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1. Introduction 

We live in a world characterized by discontinuities, where thresholds for abrupt and 

irreversible change are omnipresent, both in economic and ecological dynamics. Such 

thresholds, often referred to as tipping points, trigger nonlinear responses on the part of 

individuals or ecosystems.  

Climate change is a prominent example of the pervasiveness of tipping points, since they 

appear both in the strategic decision to embark in costly mitigation (Heal and Kunreuther, 

2012) and in the Earth’s climate system (Lenton et al., 2008).  

In this chapter we will focus on “behavioral tipping points”, to distinguish them from the 

ecological ones. As it will become apparent, though, the two are closely linked, since 

planetary boundaries define “the safe operating space for humanity with respect to the 

Earth system and are associated with the planet’s biophysical subsystems or processes” 

(Rockström et al., 2009). Hence, to discuss strategies one has to account for the underlying 

physical processes and how they are perceived (Tavoni and Levin, 2014).    

Whether a country or a subnational actor (a city, an NGO or a firm) decides to invest in a 

clean technology, or more broadly in actions aimed at reducing greenhouse gas emissions, 
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depends on its expectations with regards to the actions of others. This is particularly salient 

in the context of a public good such as climate change mitigation. Depending on the choice 

of the underlying parameters, the climate change game is generally characterized either by 

coordination (selecting the mutually preferable outcome in a chicken game), or a unique 

inefficient outcome resulting from widespread defection in a prisoner’s dilemma game 

(Barrett, 2016). In the latter class of games, which comprises linear public goods games 

for plausible parameters capturing the temptation to defect (not contributing to the 

mitigation good), the worst-case scenario is for an actor to take costly action while the 

others refuse to do so, the so-called “sucker’s payoff”. Arguably, this may have been the 

case for the European Union in climate negotiations up to COP 20 in Lima, with unilateral 

commitments by the EU routinely unmatched by other large economies. COP 21 in Paris 

was perhaps the first Conference of the Parties to mark a greater willingness to show 

leadership by other large powers, such as China and the United States (although the election 

of Trump as president casts a long shadow over the prospects of the Paris agreement). A 

possible interpretation, in keeping with the above arguments, is that enough action at 

various scales had accumulated in the years leading to the Paris summit that even less 

committed countries showed an increased willingness to act.2 

These emerging trends are potentially game-changing, provided that enough actors lead 

the way by taking action early on. Once a tipping point for sufficient investments in low 

carbon technologies has been reached, and constituencies with stakes in the nascent 

markets have formed, standard economic forces will sustain the transition to a carbon-

neutral economy.  

We will review some of the recent literature that provides clues about when such 

reinforcing dynamics take place. In doing so, we will come across related concepts, such 

as diffusion and feedback. Importantly, given the wide scientific uncertainties surrounding 

the location of the thresholds, we will discuss the role of expectations and argue that 

reference points are crucial for supporting cooperation. Intuitively, under uncertainty 

                                                 
2 Indeed, while the Nationally Determined Contributions agreed upon in Paris are insufficient to meet the 

target of “holding the increase in the global average temperature to well below 2 °C above pre-industrial 

levels and to pursue efforts to limit the temperature increase to 1.5 °C above preindustrial levels”, these 

commitments are viewed as genuine, in the sense that they exceed what states would have done in the absence 

of the agreement (Averchenkova and Bassi, 2016). 
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asymmetries about views on the expected losses from climate change are as important as 

differences in objective (but elusive) vulnerabilities.  

2. Regime Shifts and Catastrophic Climate Change  

A key concept relating to tipping points, or regime shifts as they are otherwise referred to, 

is that of irreversibility: “Ecological regime shifts are large, sudden changes in ecosystems 

[…]. They entail changes in the internal dynamics and feedbacks of an ecosystem that often 

prevent it from returning to a previous regime” (Biggs et al., 2009). In other words, once a 

threshold has been passed, the system will enter a new basin of attraction, resulting in a 

sudden and persistent shift to a new stable fixed point (fixed point 2 in Figure 1).  

      

    

A related concept in the social sciences is that of diffusion, which Rogers (1995) defines 

as “the process by which an innovation is communicated through certain channels over 

time among the members of a social system”. The link here is the idea that the actions of 

others can reinforce one’s own choices. Different terms have been coined for this feedback 

mechanism, depending on the disciplinary focus, such as bandwagon effect in fashion-

Figure 1 Regime shifts. Fold bifurcations occur when a stable fixed point 

(solid lines) collides with an unstable fixed point (dashed line), and can 

lead to regime shifts. From Lade et al. (2013). 
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oriented behaviour (Leibenstein, 1950), adoption thresholds (Granovetter, 1978), 

entrapment (Dixit, 2003), global cascades (Watts, 2002) and tipping (Gladwell, 2000), to 

mention a few. 

Early models of diffusion focus on the societal adoption rate (of a technology or 

behaviour), whose dynamics are governed by the overall ratio of adopters to non-adopters 

at a given point in time (Bass, 1969; Young, 2009). The main insight from the Bass model, 

also known as S-shaped diffusion curve, is that diffusion follows a nonlinear trend, with a 

fast acceleration in the initial phase of adoption and a subsequent saturation (Figure 2).  

 

 

   

Of course the channels through which innovations diffuse are less mechanistic than those 

depicted in Figure 2. An important driver of the speed of diffusion, whether of an opinion, 

a fad or a technology, is the topology of the network on which the agents are embedded, 

since it will spread through society according to dynamics that depend on the patterns of 

social connections (Currarini et al., 2015).   

Figure 2 An example of S-shaped diffusion curve. The fraction of 

adopters is plotted against time. 
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What are the implications of the nonlinearities identified above in ecological and social 

processes for the economic analysis of climate change? We hope to contribute to answering 

this question by reviewing some of the recent literature focusing on the avoidance of a 

threshold for dangerous climate change. 

Perhaps the most influential paper on the economics of catastrophic climate change is due 

to Weitzman (2009), who focused on high-impact, low-probability catastrophes and 

catalysed attention on the so-called (bad) fat tail of the probability density function (PDF) 

of what might happen in the absence of serious mitigation policy.3 His dismal theorem 

points to the “potentially unlimited exposure to catastrophic impacts” in the presence of 

“deep structural uncertainty in the science coupled with an economic inability to evaluate 

meaningfully the catastrophic losses from disastrous temperature changes” (Weitzman, 

2009). The implications for both theorists and practitioners are big: if we are serious about 

accounting for unlikely, yet possible future climate disasters, we cannot rely on the 

standard cost-benefit analysis calculus dealing with uncertainty in the form of a known 

PDF with thin tails. Consequently, Weitzman advocates a “generalized precautionary 

principle” that accounts for the potential catastrophic costs of inaction. 

A not-so-dismal account is found in Heal and Kunreuther (2012), which instead 

investigates the implications of the existence of a tipping point in the adoption of climate 

policies by the international community. The authors offer illustrative evidence on the role 

of early adopters (in the abstract representation of Figure 2, those who are located at the 

bottom of the diffusion curve) in triggering a global shift away from the use of damaging 

pollutants, towards greener alternatives. They cite two pieces of evidence. One concerns 

the adoption of unleaded gasoline in replacement of leaded gasoline: the unilateral adoption 

by the United States meant that the subsequent adoption’s costs for other countries was 

limited to modifying refinery capacity, since motor industries exporting to the United 

States had to transition to lead-free fuel immediately after the move. Thanks to these 

reduced costs for the followers, the new technology spread quickly worldwide. The second 

                                                 

3 A fat-tailed distribution assigns a higher probability to rare events in the extreme tails 

than does a thin-tailed one.  
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example refers to phasing out chlorofluorocarbons (CFCs), a remarkable achievement of 

the Montreal Protocol on Substances that Deplete the Ozone Layer. In this case, the U.S.’ 

decision to sign the Montreal Protocol hinged on a technological innovation by Du Pont, 

the world’s largest producer of CFCs, allowing the company to gain from elimination of 

CFCs. As in the previous example, strategic complementarity led most countries to phase-

out ozone-depleting chemicals. 

3. Key Features of Dangerous Climate Change 

Avoiding disastrous climate change requires overcoming several barriers to collective 

action. As other public goods situations, such as protecting the global climate from gradual 

climate change, dangerous climate change requires widespread cooperation in the face of 

individual incentives to free-ride on the effort of others. Moreover, it is characterized by 

sudden transitions to harmful states (tipping points) and irreducible uncertainty on the 

location of the threshold and on the consequences of crossing it (Dannenberg and Tavoni, 

2016). A complicating factor is that the ability to contribute to the solution and benefits 

from doing so vary greatly among parties. Together, these characteristics compound the 

difficulty of securing sufficient mitigation effort, with potentially disastrous consequences. 

The Framework Convention on Climate Change has warned that climate change may be 

“abrupt and catastrophic,” rather than linear and smooth, once greenhouse gas 

concentrations in the atmosphere exceed a certain threshold. This threshold is commonly 

identified as the concentration level that would translate in a 2°C average temperature 

increase above preindustrial levels. More recently, the Paris Agreement raised the ambition 

to limiting the increase to 1.5°C. The scientific literature confirms the possibility of 

dangerous thresholds but also shows that there is large uncertainty about their location 

(Rockström et al., 2009). This uncertainty is compounded by the political and technical 

uncertainty arising from translating such thresholds into the necessary mitigation measures 

required to avert disaster (on top of the uncertainty about the economic value of the 

catastrophic losses from failure to avoid dangerous climate change).  In addition, 

international climate negotiations that aim to reduce global greenhouse gas emissions are 

strongly influenced by a conflict between rich and poor countries. Consequently, the Kyoto 

Protocol addressed this North-South equity issue by recognizing the Industrialised nations’ 
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special responsibilities through the principle of ‘common but differentiated 

responsibilities’. However, major polluters and great powers, such as China and the U.S., 

have until recently proven reluctant to bind themselves to internationally agreed ambitious 

emission reductions. While progress has been made in Paris, the move to a bottom-up 

architecture where states unilaterally announce their proposed targets confirms the burden 

sharing difficulties.  

How can this deadlock be broken? As real world data on alternative mechanisms is not 

available, we must rely on theory and experimental economics. Here we focus on  several 

simple and recent applications of both methods. Although both theory and experiments rely 

on simplified settings, and in the case of experiments on convenience samples, these 

methods have the advantage of allowing one to isolate in a controlled manner the effect of 

relevant features (such as inequality and uncertainty) on cooperation. The next two sections 

tackle, in turn, two classes of games that have recently been modified to accommodate 

some of the features we have discussed thus far in the context of the avoidance of disastrous 

climate change: public goods games and coalition formation games. 

4. Threshold Public Goods Games 

In order to account for the threat of disastrous losses from abrupt and irreversible climate 

change, a recent literature has resorted to studying public goods games, both theoretically 

and in the lab. These can accommodate the above features by introducing a discontinuity, 

in the form of a threshold for dangerous climate change. Threshold public goods games 

(TPGs), unlike linear ones, feature multiple Nash equilibria. Restricting attention to 

symmetric play, we have two equilibria: a Pareto-superior one where players shoulder the 

same burden and avoid catastrophe just, alongside the unique (Pareto-inferior) equilibrium 

prescribing defection. The latter characterizes the quintessential cooperation problem of 

under-provision (or lack of provision) of public goods. Thus, the presence of a 

discontinuity in the form of a threshold beyond which losses shoot up appears to facilitate 

the problem by effectively serving as a coordination device (Barrett, 2013).  

 

In addition to work that focuses on equilibrium behavior as in traditional game theory, 

variants of the above TPGs have also been employed in evolutionary game theory models 
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(EGT) to investigate off-equilibrium dynamics. The premise behind the replicator 

dynamics, the most commonly employed imitation dynamics in EGT, is that agents imitate 

the behavior of the other players in the population whenever these appear to be more 

successful. While the implied myopic behavior represents a departure from traditional 

game theory, which models optimization through instantaneous best responses of all 

players to one another, long-run behavior in evolutionary games often coincides with static 

Nash equilibria (Weibull, 1997). 

Vasconcelos et al. (2014) investigate the collective action problem posed by disastrous 

climate change using EGT to assess disaster avoidance success in TPGs. Among other 

features, they focus on two that are relevant for our discussion: inequality and polycentric 

governance (Ostrom, 2009). To tackle the former, they include an asymmetric distribution 

of wealth that mimics the existing inequalities among nations. The authors find that the 

combination of homophily (high likelihood of imitating the strategies of agents similar to 

oneself) and inequality can lead to the collapse of cooperation, due to a drop in the poor 

countries’ contributions. To assess the effectiveness of local sanctioning institutions in 

coping with dangerous climate change, Vanconcelos and colleagues distinguish between a 

global setup, in which the entire population constitutes the sole negotiating group, and a 

local setup, in which individuals interact in several smaller groups. They find that local 

institutions are more successful at promoting the emergence of widespread cooperation, 

particularly under low risk perception (when the perceived probability of disaster under 

non-provision of the public good is small). The reason is that cooperation can only thrive 

if at least some cooperators in the population do better than the defectors, and this is more 

likely to happen in the local setup because it allows for more heterogeneity in behavior.4  

In sum, the above findings cast an optimistic light on the prospects for climate negotiations, 

especially in the aftermath of the Paris Agreement, which was hailed as an unprecedented 

success and relied heavily on unilateral pledges, known as Intended Nationally Determined 

Contributions (INDCs). However, as noted above, uncertainty about the location of the 

threshold complicates matters, by bringing us back to a gradual losses setup, as the sharp 

                                                 
4 Note however that the local institutions are assumed to be independent of each other. Hence, further research 

is needed to clarify if the results also hold in a more realistic setting with spillovers across regions. 
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discontinuity at the threshold is replaced by a smooth probability density function of 

expected losses. Experiments confirm the detrimental effect of threshold uncertainty; see 

Barrett and Dannenberg (2012) and Dannenberg et al. (2014). A crucial question is then to 

what extent can climate treaties coordinate actions in spite of structural uncertainty. To 

address it, we turn to the literature on the economics of international environmental 

agreements, before returning in greater detail to the experimental evidence.  

5. Coalition Formation Games  

Building on the work of d'Aspremont et al. (1983), international environmental agreements 

have long been modeled in game theory through coalition formation games (Hoel, 1992; 

Carraro and Siniscalco, 1993; Barrett, 2016). The premise is that the equilibrium number 

of signatories to a self-enforcing international agreement follows from the conditions of 

internal and external stability, which respectively guarantee that no signatory is better off 

leaving the coalition, and that there is no incentive for a non-signatory to join the coalition. 

These conditions are required since treaties such as the Kyoto Protocol (let alone the Paris 

Agreement, which lacks legal force) cannot be enforced by external institutions, and must 

therefore rely on incentives to overcome the compliance issue.  

The accepted insight from the theory of international environmental agreements is that self-

enforcing treaties fail to deliver, especially when cooperation is most needed (i.e. when the 

potential gains from cooperation are large due to high mitigation costs and high benefits 

from mitigation). Scott Barrett summarizes how the introduction of a known tipping point 

changes this calculus:  

“The standard model of a self-enforcing international environmental agreement predicts 

that collective action in reducing greenhouse gas emissions will be grossly inadequate. 

When this model is modified to incorporate a certain threshold with catastrophic damages, 

treaties can become highly effective. If the benefits of avoiding the threshold are high 

relative to the costs, the prospect of catastrophe transforms treaties into coordination 

devices.” (Barrett, 2013) 

However, as discussed above, uncertainty is detrimental to the prospects of disaster 

avoidance: 
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“While the uncertain prospect of approaching catastrophes may commend substantially 

greater abatement in the full cooperative outcome, it may make little difference to non-

cooperative behavior or to the ability of a climate treaty to sustain substantial cuts in 

global emissions.” (Barrett, 2013) 

What else can we then rely upon, to design an effective treaty? Is there a way out of the 

grim results found in most of the models reviewed so far? The game-theoretic literature on 

International Environmental Agreements (IEAs) has identified several mechanisms that 

have the potential to mitigate the issue of shallowness of the mitigation efforts (or small 

stable coalition size, both of which translate into unambitious treaties and increased threat 

of catastrophe).5 These range from expanding the strategy space via side payments and 

issue linkage (Barrett, 2005), to introducing minimum participation rules and heterogeneity 

(Weikard et al., 2014) and imposing trade sanctions on non-participants (Nordhaus, 2015).  

Preferences also matter for the outcome of IEAs. The literature has traditionally modeled 

negotiators as rational agents with standard preferences. A recent strand has instead 

explored the implications of departing from these assumptions. Examples include 

introducing preferences for equity (Lange and Vogt, 2003), for reciprocity (Nyborg, 2015), 

reference dependence (Iris and Tavoni, 2016), and appetite for campaign contributions by 

policy makers subject to lobbying pressure (Marchiori et al., 2017)6. We review some of 

the non-standard preferences literature (employing other regarding and reference-

dependent preferences) in Section 7, where we restrict attention to coalition formation and 

public goods games. 

Broadly speaking, all of the above modifications of the standard model ease the collective 

action problem, to some extent. The question remains, however, about which 

representation of the climate negotiations is more realistic. For instance, some improving 

mechanisms, such as imposing trade sanctions on those outside the “climate club”, while 

theoretically desirable may prove difficult to implement due to the threat of retaliations and 

potential escalation to trade wars. Equally important, we lack empirical evidence about the 

                                                 
5 For a recent review, see de Zeeuw (2015). 
6 For a paper focusing on reciprocal strategies in IEAs, see Ochea and de Zeeuw (2015). 
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relative effectiveness of different schemes, or about the preferences of the negotiators. We 

tackle these issues in the next section. 

6. Climate Change Experiments 

A productive way to gather some relevant insights is to conduct controlled experiments 

with subjects who are assigned to different treatments aimed at capturing relevant features 

of the game. An obvious advantage is that one needs not wait decades to assess how a given 

IEA, such as the one agreed in Paris in December 2015, has affected global emissions (in 

addition to the fact that one can easily compare treatments to the baseline “untreated” status 

quo in an experiment, while the counterfactual is not easy to identify in reality). The price 

to pay in order to have such control (internal validity) is that one has to greatly simplify 

the problem in the lab, possibly at a cost in terms of external validity.  

In this section we briefly review some of the recent experimental literature that uses TPGs 

as a metaphor for studying cooperation on the avoidance of dangerous climate change.  In 

these experiments small groups (of four to ten players) have the option to contribute part 

of their endowment to avoid a collective loss (in one or several successive rounds). The 

aggregate contributions are then evaluated to see how they compare to the investment 

required to avoid the tipping point, and a large fraction of the remaining endowment is lost 

if the target has not been met.7 

Milinski et al. (2008) test the role of risk perception on the success rate in disaster 

avoidance by manipulating the probability of losing one’s savings (p) if the group fails to 

invest the target sum (€120) by the end of ten successive rounds. Thus we have a TPG with 

three treatments, corresponding to either 10%, 50% or 90% probability of loss when 

missing the provision threshold. They find that the ensuing share of groups who managed 

to avoid the loss are respectively 0%, 10% and 50%. One should not be surprised that none 

of the groups averted disaster when p=10%, since the expected loss is so small that it is 

collectively rational not to provide the public good (i.e. there is only mild climate change, 

and no collective action problem). It is instead noteworthy that even at very high expected 

costs from miscoordination from the Pareto-superior equilibrium of collecting €120 when 

                                                 
7 For a more comprehensive review of dangerous climate change games, see Dannenberg and Tavoni (2016). 
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p=90%, half of the groups fail the target (while still contributing approximately €113.  One 

likely explanation for such spectacular coordination failure is that the subjects in this 

experiment were not allowed to signal their intentions, or communicate in any way. As 

mentioned above, TPGs with certain threshold location is a coordination game, which 

naturally begs for communication opportunities. 

Even in the face of inequality in the ability to contribute to the public good of loss 

avoidance, a clear coordination target proves a powerful mechanism to select the “good” 

equilibrium, provided that the communication channels are in place to facilitate 

redistribution. For instance, in a similar setting of repeated contributions to a TPG with 

p=50%, Tavoni et al. (2011) find that the majority of groups are able to avoid disaster when 

they have an opportunity to signal future contribution intentions via pledges. Namely, when 

communication was possible 60% of the groups with unequally wealthy participants (three 

“Poor” and three “Rich” countries) coordinated on disaster avoidance, compared to only 

20% of successful groups when pledging was not an option. This is noteworthy, given the 

non-binding nature of pledges; yet, one should not be surprised that for a coordination 

game to be played well, communication is indispensable.8 

Dannenberg et al. (2014) revisit this TPG, with groups of six players facing dangerous 

climate change with p=90%, by introducing uncertainty on the location of the tipping point. 

In two treatments they test the effect of risk, i.e. known (uniform) distribution over a range 

of potential thresholds, and ambiguity, i.e. lack of knowledge even on the distribution. 

They find that contributions become more erratic under threshold uncertainty, particularly 

so under ambiguity. Early commitment in the risk treatment, demonstrated by a willingness 

to invest in the public good early on and fulfill the pledges, helps groups to reduce the 

negative effect of uncertainty. This result resonates with the one by Tavoni et al. (2011) 

that the negative effect of wealth inequality is mitigated by leadership and communication. 

In a one-shot TPG without sequential decision-making, Barrett and Dannenberg (2012) test 

a simplified version of the model developed in Barrett (2013), to assess the effect of 

                                                 
8 It appears that the positive effect of communication is indeed stronger than the negative effect of inequality. 

In the symmetric wealth treatments where endowments were equal across the six players, success rate in 

disaster avoidance went up less markedly when communication was allowed, from 50% to 70%. This is also 

to be expected, given that coordination is a much easier task under symmetric payoffs.  
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uncertainty on two variables: the extent of the damages from dangerous climate change, 

and the location of the threshold. They find that while the first is unimportant for the 

prospects of catastrophe avoidance, when there is significant uncertainty on the location of 

the tipping point the game reverts to a prisoner’s dilemma and cooperation drops, with no 

group succeeding in avoiding the large loss.   

Recently, scholars have begun to introduce political economy features, such as delegation, 

into catastrophe avoidance games mimicking dangerous climate change. The reason is 

simple: since the goal is to shed light on the ability of stylized climate agreements to 

improve upon non-cooperative behavior, one should aim to capture realistic aspects of their 

decision-making process. An intuitively relevant one is delegation: do elected delegates, 

representing the subgroup (country) to which they belong, by deciding how much to 

contribute to the public account on their behalf, behave more or less cooperatively than 

when acting independently? In other words, are the findings from the experiments 

mentioned above robust to delegation? İriş et al. (2015) compare the baseline case of four-

subjects’ groups where each “country” independently decides how much to contribute to 

the public good (again in the face of uncertainty), with two treatments where the countries 

are no longer singletons, but are themselves composed of a three-players’ constituency 

responsible to elect a delegate to represent them in the negotiations. Hence, while the 

number of countries is still four, in these two treatments the group is made of twelve 

subjects, given that in each country there is one delegate deciding for herself as well as for 

the two unelected candidates. The only difference between the two delegation treatments 

is that in one the delegate decides on contributions in the TPG without being exposed to 

public scrutiny from the constituency, while in the other the two non-delegates in each 

country are in the same room as their delegate and send their non-binding preferred 

contribution suggestions to the delegate. İriş et al. (2015) find that delegation without 

public pressure does not affect contributions much, relative to the baseline. However, even 

if messages are payoff-irrelevant in the experiment, public pressure has a significant 

negative effect on the delegates’ contributions. This happens since the majority of delegates 

were elected because they signaled a low propensity to contribute in the practice phase, 

and, once elected, delegates focused on the lower of the two contributions preferred by 

their teammates, thus behaving more selfishly than in the treatments without public 
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pressure. This finding echoes the one of Milinski et al. (2016), who use a similar setup with 

six three-players’ “countries” voting twice whether to confirm or vote out the incumbent 

representative. They find that selfish representatives are preferentially elected, and that, 

once in power, they indeed contribute less to the public good than their fair share.    

To summarize, in this section we have established the following: (i) the higher the 

(perceived) probability of disaster, the more likely it is that the catastrophic tipping point 

is avoided. (ii) Communication, in the form of pledges for achieving the target (e.g INDCs), 

also increases the prospects for success, given that they facilitate the coordination problem; 

(iii) this is particularly needed in the presence of threshold uncertainty, although when 

uncertainty is too large failure is widespread. (iv) Delegates tend to focus on the least 

ambitious suggestion when confronted with public pressure, and act in a more self-

interested manner than individuals.  

In the next section we turn to the insights gathered in recent theoretical work on tipping 

points and reference dependence in related climate change games.  

7. Non-standard Preferences 

During the last decades, abundant evidence from both the lab and the field demonstrate 

that people exhibit discontinuities in their preferences as well. They often not only care 

about the outcome, but also about how it stands relative to a reference level. Economists 

and other social scientists argue that salient reference levels can relate to the status quo 

(Tversky and Kahneman, 1991), or alternatively emerge from social comparisons (Fehr 

and Schmidt, 1999; Rabin, 1993; Shafir et al., 1997), or can be based on goals and 

aspirations (Heath et al., 1999).  

In this section, we focus on two widely used non-standard preferences: i) reference-

dependent preferences, and ii) other-regarding preferences (also referred to as social 

preferences). In particular, we review their applications in public goods and coalition 

formation games.9 

                                                 
9 DellaVigna (2009) reviews the empirical evidence of such non-standard preferences as well as other 

concepts in non-standard beliefs and non-standard decision-making. Camerer et al. (2003) and Kahneman 

and Tversky (2000) collect early theoretical and applied studies pioneered behavioral economics. Camerer’s 

(2003) and Kagel and Roth (Volume 1, 1995; Volume 2, forthcoming) are the three handbooks in 

experimental games. 
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 7.1 Fairness and Other-regarding Preferences 

Standard economic models assume that economic agents are self-interested, meaning that 

they care only about their payoffs and are not concerned with others’ payoffs. However, 

theoretical and empirical studies have shown that people have strong preferences for 

equity, even in market settings (Kahneman et al., 1986; Fehr et al., 1993; Fehr et al., 1997).  

The literature classifies two groups of models for other-regarding preferences. The first 

group contains models in which people reciprocate based on the actions and perceived 

intentions of other players. The second group contains models in which people care about 

the distributions of payoffs.  

If another player’s action, or the outcome it leads to, is more positive (or negative) than the 

one that is considered fair—the reference level—, then reciprocal players perceive it as a 

kind (or unkind) action. In the context of climate change, reciprocal players would be 

willing to undertake costly mitigation effort (e.g. abatement) insofar as others do too. Thus, 

reciprocal players do not only care about the outcomes of their actions, but also about the 

actions or intentions of other players (Rabin, 1993; Dufwenberg and Kirchsteiger, 2004; 

Falk and Fishbacher, 2006; Cox et al., 2007; Segal and Sobel, 2007). 

Hadjiyiannis et al. (2012) is the first paper that incorporates reciprocity preferences into 

self-enforcing IEAs, in which reciprocal countries play an infinitely repeated prisoners’ 

dilemma game. The authors compare the depth of the cooperation in the case of full 

participation in two games: one with reciprocal countries and the other with self-interested 

countries. The authors find that reciprocal countries that have moderate expectations with 

respect to others’ national abatement strategies can support a greater degree of 

environmental cooperation than self-interested ones. They define reciprocal countries as 

those where abatement standards are considered fair if they are within certain boundaries. 

For moderate expectations, reciprocal countries perceive others’ cooperative abatement 

levels as kind and non-cooperative (Nash) abatements as unkind, leading to more 

cooperation. However, when only very high abatement standards are deemed fair (i.e., fair 

abatement levels are higher than the most cooperative abatement levels countries can 

sustain), then reciprocity could have a detrimental effect on international environmental 

cooperation as countries perceive even the cooperative abatements as unkind. Their model 
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therefore provides a novel perspective on the role of expectations in environmental 

negotiations. Consistent with their findings, failure in Copenhagen (COP15 summit), 

owing to the very high expectations, has been noted by some experts.10 Consequently, 

leaders emphasized the importance of moderating expectations before and during the Paris 

conference (COP21) in December 2015.11 

Nyborg (2015) studies the impact of reciprocal preferences on stable IEAs by using 

coalition formation games. To keep the model tractable, she focuses on a discrete strategy 

space, so that countries can either abate or pollute. Unlike Hadjiyiannis et al. (2012), she 

follows more closely Rabin (1993) in both incorporating reciprocity into the utility function 

and defining equitable payoff. She shows that no country participates in the coalition in the 

game with only self-interested countries. However, if some countries exhibit reciprocity, 

three stable coalition sizes become feasible: no participation, a minority coalition; and a 

majority or even full participation. The minority coalition improves upon zero 

participation, but only weakly. Moreover, for the majority or full participation coalition to 

be stable, most of the countries should exhibit strong reciprocal preferences. 

A different agreement literature also studies the impact of reciprocity in which signatory 

countries bind themselves to share the cost of public good investment (Jang et al., 2016). 

Their model of reciprocity follows Dufwenberg and Kirchsteiger (2004), which extends 

Rabin’s (1993) reciprocity model for a one-shot game to a sequential game with updating 

beliefs. Dufwenberg and Patel (forthcoming) additionally investigate the network effects 

for discrete public goods in this literature. 

On the other hand, players with distributive concerns care about relative payoffs, that is, 

both about own payoff and how it compares with other players’ payoffs (their reference 

level). A significant part of the literature focuses on models in which people exhibit self-

centered inequality-aversion (IA): individuals care about their payoff but are also willing 

to reduce the differences between their payoff and those of the others. If their payoff is 

lower than the others’ (disadvantageous inequality), they envy better-off players and 

accordingly incur in a disutility. If their payoff is higher than the others’ (advantageous 

                                                 
10 “Can Copenhagen still be saved?” The Economist, November 17, 2009. 
11 “Paris Deal Would Herald an Important First Step on Climate Change” The New York Times, November 

29, 2015. 
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inequality), they feel guilt or compassion. Inequality-averse players are assumed to dislike 

disadvantageous inequality more than advantageous inequality. As a result, they are willing 

to sacrifice some of their payoffs to reduce either type of inequality, but with a stronger 

willingness to reduce disadvantageous inequality (Ochs and Roth, 1989; Loewenstein et 

al., 1989; Bolton, 1991; Kirchsteiger, 1994; Fehr et al., 1998; Fehr and Schmidt, 1999; 

Bolton and Ockenfels, 2000). Charness and Rabin (2002) introduce an alternative model 

of distribution concerns in which players maximize social surplus and are also inclined to 

help other players who receive lower payoffs relative to others. 

Lange and Vogt (2003) is the first paper that incorporates IA to IEAs. They study IA in 

three different games to analyze international environmental cooperation: (i) a symmetric 

prisoner’s dilemma game with binary choice of cooperation or defection; (ii) a symmetric 

emission game with continuous strategy space; and (iii) a coalition formation game with 

discrete abatement choice where the second stage is a simultaneous move game (cf. Carraro 

and Siniscalco, 1993; Hoel, 1992). The authors follow Bolton and Ockenfels’ (2000) IA 

model, with country 𝑖’s utility defined by: 

    𝑎𝑖𝑢(𝑦𝑖) + 𝑏𝑖𝑟(𝜎𝑖),     (3) 

where 𝑎𝑖, 𝑏𝑖 ≥ 0. The first term captures the standard utility from payoff 𝑦𝑖. The second 

term represents fairness utility based on the relative share 𝜎𝑖 = 𝑦𝑖 ∑ 𝑦𝑗𝑗⁄ . Furthermore, 𝑢(∙) 

is differentiable, strictly increasing, and concave; and 𝑟(∙) is differentiable, concave, and 

has its maximum at equal share 𝜎𝑖 = 1 𝑁⁄ , where 𝑁 is the number of countries. The authors 

find that, depending on its distribution among players, IA can lead to an equilibrium in 

which majority or all countries cooperate in game (i), since when other cooperate a country 

values its payoffs to be closer to the equal share, compared to their absolute payoffs. 

However, in game (ii) with continuous strategies, a country with a possibility to increase 

its absolute payoff would do so if it receives less than the equal share. Since all countries 

have such incentives IA has no effect at all: countries act as if they were maximizing their 

own payoff in equilibrium. Finally, in game (iii) with coalition formation, countries’ strong 

preference for the equal share leads efficiency gains and even the grand coalition can be 

stable. In particular, fringe countries outside the coalition incentivize self-interested 

countries to join and reward the coalition’s higher abatement efforts by their own efforts. 
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However, this incentive diminishes as the countries with strong preference for equality join 

the coalition. 

Lange (2006) further analyzes different notions of equity when countries are either 

industrialized or developing, such as IA with respect to the differences in per capita 

emissions, and IA with respect to differences in abatement targets. In the model, only 

industrialized countries take on  emission reductions, while developing countries could 

participate if industrialized counties finance them. He shows that IA concerns on the 

differences in per capita emissions lead to higher emission reductions in industrialized 

countries, but no qualitative impact on the incentives to cooperate. On the other hand, IA 

concerns on the differences between countries’ abatement targets and the average of 

abatement by the other industrialized countries lead (i) developing countries to both 

participate and abate more; and (ii) higher coalition sizes and even grand coalition if 

countries are sufficiently IA. 

Grüning and Peters (2010) also study the role of fairness in a coalition formation game. In 

addition to the usual welfare, which consists of benefit minus cost of abating, they subtract 

the variance in the environmental policy (abatement levels) of all countries. This 

incentivizes countries to abate similarly and at much higher levels, both within and outside 

an IEA and, thus, increases the coalition size. 

Kolstad (2013) adapts Charness and Rabin’s (2002) social preferences to study linear 

public goods and coalition formation games in which he allows countries to differ in their 

sizes. More specifically, in his model there are 𝑁 countries and each country 𝑖 chooses its 

abatement level 𝑔𝑖 (contribution to public good), or equivalently its emission level 𝑥𝑖 =

𝑤𝑖 − 𝑔𝑖, where 𝑤𝑖 is the highest possible emission level. Country 𝑖’s welfare function has 

the following form: 

  𝑢𝑖(𝑥𝑖, 𝐺) = 𝜆𝑖𝜋𝑖(𝑥𝑖, 𝐺) + 𝛿𝑖 min
𝑗≠𝑖

𝜋𝑗 + 𝜀𝑖 ∑ 𝜋𝑗𝑗 .   (4) 

The first term is the self-interested welfare of country 𝑖, with 𝐺 = ∑ 𝑔𝑖𝑖  and a scaling factor 

𝜆𝑖 measuring its relative importance for country 𝑖. The second term captures the level of 

country 𝑖’s care for equity, particularly by the country with the lowest self-interested 

welfare, scaled by 𝛿𝑖. Finally, the third term with its scaling factor 𝜀𝑖 captures the 
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preference for efficiency. The author shows that this formulation increases individual 

countries’ willingness to contribute to the public good. However, it decreases the coalition 

size. Additionally, heterogeneity in countries’ sizes destabilizes coalitions. 

Bucholz and Sandler (2016) study the role of other-regarding preferences in public good 

games with Stackelberg type leader-follower relations. The standard literature, which is 

reviewed by the authors, finds that the leaders’ unilateral actions to contribute to a public 

good trigger a reduction in the followers’ efforts. However, the authors show that a general 

other-regarding preference, which captures reciprocity and inequality-aversion, could 

eliminate this crowding-out effect by leaders’ contributions influencing the followers’ 

beliefs positively.  

Bucholz and Sandler (2016), and the references cited therein, mention comments by 

negotiators’ highlighting that the IEAs have to be fair and equitable in sharing the burden, 

as well as emphasizing their willingness to contribute more if others also do so 

(reciprocity). Lange et al. (2007) and Dannenberg et al. (2010) find empirical support for 

equity principals and preferences by using data from people involved in international 

environmental policy. However, Lange et al. (2010) find that equity arguments are often 

used for self-serving purposes.12 Therefore, further empirical research is needed to 

understand the roles of equity concerns and reciprocity on IEAs. 

In sum, to the extent that reciprocity and inequity-aversion indeed play a relevant role in 

IEAs, then they tend to facilitate sustaining an effective agreement and increase the 

coalition size. However, reciprocity and inequity-aversion can also have detrimental 

effects, when countries have very high expectations from each other, or when they have 

different levels of equity-concerns. 

7.2 Loss-aversion and Reference-dependent Preferences 

Kahneman and Tversky (1979)’s prospect theory consists of four key elements: i) 

reference-dependence — the perception of outcomes as gains or losses relative to a 

                                                 
12 For more about equity principals and burden sharing rules in international environmental policy, see 

Cazorla and Toman (2001), Ringius et al. (2002), and Najama et al. (2003). 
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reference level; ii) loss-aversion — the tendency towards avoiding losses than acquiring 

gains; iii) diminishing sensitivity — the higher sensitivity to changes around the reference 

level than to changes away from it; and iv) probability weighting — the subjective 

overweighting of low probabilities and underweighting of high probabilities. Most of the 

follow-up literature employs a simplified version of the theory, and utilizes only reference-

dependence and loss-aversion (DellaVigna, 2009).  

İriş and Tavoni (2016) study the role of loss-aversion and the threat of catastrophic 

damages, which they call jointly “environmental threshold concerns”, on international 

environmental agreements. They aim to understand whether a threshold for dangerous 

climate change serves as an effective coordination device for countries to overcome the 

global free-riding problem. Loss-averse countries decide their abatement level under the 

threat of either high environmental damages (loss domain), or low damages (gain domain). 

They find that such concerns can cause the size of the coalition to increase when countries 

display identical environmental threshold concerns. When countries have heterogeneous 

threshold concerns, countries with high threshold concerns tend to join the coalitions, and 

the coalition size may diminish depending on the level of asymmetry.  

İriş (2016) studies loss-aversion and political parties’ economic target concerns in an 

infinitely repeated emission game. Despite optimization’s common use in the literature, he 

argues that political parties often fail to optimize their countries’ overall wellbeing since 

they have additional incentives to be elected. As economic issues influence voters’ 

decisions more than the environmental issues, political parties aim to additionally satisfy 

their economic targets. He finds that stronger economic target concerns deter the most 

cooperative emission levels that countries could jointly sustain. Asymmetry either in 

economic target concerns or in technology levels hinders sustainability. However, when 

both asymmetries are in effect, they may cancel each other out. The paper concludes that 

such adverse incentives require efforts at the citizen level to sustain sound international 

environmental agreements. 

Levy (1996) analyzes the impact of prospect theory for international conflict and for 

bargaining. Following prospect theory that also explains the fourfold pattern of risk attitude 

(Markowitz, 1952; see Table 1), he argues that political parties of adversarial states behave 
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differently when they bargain over losses or gains. Moreover, leaders would be less willing 

to compromise and more willing to risk large losses to eliminate small losses (diminishing 

sensitivity).  

Table 1: Fourfold Pattern of Risk Attitude by Markowitz (1952) 

 Small Probability High Probability 

Gains Risk-seeking Risk-aversion 

Losses Risk-aversion Risk-seeking 

Similar to Levy (1996), Gsottbauer and van den Bergh (2013) employ prospect theory to 

investigate how framing by leaders involved in climate agreements affects voters’ risk 

perceptions and preferences for climate policy, in a self-serving way that justifies their 

standpoint.13 For instance, the Bush Administration and Al Gore frame climate agreements 

differently to support their arguments. Specifically, the Bush Administration emphasizes 

that a strict climate agreement would bring a certain and substantial economic cost, while 

climate change and its consequences are uncertain. Thus, it frames the climate agreements 

as a loss, leading to risk-seeking behavior for uncertain losses, and advocates for climate 

inaction. On the other hand, Al Gore’s documentary “An Inconvenient Truth” emphasizes 

that climate inaction would lead to a high environmental cost and damages, while the 

economic cost of an agreement is uncertain but should be moderate. Thus, it frames no 

agreement as a loss, thus justifying support for an effective climate agreement.14 

Loss-aversion and reference-dependent preferences provide mixed results in terms of their 

impacts on international environmental cooperation, depending on the framing of the 

narrative and how the reference levels are determined. Similarly to almost all the papers 

employing reference-dependent preferences, the ones reviewed here assume the reference 

levels to be exogenous. Endogenizing reference levels remains an open question in this 

literature.  

                                                 
13 Their general objective is to examine the impact of bounded rationality and other-regarding preferences 

from the perspective of voters who elect the negotiators involved with international climate negotiations. 
14 See the paper for examples of positive frames used by Nordhaus (1992, 1998) and Stern (2007). 
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Recently, however, Kőszegi and Rabin (2006) have developed a new model of reference-

dependent preferences in which the reference levels are determined endogenously. 

Specifically, the authors assume that one’s reference point is the person’s rational 

expectations about the outcomes, which are determined in a personal equilibrium. The 

personal equilibrium requires the expectations to be consistent with the optimal behavior, 

given expectations. Kőszegi and Rabin (2006) and its extensions could provide an 

interesting agenda for further research on the role of expectations in IEAs.  

8. Discussion 

We have reviewed both theoretical and experimental papers featuring tipping points and 

reference dependence, with the aim of extending our understanding of their potentially 

game-changing impacts on climate change cooperation. To this end, we have examined the 

role of thresholds and reference levels in public goods and coalition formation games, since 

they capture important features of dangerous climate change and its impacts on human 

behavior. 

While we have started by highlighting the role of technology in creating strategic 

complementarities, a key message of this review is that the same holds for the 

psychological mechanisms described later in the chapter. This is the case because 

reciprocity leads to strategic complementarity as well (i.e. countries and other actors tend 

to cooperate conditionally on observable effort by their peers), leading again to a 

coordination game. The same can be said, to a lesser extent, about inequity aversion, which 

rationalizes infinitely many equilibria, such that coordination equilibria can be supported 

(Isaksen et al., 2016). It therefore appears natural to study social and ecological tipping 

points in a unified framework. 

A further reason for integration is that ecological and behavioral tipping points are highly 

linked. The existence of ecological tipping points associated with abrupt and catastrophic, 

rather than gradual, climatic change has important behavioral repercussions in terms of the 

incentives to cooperate on mitigation efforts. Namely, when the threshold for acceptable 

emission levels, i.e. the amount of emissions that is compatible with gradual change, can 

be identified with a good degree of confidence, the climate change negotiations can be 

modelled as a coordination game. Hence, the problem becomes much easier to tackle than 
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in the absence of a tipping point. Intuitively, this is so because the threshold provides an 

anchor for individuals to coordinate efforts upon. However, uncertainty on the location of 

the threshold removes the anchor for coordination, and if enough uncertainty surrounds the 

tipping point the game reverts back to a prisoner’s dilemma. This is bad news, since the 

only self-interested equilibrium in this class of games is defection by all: free riding 

incentives lock us into inaction. 

An important question is thus which is the best approximation of the real negotiations. One 

may find reasons for optimism from the fact that negotiators at the COP21 Summit in Paris 

agreed to take steps towards limiting average global warming to “well below 2°C”. 

Candidate thresholds are thus the symbolic 1.5°C and 2°C targets. However, much 

uncertainty still plagues the problem of translating such goals into the required actions at 

the national and subnational level. This is especially important given that the Paris 

Agreement lacks legal force and relies instead on pledged nationally determined 

contributions, which even if fully implemented will not suffice for achieving even the 2°C 

target. Thus increased ambition will be needed, in spite of the incentives to delay action.  

Non-standard preferences, such as other-regarding and reference-dependent preferences, 

also have game-changing features that could explain important phenomena regarding 

climate change. Among the implications that arise from the literature that we have 

reviewed here are: whether strong leadership in mitigation efforts induces cooperation by 

others; why countries’ high expectations about others’ abatement efforts could have 

detrimental effects; and why developing countries have been relatively reluctant to exert 

even limited abatement efforts. 

Of course, caution must be used when extrapolating from the games reviewed here to real-

world issues such as collective action on climate change mitigation. The problem faced by 

negotiators to international environmental agreements has many more layers of complexity 

that will make the matter of coordination more difficult. Moreover, implementing 

agreements, such as the one negotiated in Paris and recently entered into force, that rely on 

nationally determined pledges, is likely be further hindered by myopic policymaking. 

However, introducing realistic behavioural and ecological features, such as reference 
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dependence and tipping points, into mainstream economic modelling appears to be an 

important step in the right direction. 
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