an
agreement in IC and UCC. By definition, the individual com-
mitments in IC do not require coordination. UCC negotiations
impose the rule that the lowest proposed investment level
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Fig. 1. Enforcement treatments: cooperation measured by commitments,
participation, and investments across negotiation treatments when con-
tracts are enforced. The bars display the average commitments (Left) and
investments (Right) in percent of the socially optimal investment level in the
three treatments. The averages are calculated with respect to the whole
group of subjects, regardless of whether subjects participated in the nego-
tiation or not, thus illustrating the groups’ overall cooperation level. The
violet diamonds above the bars in Left display the participation rates. Error
bars represent SE of the mean clustered at the matching group level. The
results are based on 1,060 observations of commitment, investment, and
participation decisions of 212 individuals. Each individual participated in one
treatment only and took decisions in five anonymous and randomly
rematched groups.
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becomes binding for all participants, so an agreement to the
lowest common denominator is always reached.*
We conclude that, while (on average) IC fails to promote in-

dividual cooperation and CCC fails to promote coordination,
UCC achieves both agreement and high investment levels.

Robustness: No Enforcement Treatment and Additional Results. For
international agreements, enforcement is an important chal-
lenge. Although some enforcement is often possible (e.g.,
through shaming, the threat of retaliation in repeated interac-
tion, or just because sticking to one’s previous commitments and
promises in negotiations is “the right thing to do”) (8, 9), it
cannot be taken for granted. Thus, as a robustness check, we
conducted a stress test of our institutions, where agreements are
not binding and can be violated at no cost. In the treatments
without enforcement, investment levels are lower, as expected.
But, surprisingly, our qualitative results are unaffected (Fig. 3).
Parties invested 52% of the efficient level in UCC but only 34%
in both IC and CCC. This not only refutes the standard game-
theoretic prediction of no investments in all three treatments, it

also shows that negotiation design systematically affects coop-
eration even when agreements are nonbinding, just as in the
treatments with enforcement. A possible explanation is given by
recent results in behavioral economics on promises and honesty
(40, 41, 43). When people are given an opportunity to increase
their payoff by breaking a promise, some of them do, but many
do not or do not fully exploit the opportunities for cheating (44).
As a result, nonbinding agreements do affect behavior, but they
are not as powerful as enforceable contracts.
From our treatments with and without enforcement, we con-

clude that negotiating a uniform commitment is much more
successful in promoting cooperation than the alternative nego-
tiation designs. Even without enforcement, a uniform common
commitment achieves significantly higher average investments
than individual commitments and common complex commit-
ments with enforcement. Moreover, UCC benefits most from an
enforcement technology: Enforcement increases investments by
31 percentage points in UCC, but only by 11 and 14 percentage
points in IC and CCC, respectively. That is, while enforcement is
clearly important, it is not sufficient to achieve cooperation.
Rather, its effectiveness—in line with our theoretical analysis—
depends on negotiation design.
Our results and interpretations are also robust to learning and

variations in the (as)symmetry of parties. In all treatments,
subjects interacted anonymously over five rounds. In each round,
groups were randomly rematched (stranger treatment). If we
look at the behavior over time, we find a small negative time
trend for investments, very similar in all treatments, of about two
percentage points per period. There is no time trend in partici-
pation decisions in any of the treatments (SI Appendix,
section S3).
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a function of the coalition size in each treatment. In contrast to Fig. 1,
subjects who did not participate in negotiations are not included. Error bars
represent SE of the mean clustered at the matching group level. The com-
mitment levels in UCC are generally much higher than the commitment
levels in IC and CCC. The black triangles show the distribution of the number
of participants in negotiations (“coalition size”). In all treatments, larger
coalitions are much more frequent than smaller coalitions. The purple dia-
monds show the frequency of agreements for different coalition sizes. Full
agreement is built into IC and UCC, while CCC negotiations fail in more than
half of all cases. This is the main reason for the poor performance of CCC. In
those cases where an agreement is reached, commitments in CCC reach, on
average, 87% of the efficient level.
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Fig. 3. No enforcement (NE) treatments: cooperation measured by non-
binding commitments, participation, and investments across negotiation
treatments when there is no enforcement. Fig. 3 corresponds to Fig. 1, but
without enforcement. The bars display the average nonbinding commit-
ments (Left) and investments (Right) in percent of the socially optimal in-
vestment level in the three treatments. Because, in this treatment,
commitments are not enforced, they are denoted as “nonbinding commit-
ments.” The averages are calculated with respect to the whole group of
subjects, regardless of whether subjects participated in the negotiation or
not, thus illustrating the groups’ overall cooperation level. The violet dia-
monds above the bars in Left display the participation rates. Error bars
represent SE of the mean clustered at the matching group level. The results
are based on 760 observations of commitment, investment, and participa-
tion decisions of 152 individuals. Each individual participated in one treat-
ment only and took decisions in five anonymous and randomly rematched
groups.

*Even though participants often failed to reach an agreement in CCC, lack of negotiation
time does not seem to have been the critical issue. We asked subjects after the exper-
iment whether they felt that more time would have been needed. On a scale from 1
(“do not agree at all”) to 7 (“fully agree”), a large majority of 62.5% answered with 1 or
2, while only 12.5% answered with 6 or 7. Perhaps not surprisingly, the average answer
in IC (2, 3) and UCC (1, 2) was even lower than in CCC (2.72), but not by much.
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In an additional experiment, we consider a symmetric public
good game (with enforcement) in which all four parties have the
same payoff function (see SI Appendix, sections S2 and S3, for
details). Without asymmetries, a natural focal point for cooper-
ation is equal and efficient investments, which removes the
complexity of CCC negotiations and thus mitigates one key dif-
ference between UCC and CCC. In fact, while the participation
rates are somewhat smaller than in the baseline, overall invest-
ment levels are now very similar in UCC (57%) and CCC (58%,
no statistically significant difference), but still significantly
smaller in IC (41%). This shows that the lack of a focal point in
the asymmetric CCC negotiations is the main driver for the su-
perior performance of UCC in the baseline experiment (see SI
Appendix, section S3).

Conclusions
Our study provides causal evidence that a negotiation design that
focuses on a uniform common commitment can be more suc-
cessful in achieving cooperation than individual commitments or
complex common commitments. Negotiating a uniform common
commitment is superior in our experiments both when agree-
ments are binding and when they are not. Moreover, as predicted
by theory and confirmed by the experiments, when enforcement
is available, it can most effectively promote cooperation when
negotiators focus on a uniform common commitment.
Because our laboratory study controls away potentially con-

founding factors in the world outside the laboratory, we caution
that, of course, one cannot conclude from our study that
switching the negotiation style will automatically lead to more
cooperation in the real world. For instance, the number of par-
ties in the negotiation might differently affect the effectiveness of
each of the negotiation designs, which, in turn, might affect the
number of parties that should be invited to the negotiations. We
leave such questions to future studies.
That said, our study complements previous discussions and

previous evidence in several, less-controlled field studies sug-
gesting that reciprocal common commitments may indeed be
crucial for achieving cooperation (4, 20, 45). It also offers a
proof-of-concept for a key negotiation design choice when the
goal of the negotiation is to promote cooperation.
The Paris Agreement will be reviewed and further developed

in the future. How to achieve more ambitious cooperation will be
an important concern in this process. Our study suggests that
parties should consider shifting a focus of the negotiations to a
uniform, reciprocal target. One natural candidate would be a
uniform minimum price for carbon emissions. It is a simple and
transparent policy instrument that is relatively easy to measure
and to compare across countries, and can be flexibly imple-
mented with taxes, markets for emission rights, or hybrid policies
(24). Because a uniform price minimizes total costs of reducing
CO2 emissions, it is also a widely accepted goal already, sup-
ported by advocates of a carbon tax as well as by promoters of
cap-and-trade.
While our experiments exogenously imposed the kind of

contract that could be agreed upon, it would be interesting to
study the choice of agreement that negotiators strive for (27, 32),
and how this depends on the problem under consideration. For
price agreements, it often seems natural to look for a uniform
common commitment that applies the same price to all parties,
such as a uniform minimum price for carbon, a uniform mini-
mum tax on corporate profits, or a uniform maximum tariff on
imports. In other contexts, however, a uniform proportional rule
may be more appropriate. For instance, countries may wish to
contribute to a Green Fund in proportion to their GDP or to
their cumulative carbon emissions in the past. We must leave
such questions to future research.
An important concern is that, with 192 countries, there will

always be some countries that are unwilling to support an

ambitious climate policy, for political or economic reasons. In-
tegrating these parties in an international agreement based on
the lowest common denominator, as stipulated by the unanimity
rule of our UCC design, would impede any cooperation. Thus, as
forcefully advocated by Nordhaus (5, 14), it may be preferable to
start out negotiating a uniform carbon price within a “climate
club” of some of the main players (e.g., the United States,
Europe, China, and Japan), and to extend the carbon price to
other countries using sticks (e.g., border adjustment taxes) and
carrots (e.g., support through a Green Fund) at a later stage.

Materials and Methods
The experiment (including six pilot sessions) was preregistered at AsPre-
dicted.org (SI Appendix, section S5). This research was approved by the In-
stitutional Review Board (“Ethics committee” of the Faculty of Economics) at
the University of Munich where the study was conducted, and it included
informed consent by all participants (SI Appendix, section S6). It took place
at the Munich Experimental Laboratory for Economic and Social Sciences in
Munich in 2018. There were 23 sessions, each divided into two matching
groups, and 500 participants in total. Sessions lasted about 90 min and
yielded average earnings of V19.91 (approximately $24.00). SI Appendix,
Table S1 displays the demographic summary statistics of all experimental
sessions.

Subjects interacted anonymously via a computer network. After reading
the instructions and answering test questions, the subjects played the ne-
gotiation game five times with random rematching within each matching
group after each period (“stranger condition”). Then they had to complete a
short questionnaire. Finally, the computer randomly selected one period for
payment (see SI Appendix, S7 for the full text of the instructions).

In the experiment with enforcement, four parties can write a binding
contract on “investments” in a public good, called “group project.” If
investments xi ∈ [0, xmax

i ], i∈ {A, . . . ,D}, are made, the payoff of party iis
given by

Ui = wi − xi + ai ·

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∑4
j=1

xj , if ∑4
j=1

xj ≤ Xi

Xi , if ∑4
j=1

xj>Xi ,

where wi is the initial endowment, ai < 1 is the marginal individual return of
the investment, and Xi is the maximum total investment above which fur-
ther investments are no longer beneficial for party i. The values of these
parameters are summarized in SI Appendix, Table S2. Total surplus is maxi-

mized if ∑4
j=1

xj = 300. The investments can be interpreted as emission reduc-

tions or carbon prices. However, the experiment is framed neutrally without
any reference to climate change.

Before investment decisions are made, parties can negotiate a binding
contract as described above. At the negotiation stage, all participating parties
can make proposals and counterproposals for 3 min in real time. If a proposal
is made, all parties see the proposal along with the payoff consequences
implied by the proposal.

If a contract is agreed upon, each contracting party has to invest at least
the amount it committed to in the contract. A party that did not participate in
the negotiations can choose any investment level xi ∈ [0, xmax

i ].
The experiment with no enforcement is identical to the experiment with

enforcement with the only exception that the “contract” is called an
“agreement” and that it is common knowledge that this agreement is not
enforced. Thus, at the investment stage, all parties can choose any
investment level xi ∈ [0, xmax

i ].
Finally, we conducted a control experimentwith symmetric parties that has

the exact same structure as the experiment with enforcement, but here all
four parties have the same endowments and payoff functions that are the
averages of the parameters of the asymmetric treatments (SI Appendix,
Table S2).

Data Availability. Datasets, code, and do-files have been deposited in Eco-
nomics & Business Data Center (https://doi.org/10.7805/climate-negotiations) (46).

ACKNOWLEDGMENTS. We gratefully acknowledge research and program-
ming assistance from Benjamin Langer, Cornelius Schröder, and Mario
Winkler. Financial support by Deutsche Forschungsgemeinschaft through
Collaborative Research Center Transregio 190 (Project 280092119) and

Schmidt and Ockenfels PNAS | 5 of 6
Focusing climate negotiations on a uniform common commitment can promote
cooperation

https://doi.org/10.1073/pnas.2013070118

EC
O
N
O
M
IC

SC
IE
N
CE

S
SU

ST
A
IN
A
BI
LI
TY

SC
IE
N
CE

D
ow

nl
oa

de
d 

by
 g

ue
st

 o
n 

M
ar

ch
 2

4,
 2

02
1 

https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
http://AsPredicted.org
http://AsPredicted.org
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2013070118/-/DCSupplemental
https://doi.org/10.7805/climate-negotiations
https://doi.org/10.1073/pnas.2013070118


through Germany´s Excellence Strategy (Program EXC 2126/1–390838866), as
well as by the European Research Council under the European Union’s
Horizon 2020 research and innovation program (Grant Agreement 741409)
is gratefully acknowledged. This paper reflects only the authors’ view, and

the funding agencies are not responsible for any use that may be made of
the information it contains. Part of this research was conducted while K.M.S.
visited the economics department at Harvard University. K.M.S. thanks his
hosts for their great hospitality.

1. H. Raiffa, The Art and Science of Negotiation (Harvard University Press, 1982).
2. M. L. Weitzman, Can negotiating a uniform carbon price help to internalize the

global warming externality? J. Assoc. Environ. Resour. Econ. 1, 29–49 (2014).
3. D. J. C. MacKay, P. Cramton, A. Ockenfels, S. Stoft, Price carbon—I will if you will.

Nature 526, 315–316 (2015).
4. P. Cramton, A. Ockenfels, S. Stoft, “Global carbon prizing: The path to climate co-

operation” in Global Carbon Pricing: The Path to Climate Cooperation, P. C. Cramton,
D. J. C. MacKay, A. Ockenfels, S. Stoft, Eds. (MIT Press, 2017), pp. 31–90.

5. W. Nordhaus, Climate change: The ultimate challenge for economics. Am. Econ. Rev.
109, 1991–2014 (2019).

6. A. Tavoni, A. Dannenberg, G. Kallis, A. Löschel, Inequality, communication, and the
avoidance of disastrous climate change in a public goods game. Proc. Natl. Acad. Sci.
U.S.A. 108, 11825–11829 (2011).

7. S. Barrett, Self-enforcing international environmental agreements.Oxf. Econ. Pap. 46,
878–894 (1994).

8. J. Heitzig, K. Lessmann, Y. Zou, Self-enforcing strategies to deter free-riding in the
climate change mitigation game and other repeated public good games. Proc. Natl.
Acad. Sci. U.S.A. 108, 15739–15744 (2011).

9. P. K. Dutta, R. Radner, Self-enforcing climate-change treaties. Proc. Natl. Acad. Sci.
U.S.A. 101, 5174–5179 (2004).

10. M. Grubb et al., The Kyoto Protocol: A Guide and Assessment (Earthscan, 1999).
11. Intergovernmental Panel on Climate Change, “Global warming of 1.5 °C: Special re-

port” (Intergovernmental Panel on Climate Change, 2018).
12. J. Rogelj et al., Paris agreement climate proposals need a boost to keep warming well

below 2 °C. Nature 534, 631–639 (2016).
13. M. L. Weitzman, Internalizing the climate externality: Can a uniform price commit-

ment help? Economics Energy Environ. Policy 4, 37–50 (2015).
14. W. Nordhaus, Climate clubs: Overcoming free-riding in international climate policy.

Am. Econ. Rev. 105, 1339–1370 (2015).
15. A. Pigou, The Economics of Welfare (Taylor and Francis, 1920).
16. W. D. Nordhaus, An optimal transition path for controlling greenhouse gases. Science

258, 1315–1319 (1992).
17. T. C. Schelling, The Strategy of Conflict (Harvard University Press, 1960).
18. M. L. Weitzman, On a world climate assembly and the social cost of carbon. Eco-

nomica 84, 559–586 (2017).
19. P. Cramton, A. Ockenfels, S. Stoft, An international carbon-price commitment pro-

motes cooperation. Economics Energy Environ. Policy 4 51–64 (2015).
20. E. Ostrom, Governing the Commons: The Evolution of Institutions for Collective Ac-

tion (Cambridge University Press, 1990).
21. E. Fehr, S. Gächter, Altruistic punishment in humans. Nature 415, 137–140 (2002).
22. E. Fehr, S. Gächter, Cooperation and punishment in public goods experiments. Am.

Econ. Rev. 90, 980–994 (2000).
23. H. Gintis, S. Bowles, R. T. Boyd, E. Fehr, Eds., Moral Sentiments and Material Interests:

The Foundations of Cooperation in Economic Life (MIT Press, 2005).
24. P. C. Cramton, D. J. C. MacKay, A. Ockenfels, S. Stoft, Eds., Global Carbon Pricing: The

Path to Climate Cooperation (MIT Press, 2017).
25. H. Orzen, “Fundraising through competition: Evidence from the lab” (CedEx Discus-

sion Pap. 2008-11, University of Nottingham, 2008).

26. P. Martinsson, E. Persson, Public goods and minimum provision levels: Does the in-
stitutional formation affect cooperation? Scand. J. Econ. 121, 1473–1499 (2019).

27. M. G. Kocher, P. Martinsson, E. Persson, X. Wang, Is there a hidden cost of imposing a
minimum contribution level for public good contributions? J. Econ. Psychol. 56, 74–84
(2016).

28. J. Andreoni, An experimental test of the public-goods crowding-out hypothesis. Am.
Econ. Rev. 83, 1317–1327 (1993).

29. M. Kesternich, A. Lange, B. Sturm, The impact of burden sharing rules on the vol-
untary provision of public goods. J. Econ. Behav. Organ. 105, 107–123 (2014).

30. M. Kesternich, A. Lange, B. Sturm, On the performance of rule-based contribution
schemes under endowment heterogeneity. Exp. Econ. 21, 180–204 (2018).

31. C. Keser, A. Markstädter, M. Schmidt, Mandatory minimum contributions, hetero-
geneous endowments and voluntary public-good provision. Games Econ. Behav. 101,
291–310 (2017).

32. C. Gallier, M. Kesternich, B. Sturm, Voting for burden sharing rules in public goods
games. Environ. Resour. Econ. 67, 535–557 (2017).

33. A. Ziegelmeyer, K. Schmelz, M. Ploner, Hidden costs of control: Four repetitions and
an extension. Exp. Econ. 15, 323–340 (2012).

34. A. Dannenberg, A. Lange, B. Sturm, Participation and commitment in voluntary co-
alitions to provide public goods. Economica 81, 257–275 (2014).

35. M. Kosfeld, A. Okada, A. Riedl, Institution formation in public goods games. Am.
Econ. Rev. 99, 1335–1355 (2009).

36. A. Gerber, P. C. Wichardt, Providing public goods in the absence of strong institutions.
J. Public Econ. 93, 429–439 (2009).

37. U. Fischbacher, S. Gächter, E. Fehr, Are people conditionally cooperative? Evidence
from a public goods experiment. Econ. Lett. 71, 397–404 (2001).

38. A. Chaudhuri, Sustaining cooperation in laboratory public goods experiments: A se-
lective survey of the literature. Exp. Econ. 14, 47–83 (2011).

39. E. Fehr, I. Schurtenberger, Normative foundations of human cooperation. Nat. Hum.
Behav. 2, 458–468 (2018).

40. G. Charness, M. Dufwenberg, Promises and partnership. Econometrica 74, 1579–1601
(2006).

41. J. Abeler, D. Nosenzo, C. Raymond, Preferences for truth‐telling. Econometrica 87,
1115–1153 (2019).

42. D. J. Cooper, J. H. Kagel, “Other-regarding preferences: A selective survey of exper-
imental results” in Handbook of Experimental Economics, J. H. Kagel, A. E. Roth, Eds.
(Princeton University Press, 2016), vol. 2, pp. 217–289.

43. J. Brandts, M. Ellman, G. Charness, Let’s talk: How communication affects contract
design. J. Eur. Econ. Assoc. 14, 943–974 (2016).

44. U. Fischbacher, F. Föllmi-Heusi, Lies in disguise: An experimental study on cheating.
J. Eur. Econ. Assoc. 11, 525–547 (2013).

45. E. Hofmann, L. Kyriacou, K. M. Schmidt, “A Model United Nations experiment on
climate change negotiations” (CRC TRR 190 Discussion Pap. 266, University of Munich,
2020).

46. K. M. Schmidt, A. Ockenfels, Focusing climate negotiations on a uniform common
commitment can promote cooperation. Economic and Business Data Center at ifo
Institute. https://doi.org/10.7805/climate-negotiations. Deposited 1 December 2020.

6 of 6 | PNAS Schmidt and Ockenfels
https://doi.org/10.1073/pnas.2013070118 Focusing climate negotiations on a uniform common commitment can promote

cooperation

D
ow

nl
oa

de
d 

by
 g

ue
st

 o
n 

M
ar

ch
 2

4,
 2

02
1 

https://doi.org/10.1073/pnas.2013070118

