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Abstract For environmental problems such as climate change, uncertainty about future
conditions makes it difficult to know what the goal of mitigation efforts should be, and
inequality among the affected parties makes it hard for them to know how much they each
should do toward reaching the goal. We examine the effects of scientific uncertainty and
wealth inequality in experiments where subjects decide how much to contribute toward
reducing a common threat. We also explore how the framing of uncertainty affects collective
action. Our results suggest that uncertainty lowers contributions, but contributions remain
surprisingly high even in treatments with a variable loss probability, where such behavior is
individually suboptimal (and where the underlying game is a prisoner’s dilemma). Further, we
find that the characterization of uncertainty is crucial and that inequality need not lower
contributions at all.

1 Introduction

Efforts to avoid irreversible damage to common-pool resources tend to coalesce around a
critical threshold beyond which catastrophe is likely to be unavoidable, such as the 2 °C limit
on global temperature rise identified in the 2009 Copenhagen Accord. Although critical
tipping points, such as the temperature rise beyond which the Greenland ice sheet will melt,
are envisioned, the locations of such tipping points are not known precisely. For example, the
IPCC states regarding the Greenland ice sheet, BCurrent estimates indicate that the [tipping
point] is greater than about 1°C … but less than about 4°C … global mean warming with
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respect to pre-industrial^ (IPCC, 2013, p. 29). The Paris Climate Accord in December 2015
essentially acknowledges that temperature thresholds are only vaguely related to such tipping
points in stating that the goal is to hold Bthe increase in the global average temperature to well
below 2°C above pre-industrial levels^ and to Bpursue efforts to limit the temperature increase
to 1.5°C.^

Uncertainty about the threshold level of effort needed to avoid a critical tipping point can be
characterized in two ways: the exact location of the threshold might be unknown, or the
probability of facing a catastrophic outcome as result of mitigation efforts not reaching the
threshold might not be fixed (e.g., missing the threshold by just a bit might make a collapse
less likely than missing it by a lot). These two types of uncertainty could undo the positive
effect of having a threshold on the likelihood of avoiding the tipping point. When the threshold
is unknown, or when the extent of the catastrophe depends on how far agents’ efforts fall short
of the threshold, then the effect of the threshold as a coordination device becomes weaker. The
logic is simple: if the missing threshold has only a small marginal effect instead of a stark
discrete effect, then the costs for each individual contributing a little less than what is needed to
get to the threshold might be smaller than the benefits of reaching the threshold.

The effect of uncertainty could be even worse if the agents are heterogeneous in income.
Income heterogeneity makes coordination more difficult than with a known threshold because
what constitutes a fair individual contribution is more difficult to discern. Such income
disparities may yet hamper success in reaching the emission targets agreed in 2015 in Paris.

2 Literature review and research questions

Public-good experiments are one way to explore the ramifications of alternative incentive
structures on people’s willingness to cooperate in achieving a common goal. We examine the
effects of scientific uncertainty and income inequality in the context of the dynamic threshold
public-good experiment pioneered by Milinski et al. (2008). In their basic setup, subjects, in
groups of six, each start with an equal endowment, of which they can contribute up to 10% to
the public good in each of ten rounds. Subjects face a certain probability of losing all of their
remaining funds if the group’s aggregate contribution after the ten rounds does not reach a
known threshold. We use variations of this setup to address three research questions.

First, we compare the effect of a certain threshold and known probability of loss, as in
Milinski et al. (2008), with that of an uncertain threshold. These two situations are
fundamentally different. Introducing uncertainty about the location of a threshold can
turn a coordination game back into a prisoner’s dilemma game (Barrett 2013). The
theoretical prediction of different behavior in those two situations has been demonstrated
empirically by Barrett and Dannenberg (2012) who found that the vast majority of
groups facing a certain threshold coordinated on the Bsafe^ equilibrium, in which
aggregate contributions reached the threshold, whereas contributions of most groups in
the treatment with an uncertain threshold were so low that the catastrophic outcome was
inevitable. Barrett and Dannenberg (2014) extended the analysis by varying the uncer-
tainty range and observed that large uncertainty resulted almost always in catastrophic
outcomes, whereas low uncertainty about the threshold nearly always triggered high
enough contributions to avoid catastrophes. Finally, Dannenberg et al. (2015) compared
contributions when the threshold was known with treatments where it was uncertain but
known to vary uniformly within a given range and where it was known only to fall
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within that range (with no information about the distribution). They found not only that
introducing uncertainty about the threshold lowered contributions but also that lack of
knowledge about the distribution lowered contributions most of all. We retest the effect
of uncertainty. In particular, our first research question concerns the effect of moving
from a discrete chance of loss (loss occurs for sure if the threshold is not reached) to a
continuous change in the chance of a loss (additional contributions incrementally lower
the chance of loss).

Second, we model the uncertainty faced by subjects in two apparently quite different but, as
it turns out, equivalent ways. Our effort here is motivated in part by the finding that the way
scientific uncertainty is presented in the context of future climate change can influence how the
public perceives the actual problem and responds to it (Shackley and Wynne 1996). In one
case, the threshold is known and fixed, as in the certain threshold treatment, but the loss
probability is a function of the contribution level—aggregate contributions close to the
threshold result in a small loss probability, whereas low contribution levels make a loss more
likely. In the other case, we keep the loss probability constant at 1—subjects will lose their
remaining funds with certainty if the group does not reach the threshold—but the threshold
itself is uncertain (it is a random variable, uniformly distributed over a range from 0 to a known
maximum). As implemented, these different frames yield identical payoff structures. However,
the former framing makes the probability of loss uncertain whereas the latter makes the
location of the threshold uncertain. Our second research question is then whether the framing
has an impact on subjects’ and groups’ behavior. We expect that when the threshold itself is
uncertain, as opposed to being known, the lack of a specific goal toward which participants can
aim will result in lower contributions. Goal specificity is recognized, in the workplace and
elsewhere, as an important determinant of successful performance (Locke and Latham 2002).

Third, since income inequality is of critical importance in climate negotiations, we examine
for our last research question whether heterogeneity in endowments has a positive, negative, or
no impact at all on contributions to public goods. Income inequality has been of considerable
interest in experimental economics: some linear public good experiments found a negative
effect of income inequality (e.g., Cherry et al. 2005; van Dijk et al. 2002), others found a
positive effect (e.g., Chan et al. 1996; Reuben and Riedl 2013), and another found no effect
(Chan et al. 1999). A few papers also examined the effect of heterogeneous endowments in
threshold public-good games and found no or only a negative effect (e.g., Croson and Marks
2001; Rapoport 1988; Rapoport et al. 1989; Rapoport and Suleiman 1993). Further, the few
papers that examined endowment heterogeneity in collective-risk social dilemmas arrived at
different conclusions: one (Tavoni et al. 2011) observed that heterogeneity lowered the rate at
which groups reached a known threshold, but two others (Burton-Chellew et al. 2013; Milinski
et al. 2011) did not find a significant effect.

3 Experimental design and expectations

To examine these three research questions, we implement six treatments of a threshold public-
good game. Among the six treatments we cross two factors, the Endowment that players begin
with (either equal or unequal) and the Threat they face. Our three threat configurations are
when the threshold is known and the probability of loss, if the threshold is not reached, is fixed
(H1), when the threshold is known but the loss probability is variable (H2), and when the
threshold is unknown but the loss probability is fixed (H3) (Table 1).
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Each treatment consists of three independent and identical rounds, with ten periods per
round, administered to groups of six subjects. At the end of each period, contributions of all
players are displayed along with the group’s total contribution up to that point. Subjects know
that if the sum of their contributions to the group account at the end of period 10, C10, does not
reach the threshold X, they will face a probability p of losing all of their remaining funds. With
ci10 as the sum of player i’s contributions to the public good over the ten periods and E as the
original endowment, player i’s payoff is

EV πið Þ ¼ 1−pð Þ E−ci10ð Þ if C10 < X
E− ci10 if C10 ≥X

�
: ð1Þ

This setup is designed to imitate the real-world situation where countries face major
potential loss and have the opportunity to avoid the loss, but only at a significant cost to
most, if not all, of them.

We first describe treatments T1–T3, in which all endowments are equal, and then indicate
how treatments T4–T6 (unequal endowments) differ from T1–T3 (Table 1). In treatments T1–
T3, all six subjects in a group start each round with an endowment of $40, of which they can
contribute $0, $2, or $4 to the group account in each of the ten periods (all currency amounts
are in U.S. dollars). Treatment T1 replicates the Milinski et al. (2008) experiment, with a
certain threshold of X = $120 and a certain loss probability of p = 0.5 with which all group
members lose their remaining funds if the group’s contributions do not reach the threshold.
Thus, in T1, player i’s expected payoff (πi) is

EV πið Þ ¼ :5 40−ci10ð Þ if C10 < 120
40− ci10 if C10 ≥120

�
: ð2Þ

As usual in threshold public-good games of this kind, there are potentially many Nash
equilibria. In T1, one Nash equilibrium is for every subject to contribute 0 over the entire
round, because unless the group contributions are sufficient to reach the threshold any
individual contribution lowers the subject’s expected payoff. With the given parameters, a
second kind of Nash equilibrium exists, in which the group’s total contribution exactly reaches
the threshold of $120. For risk-neutral subjects, there is only one such equilibrium—every-
body contributes $20—since risk-neutral subjects would always prefer to keep $40 with a loss
probability of 0.5 than to keep an amount less than $20 with certainty. For risk-averse subjects,

Table 1 Experimental design

Treatment Number of groups Endowment ($) Threat name Threat configuration

Threshold ($) Probability of lossa

T1 10 Equal (40) H1 Known (120) Fixed (0.5)
T2 12 Equal (40) H2 Known (120) Variable (0–1)c

T3 10 Equal (40) H3 Unknown (0–120)b Fixed (1.0)
T4 10 Unequal (30 or 50) H1 Known (120) Fixed (0.5)
T5 11 Unequal (30 or 50) H2 Known (120) Variable (0–1)c

T6 10 Unequal (30 or 50) H3 Unknown (0–120)b Fixed (1.0)

a Probability of loss if the threshold is not reached
b Chosen randomly from a uniform distribution
c Decreases linearly in C10 up to C10 = 120; constant at 0 for C10 > 120
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however, there are also other equilibria with individual contributions other than $20 as long as
the group’s total contribution reaches $120. In all cases, risk-averse subjects prefer the certain
outcome with the group’s contributions reaching the threshold over the 50-50 gamble.
However, that preference alone is insufficient incentive to keep a subject contributing in all
periods within a round. Once it becomes clear to a subject that the group is unlikely to reach
the threshold, even a risk-averse subject may abandon the cause.

In treatments T2 and T3, uncertainty about the loss is more complex than in T1. In T2, the
threshold is still $120, which is known to subjects, but the loss probability is no longer fixed at
0.5; rather, it is a linear function of the group’s total contribution, decreasing from 1 for a C10

of $0 to 0 for a C10 of $120. To be precise, the loss probability (p) is

p ¼
120− C10

120
if C10 < 120

0 if C10≥120

(
: ð3Þ

Therefore, player i’s expected payoff is:

EV πið Þ ¼ 1−pð Þ 40−ci10ð Þ if C10 < 120
40− ci10 if C10 ≥120

�
: ð4Þ

In T3, the loss probability if the group fails to reach the threshold is fixed at p = 1 (so loss is
certain if the threshold is not reached), but this time the threshold itself (X) is uncertain and
randomly drawn from a uniform distribution between 0 and 120. Given an aggregate contri-
bution C10 smaller than $120, the probability of it being larger than X is C10/120, and thus, the
effective probability of loss when C10 < 120 is 1 – C10/120, such that

p ¼ 1−
C10

120
if C10 < 120

0 if C10≥120

(
; ð5Þ

which is identical to the loss probability p of T2 shown in Eq. 3. Thus, the expected payoff of
T3 for any given combination of individual contributions is identical to the expected payoff for
T2 for the same combination—treatments T2 and T3, although differently framed, are identical
in effect.

In both treatments T2 and T3, $120 still constitutes a particular threshold, since the group is
Bsafe^ with certainty if their aggregate contribution reaches $120, as in T1. T2 and T3 differ,
however, from T1 in that the cost of C10 being below $120 is less dramatic and more gradual
than it is in T1 and thus more similar to many real-world situations. That the cost of not
reaching the threshold is smaller seems to be good news for subjects. At least theoretically,
however, it is not, because the incentive for the group to reach $120 (and maximize the group
total payoff) is smaller. Indeed, it easily can be shown that for risk-neutral subjects everyone
contributing $20 is no longer a Nash equilibrium. Maximizing the individual payoff function
(Eq. 4) with respect to ci10 yields the best-response function:

ci10 dð Þ ¼
40− d
2

if d ≤40
0 if d > 40

(
; ð6Þ

where d = C10–ci10 (the sum of the contributions of the other players). In equilibrium

c*i10 ¼ 40
�
7≈5:71;∀i. Given the discrete nature of contributions in our game and that subjects

can only make even-numbered contributions, ci10
* = 6 and C10 = 36. Obviously, individual
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contributions of $6 (which would result in expected payoffs of 10.2 for each group member)
are not enough for the group to reach the threshold of $120 and for each group member to
receive a certain payoff of $20. If the other five group members each contribute $20 for a total
of $100, then subject i maximizes her expected payoff by contributing 0; that is, everybody
contributing $20 is no longer an equilibrium.

Everybody contributing $20, however, while not an equilibrium, is clearly the socially
optimal situation now, as any increase of an individual contribution (until the aggregate
contribution level reaches $120), independent of what others do, has a positive net impact
on the sum of payoffs. This is not true in T1, where only contributions that put the group’s
aggregate level above the threshold have a positive impact on the sum of payoffs. Contrary to
the coordination game in T1, the games in T2 and T3 are therefore prisoner’s dilemmas again,
which are similar to traditional linear public-good games without a threshold (see Barrett 2013
on this distinction).

Based on these theoretical predictions, and on results from similar experiments, we expect
regarding question 1 that the majority of groups in T1 will try to coordinate on the
Bcontribution equilibrium.^ In comparison, the predicted success rates in T2 and T3 are
unambiguously less optimistic about reaching the $120 threshold. Contrary to a high success
rate in T1, we expect zero success rates in T2 and T3 (with success defined as reaching the
Bsafe threshold^ of $120). Further, although we expect contributions to be positive in T2 or
T3, we expect them to be lower than in T1.

Turning to question 2, although T2 and T3 are fundamentally the same, they differ in
framing—T2 stresses the loss probability while T3 focuses on threshold uncertainty. If subjects
focus squarely on the incentives, we expect to find no difference in contributions between T2
and T3. Alternatively, if framing of the risk matters in this case, we would expect contributions
in T2 to exceed those of T3 due to the reduced specificity of the goal in T3, as described above.

Note that T2 and T3 differ from each other in two ways, which each would tend to push
contributions in a different direction. Making the threshold location variable between 0 and
120 (as in T3), as opposed to fixed at 120 (as in T2), puts less pressure on groups to reach the
120 threshold, whereas fixing the loss probability at 1 if the threshold is not reached (T3), as
opposed to being variable between 0 and 1 (T2), puts more pressure on groups to reach the
threshold. Because the two effects work in opposite directions, it becomes an empirical
question: which one (if either) is stronger? If fewer T3 groups than T2 groups reach 120,
we would attribute that drop in cooperation to making the threshold location variable.
Conversely, if fewer T2 groups than T3 groups reach 120, we would attribute the drop in
cooperation to making the loss probability variable.

Treatments T4–T6 replicate T1–T3, respectively, except that in T4–T6 endowments
are unequal (Table 1). Three subjects are randomly assigned to be Brich^ (endowment of
$50) and the other three are Bpoor^ (endowment of $30). The rich subjects can contribute
in each period $0, $2, $3, or $5, and the poor can contribute $0, $1, $2, or $3. The four
values subjects may enter were chosen in order to give them the opportunity to contrib-
ute nothing, contribute everything, make equal absolute contributions to assure C10 = 120
(everybody gives $2 each period), or make contributions that assure the threshold is
reached and that payoffs are equal (the poor give $1 in each period and the rich give $3,
so that everybody keeps $2 for themselves). Moreover, while equal proportional contri-
butions ($1.50 for poor and $2.50 for rich) were not possible in a given period, poor
subjects going back and forth between $1 and $2 and rich subjects between $2 and $3
results in equal proportional contributions within a round.

160 Climatic Change (2017) 141:155–166



As in T1, there are two equilibria for risk-neutral subjects in T4: everyone gives $0 and
everyone gives half of their endowment, which is enough to bring the aggregate contribution
to $120 (3 · 15 + 3 · 25 = 120). In the latter equilibrium, subjects earn $15 and $25, respective-
ly, with certainty, the same as their expected earnings would be in the zero-contribution
equilibrium. Risk-averse subjects have, depending on their levels of risk aversion, additional
equilibria in which the aggregate contribution equals $120. In treatments T5 and T6, the best-
response function is identical to that of T2 and T3 and is shown in Eq. 6 except that for poor
subjects, the 40 in Eq. 6 is replaced with 30 and for rich subjects the 40 is replaced with 50.
The response function yields a corner - solution equilibrium in which the poor subjects
contribute 0 and the rich subjects contribute 12.5 for an aggregate contribution of 37.5 and
expected payoffs of 9.4 and 12.2 for poor and rich subjects, respectively. With discrete
contributions, the poor contribute 0 and the rich contribute 12 or 13 in equilibrium, with total
contributions of 36 to 38 and expected payoffs in the range of 9 to 9.5 for the poor and 11.4 to
12 for the rich. Given that equilibrium predictions of T4–T6 are very similar to those of T1–
T3, along with the lack of consistent evidence in the literature of an effect of income inequality,
regarding question 3 we cannot expect differences in success rates or contribution levels
between equal and unequal endowments.

4 Methods

Our six treatments (T1–T6) engaged a total of 378 subjects in 63 groups of six subjects each.
At least ten groups participated in each treatment. Each subject provided 30 responses, ten in
each of three identical rounds. At the end of the experiment, one of the three rounds was
randomly chosen to determine the payoffs. Subjects were recruited in introductory psychology
classes at Colorado State University, listed over 40 different academic majors (with psychol-
ogy being the most prevalent at about 18%), were about 55% female, and had a mean age of
about 20. No subject participated in more than one session. Subjects were individually seated
at computer terminals, did not converse among themselves, and were not aware of who among
the other participants bid a specific amount. The experiment was implemented using the z-Tree
software (Fischbacher 2007). On average, a session, including reading the instructions, lasted
50 min. The instructions carefully explained the opportunity to earn a cash payoff and the risk
that the potential payoff could be lost. The average payoff was about $23 for subjects in groups
that kept their remaining funds and, of course, $0 for subjects in groups that lost their
remaining funds. Across all subjects the average payout was $18.4. See the Supplementary
material for experimental scripts.

Analysis of the three research questions was performed using data from all six treatments in
a single generalized linear mixed model (implemented with the GLIMMIX procedure of SAS)
with Threat, Endowment, and Round as class variables. The model allows comparisons of the
different levels of Threat, Endowment, and Round. The Tukey multiple range test is used to
adjust for the effect of having performed multiple tests. Two dependent variables are analyzed:
success rate is entered as a binary variable (the group either reached the threshold or not), and
total contribution is entered as Gaussian after adjustment with the box-cox transformation to
approximate a normal distribution. A p value cutoff of 0.05 is used for all tests. The null
hypothesis in all statistical tests was of no difference between the two treatments or conditions
being compared. All of the expectations regarding research questions 1 and 2 apply as well to
treatments T4–T6, respectively, so that we examine those expectations in terms of H1-H3.
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Our main statistical tests are based on data from all three rounds of each treatment. Round
was found to not be significant in the analyses of success rate (p = 0.483) or total contribution
(p = 0.088). Thus, we summarize results by combining across rounds. See the Supplementary
material for more, including round-specific results in Tables S1 and S2 and treatment-level
statistical test results in Table S3.

5 Results

Question 1: on the effect of a discrete versus incremental change in the chance of loss
The success rate when the threshold is known and loss probability is fixed (H1, Table 1) is
somewhat, though not significantly (at the p = 0.05 level), higher than with threat H2 (p =
0.082) and is significantly higher than with threat H3 (p = 0.001). Further, the success rates
given H2 are obviously positive, but with H3 they are not. For example, in T1, 60% (18 out of
30) of all group opportunities managed to reach the threshold, and in T2, 25% made it, but in
T3, not a single group made it (Fig. 1).

The generally lower success rates of H2 and H3 compared to those of H1 are not
surprising in light of the fact that reaching the threshold does not have the same stark
effect in H2 and H3 as it does in H1. A group in H2 and H3 narrowly missing the
threshold would face only a slightly higher probability of losing the remaining endow-
ment, while in H1 that probability abruptly drops from 0.5 to 0 when the threshold is
reached.

Total group contributions are higher in H1 than in H2 (p = 0.037) or H3
(p < 0.001). For example, average contributions are $113, $110, and $94 in T1, T2,
and T3, respectively (Fig. 2). Recall that theory predicts total contribution for risk-
neutral subjects to be $120 for H1 (if they settle on the Bbetter^ Nash equilibrium)
but only $36 for H2 and H3. Even the lowest individual group total contribution
across all rounds of treatments with H2 and H3 threats, $64, is much higher than the
theoretically predicted contribution of $36–38 for risk-neutral subjects.

Fig. 1 Success rate (percent of groups reaching $120 total contribution). Given a known threshold and fixed
probability of loss if the threshold is not reached, the threshold was reached in 18 (T1) and 21 (T4) of the 30 (ten
groups × three rounds) opportunities. With a known threshold and variable probability of loss, the Bsafe^
threshold was reached in 9 of 36 (T2) and 18 of 33 (T5) opportunities. With an unknown threshold but fixed
probability of loss (T3 and T6), the Bsafe^ threshold was never reached
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The high contribution levels in treatments with H2 and H3 threats are unexpected. Having a
threshold in place, even if the loss in the case of not reaching the threshold is not as stark or if
the threshold is uncertain, still seems to motivate subjects more than theory based on self-
interest and risk neutrality would predict—which is good news for climate change policies.
Results for these four treatments show that in situations where contributions potentially have a
positive impact, most subjects made significant contributions toward the group goal (66% of
all contributions across these four treatments were positive, and only 3% of the subjects
contributed $0 in all periods).

Recall that Dannenberg et al. (2015) also investigated the effect of an uncertain threshold
using very similar treatments to ours. Their BCertainty^ treatment matches our T1 and their
BRisk^ treatment matches our T3, the principal difference being that subjects in their exper-
iment made non-binding proposals before periods 1 and 6, whereas in our experiment no such
inter-subject communication occurred. Because they implemented only one round of their
experiment, we compare their results to our round 1 results. Mean total contributions in their
Certainty and Risk treatments were 121 and 101 (for a difference of 20), whereas in our T1 and
T3 treatments, total contributions were 115 and 96 (for a difference of 19). The overall
difference between their results and ours could possibly be due to the non-binding proposals
that their subjects announced. Most notable, however, is the similarity of the differences
between Certainty/T1 (where the threshold is known) and Risk/T3 (where the threshold is
unknown and varies uniformly between 0 and 120).

Observation of individual group behavior affords an interesting view of a key difference
between the H1 and H2/H3 incentive structures. Three groups in H1 (two in T1 and one in T4)
contributed a total of only about $80 in round 1, considerably lower than any other H1 groups
(see Fig. S1). Two of these three groups contributed significantly less in the following two
rounds (about $72 and $36 in rounds 2 and 3), suggesting that subjects in those groups were
becoming progressively less optimistic about reaching the threshold, and the third group
contributed significantly more in the following two rounds ($102 and $118 in rounds 2 and
3), indicating an optimistic attempt to reach the threshold despite the poor (round 1) beginning.
Such significant downward or upward trends in total contribution following a low initial total

Fig. 2 Average percent of the safe threshold ($120) contribution. Absent uncertainty about the threshold or loss
probability, groups contributed on average $113 (T1) and $116 (T4), or about 95% of the threshold amount of
$120. With a known threshold but variable loss probability, they contributed on average $110 (T2) and $116 (T5)
(again roughly 95% of $120). With an unknown threshold but fixed probability of loss they contributed on
average $88 (T3) and $97 (T6) (roughly 79% of $120)
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contribution are absent from all groups in the H2 and H3 treatments, where groups that
achieved a low total contribution in round 1 tended to repeat that level in the subsequent
two rounds (Fig. S1). The likely explanation for the difference between the H1 and H2/H3
responses to low total contributions in round 1 is that H1 contributions have no effect on the
risk of loss unless the threshold is reached (so that contributing is counter-productive unless the
goal is in sight), whereas with H2/H3 all contributions (until the safe threshold is reached)
serve to reduce the risk of loss.

Question 2: on framing of the risk If subjects were solely motivated by the monetary
incentives incorporated in the two frames compared here (H2 vs. H3), success rates
and contributions would not differ between frames, for the incentives are identical.
However, the success rate is higher in H2 than in H3 (p = 0.038) (Fig. 1) and so is
the total contribution (p < 0.001) (Fig. 2). Having the threshold as a target, even if the
loss probability is unknown, more strongly motivates groups to cooperate and get out
of their prisoner’s dilemma situation than knowing the loss probability and not
knowing the exact threshold. This finding suggests that a threshold provides a clear
goal, known to all participants, toward which they can aim. When the location of the
threshold is unknown the threshold apparently loses some salience.

Question 3: on the effect of unequal endowments Perusal of Figs. 1 and 2 has already
indicated that in our setup, income heterogeneity has only a positive effect, if it has any. We
find that success rates do not differ between T1 and T4 (p = 0.322) or between T3 and T6 (both
rates are 0), but do between T2 and T5 (p = 0.002). Consistent with success rates, contributions
do not differ between T1 and T4 (p = 0.509) or between T3 and T6 (p = 0.861) but do differ
between T2 and T5 (p = 0.016). We cannot offer a good explanation for this difference in the
effect of income heterogeneity between the H2 threat configuration on the one hand and the
H1 and H3 configurations on the other hand, and we suspect that it may be an anomaly (see the
Supplementary material for more on this). In any case, the general finding that income
heterogeneity does not have a negative effect on cooperation again is good news for climate
negotiations, all else equal.

6 Discussion

We add realism to a dynamic public-good-with-threshold game often used to model behavior
in combating climate change, by introducing income heterogeneity and two forms of scientific
uncertainty surrounding the threshold and loss probabilities. Our results suggest the following.
(1) When the threshold is precisely known and failure to reach it entails a huge risk, groups
overwhelmingly try to reach the threshold level of contribution. Scientific uncertainty about
loss probability or the location of the threshold, such that the chance of loss drops incremen-
tally as total contributions rise, lowers contribution levels, but does not have the dramatic
negative effect on contributions that theory, given risk neutrality, would predict. Even when the
location of the threshold was unknown—and thus where contributing is individually subop-
timal (and the underlying game is a prisoner’s dilemma)—aggregate contributions on average
dropped by less than 20% compared to when the threshold was known with certainty. (2)
Framing of the risk situation matters. Groups facing a fixed threshold and variable loss
probability cooperate more than groups facing a variable threshold and a fixed loss probability,
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suggesting that the presence of a threshold matters, even if the risk of loss if it is not reached is
uncertain. (3) These first two results apply even if actors are heterogeneous in income.

These findings confirm that lack of a precise, known threshold increases the difficulty of
protecting resources from irreversible harm, but show that it need not severely diminish the
effort, even in the absence of negotiation. In part, this occurs because even when we are
uncertain about the science we can assume that the greater our effort the lower is the likelihood
of a future catastrophe. Further, the finding that framing matters suggests that the international
community has been wise to emphasize a threshold level of effort in climate change mitigation
talks, for even if the risks we face are uncertain, the focus on a threshold helps focus the joint
effort. Finally, our findings indicate that income heterogeneity is not by itself a barrier to
avoiding a shared disaster.
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