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Abstract: I conducted a systematic review of experimental resource dilemma 
studies that manipulated environmental uncertainty. I classify the collected stud-
ies according to whether the incentives reflected a coordination or a cooperation 
problem. I provide, for each type of incentive, a general overview of the strategic 
setting and its adaptation to the experimental paradigm. I find that, regardless of 
the type of incentives, environmental uncertainty has an efficiency-diminishing 
effect in most of the experimental settings. I also present and discuss a selective 
set of experiments mimicking the climate change problem, in which the proposed 
incentives combine elements from coordination and cooperation problems. I con-
clude with a general discussion of the findings about how different sources of 
environmental uncertainty affect efficiency in collective action problems, paying 
special attention to climate change issues. 
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1. Introduction
The appropriation of a common pool resource (CPR hereafter) is subject to sub-
optimal outcomes given the rivalry and non-excludability of the good. When the 
environment is stable, and users of the common good are well informed about it, 
the only source of uncertainty faced in the collective management of the resource 
is social: subjects reason about what they would do, contingent on what they 
expect others would do. 
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A fluctuating environment brings an additional problem to CPR management. 
Imperfect information about the current state of the environment (e.g. stock sizes, 
growth rates, boundaries of the shared resource) adds one layer of complexity to 
the decision: subjects reason about what they would do, contingent on what they 
expect others would do, in every potential state of the environment. Coordination 
mechanisms, including communication and norm-crafting (Ostrom et al. 1994; 
Ostrom 2006), are not very likely to reduce uncertainty in this scenario: to align 
what individuals think others would do, such a mechanism will need first to pro-
vide credible signals about the likeliest state of the environment. 

Consider for instance on the difficulties to reach agreements for the reduction 
of CO

2
 emissions: parties can be reluctant to cooperate because they expect oth-

ers to not cooperate (social uncertainty), because they are not convinced that the 
emissions reduction will have an effect given the deterioration rate of the envi-
ronmental conditions (environmental uncertainty), or because they do not know 
if other parties will use the inconclusive estimates of the effect of the emissions 
reduction as an excuse to avoid cooperation (a combination of social and envi-
ronmental uncertainty). Moreover, consider the difficulties in identifying which 
one of the three explanations for the reluctance to cooperate would indeed occur. 

One useful way to separate the effects of social from environmental uncer-
tainty is through decision-making experiments. Experiments facilitate the under-
standing of individual behavior by relying on the study of individual decisions, 
providing control through the randomization of the “rules of the game,” including 
diverse environmental conditions across different subjects, or across trials within 
a set of subjects. 

In this paper I made a systematic review of experimental studies manipulat-
ing the source and magnitude of environmental uncertainty in settings involving 
the allocation of a common resource. I classify the resource dilemmas depending 
on whether the strategic setting induces a coordination or a cooperation problem, 
provide a description of the archetypal game in each case, and finally report the 
results obtained from the diverse manipulations of environmental uncertainty. 

The study of behavioral responses to environmental fluctuations has gained 
momentum in recent years given the evident connection between environmental 
uncertainty and climate change.1 Hence, I include in the paper a selective review 
of recent experimental social dilemmas inspired by the climate change problem. 
Our analysis of climate change from this perspective aims to: i) connect coordi-
nation and cooperation incentives discussed in this paper with the recent strate-
gic settings mimicking the climate change problem, ii) describe the findings of 
this literature and describe a parallel with institutional arrangements for climate 

1 Climate change is associated to an increase in the fluctuations of fish and water stocks (Vörösmarty 
et al. 2000; Perry et al. 2005). Environmental fluctuations due to climate change have also  created 
methodological difficulties to compute the intertemporal valuations of the social cost of carbon 
(Webster 2003; Brock and Hansen 2017).
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change; and iii) highlight questions that can be addressed with the use of experi-
mental social dilemmas with uncertainty in the climate change context. 

2. Two paradigms for the analysis of environmental uncertainty
Behavioral models can introduce environmental uncertainty in two different 
ways. The first paradigm transforms uncertainty into relative weights indicating 
the likelihood of occurrence of each potential state of nature. This is the expected 
utility perspective, in which individuals choose their actions after computing a 
weighted average of the utility derived from all the potential uncertain outcomes. 
These weights are given by a probability distribution for the uncertain outcome, a 
measurable notion of uncertainty defined as risk (Knight 1921).

The “risk exposure” hypothesis is the result of applying the expected util-
ity perspective to CPR management when a greater exploitation of a common 
resource increases the payoffs’ variability. Since subjects typically prefer low 
variability in their payoffs, uncertainty is socially desirable because it provides 
individual incentives to decrease the profit share derived from exploiting the com-
mon resource (Sandler and Sternbenz 1990; Bramoullé and Treich 2009).

The second paradigm conceives uncertainty as an element directly affect-
ing decision-making, instead of a weighting artifact (Kopelman et al. 2002). 
Environmental fluctuations might distort social norms (e.g. a 50–50 fairness 
heuristic) and the notion of how one’s decisions affect others’ outcomes. As a 
consequence, individual differences in social orientation become the driver of 
choices under uncertainty (Roch and Samuelson 1997; de Kwaadsteniet et al. 
2006). Uncertainty is socially undesirable under this paradigm because it leads to 
self-serving interpretations of resource fluctuations. 

3. Review of relevant studies
I conducted our study search in five different, freely available, academic search 
engines: Google Scholar,2 Mendeley, EconBiz, IDEAS Repec, and PubPsych. I 
used five different sets of keywords, all of them included uncertainty as a key-
word. I present, within each bracket, the additional keywords in each set: {com-
mon pool resource, experiment}, {common pool resource}, {resource dilemma, 
experiment}, {tragedy of the commons, experiment}, {tragedy of the commons}. 
For Google Scholar, I performed the search using the default order (by relevance) 
and ordered by year of publication (from most to least recent to detect grey litera-
ture). There was no date restriction in the selection of studies. 

2 The increasing coverage of Google Scholar makes it a powerful database of scholarly literature, 
compared to paid, controlled databases such as Web of Science and Scopus (Halevi et al. 2017). The 
main criticism for using Google Scholar, the quality of resources indexed, is not an issue in our case 
because it allows us to track grey literature, and hence decrease the concerns related to publication 
bias.
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I read the title and abstract of the top one hundred results from each search 
engine. Studies selected for the study must meet two inclusion criteria based on 
the title and abstract: 1) implementation of experimental methods with human 
subjects; and 2) manipulation of at least one source of environmental uncertainty 
in the experiment. The set of studies satisfying both inclusion criteria were then 
subject to an exclusion criterion: 3) the single experimental social dilemma cov-
ered in the study was a public goods game. The final sample includes 33 stud-
ies published between 1990 and 2014 (see the list of studies in Table A1 in the 
appendix).

According to the latter criterion, I exclude experimental public goods games 
from this review unless they are compared to a resource dilemma within the same 
study. The reason is that the two settings are sufficiently different, and the public 
goods games literature is abundant enough3 that it requires a separate review. In a 
public goods game the social dilemma dwells on the individually costly, though 
socially desirable, provision of a public good (Ledyard 1995). In the common 
pool resource problem the dilemma dwells on the individually profitable, though 
socially undesirable, overappropriation of the common good. However, the differ-
ences between these two games go beyond the “contribution” versus “appropria-
tion” framing. The public goods game has an egalitarian distributional structure: 
regardless of who contributes, all group members benefit equally from allocations 
to the public good. By contrast, the resource dilemma has a proportional distribu-
tional structure that captures the resource’s rivalry (Apesteguia and Maier-Rigaud 
2006).

4. The resource dilemma as a coordination game
4.1. The canonical model 

This resource dilemma involves n players jointly and simultaneously appropriat-
ing a resource of size S. Each subject i makes a request x

i
 ∈ {0, S}. Individual 

requests are granted if and only if the total request of all n players, 
=

≡ ∑ 1
,

n
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does not exceed the available stock size S. Otherwise, the subject’s payoff is 
reduced by an amount h(X, S) ∈ [0, 1). The function h(X, S) represents the sever-
ity of the resource’s deterioration (Aflaki 2013). For instance, if the payoffs are 
exponentially discounted according to the distance X − S, the payoff function is:
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3 See, for instance, Berger and Hershey (1994), Dickinson (1998), Wit and Wilke (1998), 
 Gangadharan and Nemes (2009), Blanco et al. (2016), and Cárdenas et al. (2017) for public goods 
games with at least three players; and see Bereby-Meyer and Roth (2006) and Fudenberg et al. (2012) 
for the two-player version of the public goods game.
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where the parameter k represents the severity of the consequences from exceeding 
S.  The deterioration function becomes a step-level function when k → ∞, mean-
ing that the payoff becomes zero if the total request exceeds the available stock. 

This model introduces environmental uncertainty through an unknown and 
uniformly distributed stock size S ~ U[α, β], with α and β being the minimum 
and maximum possible stock levels, respectively. Exceeding the unknown stock 
size mimics a situation in which aggregate pressure over the resource triggers a 
dynamic path in which deterioration is irreversible [e.g. depleting groundwater 
beyond a limit leads to the leaking of saline or contaminated water (Konikow and 
Kendy 2005)].

In game theoretic terminology, the Nash equilibrium is a strategy from which 
individuals do not have incentives to deviate. For the coordination resource 
dilemma, the Nash equilibrium is:
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Intuitively, subjects agree to evenly share the lower bound α when there is 
little uncertainty (i.e. β − α is small). Above a given threshold of  (β − α), the 
subjects switch to a probabilistic, and more cautious, share of the upper bound β. 
Precautionary behavior is reflected in the larger denominator, n + 1 (Aflaki 2013). 
Given the severe deterioration occurring when X > S, subjects have a strong incen-
tive to coordinate on a division rule, egalitarian or not, to split the stock S based on 
their requests. Once a division rule is set, downward deviations decrease profits, 
and upward deviations increase the probability of a null payoff.

Budescu et al. (1990) set up an experimental game with five players per group, 
an average stock size μ

S 
= 500, and three uncertainty levels (β − α) ∈ {0, 500, 

1000}. They found that the aggregate request X increased with the uncertainty 
level. Uncertainty also increased the others’ expected total request (E[X

–i
]), and 

the expected stock size (E[S]). The simultaneous increase in E[X
–i
]  and E[S] sug-

gests that subjects raised their own request X
i
  for profit reasons, not for fairness 

reasons (i.e. they were not aiming to “bust the pool” to punish an expected large 
request from others).

The theory predicts a positive relationship between uncertainty and total 
request only if (β − α) is large enough [see eq. (1)]. The authors conducted a simi-
lar experiment including smaller uncertainty levels (β − α) ∈ {10, 70, 200, 380, 
560}, holding constant the average stock size μ

S
 = 500, to test the non-monotonic 

effect of uncertainty (Budescu et al. 1995a). They found that subjects were less 
sensitive than predicted to changes in uncertainty levels, and only 31 of 60 sub-
jects behaved according to the non-monotonicity hypothesis.

Budescu et al. (1990) also explored asymmetric payoffs by assigning, to each 
participant, different exchange rates to cash out the requested resource. They 
found that requests were inversely proportional to the square root of the exchange 
rate. For instance, if Subject A could receive twice the payment per requested unit 
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with respect to Subject B, Subject A requested about 70% of the amount requested 
by Subject B. 

Asymmetric payoffs can also be introduced with a bonus for the smallest indi-
vidual request, or with a penalty for the largest individual request. Rapoport and 
Au (2001) found that uncertainty increased the requested amounts in the presence 
of penalties, although not in the presence of bonuses. One potential explanation 
for the undesired effects of the penalty is that the corresponding deduction only 
applied in case of a successful request (X < S). This rule provides incentives to 
make a request large enough to offset the cost of the penalty.

A recent study by Botelho et al. (2013) employed the resource dilemma 
with uncertain stock size to determine the endowments for a cooperation game 
played after. Making subjects aware that the endowment in the cooperation 
game depended on a successful resource request in the initial resource dilemma 
was sufficient to induce smaller requests in this initial game. A determinant 
assumption of this study is the full replenishment of the stock size after every 
round. In a different study, Botelho et al. (2014) replaced the full replenishment 
between rounds by the following condition: the game ended before the terminal 
round if, in any given round, the aggregate request exceeded the unknown stock 
size (X > S). This threat of abrupt termination of the game makes it very costly 
to exceed the unknown stock size. However, the threat was not sufficient to 
induce individual restraint among subjects. Instead, subjects rapidly depleted 
the resource by making large requests early in the game, as if they anticipated 
large requests from others that will terminate the game. The size of stock uncer-
tainty had a similar effect. Although one would expect greater restraint with 
large uncertainty (i.e. more extreme boundaries in the distribution), it acceler-
ated the stock depletion.

Joireman et al. (2009) studied warnings about resource depletion using a 
dynamic resource dilemma with unknown stock size and a limited (and bogus) 
informational structure. Subjects were told to withdraw water from a reservoir 
of unknown size. Four rounds before the terminal round, they were warned that 
the resource “is almost exhausted.” This warning, in the absence of any objective 
information about stock size, decreased extraction levels during three periods. 
However, the extraction returned to the pre-warning levels after the third round. 
Subjects seem to interpret the warning as a false alarm because exhaustion was 
never observed. This behavior is similar to the crying wolf problem, observed 
after repeated hurricane evacuation orders when some of them are interpreted as 
false alarms (Dow and Cutter 1998).

4.2. Adding sequentiality to the dilemma 

In sequential resource dilemmas, subjects take turns to request an amount of 
resource from a common pool resource of unknown size. Sequential resource 
dilemmas introduce two potential sources of uncertainty. First, the position in 
the request sequence is a source of environmental uncertainty, typical of linear 
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 common goods such as irrigation channels (Janssen et al. 2011). Second, the 
aggregate request from preceding group members is a source of social uncertainty 
that gives to the resource dilemma the structure of a bargaining game. When tail-
enders know the preceding players’ requests, they may threaten to make unex-
pectedly large resource requests, aiming to “bust” the pool if the previous requests 
are considered unfair. 

Table 1 summarizes the findings from sequential studies, noting the infor-
mational structure and the effect of uncertainty on individual requests. I also 
report the position effect, a behavioral regularity describing a positive correlation 
between request position and request size. 

The sequential protocol, introduced by Rutte et al. (1987) , is characterized 
by perfect information about both the request position and the preceding aggre-
gate request. The reported studies did not implement the sequential game with 
players in multiple positions. Instead, all subjects made their requests as if they 
were in position 5 (out of 6 subjects) to test whether the causal attribution of 
previous requests affected the subject’s decision. Environmental attribution was 
triggered by revealing that the (bogus) subject in position 4 did not know the 
stock size before making a choice. In the social attribution condition, by contrast, 
it was revealed that the (bogus) subject in position 4 did know the stock size. 
When attribution is environmental, subjects equally divide the remaining stock 
between themselves and the (bogus) subject in position 6. When attribution is 
social, subjects behave reciprocally: they choose more generous allocations if 

Table 1: Evidence of uncertainty effects and positional effects in sequential resource dilemmas.

Informational structure of the resource 
dilemma

Game

Sequential Positional Cumulative Self-paced 
sequential

Is the request position known? Yes Yes No Yes (endogenous)
Is the precedent aggregate request known? Yes No Yes Yes

[Uncertainty Effect]/[Position Effect]

Budescu et al. (1992) [+]/[Yes]
Budescu et al. (1995a) [NA]/[Yes]
Budescu et al. (1995b) [+]/[Yes] [+]/[Mixed]
Suleiman et al. (1996)a [+]/[Yes]
Budescu et al. (1997) [NA]/[Yes] [NA]/[Yes] [NA]/[Yes]
Budescu and Au (2002) [NA]/[Yes] [NA]/[Yes]
Au and Ngai (2003)b [–]/[Yes] [–]/[Yes]

aFixed positions in the sequential protocol; bUncertainty in group size rather than in stock size.
The top panel of Table 1 shows the taxonomy of sequential resource dilemmas as a function of the 
informational structure. The bottom panel of Table 1 lists studies employing at least one of these 
sequential games. I report, for every game covered in each study, whether uncertainty had a positive 
[+] or negative [−] effect on the individual requests. Studies without any variation in environmental 
uncertainty are reported as [NA].
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the remaining stock is abundant, and more selfish allocations if the remaining 
stock is scarce.

Budescu et al. (1992 and 1995b) assigned participants to every position in the 
request sequence to study the positional effect. Both studies focused on the first-
mover advantage with respect to the requests of subsequent group members, and 
with respect to the requests in the simultaneous resource dilemma. Budescu et al. 
(1992) compared the predictive power of the Nash equilibrium with respect to a 
focal point acting as a norm (i.e. equal-sharing). Budescu et al. (1995b) criticized 
the lack of predictive power from the Nash equilibrium, explained by the bargain-
ing power of tail-end players.

A potential explanation for the position effect is that within-round fairness 
is a minor concern because the rotation over different positions creates fairness 
between-rounds (Budescu et al. 1992, 1995a). Suleiman et al. (1996) manipulated 
the deservingness of a request position held for multiple trials of the resource 
dilemma. The allocation of request positions using an auction or a test score in a 
general knowledge quiz induced high deservingness, whereas the random alloca-
tion of request positions induced low deservingness. The high deservingness con-
dition replicated the position effect observed with rotating positions. By contrast, 
the low deservingness condition drastically diminished the position effect.

If the position effect captures a preference for efficiency (i.e. subjects mak-
ing a late request prefer a small payoff rather than exceeding the stock size with 
a larger request), the results should be identical to the simultaneous dilemma if 
information on previous requests is not available. In the positional protocol, sub-
jects know their turn to make a request but do not know anything about previous 
requests. Despite the sequential structure of the choices, the information struc-
ture should not differ from the simultaneous resource dilemma,4 and therefore the 
positional effect should not be observed in the positional protocol. Nevertheless, 
Budescu et al. (1995b) showed, in two separate experiments, that the position 
effect persisted even without information about the preceding aggregate request. 
Moreover, elicited beliefs revealed that subjects expect that others will exploit the 
early-mover advantage. 

Budescu and Au (2002) proposed a “positional entitlement norm” that ratio-
nalizes the position effect without information on the previous aggregate request. 
The authors fit the parameters of their theoretical model using experimental data 
from the positional protocol, in which the aggregate previous request is unknown. 
Then, they test the model’s predictive power with data from the sequential pro-
tocol, in which the aggregate previous request is available. The authors report 
high accuracy of predictions, providing support to the positional entitlement 
hypothesis.

4 Imagine a simultaneous resource dilemma conducted by hand in which the experimenter collects 
the decisions in a specified order that is common knowledge. The sequence is known but the previous 
actions do not, as in the positional protocol.
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In the cumulative protocol, subjects are informed about the preceding aggre-
gate request, but they do not receive any information about their request position. 
Budescu et al. (1997) compared the cumulative with the sequential and positional 
protocols and found evidence of the position effect in all three of them. Hence, 
the evidence suggests that sequential dilemmas only require partial information, 
whether about position request or previous aggregate requests, to trigger the posi-
tion effect.

Thus far, I have discussed sequential resource dilemmas that have focused on 
understanding and quantifying the position effect under different informational 
structures. Elicited beliefs also showed that subjects expect others to profit from 
the early mover advantage. One question to address is whether subjects profit from 
the first-mover advantage when request positions are simultaneously decided with 
the request size. Au and Ngai (2003) explored this question using the self-paced 
sequential (SPS) protocol, in which each one of the n subjects decides in which 
of the n available rounds she wants to submit her request. If every subject profits 
from the first-mover advantage, all requests would occur in the first round, and the 
SPS protocol would simplify to the simultaneous protocol.

The SPS protocol manipulates group size uncertainty rather than stock size 
uncertainty. Group size is uniformly distributed between 3 and 7, and the results 
are compared to a known group size of 5 (the expected value under uncertainty). 
The results show that group size uncertainty decreases the requests and decreases 
the number of subjects behaving as first movers. The negative effect of an uncer-
tain group size on the request, contrary to the effect of an uncertain stock size, was 
also found by de Kwaadsteniet et al. (2008). 

4.3. Three confounding explanations for the effect of uncertainty 

Stock uncertainty increases the size of requests in the simultaneous and the 
three sequential protocols. Three confounding explanations have been proposed 
(Budescu et al. 1992; Biel and Gärling 1995). First, subjects could have mis-
interpreted the probability distribution of the stock size, making overoptimistic 
requests that would be individually profitable in case of success. This is what 
Biel and Gärling define as an outcome desirability bias. The second explanation 
also involves misinterpretation of the probability distribution of the stock size, 
but not necessarily in a self-serving manner. This erratic behavior is defined as 
a perceptual bias. Third, the environmental fluctuations triggered by uncertainty 
allow subjects to rely more on their own social orientation (or social preferences) 
instead of following a social norm such as equal-sharing. Because subjects with a 
selfish orientation profit more from the environmental uncertainty, this behavior 
is defined as an egoism bias.

Gustafsson et al. (1999b) proposed an experimental design to disentangle the 
three confounding explanations for the effect of stock size uncertainty. In this 
design, subjects are assigned to either an individual guess task, in which the 
subject must make an estimate of the stock size; to an individual request task, 
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a variation of the simultaneous resource dilemma in which the subject’s fellow 
group members mimic her own request; or to a group request task, identical to the 
simultaneous resource dilemma. The perceptual bias can be ruled out if the indi-
vidual and group requests, but not the guesses, are positively correlated with the 
uncertainty level. Similarly, one can rule out the outcome desirability bias if only 
the group requests are positively correlated with the uncertainty level. 

The authors conducted two related studies supporting the presence of an 
outcome desirability bias. In the first study, they compared request levels when 
subjects observed fifteen draws from the distribution of the stock size, either 
sequentially or simultaneously, before making their choice (Gustafsson et al. 
1999a). The request levels were larger after observing sequential draws, leading 
the authors to argue that this was due to imperfect recall, a mechanism behind 
outcome desirability. In the second study, the subjects were informed about their 
fellow group members’ total request, after which they could modify their requests 
(Gustafsson et al. 2000). The authors interpreted the absence of selfish behavior in 
the experiment as support for the outcome desirability hypothesis. Nevertheless, 
an alternative explanation is that perceived greediness, or generosity, is triggered 
by deviations from an equal-sharing norm. 

Wilke (1991) elaborated on this reasoning and argued that greed is constrained 
by the desire for efficient resource allocation, but environmental and social uncer-
tainty reduce the constraint. The experimental results showed that the election 
of group leaders, and the endorsement of these leaders when they acted in an 
efficient way, decreased uncertainty and strengthened the constraints over greed. 
An alternative and efficient way to constrain greed in the presence of environmen-
tal uncertainty is to ask subjects to justify their request decision to fellow group 
members (de Kwaadsteniet et al. 2007).

Gustafsson et al. (1999b) focused on the comparison of the outcome desir-
ability bias with the egoism bias but left unexplored other traits of social value 
orientation (SVO) like cooperativeness, altruism and spitefulness. SVO can be 
measured using the Ring test: a set of questions involving a choice between 
two hypothetical allocations between herself and someone else (Liebrand and 
McClintock 1988; Van Lange et al. 1997). Subjects can be categorized into four 
types of orientations. In order of increasing concern for social well-being, cat-
egories include: competitors, endowed with spiteful preferences; individual-
ists, characterized by a profit-maximizing behavior; cooperators, maximizers of 
mutual gains; and altruists, willing to sacrifice their own gains to increase others’ 
profits. 

Budescu et al. (1997) measured the SVO and compared the request size for 
each orientation type in the simultaneous and the sequential resource dilemmas. 
In the simultaneous protocol, the size of requests matched the ranking for social 
well-being (i.e. competitors requested more than individualists, individualists 
requested more than cooperators, and so on). However, there was no statistically 
significant role for SVO in the sequential game. One explanation for this lack of 
significance in sequential games is that social orientations are better predictors of 
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behavior in less structured decision environments (Snyder and Ickes 1985); and 
sequential decisions provide sufficient structure to weaken the effects of SVO. 

De Kwaadsteniet et al. (2006) also measured SVO and found a positive cor-
relation between request size and stock uncertainty for competitors and individu-
alists; whereas this correlation was not different from zero for cooperators and 
altruists. In addition, de Kwaadsteniet et al. (2008) found a negative correlation 
between request size and uncertainty for cooperators and altruists when the source 
of uncertainty is group size; whereas the correlation was not different from zero 
for competitors and individualists. 

The studies measuring SVO suggest that an equal-sharing rule is applied in 
cases of resource certainty, whereas resource uncertainty makes subjects more 
likely to rely on their social orientation. Moreover, since large requests are cost-
lier under group size uncertainty than under stock uncertainty, the latter scenario 
induce self-restraint among the subjects more socially oriented, and the former 
scenario induces greediness among the more competitive and individualistic 
subjects.

5. The resource dilemma as a cooperation game
5.1. Switching from coordination to cooperation incentives

Consider n  symmetric players jointly appropriating a resource of size S. Each 
subject i chooses an appropriation level x

i
 ∈{0, x

max
}, with x

max
 ≤ S/n.  Each appro-

priated unit gives a benefit B only to the appropriator, whereas each non-appro-
priated unit provides a smaller benefit b < B to all group members. This setting 
evokes a social dilemma when the social benefits of non-appropriation exceed the 
private benefits from appropriation, or nb > B. A tension between collective and 
private incentives arises because the condition b < B makes appropriation indi-
vidually more profitable, even if non-appropriation yielded a higher social benefit 
nb. Consider for instance the social dilemma occurring with timber harvesters 
exploiting a forest with collective property rights. Timber extraction has a larger 
private value for the harvester with respect to not cutting down the tree. However, 
in the model above, the deforestation costs for society exceed this private value, 
even for the first piece of timber. The linearity behind this assumption simplifies 
the strategic environment and maximizes the difference between the individu-
ally rational and the socially optimal strategies. This assumption is abandoned in 
Section 5.2.

The difference in incentives, in comparison to the coordination resource 
dilemma, arises from the value assigned to a non-appropriated unit. The value 
in a cooperation dilemma is nb, to be equally divided among group members. 
Because nb > B, this is a positive-sum game in which social benefits increase with 
restrained appropriation. By contrast, in the coordination dilemma the value of a 
non-appropriated unit is zero. This is a constant-sum game because subjects are 
dividing a stock with fixed (but unknown) size, in which the gains from restrain-
ing the request size is a reduction in the probability of obtaining a null payoff. 
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A good comparison of coordination and cooperation incentives is shown in de 
Vries and Wilke (1995). They compared a coordination game, in which the con-
dition X > S yielded a null payoff, with a cooperation game, in which the excess 
request X − S  yielded a penalty to be equally shared among group members. In 
the cooperation game, subjects had incentives to request greater values than their 
fellow group members because the benefits from a large request were individual, 
while the penalty costs of exceeding S were divided among the group. 

The cooperation resource dilemma also evokes comparison with the public 
goods game. Recall that, unlike the resource dilemma, in a public goods game the 
socially desired outcome is the voluntary, though individually costly, provision of 
a public good. The games are strategically equivalent when the effects that one’s 
actions have into the payoffs of others are linear. Nevertheless, the framing differ-
ences associated with appropriation versus provision of the public good do have 
an effect.5

Van Dijk et al. (1999) have argued that, under uncertainty, the resource 
dilemma and the public goods game evoke different social cues: the former 
evokes fairness consideration and the latter evokes the provision of the public 
good. Therefore, in a social dilemma with uncertainty, groups adopt coordination 
rules that do not rely on the unknown information. For instance, uncertainty in 
others’ endowment did not alter behavior in resource dilemmas but affected the 
fairness rule employed in a public goods game (i.e. subjects switch from a pro-
portional contribution with certainty to an egalitarian contribution under uncer-
tainty). By contrast, uncertainty in the distribution of a bonus altered the fairness 
rule adopted in the resource dilemma (i.e. subjects switched from the minimiza-
tion of payoff differences to an inverse proportionality in appropriation), but not 
in the public goods game. 

Some recent cooperation dilemmas included the joint decisions of provision 
and appropriation of a common good, mimicking the incentives for maintenance 
and use of commons like irrigation channels and pastures. Anderies et al. (2013) 
compared the effects of environmental uncertainty in a first provision stage (a 
shock to infrastructure affecting maintenance of the irrigation system), with 
respect to uncertainty in a second appropriation stage (a shock in the water sup-
ply). In this study, uncertainty increases the fragility of cooperative outcomes, 
especially when the shocks affect the provision stage. 

5.2. Non-linear static resource dilemmas 

The linear resource dilemma is easy to grasp and is comparable to the public 
goods game, but its simplicity comes at the cost of not capturing the complex-
ity of socio-ecological interactions. Non-linear resource dilemmas capture the 
idea that a positive degree of resource appropriation, determined by the maxi-
mum sustainable yield, might be socially desirable. In the seminal experimental 

5 See, for instance, the studies by (Andreoni 1995; Sell and Son 1997; Cox et al. 2013).
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setting described in Ostrom et al. (1992), each of n ubjects choose how many 
tokens x

i
 they want to allocate into the common resource. A subject’s payoff is 

given by:
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gate extraction, and F(X) is the resource’s production function. The notion of 
rivalry, a characteristic of common property goods not shared with public goods 
games (Apesteguia and Maier-Rigaud 2006), is captured by the fact that the gains 
from F(X) are distributed in a proportional rather than an egalitarian manner, as 
indicated by the term x

i
/X.

Experimental settings involving multiple trials of the non-linear CPR game 
implicitly assume full resource replenishment after every interaction. This simpli-
fication allows to study the effect of uncertain game duration without confound-
ing its effect with notions of depletion or scarcity. Walker and Gardner (1992) 
designed a repeated CPR game with a probability of termination increasing in 
the aggregate extraction of the group. They found that the introduction of a “safe 
zone,” an extraction interval with a null probability of termination, decreased the 
average extraction level. Muller and Vickers (1996) replicated this design, and 
found that introducing communication is efficiency-enhancing, conditional on the 
endogenous emergence of a leader. 

Apesteguia (2006) manipulated uncertainty in outcomes by comparing extrac-
tion levels in a CPR game with and without information about the payoff function. 
Each round, participants were informed about the total, average, and marginal 
payoffs from the extraction of the common resource, and about the group’s total 
investment. The experimental results showed that the average extraction levels 
did not vary with knowledge of the payoff function. 

5.3. Dynamic and intergenerational resource dilemmas

In dynamic resource dilemmas, characterized by not having a full stock replen-
ishment between trials, the contemporary appropriation level affects the future 
availability of the common resource. This notion of intertemporal CPR rivalry 
adds another environmental dimension susceptible to uncertainty: the resource’s 
growth rate.

Hine and Gifford (1996) compared the extraction patterns with and without 
information about the growth rate interval. Their experiments also controlled 
the provision of an interval for the stock size. Uncertainty in the growth rate, 
and in the stock size, increased the extraction rate. The authors argued, as did de 
Kwaadsteniet et al. (2006), that environmental uncertainty decreases the salience 
of social norms due to a weaker link between the abstract goal (i.e. cooperation) 
and the concrete behavior (i.e. low extraction).
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Roch and Samuelson (1997) provided subjects with an interval for the growth 
rate in the resource dilemma, and then compared environments with small versus 
large intervals. Holding the mean growth rate constant, a larger interval of the 
resource’s growth rate induced higher extraction levels. The authors measured 
SVO using the Ring test and argued that the effect was driven by competitive and 
individualistic types, who interpreted high-fluctuations in the growth rate as an 
environmental cue inviting them to increase their personal profit.

Moxnes (1998, 2000) argued that sub-optimality in the management of 
dynamic resources is partly explained by the fact that people base their deci-
sions on immediate feedback and overlook the full dynamic effect due to the 
environmental complexity. Experimental evidence supporting this argument was 
collected in a game with perfect property rights over a fishery (i.e. there was no 
social dilemma). Those overinvesting in their fishing-fleet tended to overuse it, 
whereas those underinvesting in their fleet tended to underuse it. 

Another perspective to the dynamic management of common resources 
involves intergenerational concerns. In this context, the cooperation game can 
model a renewable open-access resource involving users from multiple gener-
ations. Uncertainty is explored by comparing subjects not knowing their gen-
erational position, and from whom greater fairness concerns are expected, with 
respect to subjects informed about how many people extracted before and will 
extract after them.

Chermak and Krause (2002) performed this comparison with an experiment 
in which subjects live in partially overlapped generations (i.e. each subject played 
for three consecutive rounds out of five rounds). Subjects that were informed 
of their exact generation easily responded to previous choices. By contrast, sub-
jects uninformed of their generational position adopted a predetermined and more 
extreme strategy for multiple trials, either a sustainable use or a race to deplete 
the stock. 

Fischer et al. (2004) set up another intergenerational CPR game character-
ized by non-overlapping generations, and by payoffs written as a function of the 
extracted share because the stock level is not known. Subjects were only told 
about the resource’s growth rate, which could either be slow or fast (plus a treat-
ment with full replenishment at the start of each generation). Not knowing the 
generational position is presumed to evoke fairness. Therefore, the intergenera-
tional equity solution predicted higher extraction levels with a fast (compared 
to a slow) resource’s growth rate. Nonetheless, the experimental data revealed 
higher extraction levels with the slow resource’s growth rate. This was explained 
as “optimistic free-riding,” a behavior in which subjects exploited the resource for 
their own profit with the expectation that others would restrain their appropriation. 

6. Uncertainty and the climate change problem
Climate change is the most relevant collective action problem faced at the present 
time, and one in which both environmental and social uncertainty shape potential 
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outcomes. Environmental uncertainty encompasses climate projections and the 
severity of the consequences for not meeting abatement goals. Social uncertainty 
encompasses the strategic incentives for committing to climate change agree-
ments, as well as the temporal lag between abatement costs, paid upfront, and the 
future benefits of cooperation agreements (Raihani and Aitken 2011). In this sec-
tion I cover a set of experimental studies in the context of climate change, some 
of them selected apart from the systematic search procedure.

I start by briefly mentioning the demand for information about the scientific 
understanding of climate change and its potential outcomes. Milinski et al. (2006) 
reported altruistic behavior when the contributions in a public goods game would 
fund press advertisements about climate change, especially when the participants 
received expert information about related research. A similar willingness to coop-
erate was reported in hypothetical resource dilemmas based on real-world issues 
(e.g. overfishing in Lake Michigan and water conservation in urban Arizona), 
when the uncertainty about a catastrophic outcome was reduced (Kortenkamp 
and Moore 2006).

In the rest of the section our focus will be on the study of individual incentives 
for abatement. 

A first approach proposes a collective-risk social dilemma (CRSD hereafter). 
In the CRSD, proposed by Milinski et al. (2008), each group member chooses 
how much of her endowment she wants to contribute to a public fund in each of 
several rounds. A catastrophic outcome occurs with a positive probability if the 
contributions to the public fund do not reach a known threshold in the terminal 
round of the game. The “no rebate” condition from the public fund resembles 
typical burden-sharing incentives in the climate change problem: countries are 
aware that total emissions should be reduced, but they find it economically profit-
able to minimize their own contributions to the public fund. A similar, one-shot 
game was introduced in Messick et al. (1988). When the threshold was not met, a 
catastrophe yielding a null payoff to all group members occurred with a probabil-
ity of 0.5. Messick et al. found positive effects of communication and leadership 
on the reduction of social uncertainty. 

In Milinski et al. (2008) the probability of a catastrophe p ∈ {10%, 50%, 
90%}, yielding a null payoff in the CRSD, varies across treatments. Note that 
uncertainty is maximized when p = 50%. In the other two scenarios the catastro-
phe is either very unlikely, or very likely. Milinski et al. (2008) found that p had 
to be very large to induce contributions that reach the threshold (for p equal to 
10%, 50%, and 90%, the number of successful groups was 0/10, 1/10, and 5/10, 
respectively). Hence, it is the expected cost of the catastrophe, not uncertainty, 
what drives contributions upward.

Milinski et al. (2011) introduced endowment heterogeneity and an interme-
diate target to the CRSD. If the target is not met by the fifth out of ten rounds, 
the catastrophic event might occur in each of the remaining five rounds with 
positive probability. Groups of “rich” participants always meet the final target. 
By contrast, groups of “poor” participants only have a positive chance of meet-
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ing the final target in the presence of an intermediate target. Mixed groups, 
with “rich” and “poor” participants, are halfway the two types of homogeneous 
groups. In another CRSD, Tavoni et al. (2011) added non-binding communica-
tion to mixed groups with “rich” and “poor” participants. The intermediate tar-
get in Milinski et al. (2011) and the non-binding communication in Tavoni et al. 
(2011) allow “rich” participants from successful groups to signal their intention 
to redistribute.

The second approach to social dilemmas subject to catastrophic outcomes 
introduces uncertainty in the contribution threshold. Barrett and Dannenberg 
(2014) predict, from a game theory perspective, that a known threshold creates the 
incentives for a coordination dilemma, whereas an unknown threshold provides 
incentives to not contribute and free ride on others’ contribution, as in a coopera-
tion dilemma. The authors experimentally validated these predictions and, further, 
found that with an unknown threshold, parties pledged less than needed and con-
tributed less than what they pledged. 

In a following study, the authors found the same results by comparing low ver-
sus high threshold uncertainty: low uncertainty creates the incentives of a coor-
dination dilemma, and the fear of crossing the climate change “tipping point” act 
as a deterrent against self-interested choices (Barrett and Dannenberg 2017). As 
a result, the catastrophe is avoided in 80% of the groups with small uncertainty, 
whereas it is only avoided in less than 30% of the groups with larger uncertainty 
levels. In the same study, subjects vote to choose between playing a cooperation 
game in which a socially efficient solution (i.e. the first best) is achievable but 
subjects have incentives to deviate from it; or playing a tipping game, in which 
a small cost guarantees that an outcome slightly worse than the socially efficient 
solution (i.e. a second best) becomes an equilibrium. This equilibrium is reached 
if subjects think that enough group members will choose the same action, and 
therefore voting to play the tipping game could be used as a signal to coordinate 
and attain the second best. However, the experimental results show that partici-
pants are reluctant to abandon the public goods game.

Uncertainty from contribution thresholds is not always exogenously imposed. 
Adler (2014) explored an endogenous threshold defined by a player in the role of 
policy-maker, who could also impose a costly enforcement of this target. When 
the threshold was endogenously set, and sporadically enforced, the problem of 
environmental uncertainty became entangled with social uncertainty because of 
the lack of credibility in enforcing the estimated threshold. Therefore, the extrac-
tion level increased, and the common resource’s duration gets shorter.

7. Wrapping up
7.1. Pooling the experimental evidence

In this section, I review the collective experimental evidence relating efficiency 
and multiple sources of uncertainty described in Sections 4 and 5. Figure 1 sum-
marizes the effects on efficiency from the different manipulations of uncertainty, 
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grouping studies by dilemma type (coordination or cooperation), source of 
 environmental uncertainty, and measurability of uncertainty. 

I draw the following observations from Figure 1:

1. Most sources of environmental uncertainty have an efficiency-
decreasing effect. They include stock size, game duration, growth rate, 
the probability of catastrophe (in cooperation games), and thresholds in 
dynamic games. This efficiency-decreasing effect is driven by two mecha-
nisms: an outcome desirability bias, suggesting that subjects interpret in 
a self-interested manner the fluctuations caused by uncertainty; and an 
egoism bias, suggesting that such fluctuations invite subjects to deviate 
from social heuristics (e.g. equal payoffs) and rely more on their social 
orientation. 

Note that observation 1 favors the rejection of the “risk exposure” hypothesis 
described in Section 2. That is, the payoff variability created by the environmen-

Figure 1: Summary of the effects of environmental uncertainty on efficiency. Each study is repre-
sented in a colored box (pink for coordination games and blue for cooperation games), with the 
authors’ names and year of publication, the source of environmental uncertainty (in bold); and 
whether the uncertainty was measurable as risk (box with continuous border), or unmeasurable 
(box with dashed border). A small icon on the lower right side indicates whether each study’s 
manipulation of uncertainty leads to an increase, a decrease or has no effect on the efficiency 
levels. Boxes without such icons indicate that the experimental design manipulates uncertainty, 
but its effect on efficiency was not directly tested. I list studies chronologically from left to right 
according to the first time each source of uncertainty was experimentally tested. Coordination 
games are displayed on top, whereas cooperation games are displayed at the bottom.
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tal uncertainty does not induce sufficient restraint in the resource exploitation to 
make uncertainty efficiency-enhancing. Our conjecture is that self-serving inter-
pretations of uncertainty, which act in detriment of efficiency, are more salient 
than payoff variability when the rewards for participation are not highly corre-
lated with the experimental outcomes. This might occur because the rewards for 
participation are not correlated with the subjects’ decisions (i.e. paying a partici-
pation fee), or because a payment based on repeated trials decreases the effects of 
extreme fluctuations.

I found one exception in which the “risk exposure” hypothesis holds:

2. Group size uncertainty has an efficiency-enhancing effect. An uncer-
tain group size makes the equal division rule, or S/n heuristic, harder to 
apply (de Kwaadsteniet et al. 2008). Under the S/n heuristic, environmen-
tal fluctuations in the denominator tend to be more extreme than in the 
numerator, preventing the development of overoptimistic expectations.

3. Coordination games focused on stock size uncertainty, whereas coop-
eration games explored additional sources of uncertainty such as 
growth rate, game duration and generational position. The focus on a 
single source of uncertainty in coordination games provided opportunities 
for a deep study of the underlying mechanisms (e.g. outcome desirabil-
ity, egoism bias, social orientation) and the role of sequential requests. 
By contrast, cooperation dilemmas have been useful to validate the effi-
ciency-decreasing effect of uncertainty in experimental settings that more 
closely resemble the use of common pool resources. 

4. Uncertainty is not always introduced as measurable risk. In roughly a 
quarter of the studies, uncertainty was introduced as absence of informa-
tion. For instance, as uncertainty regarding the payoff function (Apesteguia 
2006), the generational position in a dynamic game (Chermak and Krause 
2002; Fischer et al. 2004), or the environmental consequences of shocks 
(Kortenkamp and Moore 2006; Milinski et al. 2006). 

7.2. Uncertainty in current and future climate change experiments

In Section 6 I cover a selective set of studies introducing uncertainty in climate 
change experiments. These are dynamic contribution games with a threshold that 
must be met to avoid the risk of a catastrophic outcome. Perhaps the more impor-
tant result is how the degree of threshold uncertainty transforms the game from 
one with a unique, inefficient, equilibrium into a coordination game with two 
equilibria, one of which is individually and socially desirable.

Threshold uncertainty in this dynamic game closely resembles the stock uncer-
tainty from static coordination dilemmas. Hence, according to the observations 
listed above, one would expect that outcome desirability and egoism remain as the 
driving mechanisms of low contributions in the presence of threshold uncertainty. 
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Other environmental sources of uncertainty discussed in the subsection above 
are not directly relevant in the climate change setting, except for a scenario with 
multiple generations. Our conjecture is that intergenerational uncertainty might 
induce greater contributions in the climate change experiment if, for instance, 
subjects from the latter (but unknown) generation must face a larger risk of catas-
trophe if the contribution threshold is not met. 

A robust result observed in sequential dilemmas is the positional effect, which 
entails a time-related mover advantage that is detrimental to cooperation. In coor-
dination dilemmas it corresponds to an early mover advantage, allowing subjects 
to request a larger share of the resource. In the climate change setting it can be 
thought as a late mover advantage, since countries are not submitting beneficial 
requests but rather costly abatement goals. 

Take for instance the Paris Agreement as an example. Each country must rat-
ify the Agreement by issuing an Intended Nationally Determined Contribution 
(INDC) to mitigate climate change. However, the INDC is not binding, and the 
entire Agreement is not ratified, until fifty-five countries who jointly produce at 
least 55% of total greenhouse emissions issue their own INDC. This timing pro-
vides incentives to large polluters to delay the release of their INDC under the 
excuse that other large polluters have not released it either.

Additional parallels with other international agreements can also be drawn by 
comparing the tipping point game with the cooperation game. Agreements such 
as MARPOL6 and the Montreal Protocol involved some degree of enforcement 
throughout trade restrictions guaranteeing that, once a critical mass adopted the 
new technology standards, everyone else had the incentives to follow, as in a 
coordination game. By contrast, in the Kyoto Protocol the attention was focused 
on cost-effectiveness rather than on enforcement. In the absence of an agreed 
enforcement mechanism, it is not possible to create incentives to coordinate that 
drives actors to the sanction-free outcome (Barrett and Dannenberg 2017). 

Climate change experiments have also explored how endowment heterogene-
ity and non-binding communication affects contributions to the mitigation fund. 
In particular, I have learnt that large threshold uncertainty provides incentives to 
turn communication into cheap talk (Barrett and Dannenberg 2012). This strategic 
behavior can be further exploited to analyze the combined role of subjects’ hetero-
geneity and communication. Consider a game in which one party has more pre-
cise information about the threshold (i.e. less uncertainty) and can communicate 
to the other group members. One could explore whether truthful (i.e. revealing 
the actual threshold or its interval) or strategic (i.e. misreport the threshold or its 
interval to induce greater contributions from others) communication emerges, and 
their effects on the likelihood to meet the threshold. One could expect some sub-
jects not willing to cooperate because they do not expect truthful communication 
regarding the threshold. This is similar to the lack of credibility of endogenous 
thresholds determined by a participant acting as policy-maker (Adler 2014).

6 The International Convention for the Prevention of Pollution by Ships.
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One can also address the interplay between perception of uncertainty and 
responses to climate change using the CRSD. For instance, one could deliver 
information about potential catastrophic outcomes using an ambiguity approach 
with unknown risks, instead of the risk approach with known probabilities. 
Ambiguity might lead to a pessimistic weighting of potential outcomes, increas-
ing the contributions because the catastrophic event appears to be more likely to 
occur. 

7.3. Final remarks

I surveyed experimental resource dilemma studies manipulating environmental 
uncertainty. I categorized the studies based on the type of incentives, either as 
coordination games, in which participants submit a joint request that should not 
exceed an unknown stock size; or as cooperation games, in which the collec-
tive gains from conservation exceed the gains from individual appropriation of 
the resource. Environmental uncertainty tends to be associated with a decrease 
in efficiency. The only robust exception to this generalization is the effect of an 
uncertain group size. 

Game theory models have explored the conditions under which uncer-
tainty is efficiency-enhancing or efficiency-diminishing in commons manage-
ment. Conditions include sources of environmental uncertainty (Aflaki 2013; 
Fesselmeyer and Santugini 2013; Benchekroun and Long 2014), and functional 
forms representing the risk aversion of resource users (Bramoullé and Treich 
2009; Antoniadou et al. 2013). The incentives modeled in such strategic settings 
focus on the trade-off between the benefits from exploiting a common resource 
and the mitigation of risk exposure. However, they often neglect other psycho-
logical aspects such as biases in the perceptions of environmental uncertainty 
(Gustafsson et al. 1999a; Weber 2006), its interplay with social orientation (de 
Kwaadsteniet et al. 2006) and with affective reactions (Loewenstein et al. 2001; 
Sundblad et al. 2007). 

In the previous two sections of this paper I connected the experimental evi-
dence from social dilemmas with environmental uncertainty to the collective 
action problem imposed by climate change. A skeptical reader may argue that the 
results from experimental social dilemmas using standard subject pools cannot be 
extrapolated to stakeholders’ decisions when the countries’ economic growth are 
at play. Even if this is true, the understanding of experimental behavior with this 
convenience pools remains useful for two reasons. First, it provides “toy models” 
of the institutional arrangements needed to conceive the climate change prob-
lem as a coordination game, not as a cooperation dilemma. Second, the behav-
ior observed in experiments can provide clues on how to communicate scientific 
results in climate change issues exploiting the uncertainty component. The dis-
semination of findings and challenges can be useful to increase public awareness 
regarding the global challenge of climatic change.



320 César Mantilla

Literature cited
Adler, S. 2014. Effects of Threshold Uncertainty on Common-Pool Resources 

(MPRA No. 59802). Retrieved from https://mpra.ub.uni-muenchen.
de/59802/.

Aflaki, S. 2013. The Effect of Environmental Uncertainty on the Tragedy of 
the Commons. Games and Economic Behavior 82:240–253. https://doi.
org/10.1016/J.GEB.2013.07.011.

Anderies, J. M., M. A. Janssen, A. Lee, and H. Wasserman. 2013. Environmental 
Variability and Collective Action: Experimental Insights from an Irrigation 
Game. Ecological Economics 93:166–176. https://doi.org/10.1016/J.
ECOLECON.2013.04.010.

Andreoni, J. 1995. Warm-Glow versus Cold-Prickle: The Effects of Positive and 
Negative Framing on Cooperation in Experiments. The Quarterly Journal of 
Economics 110(1):1–21. https://doi.org/10.2307/2118508.

Antoniadou, E., C. Koulovatianos, and L. J. Mirman. 2013. Strategic Exploitation 
of a Common-Property Resource Under Uncertainty. Journal of Environmental 
Economics and Management 65(1):28–39. https://doi.org/10.1016/J.
JEEM.2012.05.005.

Apesteguia, J. 2006. Does Information Matter in the Commons?: Experimental 
Evidence. Journal of Economic Behavior & Organization 60(1):55–69. https://
doi.org/10.1016/J.JEBO.2004.08.002.

Apesteguia, J. and F. P. Maier-Rigaud. 2006. The Role of Rivalry. Journal of 
Conflict Resolution 50(5):646–663. https://doi.org/10.1177/0022002706290433.

Au, W. T. and M. Y. Ngai. 2003. Effects of Group Size Uncertainty and Protocol 
of Play in a Common Pool Resource Dilemma. Group Processes & Intergroup 
Relations 6(3):265–283. https://doi.org/10.1177/13684302030063004.

Barrett, S. and A. Dannenberg. 2012. Climate Negotiations Under Scientific 
Uncertainty. Proceedings of the National Academy of Sciences of the 
United States of America 109(43):17372–17376. https://doi.org/10.1073/
pnas.1208417109.

Barrett, S. and A. Dannenberg. 2014. Sensitivity of Collective Action to 
Uncertainty about Climate Tipping Points. Nature Climate Change 4(1):36–39. 
https://doi.org/10.1038/nclimate2059.

Barrett, S. and A. Dannenberg. 2017. Tipping Versus Cooperating to Supply a 
Public Good. Journal of the European Economic Association 15(4):910–941. 
https://doi.org/10.1093/jeea/jvw022.

Benchekroun, H. and N. V. Long. 2014. Do Increases in Risk Mitigate the Tragedy 
of the Commons? Strategic Behavior and the Environment 4(1):1–14. https://
doi.org/10.1561/102.00000041.

Bereby-Meyer, Y. and A. E. Roth. 2006. The Speed of Learning in Noisy Games: 
Partial Reinforcement and the Sustainability of Cooperation. American 
Economic Review 96(4):1029–1042. https://doi.org/10.1257/aer.96.4.1029.

Berger, L. A., and J. C. Hershey. 1994. Moral Hazard, Risk Seeking, and Free Riding. 
Journal of Risk and Uncertainty. Springer. https://doi.org/10.2307/41760744.

https://mpra.ub.uni-muenchen.de/59802/
https://mpra.ub.uni-muenchen.de/59802/
https://doi.org/10.1016/J.GEB.2013.07.011
https://doi.org/10.1016/J.GEB.2013.07.011
https://doi.org/10.1016/J.ECOLECON.2013.04.010
https://doi.org/10.1016/J.ECOLECON.2013.04.010
https://doi.org/10.2307/2118508
https://doi.org/10.1016/J.JEEM.2012.05.005
https://doi.org/10.1016/J.JEEM.2012.05.005
https://doi.org/10.1016/J.JEBO.2004.08.002
https://doi.org/10.1016/J.JEBO.2004.08.002
https://doi.org/10.1177/0022002706290433
https://doi.org/10.1177/13684302030063004
https://doi.org/10.1073/pnas.1208417109
https://doi.org/10.1073/pnas.1208417109
https://doi.org/10.1038/nclimate2059
https://doi.org/10.1093/jeea/jvw022
https://doi.org/10.1561/102.00000041
https://doi.org/10.1561/102.00000041
https://doi.org/10.1257/aer.96.4.1029
https://doi.org/10.2307/41760744


Environmental uncertainty in commons dilemmas 321

Biel, A. and T. Gärling. 1995. The Role of Uncertainty in Resource Dilemmas. 
Journal of Environmental Psychology 15(3):221–233. https://doi.
org/10.1016/0272-4944(95)90005-5.

Blanco, E., M. C. Lopez, and J. M. Walker. 2016. The Opportunity Costs of 
Conservation with Deterministic and Probabilistic Degradation Externalities. 
Environmental and Resource Economics 64(2):255–273. https://doi.
org/10.1007/s10640-014-9868-7.

Botelho, A., A. Dinar, L. M. Costa Pinto, and A. Rapoport. 2013. Linking 
Appropriation of Common Resources and Provision of Public Goods Decreases 
Rate of Destruction of the Commons. NIMA WP Series 50:1–25. Retrieved 
from http://www3.eeg.uminho.pt/publications/NIMAwp50.pdf.

Botelho, A., A. Dinar, L. M. Costa Pinto, and A. Rapoport. 2014. Time and 
Uncertainty in Resource Dilemmas: Equilibrium Solutions and Experimental 
Results. Experimental Economics 17(4):649–672. https://doi.org/10.1007/
s10683-013-9388-2.

Bramoullé, Y. and N. Treich. 2009. Can Uncertainty Alleviate the Commons 
Problem? Journal of the European Economic Association 7(5):1042–1067. 
https://doi.org/10.1162/JEEA.2009.7.5.1042.

Brock, W. and L. P. Hansen. 2017. Wrestling with Uncertainty in Climate 
Economic Models. Retrieved from http://larspeterhansen.org/wp-content/
uploads/2017/10/brockhansen.pdf.

Budescu, D. V. and W. T. Au. 2002. A Model of Sequential Effects in Common 
Pool Resource Dilemmas. Journal of Behavioral Decision Making 15(1):37–
63. https://doi.org/10.1002/bdm.402.

Budescu, D. V., A. Rapoport, and R.  Suleiman. 1990. Resource Dilemmas with 
Environmental Uncertainty and Asymmetric Players. European Journal of 
Social Psychology 20(6):475–487. https://doi.org/10.1002/ejsp.2420200603.

Budescu, D. V., A. Rapoport, and R. Suleiman. 1992. Simultaneous vs. Sequential 
Requests in Resource Dilemmas with Incomplete Information. Acta Psychologica 
80(1–3):297–310. https://doi.org/10.1016/0001-6918(92)90052-F.

Budescu, D. V., A. Rapoport, and R. Suleiman. 1995a. Common Pool Resource 
Dilemmas under Uncertainty: Qualitative Tests of Equilibrium Solutions. 
Games and Economic Behavior 10(1):171–201. https://doi.org/10.1006/
GAME.1995.1029.

Budescu, D. V., R. Suleiman, and A. Rapoport. 1995b. Positional Order and Group 
Size Effects in Resource Dilemmas with Uncertain Resources. Organizational 
Behavior and Human Decision Processes 61(3):225–238. https://doi.
org/10.1006/OBHD.1995.1018.

Budescu, D. V., W. T. Au, and X.-P. Chen. 1997. Effects of Protocol of Play 
and Social Orientation on Behavior in Sequential Resource Dilemmas. 
Organizational Behavior and Human Decision Processes 69(3):179–193. 
https://doi.org/10.1006/OBHD.1997.2684.

Cárdenas, J.-C., M. A. Janssen, M. Ale, R. Bastakoti, A. Bernal, J. Chalermphol, Y. 
Gong, H. Shin, G. Shivakoti, Y. Wang, and J. M. Anderies. 2017. Fragility of the 

https://doi.org/10.1016/0272-4944(95)90005-5
https://doi.org/10.1016/0272-4944(95)90005-5
https://doi.org/10.1007/s10640-014-9868-7
https://doi.org/10.1007/s10640-014-9868-7
http://www3.eeg.uminho.pt/publications/NIMAwp50.pdf
https://doi.org/10.1007/s10683-013-9388-2
https://doi.org/10.1007/s10683-013-9388-2
https://doi.org/10.1162/JEEA.2009.7.5.1042
http://larspeterhansen.org/wp-content/uploads/2017/10/brockhansen.pdf
http://larspeterhansen.org/wp-content/uploads/2017/10/brockhansen.pdf
https://doi.org/10.1002/bdm.402
https://doi.org/10.1002/ejsp.2420200603
https://doi.org/10.1016/0001-6918(92)90052-F
https://doi.org/10.1006/GAME.1995.1029
https://doi.org/10.1006/GAME.1995.1029
https://doi.org/10.1006/OBHD.1995.1018
https://doi.org/10.1006/OBHD.1995.1018
https://doi.org/10.1006/OBHD.1997.2684


322 César Mantilla

Provision of Local Public Goods to Private and Collective Risks. Proceedings of 
the National Academy of Sciences of the United States of America 114(5):921–
925. https://doi.org/10.1073/pnas.1614892114.

Chermak, J. M. and K. Krause. 2002. Individual Response, Information, and 
Intergenerational Common Pool Problems. Journal of Environmental Economics 
and Management 43(1):47–70. https://doi.org/10.1006/JEEM.2000.1173.

Cox, J. C., E. Ostrom, V. Sadiraj, and J. M. Walker. 2013. Provision versus 
Appropriation in Symmetric and Asymmetric Social Dilemmas. Southern 
Economic Journal 79(3):496–512. https://doi.org/10.4284/0038-4038- 
2012.186.

de Kwaadsteniet, E. W., E. van Dijk, A. Wit, and D. de Cremer. 2006. Social 
Dilemmas as Strong Versus Weak Situations: Social Value Orientations and 
Tacit Coordination Under Resource Size Uncertainty. Journal of Experimental 
Social Psychology 42(4):509–516. https://doi.org/10.1016/J.JESP.2005.06.004.

de Kwaadsteniet, E. W., E. van Dijk, A. Wit, D. De Cremer, and M. de 
Rooij. 2007. Justifying Decisions in Social Dilemmas: Justification 
Pressures and Tacit Coordination Under Environmental Uncertainty. 
Personality and Social Psychology Bulletin 33(12):1648–1660. https://doi.
org/10.1177/0146167207307490.

de Kwaadsteniet, E. W., E. van Dijk, A. Wit, and D. De Cremer. 2008. ‘How 
Many of Us Are There?’: Group Size Uncertainty and Social Value Orientations 
in Common Resource Dilemmas. Group Processes & Intergroup Relations 
11(3):387–399. https://doi.org/10.1177/1368430208090649.

de Vries, S. and H. A. M. Wilke. 1995. An Adviser in Resource Management 
Situations: Configural Weighing of Recommendations. Journal of Economic 
Psychology 16(1):115–135. https://doi.org/10.1016/0167-4870(94)00040-H.

Dickinson, D. L. 1998. The Voluntary Contributions Mechanism with Uncertain 
Group Payoffs. Journal of Economic Behavior & Organization 35(4):517–533. 
https://doi.org/10.1016/S0167-2681(98)00048-1.

Dow, K. and S. L. Cutter. 1998. Crying Wolf: Repeat Responses to Hurricane 
Evacuation Orders. Coastal Management 26(4):237–252. https://doi.
org/10.1080/08920759809362356.

Fesselmeyer, E. and M. Santugini. 2013. Strategic Exploitation of a Common 
Resource Under Environmental Risk. Journal of Economic Dynamics and 
Control 37(1):125–136. https://doi.org/10.1016/J.JEDC.2012.06.010.

Fischer, M.-E., B. Irlenbusch, and A. Sadrieh. 2004. An Intergenerational 
Common Pool Resource Experiment. Journal of Environmental Economics and 
Management 48(2):811–836. https://doi.org/10.1016/J.JEEM.2003.12.002.

Fudenberg, D., D. G. Rand,  and A. Dreber. 2012. Slow to Anger and Fast to 
Forgive: Cooperation in an Uncertain World. American Economic Review 
102(2):720–749. https://doi.org/10.1257/aer.102.2.720.

Gangadharan, L. and V. Nemes. 2009. Experimental Analysis of Risk and 
Uncertainty in Provisioning Private and Public Goods. Economic Inquiry 
47(1):146–164. https://doi.org/10.1111/j.1465-7295.2007.00118.x.

https://doi.org/10.1006/JEEM.2000.1173
https://doi.org/10.4284/0038-4038-2012.186
https://doi.org/10.4284/0038-4038-2012.186
https://doi.org/10.1016/J.JESP.2005.06.004
https://doi.org/10.1177/0146167207307490
https://doi.org/10.1177/0146167207307490
https://doi.org/10.1177/1368430208090649
https://doi.org/10.1016/0167-4870(94)00040-H
https://doi.org/10.1016/S0167-2681(98)00048-1
https://doi.org/10.1080/08920759809362356
https://doi.org/10.1080/08920759809362356
https://doi.org/10.1016/J.JEDC.2012.06.010
https://doi.org/10.1016/J.JEEM.2003.12.002
https://doi.org/10.1257/aer.102.2.720
https://doi.org/10.1111/j.1465-7295.2007.00118.x


Environmental uncertainty in commons dilemmas 323

Gustafsson, M., A. Biel, and T. Garling. 1999a. Outcome-Desirability Bias in 
Resource Management Problems. Thinking & Reasoning 5(4):327–337. https://
doi.org/10.1080/135467899393968.

Gustafsson, M., A. Biel, and T. Gärling. 1999b. Overharvesting of Resources of 
Unknown Size. Acta Psychologica 103(1–2):47–64. https://doi.org/10.1016/
S0001-6918(99)00024-4.

Gustafsson, M., A. Biel, and T. Gärling. 2000. Egoism Bias in Social Dilemmas 
with Resource Uncertainty. Group Processes & Intergroup Relations 3(4):351–
365. https://doi.org/10.1177/1368430200003004002.

Halevi, G., H. Moed, and J. Bar-Ilan. 2017. Suitability of Google Scholar 
as a Source of Scientific Information and as a Source of Data for Scientific 
Evaluation – Review of the Literature. Journal of Informetrics 11(3):823–834. 
https://doi.org/10.1016/J.JOI.2017.06.005.

Hine, D. W. and R. Gifford 1996. Individual Restraint and Group Efficiency 
in Commons Dilemmas: The Effects of Two Types of Environmental 
Uncertainty. Journal of Applied Social Psychology 26(11):993–1009. https://
doi.org/10.1111/j.1559-1816.1996.tb01121.x.

Janssen, M. A., J. M. Anderies, and J.-C. Cárdenas. 2011. Head-Enders as Stationary 
Bandits in Asymmetric Commons: Comparing Irrigation Experiments in the 
Laboratory and the Field. Ecological Economics 70(9):1590–1598. https://doi.
org/10.1016/J.ECOLECON.2011.01.006.

Joireman, J., D. C. Posey, H. B. Truelove, and C. D. Parks. 2009. The Environ-
mentalist who Cried Drought: Reactions to Repeated Warnings about Depleting 
Resources Under Conditions of Uncertainty. Journal of Environmental 
Psychology 29(2):181–192. https://doi.org/10.1016/J.JENVP.2008.10.003.

Knight, F. 1921. Risk, Uncertainty and Profit. New York: Hart, Schaffner & Marx.
Konikow, L. F. and E. Kendy. 2005. Groundwater Depletion: A Global Problem. 

Hydrogeology Journal 13(1):317–320. https://doi.org/10.1007/s10040-004- 
0411-8.

Kopelman, S., J. M. Weber, and D. M. Messick. 2002. Factors Influencing 
Cooperation in Commons Dilemmas: A Review of Experimental Psychological 
Research. In The Drama of the Commons, eds. E. Ostrom, T. Dietz, N. Dolsak, 
P. C. Stern, S. Stonich, and E. U. Weber. Washington, D.C.: National Academies 
Press. https://doi.org/10.17226/10287.

Kortenkamp, K. V. and C. F. Moore. 2006. Time, Uncertainty, and 
Individual Differences in Decisions to Cooperate in Resource Dilemmas. 
Personality and Social Psychology Bulletin 32(5):603–615. https://doi.
org/10.1177/0146167205284006.

Ledyard, J. O. 1995. Public Goods: A Survey of Experimental Research. In The 
handbook of experimental economics (p. 721), eds. J. H. Kagel and A. E. Roth. 
Princeton: Princeton University Press.

Liebrand, W. B. G. and C. G. McClintock. 1988. The Ring Measure of Social 
Values: A Computerized Procedure for Assessing Individual Differences in 

https://doi.org/10.1080/135467899393968
https://doi.org/10.1080/135467899393968
https://doi.org/10.1016/S0001-6918(99)00024-4
https://doi.org/10.1016/S0001-6918(99)00024-4
https://doi.org/10.1177/1368430200003004002
https://doi.org/10.1016/J.JOI.2017.06.005
https://doi.org/10.1111/j.1559-1816.1996.tb01121.x
https://doi.org/10.1111/j.1559-1816.1996.tb01121.x
https://doi.org/10.1016/J.ECOLECON.2011.01.006
https://doi.org/10.1016/J.ECOLECON.2011.01.006
https://doi.org/10.1016/J.JENVP.2008.10.003
https://doi.org/10.1007/s10040-004-0411-8
https://doi.org/10.1007/s10040-004-0411-8
https://doi.org/10.1177/0146167205284006
https://doi.org/10.1177/0146167205284006


324 César Mantilla

Information Processing and Social Value Orientation. European Journal of 
Personality 2(3):217–230. https://doi.org/10.1002/per.2410020304.

Loewenstein, G. F., E. U. Weber, C. K. Hsee, and N. Welch. 2001. Risk as 
Feelings. Psychological Bulletin 127(2):267–286. https://doi.org/10.1037/0033- 
2909.127.2.267.

Messick, D. M., S. T. Allison, and C. D. Samuelson. 1988. Framing and 
Communication Effects on Group Members’ Responses to Environmental and 
Social Uncertainty. In Applied Behavioural Economics 2 (p. 831). New York 
University Press.

Milinski, M., D. Semmann, H.-J. Krambeck, and J. Marotzke. 2006. Stabilizing 
the Earth’s Climate is not a Losing Game: Supporting Evidence from Public 
Goods Experiments. Proceedings of the National Academy of Sciences of 
the United States of America 103(11):3994–3998. https://doi.org/10.1073/
pnas.0504902103.

Milinski, M., R. D. Sommerfeld, H.-J. Krambeck, F. A. Reed, and J. Marotzke. 
2008. The Collective-Risk Social Dilemma and the Prevention of Simulated 
Dangerous Climate Change. Proceedings of the National Academy of Sciences 
of the United States of America 105(7):2291–2294. https://doi.org/10.1073/
pnas.0709546105.

Milinski, M., T. Röhl, and J. Marotzke. 2011. Cooperative Interaction of Rich 
and Poor can be Catalyzed by Intermediate Climate Targets. Climatic Change 
109(3–4):807–814. https://doi.org/10.1007/s10584-011-0319-y.

Moxnes, E. 1998. Not Only the Tragedy of the Commons: Misperceptions 
of Bioeconomics. Management Science 44(9):1234–1248. https://doi.
org/10.2307/2634712.

Moxnes, E. 2000. Not only the Tragedy of the Commons: Misperceptions of 
Feedback and Policies for Sustainable Development. System Dynamics Review 
16(4):325–348. https://doi.org/10.1002/sdr.201.

Muller, A. and M. Vickers. 1996. Communication in a Common Pool Resource 
Environment with Probabilistic Destruction. Working Paper, McMaster 
University, Department of Economics.

Ostrom, E. 2006. The Value-Added of Laboratory Experiments for the Study of 
Institutions and Common-Pool Resources. Journal of Economic Behavior & 
Organization 61(2):149–163. https://doi.org/10.1016/J.JEBO.2005.02.008.

Ostrom, E., J. Walker, and R. Gardner. 1992. Covenants with and without a Sword: 
Self-Governance Is Possible. American Political Science Review 86(2):404–
417. https://doi.org/10.2307/1964229.

Ostrom, E., R. Gardner, and J. Walker. 1994. Rules, Games, and Common-
Pool Resources. Ann Arbor, MI: University of Michigan Press. https://doi.
org/10.3998/mpub.9739.

Perry, A. L., P. J. Low, J. R. Ellis, and J. D. Reynolds. 2005. Climate Change and 
Distribution Shifts in Marine Fishes. Science (New York, N.Y.) 308(5730):1912–
1915. https://doi.org/10.1126/science.1111322.

https://doi.org/10.1002/per.2410020304
https://doi.org/10.1037/0033-2909.127.2.267
https://doi.org/10.1037/0033-2909.127.2.267
https://doi.org/10.1073/pnas.0504902103
https://doi.org/10.1073/pnas.0504902103
https://doi.org/10.1073/pnas.0709546105
https://doi.org/10.1073/pnas.0709546105
https://doi.org/10.1007/s10584-011-0319-y
https://doi.org/10.2307/2634712
https://doi.org/10.2307/2634712
https://doi.org/10.1002/sdr.201
https://doi.org/10.1016/J.JEBO.2005.02.008
https://doi.org/10.2307/1964229
https://doi.org/10.3998/mpub.9739
https://doi.org/10.3998/mpub.9739
https://doi.org/10.1126/science.1111322


Environmental uncertainty in commons dilemmas 325

Raihani, N. and D. Aitken. 2011. Uncertainty, Rationality and Cooperation in 
the Context of Climate Change. Climatic Change 108(1–2):47–55. https://doi.
org/10.1007/s10584-010-0014-4.

Rapoport, A. and W. T. Au. 2001. Bonus and Penalty in Common Pool Resource 
Dilemmas under Uncertainty. Organizational Behavior and Human Decision 
Processes 85(1):135–165. https://doi.org/10.1006/OBHD.2000.2935.

Roch, S. G. and C. D. Samuelson. 1997. Effects of Environmental Uncertainty 
and Social Value Orientation in Resource Dilemmas. Organizational Behavior 
and Human Decision Processes 70(3):221–235. https://doi.org/10.1006/
OBHD.1997.2707.

Rutte, C. G., H. A. Wilke,  and D. M. Messick. 1987. Scarcity or Abundance 
Caused by People or the Environment as Determinants of Behavior in the 
Resource Dilemma. Journal of Experimental Social Psychology 23(3):208–
216. https://doi.org/10.1016/0022-1031(87)90032-1.

Sandler, T. and F. P. Sternbenz. 1990. Harvest Uncertainty and the Tragedy of the 
Commons. Journal of Environmental Economics and Management 18(2):155–
167. https://doi.org/10.1016/0095-0696(90)90045-Z.

Sell, J. and Y. Son. 1997. Comparing Public Goods with Common Pool Resources: 
Three Experiments. Social Psychology Quarterly 60(2):118–137. https://doi.
org/10.2307/2787100.

Snyder, M. and W. Ickes. 1985. Personality and Social Behavior. In Handbook of 
Social Psychology, eds. S. T. Fiske, D. T. Gilbert, and  G. Lindzey. John Wiley 
& Sons, Inc. https://doi.org/10.1002/9780470561119.

Suleiman, R., A. Rapoport, and D. V. Budescu. 1996. Fixed Position and Property 
Rights in Sequential Resource Dilemmas under Uncertainty. Acta Psychologica 
93(1–3):229–245. https://doi.org/10.1016/0001-6918(96)00008-X.

Sundblad, E.-L., A. Biel, and T. Gärling. 2007. Cognitive and Affective Risk 
Judgements Related to Climate Change. Journal of Environmental Psychology 
27(2):97–106. https://doi.org/10.1016/J.JENVP.2007.01.003.

Tavoni, A., A. Dannenberg, G. Kallis, and A. Löschel. 2011. Inequality, 
Communication, and the Avoidance of Disastrous Climate Change in a Public 
Goods Game. Proceedings of the National Academy of Sciences 108(29):11825–
11829. https://doi.org/10.1073/PNAS.1102493108.

van Dijk, E., H. Wilke, M. Wilke, and L Metman. 1999. What Information Do 
We Use in Social Dilemmas? Environmental Uncertainty and the Employment 
of Coordination Rules. Journal of Experimental Social Psychology 35(2):109–
135. https://doi.org/10.1006/JESP.1998.1366.

Van Lange, P. A., W. Otten, E. M. De Bruin, and J. A. Joireman. 1997. Development 
of Prosocial, Individualistic, and Competitive Orientations: Theory and 
Preliminary Evidence. Journal of Personality and Social Psychology 73(4):733–
746. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/9325591.

Vörösmarty, C. J., P. Green, J. Salisbury, and R. B. Lammers. 2000. Global 
Water Resources: Vulnerability from Climate Change and Population Growth. 

https://doi.org/10.1007/s10584-010-0014-4
https://doi.org/10.1007/s10584-010-0014-4
https://doi.org/10.1006/OBHD.2000.2935
https://doi.org/10.1006/OBHD.1997.2707
https://doi.org/10.1006/OBHD.1997.2707
https://doi.org/10.1016/0022-1031(87)90032-1
https://doi.org/10.1016/0095-0696(90)90045-Z
https://doi.org/10.2307/2787100
https://doi.org/10.2307/2787100
https://doi.org/10.1002/9780470561119
https://doi.org/10.1016/0001-6918(96)00008-X
https://doi.org/10.1016/J.JENVP.2007.01.003
https://doi.org/10.1073/PNAS.1102493108
https://doi.org/10.1006/JESP.1998.1366
http://www.ncbi.nlm.nih.gov/pubmed/9325591


326 César Mantilla

Science (New York, N.Y.) 289(5477):284–288. https://doi.org/10.1126/
SCIENCE.289.5477.284.

Walker, J. M. and R. Gardner. 1992. Probabilistic Destruction of Common-pool 
Resources: Experimental Evidence. The Economic Journal 102(414):1149. 
https://doi.org/10.2307/2234382.

Weber, E. U. 2006. Experience-Based and Description-Based Perceptions of 
Long-Term Risk: Why Global Warming does not Scare us (Yet). Climatic 
Change 77(1–2):103–120. https://doi.org/10.1007/s10584-006-9060-3.

Webster, M. 2003. Communicating Climate Change Uncertainty to Policy-
Makers and the Public. Climatic Change 61(1–2):1–8. http://dx.doi.
org/10.1023/A:1026351131038.

Wilke, H. A. M. 1991. Greed, Efficiency and Fairness in Resource Management 
Situations. European Review of Social Psychology 2(1):165–187. https://doi.
org/10.1080/14792779143000051.

Wit, A. and H. Wilke. 1998. Public Good Provision under Environmental and Social 
Uncertainty. European Journal of Social Psychology 28(2):249–256. https://doi.
org/10.1002/(SICI)1099-0992(199803/04)28:2<249::AID-EJSP868>3.0.CO;2-J.

https://doi.org/10.1126/SCIENCE.289.5477.284
https://doi.org/10.1126/SCIENCE.289.5477.284
https://doi.org/10.2307/2234382
https://doi.org/10.1007/s10584-006-9060-3
http://dx.doi.org/10.1023/A:1026351131038
http://dx.doi.org/10.1023/A:1026351131038
https://doi.org/10.1080/14792779143000051
https://doi.org/10.1080/14792779143000051
https://doi.org/10.1002/(SICI)1099-0992(199803/04)28:2<249::AID-EJSP868
https://doi.org/10.1002/(SICI)1099-0992(199803/04)28:2<249::AID-EJSP868


Environmental uncertainty in commons dilemmas 327
A

pp
en

di
x

Ta
bl

e 
A

1:
 S

tu
di

es
 in

cl
ud

ed
 in

 th
e 

su
rv

ey
 a

na
ly

si
s.

Y
ea

r
T

itl
e

A
ut

ho
rs

Jo
ur

na
l

Se
ar

ch
 

en
gi

ne
Se

ar
ch

 
te

rm
s

20
14

E
ff

ec
ts

 o
f 

T
hr

es
ho

ld
 U

nc
er

ta
in

ty
 o

n 
C

om
m

on
-P

oo
l R

es
ou

rc
es

.
A

dl
er

W
or

ki
ng

 p
ap

er
E

(C
U

)
20

13
E

nv
ir

on
m

en
ta

l v
ar

ia
bi

lit
y 

an
d 

co
lle

ct
iv

e 
ac

tio
n:

 E
xp

er
im

en
ta

l i
ns

ig
ht

s 
fr

om
 a

n 
ir

ri
ga

tio
n 

ga
m

e.
A

nd
er

ie
s 

et
 a

l.
E

C
O

L
 E

C
O

N
G

(C
U

E
)

20
06

D
oe

s 
in

fo
rm

at
io

n 
m

at
te

r 
in

 th
e 

co
m

m
on

s?
 E

xp
er

im
en

ta
l e

vi
de

nc
e.

A
pe

st
eg

ui
a

J 
E

C
O

N
 B

E
H

A
V

 O
R

G
A

N
G

(C
U

E
)

20
03

E
ff

ec
ts

 o
f 

gr
ou

p 
si

ze
 u

nc
er

ta
in

ty
 a

nd
 p

ro
to

co
l o

f 
pl

ay
 in

 a
 c

om
m

on
 

po
ol

 r
es

ou
rc

e 
di

le
m

m
a.

A
u 

an
d 

N
ga

i
G

R
O

U
P 

PR
O

C
E

SS
 I

N
T

E
R

G
G

(C
U

E
)

20
12

C
lim

at
e 

ne
go

tia
tio

ns
 u

nd
er

 s
ci

en
tifi

c 
un

ce
rt

ai
nt

y.
B

ar
re

tt 
an

d 
D

an
ne

nb
er

g
PR

O
C

. N
A

T
L

. A
C

A
D

. S
C

I.
 U

.S
.A

.
G

(T
U

E
)

20
13

L
in

ki
ng

 a
pp

ro
pr

ia
tio

n 
of

 c
om

m
on

 r
es

ou
rc

es
 a

nd
 p

ro
vi

si
on

 o
f 

pu
bl

ic
 

go
od

s 
de

cr
ea

se
s 

ra
te

 o
f 

de
st

ru
ct

io
n 

of
 th

e 
co

m
m

on
s.

B
ot

el
ho

 e
t a

l.
W

or
ki

ng
 p

ap
er

E
(C

U
)

20
14

T
im

e 
an

d 
un

ce
rt

ai
nt

y 
in

 r
es

ou
rc

e 
di

le
m

m
as

: e
qu

ili
br

iu
m

 s
ol

ut
io

ns
 a

nd
 

ex
pe

ri
m

en
ta

l r
es

ul
ts

.
B

ot
el

ho
 e

t a
l.

E
X

P 
E

C
O

N
G

(R
U

E
)

19
97

E
ff

ec
ts

 o
f 

pr
ot

oc
ol

 o
f 

pl
ay

 a
nd

 s
oc

ia
l o

ri
en

ta
tio

n 
on

 b
eh

av
io

r 
in

 
se

qu
en

tia
l r

es
ou

rc
e 

di
le

m
m

as
.

B
ud

es
cu

 e
t a

l.
O

R
G

A
N

 B
E

H
A

V
 H

U
M

 D
E

C
G

(C
U

E
)

19
95

C
om

m
on

 p
oo

l r
es

ou
rc

e 
di

le
m

m
as

 u
nd

er
 u

nc
er

ta
in

ty
: q

ua
lit

at
iv

e 
te

st
s 

of
 e

qu
ili

br
iu

m
 s

ol
ut

io
ns

.
B

ud
es

cu
 e

t a
l.

G
A

M
E

 E
C

O
N

 B
E

H
A

V
G

(C
U

)

19
90

R
es

ou
rc

e 
di

le
m

m
as

 w
ith

 e
nv

ir
on

m
en

ta
l u

nc
er

ta
in

ty
 a

nd
 a

sy
m

m
et

ri
c 

pl
ay

er
s.

B
ud

es
cu

 e
t a

l.
E

U
R

 J
 S

O
C

 P
SY

C
H

O
L

G
(C

U
E

)

19
92

Si
m

ul
ta

ne
ou

s 
vs

. s
eq

ue
nt

ia
l r

eq
ue

st
s 

in
 r

es
ou

rc
e 

di
le

m
m

as
 w

ith
 

in
co

m
pl

et
e 

in
fo

rm
at

io
n.

B
ud

es
cu

 e
t a

l.
A

C
TA

 P
SY

C
H

O
L

G
(R

U
E

)

20
02

A
 m

od
el

 o
f 

se
qu

en
tia

l e
ff

ec
ts

 in
 c

om
m

on
 p

oo
l r

es
ou

rc
e 

di
le

m
m

as
.

B
ud

es
cu

 e
t a

l.
J 

B
E

H
A

V
 D

E
C

IS
 M

A
K

IN
G

G
(C

U
E

)
19

95
Po

si
tio

na
l o

rd
er

 a
nd

 g
ro

up
 s

iz
e 

ef
fe

ct
s 

in
 r

es
ou

rc
e 

di
le

m
m

as
 w

ith
 

un
ce

rt
ai

n 
re

so
ur

ce
s.

B
ud

es
cu

 e
t a

l.
O

R
G

A
N

 B
E

H
A

V
 H

U
M

 D
E

C
G

(C
U

E
)

20
02

In
di

vi
du

al
 r

es
po

ns
e,

 in
fo

rm
at

io
n,

 a
nd

 in
te

rg
en

er
at

io
na

l c
om

m
on

 p
oo

l 
pr

ob
le

m
s.

C
he

rm
ak

 a
nd

 K
ra

us
e

J 
E

N
V

IR
O

N
 E

C
O

N
 M

A
N

A
G

G
(C

U
E

)



328 César Mantilla

Y
ea

r
T

itl
e

A
ut

ho
rs

Jo
ur

na
l

Se
ar

ch
 

en
gi

ne
Se

ar
ch

 
te

rm
s

20
08

H
ow

 m
an

y 
of

 u
s 

ar
e 

th
er

e?
’:

 G
ro

up
 s

iz
e 

un
ce

rt
ai

nt
y 

an
d 

so
ci

al
 v

al
ue

 
or

ie
nt

at
io

ns
 in

 c
om

m
on

 r
es

ou
rc

e 
di

le
m

m
as

.
de

 K
w

aa
ds

te
ni

et
 e

t a
l.

G
R

O
U

P 
PR

O
C

E
SS

 I
N

T
E

R
G

G
(R

U
E

)

20
07

Ju
st

if
yi

ng
 d

ec
is

io
ns

 in
 s

oc
ia

l d
ile

m
m

as
: J

us
tifi

ca
tio

n 
pr

es
su

re
s 

an
d 

ta
ci

t c
oo

rd
in

at
io

n 
un

de
r 

en
vi

ro
nm

en
ta

l u
nc

er
ta

in
ty

.
de

 K
w

aa
ds

te
ni

et
 e

t a
l.

PE
R

S 
SO

C
 P

SY
C

H
O

L
 B

G
(R

U
E

)

20
06

So
ci

al
 d

ile
m

m
as

 a
s 

st
ro

ng
 v

er
su

s 
w

ea
k 

si
tu

at
io

ns
: S

oc
ia

l v
al

ue
 

or
ie

nt
at

io
ns

 a
nd

 ta
ci

t c
oo

rd
in

at
io

n 
un

de
r 

re
so

ur
ce

 s
iz

e 
un

ce
rt

ai
nt

y.
de

 K
w

aa
ds

te
ni

et
 e

t a
l.

J 
E

X
P 

SO
C

 P
SY

C
H

O
L

G
(R

U
E

)

20
04

A
n 

in
te

rg
en

er
at

io
na

l c
om

m
on

 p
oo

l r
es

ou
rc

e 
ex

pe
ri

m
en

t.
Fi

sc
he

r 
et

 a
l.

J 
E

N
V

IR
O

N
 E

C
O

N
 M

A
N

A
G

G
(C

U
E

)
19

99
O

ut
co

m
e-

de
si

ra
bi

lit
y 

bi
as

 in
 r

es
ou

rc
e 

m
an

ag
em

en
t p

ro
bl

em
s

G
us

ta
fs

so
n 

et
 a

l.
T

H
IN

K
 R

E
A

SO
N

IN
G

G
(C

U
E

)
19

99
O

ve
rh

ar
ve

st
in

g 
of

 r
es

ou
rc

es
 o

f 
un

kn
ow

n 
si

ze
.

G
us

ta
fs

so
n 

et
 a

l.
A

C
TA

 P
SY

C
H

O
L

G
(C

U
E

)
19

96
In

di
vi

du
al

 r
es

tr
ai

nt
 a

nd
 g

ro
up

 e
ffi

ci
en

cy
 in

 c
om

m
on

s 
di

le
m

m
as

: T
he

 
ef

fe
ct

s 
of

 tw
o 

ty
pe

s 
of

 e
nv

ir
on

m
en

ta
l u

nc
er

ta
in

ty
.

H
in

e 
an

d 
G

if
fo

rd
J 

A
PP

L
 S

O
C

 P
SY

C
H

O
L

G
(R

U
E

)

20
09

T
he

 e
nv

ir
on

m
en

ta
lis

t w
ho

 c
ri

ed
 d

ro
ug

ht
: R

ea
ct

io
ns

 to
 r

ep
ea

te
d 

w
ar

ni
ng

s 
ab

ou
t d

ep
le

tin
g 

re
so

ur
ce

s 
un

de
r 

co
nd

iti
on

s 
of

 u
nc

er
ta

in
ty

.
Jo

ir
em

an
 e

t a
l.

J 
E

N
V

IR
O

N
 P

SY
C

H
O

L
G

(C
U

E
)

20
06

T
im

e,
 u

nc
er

ta
in

ty
, a

nd
 in

di
vi

du
al

 d
if

fe
re

nc
es

 in
 d

ec
is

io
ns

 to
 c

oo
pe

ra
te

 
in

 r
es

ou
rc

e 
di

le
m

m
as

.
K

or
te

nk
am

p 
an

d 
M

oo
re

PE
R

S 
SO

C
 P

SY
C

H
O

L
 B

G
(C

U
E

)

19
98

N
ot

 o
nl

y 
th

e 
tr

ag
ed

y 
of

 th
e 

co
m

m
on

s:
 m

is
pe

rc
ep

tio
ns

 o
f 

bi
oe

co
no

m
ic

s.
M

ox
ne

s
M

A
N

A
G

E
 S

C
I

G
(T

U
E

)
20

00
N

ot
 o

nl
y 

th
e 

tr
ag

ed
y 

of
 th

e 
co

m
m

on
s:

 m
is

pe
rc

ep
tio

ns
 o

f 
fe

ed
ba

ck
 

an
d 

po
lic

ie
s 

fo
r 

su
st

ai
na

bl
e 

de
ve

lo
pm

en
t.

M
ox

ne
s

SY
ST

 D
Y

N
A

M
 R

E
V

G
(T

U
E

)

19
96

C
om

m
un

ic
at

io
n 

in
 a

 C
om

m
on

 P
oo

l R
es

ou
rc

e 
E

nv
ir

on
m

en
t w

ith
 

Pr
ob

al
is

tic
 D

es
tr

uc
tio

n.
M

ul
le

r 
an

d 
V

ic
ke

rs
W

or
ki

ng
 p

ap
er

I
(C

U
E

)

20
01

B
on

us
 a

nd
 p

en
al

ty
 in

 c
om

m
on

 p
oo

l r
es

ou
rc

e 
di

le
m

m
as

 u
nd

er
 

un
ce

rt
ai

nt
y.

R
ap

op
or

t a
nd

 A
u

O
R

G
A

N
 B

E
H

A
V

 H
U

M
 D

E
C

G
(C

U
)

19
97

E
ff

ec
ts

 o
f 

en
vi

ro
nm

en
ta

l u
nc

er
ta

in
ty

 a
nd

 s
oc

ia
l v

al
ue

 o
ri

en
ta

tio
n 

in
 

re
so

ur
ce

 d
ile

m
m

as
.

R
oc

h 
an

d 
Sa

m
ue

ls
on

O
R

G
A

N
 B

E
H

A
V

 H
U

M
 D

E
C

G
(R

U
E

)

19
96

Fi
xe

d 
po

si
tio

n 
an

d 
pr

op
er

ty
 r

ig
ht

s 
in

 s
eq

ue
nt

ia
l r

es
ou

rc
e 

di
le

m
m

as
 

un
de

r 
un

ce
rt

ai
nt

y.
Su

le
im

an
 e

t a
l.

A
C

TA
 P

SY
C

H
O

L
G

(C
U

E
)

19
99

In
eq

ua
lit

y,
 c

om
m

un
ic

at
io

n,
 a

nd
 th

e 
av

oi
da

nc
e 

of
 d

is
as

tr
ou

s 
cl

im
at

e 
ch

an
ge

 in
 a

 p
ub

lic
 g

oo
ds

 g
am

e.
Ta

vo
ni

 e
t a

l.
P 

N
A

T
L

 A
C

A
D

 S
C

I 
U

SA
G

(T
U

E
)

Ta
bl

e 
A

1 
(c

on
ti

nu
ed

)



Environmental uncertainty in commons dilemmas 329

Y
ea

r
T

itl
e

A
ut

ho
rs

Jo
ur

na
l

Se
ar

ch
 

en
gi

ne
Se

ar
ch

 
te

rm
s

19
99

W
ha

t i
nf

or
m

at
io

n 
do

 w
e 

us
e 

in
 s

oc
ia

l d
ile

m
m

as
? 

E
nv

ir
on

m
en

ta
l 

un
ce

rt
ai

nt
y 

an
d 

th
e 

em
pl

oy
m

en
t o

f 
co

or
di

na
tio

n 
ru

le
s.

va
n 

D
ijk

 e
t a

l. 
J 

E
X

P 
SO

C
 P

SY
C

H
O

L
G

(R
U

E
)

19
92

Pr
ob

ab
ili

st
ic

 d
es

tr
uc

tio
n 

of
 c

om
m

on
-p

oo
l r

es
ou

rc
es

: E
xp

er
im

en
ta

l 
ev

id
en

ce
.

W
al

ke
r 

an
d 

G
ar

dn
er

. 
E

C
O

N
 J

G
(C

U
E

)

19
91

G
re

ed
, e

ffi
ci

en
cy

 a
nd

 f
ai

rn
es

s 
in

 r
es

ou
rc

e 
m

an
ag

em
en

t s
itu

at
io

ns
.

W
ilk

e
E

U
R

 R
E

V
 S

O
C

 P
SY

C
H

O
L

G
(C

U
E

)

K
ey

s 
fo

r 
se

ar
ch

 e
ng

in
es

: G
oo

gl
e 

sc
ho

la
r 

(G
),

 M
en

de
le

y 
(M

),
 E

co
nB

iz
 (

E
),

 I
D

E
A

S 
R

ep
ec

 (
I)

, a
nd

 P
ub

Ps
yc

h 
(P

).
 K

ey
s 

fo
r 

se
ar

ch
 te

rm
s:

 {
co

m
m

on
 p

oo
l r

es
ou

rc
e,

 
un

ce
rt

ai
nt

y,
 e

xp
er

im
en

t}
: (

C
U

E
);

 {
co

m
m

on
 p

oo
l r

es
ou

rc
e,

 u
nc

er
ta

in
ty

}:
 (

C
U

);
 {

re
so

ur
ce

 d
ile

m
m

a,
 u

nc
er

ta
in

ty
, e

xp
er

im
en

t}
: (

R
U

E
);

 {
tr

ag
ed

y 
of

 th
e 

co
m

m
on

s,
 

un
ce

rt
ai

nt
y,

 e
xp

er
im

en
t}

: (
T

U
E

).

Ta
bl

e 
A

1 
(c

on
ti

nu
ed

)


