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Summary 

 

This thesis comprises an introductory chapter followed by four distinct but connected articles. 

The common thread is the quest to understand human behavior in the provision of public goods 

and how this behavior is impacted by institutional and situational factors. The main body of the 

thesis can be divided into two thematic parts: Part 1 focuses on the international climate 

negotiations as a platform for international cooperation. The two articles in this part, presented 

in Chapter 2 and 3, build upon a comprehensive survey of climate negotiators and climate 

scientists. The results show that individual characteristics affect attitudes and behavior even 

in professional contexts with high stakes. Part 2 comprises two papers that add to the 

fundamental research on public good provision. These articles are presented in Chapter 4 and 

5 and investigate the effect of institutional settings in laboratory public goods games. The focus 

here is on mechanisms that can be implemented in the absence of a central authority. The 

results highlight that the institutional mechanisms tested work well to increase cooperation if 

they are used, but also have potential drawbacks if they are not used.  

Chapter 2, titled Climate negotiators’ and scientists’ assessments of the climate negotiations, 

analyses the perceived success of the climate negotiations in a sample of experts involved in 

international climate policy. We show that individuals who were more involved in the 

negotiation process tended to be more optimistic in their assessment of the process. Further 

investigations reveal two reinforcing effects that are at work: a high degree of involvement 

changes individuals’ perceptions, due to self-serving bias or information asymmetry, and more 

optimistic individuals are more inclined to remain involved in the negotiations. 

Chapter 3, titled Climate experts’ views on geoengineering depend on their beliefs about 

climate change impacts, investigates the opinion of climate negotiators and scientists on solar 

geoengineering, a controversial measure to counter global warming. We find that opposition 

to geoengineering is stronger for respondents who expect severe global damages from climate 

change than for respondents who are less pessimistic about global damages. Interestingly, the 

pattern reverses if we look at damages in the respondent’s home country: Respondents are 

more likely to support geoengineering when they expect severer climate change damages in 

their home country than when they have more optimistic expectations for their country. Thus, 

the degree of personal affection seems to be an important, but often neglected, factor in this 

discussion. 

Chapter 4, titled Voting on the threat of exclusion in a public goods experiment, presents results 

from a public goods experiment in which groups can choose to implement an exclusion 

institution. Although instances of ostracism can be found in virtually all societies and 
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throughout history, our experiment is the first to investigate cooperative behavior when groups 

can endogenously decide on the exclusion institution. We find that a significant share of groups 

chooses the exclusion institution, even when it comes at a cost. Average contributions to the 

public good are significantly higher when the exclusion option is available. This does not only 

result from the exclusion of low contributors, but also because high contributors sustain higher 

cooperation levels under the exclusion institution. These results are largely inconsistent with 

standard economic theory but can be better explained by assuming heterogeneous groups in 

which some players have selfish and others have social preferences. 

Chapter 5, titled Asymmetric heterogeneities and the role of transfers in a public goods 

experiment, investigates the effect of voluntary unconditional resource transfers in a public 

goods game with two asymmetric heterogeneities, namely in endowment and productivity. The 

experiment shows that giving individuals a choice to transfer resources in an efficient way can 

lead to very high public goods provision. Imposing the same transfer patterns exogenously 

results in significantly lower provision. The endogenous transfers thus also convey a 

cooperative signal, which is absent when the transfers are imposed. However, allowing 

endogenous transfers also bears a risk: in cases were no transfer was made public goods 

provision was extremely low. 
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“Climate change does not respect border, it does 
not respect who you are -- rich and poor, small 

and big. Therefore this is what we call global 
challenges which require global solidarity.” 

Ban Ki-moon on 6th Dec 20111 
 

1. Introduction 

The provision of public goods, such as free online content, fire control or air quality, poses 

many challenges at the individual and societal level. Newspapers that make their content 

available online at no costs face the challenge to stay profitable. Wikipedia, and other open-

source projects, are overwhelmingly developed or enhanced by volunteers (Anthony, Smith, 

and Williamson 2009), and often depend on donations to recover their costs.2 Ninety-five 

percent of Germany’s fire fighters are volunteers and fire departments face increasing difficulty 

in finding young talents.3 Cities in Germany and all over the world struggle to reduce fine 

particulate matters from combustion engines and to improve urban air quality. All these 

challenges have in common that the provision of the public good relies on voluntary 

contributions by the individuals in the respective community. The benefits from the public good, 

however, are non-rival and non-excludable in consumption: Fire fighters do not only save 

houses of other fire fighters and the deployment of one fire brigade usually does not preclude 

other deployments. Incentives to free-ride (i.e. to enjoy the benefits of the public good without 

contributing to it) abound in public good contexts. However, if all individuals chose to free-ride, 

the public good becomes underprovided to the detriment of all. Thus, society is trapped in a 

social dilemma, which is typified by two criteria: 1) The individual payoff is always higher for 

the non-cooperative behavior (defection) than for cooperative behavior, irrespective of the 

choice of the other individuals in the society. 2) All individuals are worse off if all defect (which 

represents the Nash equilibrium in a social dilemma) than if all cooperate (the social optimum 

in a social dilemma) (Dawes 1980).  

While purely rational self-interested preferences, which are commonly assumed in economics, 

predict non-cooperative behavior of all individuals in social dilemmas, we usually do not face 

the complete breakdown of cooperation. Neither do we reach the social optimum characterized 

by universal cooperation as the examples above illustrate. While some newspapers, such as 

The Guardian, have no restrictions on their online content, others, such as The New York 

Times, provide readers only with a limited number of free articles per month. So why is it that 

                                                

1https://www.un.org/sg/en/content/sg/speeches/2011-12-06/remarks-momentum-change-initiative 
(accessed 05.02.2020) 
2https://wikimediafoundation.org/support/ (accessed 30.01.2020) 
3https://www.dw.com/de/die-nachwuchssorgen-der-freiwilligen-feuerwehr/a-50226766 (accessed 
29.01.2020) 

https://www.un.org/sg/en/content/sg/speeches/2011-12-06/remarks-momentum-change-initiative
https://wikimediafoundation.org/support/
https://www.dw.com/de/die-nachwuchssorgen-der-freiwilligen-feuerwehr/a-50226766
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some people do contribute to public goods while others do not? Why is contribution higher in 

some situations than in others? And what can help to overcome social dilemmas and sustain 

mutual cooperation?  

To answer these questions, the behavioral economics literature looks at observational data of 

instances of human cooperation and investigates factors that facilitate or hinder cooperation. 

Experimental economists recruit students or other study participants to play public goods 

games in the laboratory or observe them in similar set-ups in the field. They construct models 

to explain and predict cooperative behavior. Of course, not only economists are interested in 

this topic. There is a large literature in psychology, sociology, ecology, anthropology, 

neuroscience, law, and political science, to name just a few other disciplines. Still, the 

occurrence and the breakdown of cooperation in different settings poses many questions.  

Take climate change as an example. Mitigating climate change represents one of the most 

challenging public good dilemmas of our time and the predicted consequences of non-

cooperation are severe. Notwithstanding over 100 years since the discovery of the greenhouse 

gas effect and around 30 years of international institutions set up to coordinate action on 

climate change, the problem is urgent as never before. The self-set goal of the international 

community of keeping average global warming well below 2°C, and aiming for 1.5°C, gets 

increasingly out of reach (IPCC 2018). Researchers have not been idle these past decades 

and several factors have been identified which exacerbate the cooperation problem with 

respect to climate change mitigation. Among them are the existence of climate tipping points 

and the uncertainty of their location (Barrett and Dannenberg 2014; Dannenberg et al. 2015; 

Guilfoos et al. 2018), the heterogeneity in mitigation and adaptation capacity (Anderson, 

Mellor, and Milyo 2008; IPCC 2014), the heterogeneity in vulnerability to climate change 

(Fischbacher, Schudy, and Teyssier 2014; Burke, Hsiang, and Miguel 2015; IPCC 2018), 

differences in the perceived fairness of different burden sharing rules (Lange et al. 2010; Brick 

and Visser 2015), and the inertia in the climate system (Jacquet et al. 2013). Each of these 

factors alone has an effect on behavior and in combination they may yet impact it in another 

way. Institutional settings might help to set cooperative incentives, but these settings only 

evolve endogenously in the international community as all rules and procedures are decided 

upon by unanimity. Therefore, the issue is not only which rules work to foster cooperation but 

also which rules have a chance of being adopted.  

This thesis extends the existing research on human cooperation to maintain public goods and 

the role institutions4 play therein. It comprises four articles in total that can be divided into two 

                                                

4 There is no unified definition of the term. While Hodgson (2006) defines institutions as “systems of 
established and prevalent social rules that structure social interactions”, Huntington (1976)’s definition 
as “stable, valued, recurring behavior” is more broad. 
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thematic parts. The structure of this thesis is presented in Table 1.1. The first part focuses on 

the international climate negotiations as a platform for (intended) international cooperation to 

curb climate change. Based on a comprehensive survey of climate negotiators and climate 

scientists, the first and second article of this thesis highlight how behavioral factors influence 

the assessment of our respondents. The first paper, titled Climate negotiators’ and scientists’ 

assessments of the climate negotiations, concentrates on the evaluation of the climate 

negotiations. It has been written in collaboration with Astrid Dannenberg and Alessandro 

Tavoni and has been published in Nature Climate Change in 2017. The second paper, titled 

Climate experts’ views on geoengineering depend on their beliefs about climate change 

impacts, analyzes the respondents’ opinions on a controversial method to combat global 

warming, namely solar geoengineering. This paper has been joint work with Astrid Dannenberg 

and has been published in Nature Climate Change in 2019. The two papers illustrate the 

importance of behavioral factors in real situations with high stakes and expert subjects. Our 

survey respondents are highly involved in the international negotiations and thus have 

considerable influence in shaping the negotiation agenda and its results.  

Table 1.1. Thesis structure 

Part Chapter Method Co-Authors Published in  

 1. Introduction    

I 

2. Climate negotiators’ and scientists’ 
assessments of the climate 

negotiations 
Survey of 

experts involved 
in climate 

negotiations 

Astrid Dannenberg 
 

Alessandro Tavoni 

Nature Climate 
Change (2017) 

3. Climate experts’ views on 
geoengineering depend on their 

beliefs about climate change impacts 
Astrid Dannenberg 

Nature Climate 
Change (2019) 

II 

4. Voting on the threat of exclusion in 
a public goods experiment Laboratory 

public goods 
experiment 

Astrid Dannenberg 
 

Corina Haita-Falah 

Experimental 
Economics (2020) 

5. Asymmetric heterogeneities and 
the role of transfers in a public goods 

experiment 
– – 

The second part of this thesis adds to the fundamental research on cooperation by employing 

laboratory experiments. These allow us to abstract from cofounding factors and investigate the 

research question in a highly controlled set-up. The two articles presented in this part 

concentrate on methods that can be implemented in the absence of a central government by 

individual or majority decision. As mentioned before, this is an important area of research as 

in many situations, in climate negotiations but also beyond, the governing rules are decided 

upon endogenously without an exogenous power to enforce them. The third article of this 

thesis bears the name Voting on the threat of exclusion in a public goods experiment and has 

been a collaboration with Astrid Dannenberg and Corina Haita-Falah. It has been published in 
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Experimental Economics in 2020. In this article, we investigate whether ostracism can serve 

as an institution that increases cooperation and whether groups actually decide to implement 

such an institution. The fourth article is single-authored and titled Asymmetric heterogeneities 

and the role of transfers in a public goods experiment. It investigates the effect of side 

payments in a setup with asymmetric heterogeneous actors. Here, the more affluent individual 

has the possibility to voluntary transfer part of her endowment to the less wealthy but more 

productive individuals in terms of public good provision. 

This first chapter of the thesis continues with a brief introduction to the background, literature 

and methods that will be used in the articles presented in the remaining chapters. Subsection 

1.1 focuses on the international climate negotiations and Subsection 1.2 on experimental 

public goods games. Subsection 1.3 outlines the focus and contributions made by the research 

articles of this thesis. 

 

1.1. International climate negotiations and geoengineering 

The international community has established two central institutions to tackle climate change: 

The Intergovernmental Panel on Climate Change (IPCC) and the United Nations Framework 

Convention on Climate Change (UNFCCC). 

The IPCC was established in 1988 by the World Meteorological Organization and the United 

Nations Environment Programme. Its purpose is the assessment of the scientific basis for 

understanding the risk of human-induced climate change, its potential impacts, and options for 

adaptation and mitigation (Agrawala 1998). It has published five global Assessment Reports 

to date and several Special Reports on specific topics, the latest on Ocean and Cryosphere in 

a Changing Climate in 2019. The IPCC does not carry out original research, but focuses on 

reviewing existing (mostly peer-reviewed) literature. The latest Assessment Report required 

more than 800 authors and more than 150 review editors. These are nominated by 

governments and other institutions, and then selected by the IPCC Bureau and the Working 

Group Co-Chairs. The IPCC has played an important role in providing governments with 

scientific consensus and creating public awareness and thus paving the way for international 

agreements (Brooks, Lamoreux, and Soberón 2014; Masood 2018). 

The UNFCCC was adopted at the Earth Summit in Rio de Janeiro in 1992 and entered into 

force in 1994. With the Convention, a qualitative global goal to limit atmospheric greenhouse 

gas concentrations to avoid dangerous climate change has been established and guidelines 

were set for subsequent negotiations. These negotiations, the so-called Conferences of 

Parties (COP) take place each year under the framework of the UNFCCC. They serve as the 

formal meeting of the UNFCCC parties to assess the progress in dealing with climate change. 
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These conferences have brought about two major agreements up to date: The Kyoto Protocol 

and the Paris Agreement. The Kyoto Protocol was adopted in 1997 and entered into force in 

2005. It is the first and only international legally binding treaty to reduce greenhouse gas 

emissions. Even before it entered into force, the treaty was heavily criticized and the non-

participation by the US seen as a crucial failure (Böhringer and Löschel 2003; Böhringer and 

Vogt 2004). To date, there is no clear evidence yet whether the Protocol was successful to 

reduce emissions in its first commitment period, spanning the years 2008-2012, compared to 

a hypothetical scenario without the Kyoto Protocol (Aichele and Felbermayr 2013; Grunewald 

and Martinez-Zarzoso 2016; Almer and Winkler 2017; Kuriyama and Abe 2018). Overall, the 

Kyoto Protocol failed to achieve any significant reduction in global greenhouse gas emissions. 

By 2012, global emissions had increased by 40 percent compared to 1990 levels.5 After years 

of discord and slow progress, the Paris Agreement was finally adopted at COP 21 in December 

2015 as the successor of the Kyoto Protocol. It entered into force in November 2016. The 

agreements adopted in Kyoto and Paris have been widely debated, covering a broad range of 

different opinions (Barrett 1998; Nordhaus and Boyer 1999; McKibbin and Wilcoxen 2002; 

Nordhaus 2006; Clémençon 2016). While both agreements rely on establishing targets and 

timetables, the main difference is that Kyoto specified legally binding emission reduction 

targets for a subset of countries, whereas Paris invited all countries to announce nonbinding 

targets. On the one hand, this ensured the initial participation of all countries (Dimitrov 2016; 

Falkner 2016), while, on the other hand, the level of ambition of many of these targets is low 

and in aggregate they are currently not sufficient to keep global warming under 2°C, let alone 

the envisaged 1.5°C (Rogelj et al. 2016). In November 2019, the US has given formal notice 

of its intention to withdraw from the agreement, which takes effect 12 months later.  

Given the insufficient progress to tackle climate change with conventional mitigation measures, 

geoengineering techniques have recently entered the debate. Geoengineering, also called 

climate engineering, refers to “methods that aim to deliberately alter the climate system to 

counter climate change” (IPCC 2013, 29). These techniques mostly rely on an (artificial) 

increase in the earth’s albedo to deflect part of the incoming solar radiation and thus decrease 

temperatures, so-called solar radiation management (SRM). Commonly the term 

geoengineering is used more broadly to also include carbon dioxide removal (CDR) 

techniques, which aim at extracting carbon dioxide from the atmosphere. However, the two 

approaches, SRM and CDR, fundamentally differ from each other in their leverage point, 

implications, side-effects and application, and should thus be treated separately (Royal Society 

2009). The most prominent SRM approach is stratospheric aerosol injection (SAI). The idea 

                                                

5 https://data.worldbank.org/indicator/EN.ATM.GHGT.ZG?end=2012&start=1991 (accessed 
26.02.2020) 

https://data.worldbank.org/indicator/EN.ATM.GHGT.ZG?end=2012&start=1991
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here is to disperse small particles into the stratosphere, which reflect part of the incoming 

sunlight. Although it has never been tested in a large-scale field experiment, the approach is 

based on the verified decreases in temperatures following large volcanic eruptions. Moreover, 

deploying SAI techniques is estimated to be comparably cheap (Smith and Wagner 2018). 

One large country or a group of countries could unilaterally employ these techniques, albeit 

with global consequences. This opens up the question of governance. Although the idea of 

controlling the climate has been around at least since the nineteenth century, widespread 

discussion has picked up only after an editorial essay by Nobel-Prize Laureate Paul Crutzen 

in 2006 (Hulme 2014). He advocated for research in solar geoengineering as a backstop 

technology in case political progress to combat climate change does pick up (Crutzen 2006). 

This has sparked fierce debates on the topic with clear proponents and opponents of solar 

geoengineering in the scientific world. In recent years the issue has also entered the mass 

media. Nonetheless, public knowledge of geoengineering remains low and the first reaction is 

usually negative (Braun, Rehdanz, and Schmidt 2018; Mahajan, Tingley, and Wagner 2019). 

Governments have so far not taken an official position, but several countries fund research in 

solar geoengineering techniques (for example Germany, the UK, the EU, the US, India, and 

Japan).6  

 

1.2. Public goods experiments in the laboratory 

In case of global public goods, such as the mitigation of climate change, analyzing the 

effectiveness of different institutions is extremely challenging, as it is not possible to observe 

the counterfactual. In a world with the Kyoto Protocol, it is impossible to know how emissions 

would have evolved without the Kyoto Protocol. Scientists thus can either rely on theoretical 

models or, if they want to use observational data, use data from surveys or experiments. 

Laboratory experiments are often criticized for their lack of external validity7 and experimental 

economists are cautious to draw direct conclusions from the lab to the field. However, the 

design and effectiveness of institutions cannot be easily tested in the field. Furthermore, 

laboratory experiments have the advantage of allowing for causal inference by tightly 

controlling decision environments. Given internal validity of the results, evidence from the 

laboratory can be highly useful to guide research in the field and point to potential drivers and 

barriers for cooperation.  

                                                

6 A list of funded projects from 2008 to 2018 can be found at 
https://geoengineering.environment.harvard.edu/blog/funding-solar-geoengineering (accessed 
07.01.2020)  
7 See for example the critique by Levitt and List (2007b, 2007a) and a reply by Falk and Heckman 
(2009) and Camerer (2011) for a discussion on this topic. 

https://geoengineering.environment.harvard.edu/blog/funding-solar-geoengineering
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Public goods games have been widely used to investigate cooperative behavior in the 

laboratory. They mimic the central dilemma of the gap between the social optimum and the 

Nash equilibrium. The usual linear setup is the following: Each individual 𝑖 in a group of size 𝑁 

receives an endowment 𝑒. This endowment can be allocated to a private or a public account. 

All group members take the investment decision simultaneously. Each individual receives the 

same share of the allocation in the public account, irrespective of the own contribution. The 

amount of the share is determined by the marginal per capita return (MPCR) 𝛼. The payoff 

function is  

𝜋𝑖 = 𝑒 − 𝑔𝑖 +  𝛼 ∑ 𝑔𝑗

𝑁

𝑗=1

 

with 1 𝑁⁄ < 𝛼 < 1 and 𝑗 = 1, … , 𝑖, … , 𝑁. When the game parameters as well as the end of the 

game are common knowledge, the purely self-interested dominant strategy is to contribute 

nothing, while the social optimum is full contribution. 

The review articles by Ledyard (1995) and more recently by Chaudhuri (2011) give a good 

overview of sustained findings. Groups usually contribute between 40 to 60 percent of the 

socially optimal level and with repeated interaction this level declines steadily. Communication, 

a certain threshold level for provision, and higher MPCRs have a positive effect on cooperation 

(e.g. Fisher et al. 1995; Cadsby and Maynes 1999; Balliet 2010). While there exist 

unconditional cooperators (who always contribute fully) and free-riders (who never contribute), 

most subjects can be classified as conditional cooperators, who aim at matching the average 

group contribution of the other group members. However, usually they settle for an amount 

just below the average. This in turn can help explain declining average cooperation rates over 

time (Fischbacher, Gächter, and Fehr 2001). Sorting individuals according to their type fosters 

cooperation for the groups without free-riders. This holds true for endogenously and 

exogenously sorted groups, as long as group members are aware of the resulting composition 

(Page, Putterman, and Unel 2005; de Oliveira, Croson, and Eckel 2015). Different forms of 

monetary (peer or centralized) or non-monetary punishment (e.g. social disapproval or 

ostracism) also increases cooperation. However, these often come at a cost, which precludes 

the attainment of the first best solution (Fehr and Gächter 2000; Masclet et al. 2003b; Maier-

Rigaud, Martinsson, and Staffiero 2010; Andreoni and Gee 2012). 

Besides punishment possibilities, other institutional regulations like communication (e.g. 

Bochet, Page, and Putterman 2006), leadership (e.g. Güth et al. 2007), or reputation (e.g. 

Milinski, Semmann, and Krambeck 2002) have also been shown to improve cooperation 

compared to a situation without any institution at all. Depending on the situation, institutions 

can come into existence in different ways: exogenously imposed, self-selected by individual 
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choice (“voting with their feet”) or by group vote between different (exogenously provided) 

institutional frameworks, or freely developed by the individuals themselves. Some studies find 

that institutions work better when individuals or groups have chosen them endogenously 

compared to a similar but exogenous setup (e.g. Gürerk, Irlenbusch, and Rockenbach 2006; 

Sutter, Haigner, and Kocher 2010). However, other studies do not find a difference (e.g. Gallier 

2019; Dannenberg, Haita-Falah, and Zitzelsberger 2020) and there is not enough evidence 

yet to discern which factors are driving the observed results (Dannenberg and Gallier 2019).  

Both experimental papers presented in this thesis have in common that they investigate a 

mechanism or institution that might be available in the absence of a central authority. No world 

government exists that can administer punishment or enforce contracts in case of global public 

goods, such as climate change mitigation. Also for local public goods, a central authority might 

not be present, for example in countries without functioning government. Even if such an 

authority were available, its involvement would be prohibitively expensive or unrealistic in many 

cases. In these situations, there are still several mechanisms that can be employed by the 

group or individual group members themselves.  

 

1.3. Focus and contribution of this thesis 

The overall objective of this thesis is to study human behavior in the provision of public goods. 

All four articles presented highlight the importance of behavioral, situational and institutional 

factors in social dilemmas. In the following, I will discuss the focus and contribution of each 

article in more detail. 

The two articles in Part 1 focus on the people involved in the UNFCCC and the IPCC process. 

In the absence of an observable counterfactual to evaluate the outcomes of the international 

climate negotiations, survey data can reveal common trends and expectations concerning the 

proceedings. Although countries are the official signatories of the UNFCCC and other treaties, 

the actors in the negotiations are individuals. We invited attendees who were listed as party at 

one of the climate conferences since COP 16 in 2010, and scientists who served as author or 

reviewer for the fifth Assessment Report of the IPCC to take part in an online questionnaire 

that took place in mid-2015. With respondents from over 130 countries, our sample is highly 

diverse in terms of nationality. The survey asked for their assessment of the future 

consequences of climate change and the importance of international climate change policy, 

and for their opinion on different measures to tackle climate change as well as on the past and 

ongoing negotiations under the UNFCCC. Additionally, the survey contained questions on the 

respondents’ personal background. This dataset is used for the analysis presented in Chapter 

2 and Chapter 3. Both articles show that personal and contextual characteristics matter even 
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in highly professional contexts and with high stakes. Accounting for these factors has the 

potential to substantially improve the economic analysis of the climate change problem and 

the design of future climate change policies. 

In Chapter 2, we show how the assessment of the climate negotiations varies by the degree 

of the respondent’s involvement in these negotiations, with the more involved individuals being 

more optimistic. Part of this variation can be explained by self-selection in the negotiation 

process. Other effects, such as information asymmetry and behavioral factors like the self-

serving bias8 are likely to play a role as well. This is an important result, as it indicates that 

there is a tradeoff between the expertise that people with yearlong experience in the 

negotiations have and the potential loss of a critical view on their own work. Without this critical 

view, innovations to the process might become less likely when needed. Another implication 

can be drawn for the selection of success criteria. Self-serving bias is more likely when there 

is room for ambiguity (Dunning, Meyerowitz, and Holzberg 1989). Thus, the choice of specific 

and verifiable success criteria will lead to better and more coherent assessments of the climate 

negotiations. 

The article in Chapter 3 investigates the opinion of climate experts on solar geoengineering. 

From a purely rational perspective, solar geoengineering should be employed if the benefits 

are larger than its costs. However, we find that respondents who expect severe global 

consequences of climate change are actually less likely to support geoengineering. This might 

indicate that at least on the global level geoengineering is seen as a moral failure. Interestingly, 

the results change if we look at the personal level: Respondents who expect severer 

consequences for their home country are more likely to be supportive of geoengineering, 

exactly what would be predicted from a cost-benefit view. Being more personally affected by 

climate change thus increases the appeal of geoengineering methods. With future increases 

in the occurrence of natural disasters and advances in their attribution to climate change, it 

can be expected that the number of experts that feel personally affected will rise. Based on 

our results, this also implies increasing support for geoengineering in future. It can therefore 

be assumed that geoengineering will eventually enter the political debate. The timely inclusion 

of geoengineering in the UNFCCC process would provide an international platform for climate 

experts to voice their concerns and be part in the decision on common rules and constraints 

for research and implementation.  

Part 2 of this thesis continues with a more general investigation into the role of institutional and 

situational factors in the provision of public goods. The two experiments presented in Chapter 

                                                

8 The self-serving bias can be defined as “a psychological strategy for protecting or enhancing one’s 
self-concept” (Campbell and Sedikides 1999, 24). 
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4 and 5 test the effect of an exclusion institution in a homogenous setup and a transfer 

mechanism in a heterogeneous setup respectively. Both mechanisms can be employed by the 

individuals in the respective societies without the need for a governmental intervention. For the 

application to climate change and many problems beyond, it is important to investigate 

institutions that can evolve without an enforcing central authority. While the exclusion institution 

worked well to establish cooperation irrespective of whether it was endogenously adopted or 

exogenously imposed, the transfer mechanism was only successful in the case where the 

transfer was made endogenously. In our setup, the effect of these institutions is thus 

dependent on situational factors as well as on how they have evolved. 

The article presented in Chapter 4 investigates the effect of an endogenous exclusion 

institution in a linear public goods game. It has been shown before that ostracism can help to 

sustain cooperation (Cinyabuguma, Page, and Putterman 2005; Maier-Rigaud, Martinsson, 

and Staffiero 2010). However, we were the first to investigate whether groups endogenously 

decide to allow ostracism in their group and whether this has an effect on the effectiveness of 

the punishment. We find that a significant share of groups choose to implement the exclusion 

institution, even when it comes at a cost. The adoption of the institution increases over time 

due to the experience players gather over rounds. Under the exclusion institution, contributions 

to the public good are significantly higher than without the institution. With the institution, low 

contributors are excluded from the group and high contributors sustain high levels of 

contributions. When the exclusion institution comes at a cost, cooperators earn on average 

slightly less with the institution than without it. Their continuing support for the institutions 

shows that cooperators are not only interested in their material payoff. The institutions offers 

them the possibility to exclude non-cooperators and thus to achieve an equal outcome in the 

distribution of costs and benefits from the public good. 

The study presented in Chapter 5 concentrates on the effect of a resource transfer from one 

agent to the other in the case of heterogeneity. Specifically, I concentrate on the setup of 

asymmetric heterogeneities in endowment and productivity. A transfer of resources from the 

individual with higher endowment to the individual with lower endowment but higher 

productivity in the public good can lead to substantial efficiency gains as the maximum possible 

size of the public good increases. However, in the setup I study, all transfers are voluntary and 

unconditional, and the dominant strategy of zero contribution for all players remains 

unchanged by the transfer possibility. In the experiment, the large majority of high-endowed 

players make transfers, which are reciprocated with high contribution rates to the public good 

by the corresponding players. For groups that have the transfer mechanism available but do 

not use it, cooperation rates are very low. The overall size of the public good is significantly 

larger when the transfer mechanism is available than when it is not. With the help of an 

exogenous treatment, I further show that redistribution of endowments alone does not increase 
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the overall public good size. Only when the redistribution is the result of an endogenous act, 

the transfer, high contribution rates by the corresponding players manifest. Thus, allowing 

voluntary transfers can be a boon or bane: they can lead to substantial increases in 

cooperation if they are used but also to substantial decreases if they are not used. 

The research presented in this thesis concentrates only on a small part of the challenges that 

the private provision of public goods poses. Yet, the studies enhance our understanding of the 

magnitude of factors that have to be taken into account and demonstrate possible mechanisms 

that can increase the provision of public goods in particular settings. 
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2. Climate negotiators’ and scientists’ assessments of the climate negotiations 
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participation. Here we analyse the perceived success of the climate negotiations in a sample 

of 656 experts involved in international climate policy. Respondents were pessimistic when 

asked for specific assessments of the current approach centred on voluntary pledges, but were 

more optimistic when asked for general assessments of the outcomes and usefulness of the 

climate negotiations. Individuals who were more involved in the negotiation process tended to 

be more optimistic, especially in terms of general assessments. Our results indicate that two 

reinforcing effects are at work: a high degree of involvement changes individuals’ perceptions 

and more optimistic individuals are more inclined to remain involved in the negotiations.  
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2.1. Introduction 

The difficulty and controversy in evaluating the outcomes of the climate negotiations, and any 

negotiations for that matter, are caused by the lack of a counterfactual situation. One is thus 

forced to compare the outcomes of the negotiations with hypothetical reference scenarios 

which, depending on the circumstances or personality of the evaluator, may range from a 

dramatic scenario in which the negotiations collapse to the best case scenario in which all 

major emitters sign and ratify an ambitious agreement. For this reason, it is not hard to find 

diverging views on the success of the climate negotiations (Barrett 2003; Aldy and Stavins 

2007; Monbiot 2015). In this paper, we investigate the views of the experts involved in the 

diplomatic and scientific efforts relating to climate change. Their beliefs are insightful because 

they reveal trends across different expert groups, and may ultimately be informative about 

what to expect from future climate negotiations. Specifically, our study enables us to make the 

following contributions to the climate policy literature. First, we shed light on the experts' 

perspective with regards to the achievement of the collective 2°C target and the country-

specific pledges set forth in the Paris Agreement. Such insights are highly relevant and readily 

applicable to domestic as well as international climate policy. Second, the experts' assessment 

of the success of past and current negotiations is important because it gives us an indication 

of the degree of effort that negotiators will exert in the future: if they have little confidence in a 

given architecture, it is reasonable to assume that they will disengage from it and prioritize 

alternative approaches in future negotiations. Third, from an academic standpoint, the study is 

a testbed to validate or refute scholarly theories and observations on the basis of the experts' 

views. In sum, accounting for often-neglected behavioral and contextual factors can 

substantially improve the economic analysis of the climate change problem and can provide 

policy makers with useful tools to better design future climate change policies (Young 2011). 

Previous studies have investigated opinions and traits of negotiators and policy makers using 

survey or experimental methods (Lange, Vogt, and Ziegler 2007; Dannenberg, Sturm, and 

Vogt 2010; Lange et al. 2010; Karlsson et al. 2011; Saul and Seidel 2011; Bailer 2012; Weiler 

2012; Hafner-Burton et al. 2014; LeVeck et al. 2014; Kesternich 2016; Bosetti et al. 2017), but 

none have examined the perceived success of the international climate negotiations. Another 

related branch of literature has studied the climate conferences as important sites for 

transnational action where a multitude of actors, including nonstate actors, come together to 

exchange ideas and knowledge, build interpersonal relationships, organize resistance, and 

propose policy alternatives (Cabré 2011; Hjerpe and Linnér 2011; Schroeder and Lovell 2012; 

Hale and Roger 2014; Betsill et al. 2015; Hanegraaff 2015; Nasiritousi, Hjerpe, and Linnér 

2016).  
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Our analysis is based on data from a worldwide survey with 656 respondents from more than 

130 countries. Participants were recruited from the two main institutions that the international 

community has established to address climate change: the United Nations Framework 

Convention on Climate Change (UNFCCC) and the Intergovernmental Panel on Climate 

Change (IPCC) (see Methods in Section 2.6 and Table A1 in Appendix A.2). Using a 

standardized online questionnaire, we asked respondents about their views on several past 

and recent outcomes of the climate negotiations. We thereby distinguished between general 

assessments in which respondents were not provided with any evaluation criteria and specific 

assessments in which the evaluation criteria were clearly specified (see Appendix A.1 for a 

brief overview of the history of climate negotiations and Appendix A.4 for our questionnaire). 

 

2.2. Analytic approach 

To avoid bias arising from the public debate, the survey took place in the months preceding 

the twenty-first Conference of Parties (COP) in December 2015 in Paris. During that time, it 

was not yet clear how exactly the final agreement would look, but the general approach was 

well known thanks to the preparatory work of the Durban Platform for Enhanced Action since 

late 2011. Specifically, it was known that the intended nationally determined contributions 

(INDCs) would be the main tool of the then forthcoming agreement. The intended contributions 

are nonbinding national pledges for reducing greenhouse gas emissions in the coming years. 

Countries were asked to submit their pledges ahead of attending COP 21 in Paris. 

In our empirical analysis, we pay special attention to the interrelation between individuals' 

involvement in the negotiation process and their evaluations. To this end, we take into account 

how often an individual participated in the climate conferences and in which role. Individuals 

can attend the COPs either as member of a party or an observer organization. Parties are the 

main actors at the COPs. Coming from ministries and related agencies, most party members 

act as representatives of states or regions, and they define positions and make decisions on 

behalf of the constituency. National delegations also include non-state actors representing 

different expert or interest groups who support the formation of specific positions (UNFCCC 

2015). Observers take part in the conferences without having been delegated decision power 

in the negotiation process. At the individual level, the distinction between party and observer 

is not always sharp, as a fraction of COP participants, in particular non-state actors such as 

non-government organizations (NGOs) or scientists, assume different roles in different years. 

Our sample includes mainly state actors who attend the COPs as parties and scientists who 

often attend as observer or party. Other non-state actors are included only if they have been 

part of national delegations (see Methods in Section 2.6). 
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We assume that the degree of involvement in the negotiation process is higher the more COPs 

an individual has attended; furthermore, everything else equal, involvement is assumed to be 

higher when one attends a COP as party member as opposed to observer. Importantly, to 

relate involvement to the evaluation of the outcome, we have to take into account when an 

individual took part. For the evaluation of the Kyoto Protocol, we consider the attendance rate 

from COP 3 in 1997 in Kyoto to COP 7 in 2001 in Marrakech, as the Kyoto Protocol was 

adopted and finalized during these conferences. For the evaluation of the Durban Platform of 

Enhanced Action, we consider the attendance rate from COP 15 in 2009 in Copenhagen to 

COP 20 in 2014 in Lima. The failed attempt to agree on a successor to the Kyoto Protocol at 

COP 15 in Copenhagen initiated a new bottom-up approach that started with the Copenhagen 

Accord, continued with the Durban Platform of Enhanced Action, and finally resulted in the 

Paris Agreement. 

Figure 2.1. Overview of outcomes that were evaluated 

 

Note: The vertical axis distinguishes between general assessments and specific assessments. No 
evaluation criteria were provided in the general assessments, so respondents had to use their own 
criteria. Evaluation criteria were provided in the specific assessments. The horizontal axis shows the 
relevant time periods. For the evaluation of the Kyoto Protocol, we consider the attendance rate from 
COP 3 in 1997 in Kyoto to COP 7 in 2001 in Marrakech; for all other questions, we consider the 
attendance rate from COP 15 in 2009 in Copenhagen to COP 20 in 2014 in Lima. 

Figure 2.1 presents an overview of the outcomes that we included in the survey and the type 

of assessment. For the Kyoto Protocol and the general usefulness of the climate conferences, 

respondents were not provided with any evaluation criteria, but were instead asked for a 

general assessment based on their own evaluation criteria. In the case of the Durban Platform 

and the forthcoming Paris Agreement, we used two different types of evaluations. First, 
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respondents were asked how confident they were about the Durban Platform with respect to 

participation, stringency, and overall effectiveness. These questions did not provide any 

evaluation criteria, and thus also elicited general subjective assessments. Second, 

respondents were asked four questions about the INDCs. These questions clearly specified 

the evaluation criteria in the sense that, in hindsight, the answers to these questions can be 

evaluated as objectively right or wrong. They thus elicited a specific assessment. 

 

2.3. Assessment of the climate negotiations 

Our main regressions are based on binary probit models. To this end, we define a binary 

variable titled optimistic, which is set to one if an individual provided a more optimistic 

assessment and zero otherwise (see Methods in Section 2.6). Our main explanatory variables 

are the number of COPs that an individual attended either as a party member (Involvement as 

party) or as an observer (Involvement as observer). All included control variables are listed in 

the legends of Tables 2.1 and 2.2. The definitions and summary statistics of all the explanatory 

variables are shown in Tables A2 and A3 in Appendix A.3. We also provide robustness 

analyses in Tables A7 - A21 in Appendix A.3, which show that our main results hold under 

alternative estimation models, different sets of explanatory variables, and separate regressions 

for the UNFCCC and the IPCC sample. 

The upper part of Table 2.1 presents the regression results for all the general assessments. 

This includes the assessments of the Kyoto Protocol, the Durban Platform, and the perceived 

usefulness of the climate conferences. The results show that a high degree of involvement as 

party (that is, a high number of COPs attended as a party member) increases the likelihood of 

providing an optimistic assessment. This effect is statistically significant in four out of five 

questions. The marginal effect of 0.09 for the Kyoto Protocol means that an individual's 

likelihood of giving an optimistic assessment increases on average by approximately 9 

percentage points for every additional COP attended as party. The values for the other 

questions can be interpreted in the same way. Perceptions are clearly influenced by whether 

respondents attended the climate meetings predominantly as party member or observer. The 

effect of being involved as observer is positive and significant in only two out of five questions. 

In the other three questions, it is negative, and in one of them, significant. 

The lower part of Table 2.1 shows the regression results for the specific assessments of the 

INDCs. Here, we find that involvement as party has a positive and significant effect only when 

it comes to fulfilment of the announced pledges. An additional attendance as a party increases 

the estimated probability of being confident that countries will fulfil their pledges on average by 

2 percentage points. In two out of four questions, there is no significant effect and, when asked 



Assessments of the climate negotiations 

 

 

18  

whether the current INDCs were sufficient to reach the 2°C target, the more involved 

respondents are even more skeptical than those who were less involved. Individuals with a 

higher attendance rate as observer also have lower confidence that the current INDCs will be 

consistent with the 2 °C target. There is no significant effect for the other three questions. 

Table 2.1. Regression results on general and specific assessments 

General 
assessments 

Kyoto 
Protocol 

Durban Platform Usefulness 
of COPs Participation Stringency Effectiveness 

 Optimistic Optimistic Optimistic Optimistic Optimistic 

Involvement as 
Party 

.0922*** 
(2.6181) 

.0450*** 
(4.0997) 

.0007 
(.0776) 

.0200* 
(1.8230) 

.0232** 
(2.0141) 

Involvement as 
Observer 

-.0136 
(-.3274) 

.0384* 
(1.6695) 

-.0551*** 
(-2.7504) 

-.0263 
(-1.0660) 

.0506** 
(2.3180) 

Controls Yes Yes Yes Yes Yes 

Observations 456 550 528 551 509 

 

Specific 
assessments 

INDCs meet 
2°C target 

Countries will 
increase INDCs 

Increased 
INDCs meet 2°C 

target 

Countries will 
fulfill INDCs 

 Optimistic Optimistic Optimistic Optimistic 

Involvement as 
Party 

-.0214** 
(-2.4472) 

.0053 
(.5662) 

.0035 
(.3936) 

.0241*** 
(2.5956) 

Involvement as 
Observer 

-.0373* 
(-1.8250) 

-.0020 
(-.0996) 

-.0115 
(-.6054) 

-.0175 
(-.8471) 

Controls Yes Yes Yes Yes 

Observations 580 568 572 584 

Note: The numbers show binary probit estimations of average marginal effects and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable is a 
dummy, taking the value 1 if an individual response is categorized as optimistic and 0 otherwise. Level 
of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. “Involvement as Party” is the number of COPs 
attended as party, “Involvement as Observer” is the number of COPs attended as observer (COPs 3-7 
for the Kyoto Protocol and COPs 15-20 for all others). In addition to the shown explanatory variables, 
the estimations control for gender, age, trust in own intuitions, perceived importance of climate change, 
expected consequences of climate change, expectations about emissions reductions in the absence of 
an international climate agreement, field of the highest degree or training, type of current employer 
organization, nationality at the continent level, and level of CO2 emissions per capita in 2013 in 
respondents’ country of citizenship/delegation. 

Figure 2.2 illustrates the average estimated probability of being optimistic for all questions, 

depending on the number of relevant COPs attended as party. It shows that respondents' 

general assessments of the Kyoto Protocol, the Durban Platform, and the usefulness of the 

climate conferences are generally more optimistic than the specific assessments of the INDCs. 
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The general assessments become more optimistic with respondents' involvement in the 

negotiations. The exception is stringency, which we will discuss below. In contrast, the specific 

assessments of the INDCs, again with one exception, do not change or become more 

pessimistic with involvement. Thus, while the difference between the general assessments and 

the specific assessments is moderate for individuals who were not deeply involved in the 

relevant COPs, the difference clearly increases with the degree of involvement, and is fairly 

large for highly involved individuals. 

Figure 2.2: The average estimated probability of being optimistic based on the number of 

conferences attended as party. 

 

Note: Number of conferences refers to COPs 3-7 for the assessment of the Kyoto Protocol and to COPs 
15-20 for all other questions. Solid lines apply to questions for which there are more than 350 
observations with a strictly positive number of COP attendances; dashed lines apply to questions for 
which there are fewer than 50 observations with a strictly positive number of COP attendances. The 
average estimated probability clearly increases with each additional conference for all but one of the 
general assessment questions (indicated by a rectangular mark). For the specific assessment questions 
(indicated by a circular mark) the probability stays constant or decreases for all but one question. The 
level of significance of the average marginal effect (*** p < 0.01, ** p < 0.05, * p < 0.1) is shown in the 
legend. 

 

2.4. Causality 

Thus far, the regression analysis points to a link between degree of involvement and 

respondents' optimism: the more an individual has been involved in the negotiation process 

the more likely it is that this person has a positive general view on the outcomes. However, the 
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causality could also run in the other direction: the more optimistic an individual, the more likely 

it is that this person gets involved in the process and perseveres. Pessimistic individuals may 

simply drop out of the negotiation process. 

Table 2.2. Regression results on the assessment of recent outcomes holding the degree of 

involvement constant 

General 
assessments 

Durban Platform Usefulness of 
COPs Participation Stringency Effectiveness 

 Optimistic Optimistic Optimistic Optimistic 

Party at latest COPs 
.0914 

(.9877) 
.1536* 

(1.9487) 
.2056** 
(2.4843) 

.0705 
(2.8077) 

Controls Yes Yes Yes Yes 

Observations 115 102 117 99 
 

Specific 
assessments 

INDCs meet 
2°C target 

Countries will 
increase 
INDCs 

Increased 
INDCs meet 
2°C target 

Countries will 
fulfill INDCs 

 Optimistic Optimistic Optimistic Optimistic 

Party at latest COPs 
.1727*** 
(2.9509) 

.0294 
(.4086) 

.1344* 
(1.8147) 

.2063*** 
(2.5946) 

Controls Yes Yes Yes Yes 

Observations 122 121 119 111 

Note: Regressions based on a subsample using only individuals with two or three COP attendances as 
party. The numbers show binary probit estimations of average marginal effects and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable is a 
dummy, taking the value 1 if an individual response is categorized as optimistic and 0 otherwise. Level 
of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. “Party at latest COPs” is a dummy, taking the value 1 
if an individual attended COPs 20 and 21 as party and 0 otherwise. In addition to the shown explanatory 
variables the estimations control for gender, age, trust in own intuitions, expectations about emissions 
reductions in the absence of an international climate agreement, field of the highest degree of training, 
and nationality at the continent level. 

To test for this possibility, we ran another series of regressions with a subsample. Specifically, 

to control for the degree of involvement, we consider only individuals who served two or three 

times as party. Due to a relatively low number of observations for the Kyoto Protocol, we can 

run this test only for the assessments of the recent outcomes (usefulness of climate 

conferences, Durban Platform, and INDCs). Restricting the sample to individuals with a similar 

number of COP attendances as party allows us to control for the degree of involvement and to 

distinguish between parties to the latest COPs 20 and 21 and parties to earlier COPs. Of 

course, we do not know if some of the negotiators who did not attend COPs 20 - 21 will re-join 

future negotiations, but we do know that they missed two very important conferences. The 

results for both general and specific assessments are shown in Table 2.2. The dummy variable 
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Party at latest COPs indicates whether an individual was a party member at COPs 20 and 21. 

The sign of the dummy variable is always positive and in five out of eight questions it is 

statistically significant. Interestingly, the finding that the `late parties' are more optimistic than 

the early parties (as defined above) applies to both general and specific assessments. Figure 

2.3 illustrates the difference in the average estimated probabilities of providing an optimistic 

assessment between early parties and late parties, confirming that the latter are more 

optimistic irrespective of the type of assessment. 

Figure 2.3. The average estimated probability of being optimistic in a subsample who attended 

two or three COPs as party.  

 

Note: General assessments of the Durban Platform and the usefulness of the climate conferences are 
indicated by a rectangular mark; specific assessments of the INDCs are indicated by a circular mark. 
The figure shows the difference in the assessments by those respondents who have attended the latest 
two conferences (COP 20 and COP 21, “Late Party”) and those who have not attended the latest 
conferences (“Early Party”), controlling for the degree of involvement. The absolute difference in 
percentage points (“pp”) is shown next to the vertical arrows. For all assessments, “early parties” are on 
average less optimistic than “late parties”. 

 

2.5. Discussion 

Our empirical analysis provides two important findings. First, respondents' assessments of 

negotiation issues vary substantially, with low confidence in the current approach of voluntary 

pledges, but more positive general assessments of the climate negotiations. These findings 

broadly accord with recent international climate policy analyses. Our pre-Paris study highlights 

low confidence in the INDCs to deliver in terms of meeting the 2°C target and more generally 

in terms of achieving stringency. It should be noted that, at the time the survey was 

administered, it was still unknown how many countries would pledge an INDC and what their 

content would be. The pessimism displayed by the surveyed experts has been confirmed by 

subsequent analyses of the effects of the aggregated INDCs (Jeffrey et al. 2015; UNFCCC 

2015), which conclude that the Paris Agreement's stated ambition is incompatible with what 

has been pledged so far, even assuming that all nations delivered on their promises 
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(Averchenkova and Bassi 2016). Time will tell if the experts' pessimism with regards to the 

fulfilment of the INDCs and the ambition of future pledges is appropriate. 

Compared to the low confidence in stringency and the INDC approach, we find evidence of 

relatively greater optimism in the general assessments of what has been achieved, in particular 

with regards to participation of relevant actors. This finding is consistent with an increasing 

recognition of the importance of additional functions of the negotiation process apart from the 

official outcomes, as well as of the increasing role played by bottom-up solutions, polycentric 

governance, and collaborations taking place beyond traditional state actors (Hale and Roger 

2014; Betsill et al. 2015; Hanegraaff 2015; Nasiritousi, Hjerpe, and Linnér 2016). Within a 

fragmented climate regime, the negotiations serve as an umbrella for the numerous domestic 

and transnational climate governance initiatives, by sub- and non-state actors, which have 

been identified as a response to the gridlock in multilateral efforts (Ostrom 2010; Keohane and 

Victor 2011; Falkner 2016; Keohane and Victor 2016). While such bottom-up collaborations 

are unlikely to suffice to compensate for the lack of ambition of the current governmental 

pledges, the hope is that these initiatives may help to strengthen future climate policy. 

Our second important finding is that respondents who have been highly involved in the 

negotiation process have more optimistic general views about the climate negotiations, 

compared to respondents whose involvement was limited or absent. Our data suggest that 

involvement affects the degree of optimism, and, at the same time, optimism affects the degree 

of involvement. 

One reason why involvement may alter the assessment is self-serving bias. More involved 

negotiators have greater responsibility for the outcome and may thus be more inclined to 

evaluate the negotiations more positively. It has long been known in psychology that 

perceptions of success are not only influenced by objective evidence, but also by subjective 

impressions and needs (Heider 1958; Baumeister 1998; Campbell and Sedikides 1999; 

Mezulis et al. 2004; Tavoni et al. 2011). There are also material incentives for the negotiators 

to favourably assess the outcome of the meetings and praise their successes, such as social 

status and career prospects. An indication for the existence of self-serving bias in the outcome 

evaluation is that the positive effect of higher involvement seems to be stronger for general 

assessments than for specific assessments. Research in psychology has shown that self-

serving bias is likely to manifest itself when the assessment context is ambiguous and allows 

room for choosing the evaluation criteria (Dunning, Meyerowitz, and Holzberg 1989). 

Another explanation for the positive effect of involvement on general views is information 

asymmetry between more involved and less involved negotiators. Experienced delegates have 

greater access to confidential information; they have the opportunity to interact directly with 

other negotiators and to accumulate personal knowledge which requires repeated interactions 
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and established social networks. They also have a broader perspective on the achievements 

of past negotiations, historical shifts in positions and attitudes, and the difficulties that come up 

in the course of the negotiations. 

Our data also provide evidence of a self-selection effect, by showing that negotiators who 

attended the latest conferences are more optimistic than negotiators who attended earlier 

conferences and then opted out of the negotiation process. This finding applies to both general 

and specific assessments. We do not know why the negotiators left the process. National 

governments principally have control over who is part of the delegation team, but there is 

undoubtedly some discretionary scope for proposing to be included in a delegation or to drop 

out of it. Those individual decisions are likely to depend on several factors, since taking part in 

the negotiation process represents an opportunity to get access to information, contacts, and 

other benefits. However, personal perceptions of the negotiations surely play a role as well, 

with optimistic individuals being more motivated to attend the meetings than those who are 

disillusioned about the prospect of making progress. 

A direct implication of this research is that the outcomes of the negotiations can be better and 

more coherently assessed by using specific and verifiable criteria for success. Furthermore, 

since negotiators' expectations about crucial elements of the Paris Agreement are relatively 

low, we can expect efforts to complement the agreement with additional instruments in the 

future. Scholars of climate policy have suggested a number of avenues to entice climate 

cooperation, such as trade arrangements among a coalition of leaders aimed at inducing 

compliance by laggards (Nordhaus 2015), sectoral agreements that facilitate coordination 

(Barrett 2005), improving the negotiation process by streamlining its procedures and redefining 

the roles of key actors (Grasso and Roberts 2014; Vihma 2015), a shift from broad UN-style 

multilateralism towards minilateralism revolving around a smaller set of relevant actors 

(Eckersley 2012), or a combination of multiple subglobal policies (Ostrom 2010; Cole 2015). 

However, due to the increasingly fragmented governance landscape, there appears to be little 

agreement among policymakers and practitioners on how to move the negotiations forward 

(Falkner 2015; Hjerpe and Nasiritousi 2015). So far negotiators have deliberately avoided 

linking trade agreements to climate policy, in order not to jeopardize successful cooperation 

on other issues. Whether this attitude will change and whether the different views will converge 

over time depends on many factors, including a shared belief that the new approach will lead 

to a better result overall than the current approach. Expectations of the involved actors are 

crucial (Barrett and Dannenberg 2017), and since our research has focused on past and 

current climate policy, the systematic elicitation of expectations about not-yet-existing policy 

instruments appears to be a fruitful area for future research. 
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2.6. Methods 

Our data stem from a worldwide survey carried out in the months preceding COP 21 in Paris 

by means of a standardized online questionnaire that consisted of three parts. In the first part, 

participants were asked to assess (i) the consequences of climate change for the future living 

conditions up to 2100; (ii) the importance of climate change policy; and (iii) the chances that 

countries would reduce their emissions relative to business-as-usual in the absence of a new 

international climate agreement. The second part was about the perceived success of the 

climate negotiations. Participants were asked to assess (i) the Kyoto Protocol; (ii) the future 

success of the Durban Platform for Enhanced Action with respect to participation, stringency, 

and overall effectiveness; (iii) the INDCs; and (iv) the usefulness of the climate conferences 

apart from the official outcome. All assessments in the first and second part were elicited by 

means of a Likert-type scale with either four or five possible answer categories. The third part 

of the questionnaire contained questions about the participants’ personal background, such as 

gender, age, nationality, the field in which they have obtained their highest degree or training, 

and the type of organization in which they work. This part also included a question on how 

much respondents trust their intuitions when they make decisions. Psychological studies have 

shown that judgements often depend on whether a person relies on his or her intuition, as 

opposed to careful reasoning (Kahneman 2011). In the empirical analysis, we used the 

responses from the second part as dependent variables and the responses from the first part 

and the third part as explanatory variables. The definitions and summary statistics of the 

explanatory variables can be found in the Tables A2 and A3 in Appendix A.3. 

The invitation to take part in the online questionnaire was sent out via email. The contacts 

came from two sources. First, we used four participation lists for the Conferences of Parties 

between 2010 and 2014 provided by the UNFCCC (COPs 16-18, COP 20). The email 

addresses came from previous studies or were searched in the Internet. The COP participation 

lists provided by the UNFCCC distinguish between “parties” and “observer organizations.” To 

have a clear and transparent selection criterion, we only invited people who were listed on the 

UNFCCC participation lists at least once as party. This means that, apart from scientists, non-

state actors are only included in the sample if they have been part of national delegations. 

Individuals who attended the COPs only as observer (and never as party) are not included. 

This group of participants has clearly become much larger and more diverse over the years 

(Schroeder and Lovell 2012; Betsill et al. 2015), which is why we believe that their perceptions 

deserve a study of its own. 

The second source was the list of authors and reviewers for the fifth IPCC Assessment Report 

which is available on the IPCC website. The email addresses were obtained through Internet 

searches. Including the IPCC sample increased the variation in the COP attendance rates as, 
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by definition, delegates are more likely to attend multiple COPs as party. Importantly, when we 

pool the UNFCCC sample and the IPCC sample in a regression, we always control for region, 

field of highest training, employer organization, and other socio-demographic and attitudinal 

characteristics. 

Out of a total of about 10,000 contacted persons whose contact details were available, 656 

completed the survey and could be used for the empirical analyses. The response rate of 6.6% 

is not high but fairly typical for this kind of survey (Lange, Vogt, and Ziegler 2007; Dannenberg, 

Sturm, and Vogt 2010; Lange et al. 2010; Karlsson et al. 2011; Kesternich 2016). Separated 

by source, we approached 9,120 people listed on the UNFCCC lists and 900 people on the 

IPCC list. The response rates for these two groups were 5% and 22%, respectively. Since the 

response rate for the UNFCCC sample is relatively low, we conducted two different non-

response analyses for this group. First, we compared the regional distribution between 

respondents who completed the survey and non-respondents who were contacted but did not 

complete the survey. Of the UNFCCC participants who completed our survey, 27% are from 

Europe, 23% from Africa, 20% from Asia, 13% from North America, another 13% from South 

America, and 4% from Australia/Oceania. The respective frequencies for the contacted 

persons who did not complete the survey are 22%, 27%, 24%, 10%, 13%, and 4%. Note that 

the proportions are based on delegation country and not nationalities as delegation country is 

the only available information for non-respondents. The regional distribution of respondents 

and non-respondents are not significantly different from each other (Pearson Chi squared test, 

p > 0.10). They are also very similar to the regional distribution of the recent COPs. Of the 

parties to COPs 16-20, on average, 21% were from Europe, 27% from Africa, 25% from Africa, 

9% from North America, 13% from South America, and 4% from Australia/Oceania. Second, 

we compared the answers between respondents and dropouts (people who started but did not 

complete the survey). Of course, we could only compare the answers to the questions that 

enough of the dropouts answered which mainly were the questions in the first part of the survey 

(on the impacts of climate change and the importance of climate change policy). The number 

of dropouts that could be used for the comparisons ranges between 67 and 120. Depending 

on the type of question, we used Mann-Whitney-Wilcoxon tests, Fisher’s Exact tests, or T-

tests. For 20 out of 21 questions the answers were not significantly different between the two 

groups (p > 0.10). Based on these comparisons, we do not expect a selection bias in the data. 

Further details on the participants can be found in Table A1 and separate analyses for the 

UNFCCC sample and the IPCC sample can be found in Tables A7 - A10 in Appendix A.3. 

They show that our main results can be found in both samples. 

In the main paper, we present results from binary probit models for which the dependent 

variable “optimistic” was built by merging multiple answer categories of the Likert scale into 

one. When there were four answer categories, the optimistic variable takes the value one when 
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the respondent chose one of the two more optimistic answer categories and it equals zero 

when one of the two more pessimistic answer categories was chosen. When there were five 

answer categories, we combine the first two, more optimistic, categories to set the optimistic 

variable to one, and combine the last three, more pessimistic, categories to set the variable to 

zero. In Tables A14 and A15 in Appendix A.3, we provide regression results from ordered 

probit models which are generally very close to the results from the binary probit models 

presented in the main paper. 

We also provide an overview of the effects of the control variables on the dependent variable 

(Tables A4 and A5 in Appendix A.3). The results show that the individuals who are optimistic 

about countries’ willingness to reduce emissions in the absence of a new international 

agreement up to 2050 (besides the existing UNFCCC) are also more inclined to provide more 

optimistic evaluations of the climate conferences. A plausible explanation for this is that these 

individuals are generally more optimistic about the feasibility of climate policy, for example in 

terms of emission abatement costs or future technological progress. Another finding that 

consistently comes up is that individuals who rely on their intuitions often provide a more 

optimistic assessment. Although we cannot say much about the cognitive and psychological 

processes behind this relationship, it is interesting to know that confidence in intuitive thinking 

is associated with an optimistic view while low confidence in intuitive thinking appears to be 

associated with a more pessimistic view. Researchers working for a university or research 

institute as well as individuals working for an environmental NGO or a private company tend 

to be more pessimistic about the INDC approach than government officials. The effects of 

region are not clear-cut, with one plain exception: Europeans are more likely to see the Kyoto 

Protocol as success compared to almost every other region (or negotiation block). This is not 

surprising since the Europeans were the driving force behind the Kyoto Protocol, especially 

when the US gave way for new leadership by choosing not to ratify the agreement. 

Finally, we provide additional regression analyses in Tables A11 - A13 (Appendix A.3) to 

account for the diversity within the national delegations (Nasiritousi, Hjerpe, and Linnér 2016). 

To this end, we use the information about individual affiliations provided in the COP 

participation lists (instead or in addition to the employer organization). With a few exceptions 

(less than 1%), party members in the sample rarely changed the affiliation category from one 

COP to another; that is, individuals might have switched between different government 

institutions but they rarely switched between government and non-government institutions. 

Most of the respondents who attended the COPs as party represented a government institution 

(67%) but a significant share of respondents assumed a dual role by being part of a delegation 

but not affiliated with a government institution (33%). These individuals had affiliations with a 

university or research institution, business or state company, NGO, or other organizations. The 

results show that only seldom does having a dual role have a significant effect on perceptions. 
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Only with regards to future pledges meeting the 2°C target, respondents with dual roles are 

significantly more optimistic than the government actors. The regressions also include an 

interaction term of dual role and involvement in order to test if the effect of involvement differs 

between government and non-government party members. The interaction term is statistically 

significant only once: with regards to the fulfillment of the pledges the positive effect of 

involvement appears to be stronger for respondents with dual roles.
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3.1. Introduction 

As international climate policies have so far been unable to stop and reverse the trend of rising 

global GHG emissions (Rogelj et al. 2016), solar geoengineering is increasingly gaining 

attention. In particular, it is discussed as a way to bridge the time until clean technologies are 

developed and implemented and to respond in case of a climate emergency (Crutzen 2006; 

Wigley 2006). Solar geoengineering, or solar radiation management, aims to cool the Earth’s 

surface temperature to counter climate change by partially deflecting the incoming sunlight. 

The most prominent proposal is to inject aerosol particles into the lower stratosphere to 

increase deflection of sunlight. Other ideas involve cloud brightening, the deployment of space 

mirrors, or whitening of rooftops. Solar radiation management could have a rapid effect on 

temperature and it would be relatively cheap (Robock 2008; Royal Society 2009; Victor et al. 

2009). The main concern is about the risks and side effects, such as a chemical ozone loss at 

high latitudes (Tilmes, Müller, and Salawitch 2008; Tilmes et al. 2009), changes in regional 

precipitation patterns or the consequences of abrupt determination (Irvine, Sriver, and Keller 

2012; IPCC 2013). In some cases, geoengineering is defined more broadly to also include CO2 

removal technologies, such as ocean iron fertilization, biomass energy with carbon capture 

and storage, enhanced weathering and direct-air capture with storage. However, these 

technologies are very different from solar radiation management. The costs of deploying these 

technologies are relatively high and the resulting effects on the climate are very slow, making 

these technologies unsuitable for an emergency response (Azar et al. 2006; Boucher et al. 

2012; IPCC 2013; Scott et al. 2015; Tollefson 2018) (see Appendix B.1 for more details). 

Governments around the world have adopted a wait-and-see approach so far. None of the 

major economies has officially endorsed or rejected solar geoengineering as a strategy to fight 

climate change, yet most of them invest in research into geoengineering. The Convention on 

Biological Diversity has invited its 196 parties to abstain from using geoengineering that may 

affect biodiversity until there is an adequate scientific basis. The Paris Agreement on climate 

change does not mention solar geoengineering. A recent proposal by Switzerland and ten 

other countries that the UN Environment Programme prepares a comprehensive assessment 

of geoengineering, including rules on research and deployment, was rejected by the United 

Nations Environment Assembly (Tollefson 2019). 

Scientists have studied the potentials and limitations of solar geoengineering technologies 

(Robock et al. 2009; Vaughan and Lenton 2011; McClellan, Keith, and Apt 2012). The latest 

reports by the IPCC include solar geoengineering (IPCC 2013, 2018), showing that it is 

becoming a part of mainstream climate science. Social scientists have studied how the 

technologies are perceived by the public (Bostrom et al. 2012; Corner et al. 2013; Pidgeon et 

al. 2013; Corner and Pidgeon 2014; Winickoff, Flegal, and Asrat 2015; Mahajan, Tingley, and 
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Wagner 2019), activists (Bellamy et al. 2013; Hamilton 2013; Anshelm and Hansson 2014) 

and the media (Scholte, Vasileiadou, and Petersen 2013). This research consistently finds that 

public awareness and knowledge about solar geoengineering technologies are low (Burns et 

al. 2016; Mahajan, Tingley, and Wagner 2019) and at least the initial support tends to be low 

(Corner, Pidgeon, and Parkhill 2012; Wright, Teagle, and Feetham 2014). Research on 

geoengineering is more readily accepted than deployment (Corner, Pidgeon, and Parkhill 

2012; Burns et al. 2016; Mahajan, Tingley, and Wagner 2019). Assessments are very sensitive 

to the provided information (Luokkanen, Huttunen, and Hildén 2014; Corner and Pidgeon 

2015) and there is concern that geoengineering deflects efforts to reduce emissions, especially 

among policy-makers, activists and researchers in developing countries (Corner and Pidgeon 

2014; Scheer and Renn 2014; Winickoff, Flegal, and Asrat 2015). Two large-scale surveys 

with citizens living in the United Kingdom and Germany find higher support of geoengineering 

among those who are concerned about climate change (Pidgeon et al. 2012; Merk et al. 2015). 

Economic cost–benefit analyses show that solar geoengineering can be part of an optimal 

policy portfolio, especially if the expected temperature increase and the corresponding 

damages without solar geoengineering are high. Uncertainty about climate sensitivity—the 

increase in temperature from a doubling of CO2 concentrations—increases the use of solar 

geoengineering. Severe side effects of solar geoengineering and uncertainty about those side 

effects limit its use in some scenarios to a climate emergency only (Goes, Tuana, and Keller 

2011; Bickel and Agrawal 2013; Bahn et al. 2015; Heutel, Moreno-Cruz, and Shayegh 2018). 

In this paper, we investigate how experts involved in the diplomatic and scientific efforts relating 

to climate change assess solar geoengineering. Our analysis is based on data from a 

worldwide survey (see Methods in Section 3.5 and Appendix B.4) with 723 respondents from 

more than 150 countries. Participants were recruited from the two main institutions that the 

international community has established to address climate change: the United Nations 

Framework Convention on Climate Change (UNFCCC) and the IPCC. The views of this group 

of experts have not been studied before, even though they arguably have a bigger influence 

on the role that solar geoengineering will have to address climate change than previously 

studied groups. Using a standardized online questionnaire, we asked the experts about their 

views on three aspects of geoengineering: how important it is to include geoengineering in the 

climate negotiations, whether more investment should be directed to research and 

development (R&D) on geoengineering technologies and whether geoengineering 

technologies should be deployed in the event of an approaching climate emergency that could 

not be avoided by means of conventional mitigation techniques. We also elicited a number of 

other attitudinal and personal characteristics that potentially affect the views on 

geoengineering, including expectations about the effectiveness of current mitigation efforts and 

climate change impacts. We distinguish between expectations about global climate change 
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impacts, representing the perceived severity of climate change for humankind in general, and 

expectations about impacts in the home country of the respondents, representing more 

personal consequences of climate change. The difference between the global perspective and 

the home country perspective has been ignored so far and it turns out to be very important for 

the assessment of geoengineering. 

 

3.2. Respondents’ expectations about climate change impacts 

Figure 3.1. Scientific estimates and expectations of the respondents of climate change 

impacts in their home country 

 

Note: The distribution of the BHM estimations of changes in GDP per capita in 2100 due to climate 
change in the home country of each respondent separated by the respondents’ own expectations of 
climate change impacts in 2100 for their home country. The boxes include the 25th and 75th percentiles 
of the estimated change in GDP, with the median depicted as a horizontal line within the box. The 
whiskers extending from the boxes include all data points within 1.5x the interquartile range of the nearer 
quartile. The dashed red line divides the BHM estimations in gains and losses from climate change. The 
number of observations for expected positive consequences for the home country is very low (n = 7). 
The number of observations for the other categories are (from left to right): n = 190, n = 342 and n = 95. 

Figure 3.1 shows that the expectations of respondents about climate change impacts in their 

home country and the estimations of the impacts in that country according to a recent study by 

Burke, Hsiang, and Miguel (2015), henceforth BHM, are positively correlated (Pearson 

correlation test, r = 0.33, p < 0.01, n = 634). Respondents from countries for which high 
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damages are predicted tend to expect higher damages, whereas respondents from countries 

for which low damages or gains are predicted tend to expect lower damages. The correlation 

is stronger if we disregard the seven respondents who expect positive consequences of 

climate change (r = 0.36, p < 0.01, n = 627). Using a different measure for the vulnerability of 

each country to climate change, namely the ND-GAIN index for the year 2015, we also obtain 

a significant positive correlation between respondents’ expectations for their home country and 

the index value for that country (r = 0.39, p < 0.01, n = 623). The ND-GAIN index is compiled 

by the Notre Dame Global Adaptation Initiative and combines different measures of 

vulnerability to climate change with measures of adaptive capacity.  

We also estimate an ordered probit model with the expectations of the respondents as the 

dependent variable and the BHM forecast of the impacts as the main explanatory variable. The 

regression results are shown in Table B1 (Appendix B.2). The results show that the BHM 

estimations have a significantly positive effect on the expectations of the respondents (p < 

0.01), confirming that the expectations of the respondents correspond to recent projections, 

albeit not perfectly. Separate analyses for the IPCC sample and the UNFCCC sample to 

compare the BHM estimations and the expectations of the respondents show similar results 

(Table B1 in Appendix B.2). 

 

3.3. Respondents’ views on geoengineering 

Respondents are almost evenly divided in their views on geoengineering. In total, 42% of 

respondents consider it important to include the issue of geoengineering in the international 

climate negotiations, 53% do not consider this important and 5% do not know (n = 719). In 

addition, 50% of participants think that more investments should be directed to R&D in 

geoengineering technologies while 43% do not agree with this statement and 7% do not know 

(n = 711). Finally, 52% support large-scale deployment of geoengineering in the event of an 

approaching climate emergency, 30% do not support such a response and 18% do not know 

(n = 705). Assessments of the three aspects are positively correlated (the correlation 

coefficients range between 0.42 and 0.60, all p < 0.01). A correlation table and further 

descriptive statistics are provided in Table B2 in Appendix B.2. 

To compare the views of the respondents on geoengineering with their views on conventional 

mitigation, participants were also asked about the importance of negotiating emission 

reduction targets (global and sectoral), land-use change, adaptation and technology transfer. 

The results (Figure 3.2) show that the climate experts, similar to other populations (Bostrom et 

al. 2012; Bellamy et al. 2013; Burns et al. 2016), prefer conventional mitigation and adaptation 

over geoengineering. The distribution of answers for geoengineering shows significantly lower 
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support than the distribution of answers for all other issues (Pearson 𝜒4
2 test, all p < 0.01; Table 

B3 in Appendix B.2). 

Figure 3.2. Comparison of geoengineering with conventional mitigation and adaptation 

 

Note: The categorical percentages for each answer to the question “How important do you think it is to 
include the following issues in current international climate change negotiations?” for six issues. 

A comparison of the views of our sample with recently elicited opinions of the US population 

indicates that the climate experts are more sceptical about geoengineering. Whereas the 

survey by Mahajan, Tingley, and Wagner (2019) found that 81% of their respondents support 

research in solar geoengineering, only half of our respondents support more investment into 

geoengineering research. In addition, 67% of the surveyed US population support the use of 

solar geoengineering, whereas only half of our respondents support its use even when limited 

to an emergency response.  

Our main regression analyses are based on binary probit models. To this end, we define a 

binary variable ‘supportive’, which is set to 1 if an individual provided a more supportive 

assessment of geoengineering and 0 otherwise (see Methods in Section 3.5). Respondents 

who chose the “I don’t know” option are not included in the regression analysis. We opted for 

this more conservative approach because the respondents who chose the “I don’t know” option 

cannot be unambiguously assigned to a positive or negative assessment of geoengineering. 

Including these respondents as not supportive of geoengineering yields similar results (Table 

B4 in Appendix B.2). Individual controls such as age, gender, training and employer 

organization are included in all regression analyses but are not shown in the tables to save 

space. Expectations of respondents about global climate change impacts, their expectations 

about current and future mitigation efforts and CO2 per capita in the respondents’ home country 
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are included as explanatory variables. To account for region-specific climate change impacts, 

we include either respondents’ expectations about climate change impacts in their home 

country or the BHM estimation of the impacts in that country. Because of correlations between 

current gross domestic product (GDP) per capita and future climate change impacts, we show 

regression results with and without current GDP per capita. In Appendix B.2, Table B2 provides 

further information on the definitions and the summary statistics of all included variables and 

Table B5 provides the complete regression tables with all controls and model statistics. 

The main regression results are shown in Tables 3.1 - 3.3. We show separate regression 

analyses for each survey item because the three questions that we use for the assessment of 

geoengineering are quite different in content and have also been studied separately in the 

literature. Table 3.1 shows whether the opinions of respondents on whether geoengineering 

should be included in the international climate negotiations are influenced by the explanatory 

variables. Respondents who expect severe global climate change damages are less likely to 

support the inclusion of geoengineering in the climate negotiations than respondents with less 

pessimistic expectations (p < 0.01 in all specifications). Similarly, respondents who have 

pessimistic expectations about the effectiveness of the current pledge approach are less likely 

to support the inclusion than respondents with more optimistic expectations (p < 0.05 in two 

specifications). If GDP per capita in the home country is not included, we find that respondents 

from countries that are predicted to suffer high climate change damages are more likely to 

support the inclusion of geoengineering in the negotiations (p < 0.01). In line with this result, 

respondents who expect high climate change damages in their home country are more likely 

to support the inclusion (p < 0.05). The significance of these two differences disappears if GDP 

per capita is included. The dominant effect in this case is that respondents from richer countries 

are less likely to support the inclusion than respondents from poorer countries. Finally, 

respondents who prefer a broad approach of the climate negotiations support the inclusion of 

geoengineering more than respondents who prefer a narrow approach (p < 0.01 in all 

specifications). 
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Table 3.1. Results of binary probit regression testing support for including geoengineering in 

international climate negotiations  

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19*** 0.11   
 (2.72) (1.35)   
Percentage gain in GDP in 2100 -0.03 -0.02   
 (-0.99) (-0.71)   
Expect severe home country damages (d)   0.11** 0.06 
   (2.12) (1.25) 
GDP per capita  -0.03*  -0.05*** 
  (-1.90)  (-3.55) 
Expect severe global damages (d) -0.11*** -0.11*** -0.16*** -0.14*** 
 (-2.82) (-2.73) (-3.61) (-3.24) 
CO2 per capita 1.56 8.88 -2.16 10.92* 
 (0.37) (1.59) (-0.49) (1.94) 
Optimistic about GHG reductions -0.02 -0.02 -0.03 -0.02 
 (-0.60) (-0.50) (-0.71) (-0.43) 
Optimistic about INDCs 0.07** 0.07* 0.08** 0.06* 
 (2.00) (1.82) (2.04) (1.69) 
Negotiation scope 0.32*** 0.31*** 0.33*** 0.30*** 
 (7.47) (7.17) (7.60) (6.82) 
IPCC (d) -0.09 -0.07 -0.07 -0.05 
 (-1.56) (-1.33) (-1.21) (-0.81) 

Controls included Yes Yes Yes Yes 
Observations 492 491 447 446 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 

Table 3.2 shows the regression results for the support of the respondents for more investment 

directed to R&D on geoengineering technologies. Respondents who expect severe global 

climate change damages are less likely to support more investment in geoengineering 

technologies than respondents with less pessimistic expectations (p < 0.05 or p < 0.01). 

Similarly, respondents who are pessimistic about the current pledge approach are less likely 

to support more investment than more optimistic respondents (p < 0.01). Considering regional 

climate change impacts, we find that both measures of vulnerability - the BHM estimations of 

future climate change impacts and respondents’ own expectations about their home country - 

increase the support for more geoengineering investments significantly (p < 0.01). This is 

independent of whether GDP per capita is included or not. As above, a higher GDP per capita 

decreases the support for geoengineering (p < 0.01).  
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Table 3.2. Results of binary probit regression testing support for more investment in R&D on 

geoengineering technologies 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.36*** 0.23***   
 (5.50) (2.85)   
Percentage gain in GDP in 2100 -0.00 0.01   
 (-0.15) (0.33)   
Expect severe home country damages (d)   0.25*** 0.18*** 
   (5.05) (3.53) 
GDP per capita  -0.05***  -0.07*** 
  (-2.99)  (-4.90) 
Expect severe global damages (d) -0.09** -0.09** -0.19*** -0.17*** 
 (-2.25) (-2.18) (-4.17) (-3.82) 
CO2 per capita 1.21 11.75** -2.11 15.71*** 
 (0.30) (2.16) (-0.50) (2.73) 
Optimistic about GHG reductions 0.05 0.05 0.06 0.08* 
 (1.33) (1.44) (1.49) (1.95) 
Optimistic about INDCs 0.13*** 0.12*** 0.16*** 0.13*** 
 (3.64) (3.35) (4.02) (3.46) 
IPCC (d) -0.21*** -0.19*** -0.22*** -0.18*** 
 (-3.61) (-3.24) (-3.60) (-3.04) 

Controls included Yes Yes Yes Yes 
Observations 477 476 432 431 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 

Table 3.3 shows regression results for the support of the respondents of large-scale 

deployment of geoengineering in case of an approaching climate emergency. Negative 

expectations about global climate change impacts tend to reduce the support of 

geoengineering as above, although the difference is not significant at the 1% or 5% level. 

Optimism about the current pledge approach does not have a significant effect. Respondents 

who are optimistic that countries will reduce their emissions even in the absence of a global 

agreement are more likely to support deployment of geoengineering than more pessimistic 

respondents (p < 0.05 in two specifications). Respondents from countries for which severe 

climate change damages are predicted are more likely to support deployment of 

geoengineering. The same is true when we consider respondents’ expectations about their 

home country (p < 0.05 in two specifications). 
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Table 3.3. Results of binary probit regressions testing support for large-scale deployment of 

geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19** 0.18*   
 (2.55) (1.89)   
Percentage gain in GDP in 2100 0.04 0.04   
 (1.23) (1.28)   
Expect severe home country damages (d)   0.11** 0.10* 
   (2.06) (1.65) 
GDP per capita  -0.01  -0.01 
  (-0.37)  (-0.74) 
Expect severe global damages (d) -0.04 -0.04 -0.09* -0.09* 
 (-0.86) (-0.91) (-1.83) (-1.76) 
CO2 per capita -2.15 -0.53 -3.58 -0.69 
 (-0.49) (-0.09) (-0.83) (-0.12) 
Optimistic about GHG reductions 0.08* 0.08* 0.09** 0.09** 
 (1.91) (1.89) (2.07) (2.07) 
Optimistic about INDCs 0.04 0.04 0.07 0.06 
 (0.90) (0.86) (1.50) (1.37) 
IPCC (d) -0.18*** -0.18*** -0.19*** -0.19*** 
 (-2.81) (-2.74) (-2.84) (-2.72) 

Controls included Yes Yes Yes Yes 
Observations 426 425 385 384 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 

These results show that respondents who expect severe global damages of climate change 

and respondents who are skeptical about current mitigation efforts are more opposed to 

geoengineering than more optimistic respondents. By contrast, severe climate change 

damages in their home country, either predicted by the BHM study or by respondents 

themselves, increase support for geoengineering. The difference between the global and home 

country perspective is illustrated in Figure 3.3. Robustness analyses, presented in Appendix 

B.2, show that our main results hold if we use a combined index of the three dependent 

variables (Table B6), if an ordered probit model is used instead of a binary model (Table B7), 

for alternative measures of climate change impacts (Table B8) and if we run separate 

estimations for the UNFCCC and IPCC samples (Table B9). 

A possible reason for the difference between the global and home country perspective is that 

respondents extrapolate, consciously or unconsciously, from generally difficult governance at 

the global level and easier governance at the national level. If this were the case, we would 

expect the difference between the global and home country perspective to be particularly large 

when respondents are asked about the deployment of geoengineering, because this is when 
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governance matters the most. However, as shown in Figure 3.3, the difference is smaller for 

the deployment of geoengineering than for the other two issues. We would also expect that 

the difference between the global and home country perspective is particularly large for 

respondents from countries with effective governance systems. However, additional 

regression analyses that include the governance effectiveness index provided by the World 

Bank do not show any evidence that an effective governance system in the respondents’ home 

country increases the difference between the global and home country perspective (Figure B1 

in Appendix B.3). Extrapolation from global and national governance therefore is unlikely to be 

a driver of these results. 

Figure 3.3. Predicted probability of supporting geoengineering depending on the beliefs of 

respondents about climate change impacts 

 

Note: The probability of supporting geoengineering predicted by the binary probit models shown in 
Tables 3.1 - 3.3. The green lines (rectangular markers) show the difference between respondents who 
expect very negative global consequences of climate change and other respondents. The purple lines 
(circular markers) show the difference between respondents who expect very negative consequences 
of climate change for their home country and other respondents. The vertical lines show the 95% 
confidence interval. Number of observations (from left to right): n = 447, n = 432 and n = 385. 

The regression results also show how other personal characteristics of the respondents 

influence their views on geoengineering (Table B5 in Appendix B.2). A robust finding is that 

respondents from the IPCC sample are more opposed to geoengineering than respondents 

from the UNFCCC sample. Respondents with a degree in natural sciences are more likely to 



Climate experts‘ views on geoengineering 

 

 

40  

oppose geoengineering than respondents with other backgrounds (mostly economics or 

business administration, engineering, political sciences or law). Notably, this is not only true 

for deployment of geoengineering but also for research on geoengineering and the inclusion 

of geoengineering in the climate negotiations. A possible explanation for this is that individuals 

who are more engaged in the difficulties of reducing emissions are more open to 

geoengineering than individuals who focus more on the physical impacts of climate change. 

Another possible explanation is that IPCC and natural scientists are more skeptical about the 

effectiveness of geoengineering or more concerned about the potential risks. Although 

intuitive, our data do not allow us to investigate these possibilities further. 

  

3.4. Discussion 

Solar geoengineering could be used to limit the increase in temperature that is responsible for 

a large part of expected climate change damages. Cost–benefit analyses show that the 

incentives to deploy geoengineering become stronger with higher CO2 emissions and expected 

climate change damages (Goes, Tuana, and Keller 2011; Bickel and Agrawal 2013; Bahn et 

al. 2015; Heutel, Moreno-Cruz, and Shayegh 2018). Many people, however, reject this 

argument on moral grounds (Gardiner 2010; Hamilton 2013). The Australian philosopher Clive 

Hamilton, for instance, writes: “merely by choosing to engineer the climate instead of cutting 

emissions we succumb to moral failure” (Hamilton 2013, 162). From this perspective, 

geoengineering is not a legitimate solution to address climate change but rather another risky 

experiment with unforeseeable and potentially irreversible consequences. Higher climate 

change damages do not justify the use of geoengineering; on the contrary, they warn against 

further experimentation with the planet and stress the moral obligation of curbing emissions. 

Our results suggest that geoengineering represents a moral dilemma for the surveyed climate 

experts. At the global level, we find that respondents indeed oppose geoengineering more 

strongly the more they are concerned about severe climate change damages and continued 

rise of global emissions. However, at a more personal level, they are more open to 

geoengineering the more they are concerned about high damages of climate change in their 

home country. This latter view is what we would expect from a rational cost–benefit analysis 

in which geoengineering generally is considered to be a legitimate solution as long as the risks 

and side effects are not too high (Goes, Tuana, and Keller 2011; Bickel and Agrawal 2013; 

Bahn et al. 2015; Heutel, Moreno-Cruz, and Shayegh 2018). 

Solar geoengineering poses different challenges for governance than conventional climate 

change mitigation efforts (Bodansky 2013). Many questions regarding geoengineering 

governance have not been answered yet, including who should decide whether, under which 

conditions and to what extend geoengineering should be deployed and which side effects are 
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acceptable and which are not. Our research shows that the opinions about the deployment of 

geoengineering are positively correlated with the opinions about research on geoengineering 

technologies and the integration of the issue in the UNFCCC process. Thus, individuals who 

oppose the deployment of geoengineering also tend to oppose research on geoengineering 

and putting the topic on the agenda. These results were not necessarily expected. For 

example, if the experts opposed the use of geoengineering because of the potential side 

effects and uncertainty, they should support more investment in research. If the experts 

opposed geoengineering because of the involved governance challenges, they should be in 

favour of including the issue in the UNFCCC process. Bringing geoengineering into the 

UNFCCC process would allow the experts to be actively involved in the implementation of 

common rules and constraints (Barrett 2008; Bodansky 2013). The tendency of the experts to 

be concerned, or not concerned, about all three aspects – deployment of geoengineering, 

research and development, and including the topic in the negotiations—indicates that for many 

experts geoengineering is a moral issue. The implication for policymakers, scientists and other 

actors who wish to shape the debate about geoengineering is that moral concerns beyond 

costs and benefits must be addressed. All the same, our study suggests that the climate 

experts’ support for geoengineering will increase over time, as more regions are adversely 

affected and more experts observe or expect damages in their home country. 

 

3.5. Methods 

3.5.1. Sample 

Invitations to take part in the survey were sent out by email in the run-up to the twenty-first 

Conference of Parties (COP 21) in Paris. The contacts were taken from two sources. First, for 

the UNFCCC sample, invitations were sent to individuals listed as party member in at least 

one of the COPs since COP 16 in 2010. The email addresses were taken from previous studies 

or by searching the internet. The UNFCCC provides participation lists that distinguish between 

parties and observer organizations. As we are interested in the opinions of negotiators, and 

not observers, we only invited people who were listed at least once as a party. Individuals who 

attended the COPs only as an observer (and never as a party) were not included. Second, for 

the IPCC sample, invitations were sent to individuals listed as authors or reviewers of the Fifth 

Assessment Report. The list is available on the IPCC website and the email addresses were 

obtained by searching the internet. In the regression analyses, we always control for whether 

an individual is from the UNFCCC sample or the IPCC sample. Regression analyses for each 

sample separately are provided in Table B9 in Appendix B.2. Separated by source, we reached 

out to 8,763 individuals from the UNFCCC lists and 900 individuals from the IPCC list. A total 

of 723 individuals from 153 countries took part in the survey (509 from the UNFCCC lists and 
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214 from the IPCC list). The number of observations in the regression analyses is lower 

because some respondents did not answer all questions included as control variables and we 

left out all respondents who chose the “I don’t know” option when assessing geoengineering. 

The response rate of 7% (6% UNFCCC and 24% IPCC) is not high but comparable to previous 

studies using similar samples (Lange, Vogt, and Ziegler 2007; Dannenberg, Sturm, and Vogt 

2010; Lange et al. 2010; Karlsson et al. 2011; Kesternich 2016; Dannenberg, Zitzelsberger, 

and Tavoni 2017). It should also be noted that the response rate of 7% is a very conservative 

estimation as it refers to all emails that were sent out and did not immediately bounce back. 

We do not know, and have no way to find out, how many of these emails went to the spam 

folder, arrived at inactive email accounts, or were never opened for other reasons. If we related 

the number of respondents to the number of people who were invited and verifiably opened 

the link to the survey, the response rate would be 63% (59% UNFCCC and 77% IPCC). 

Because of the low response rate, we conducted two different non-response analyses for the 

UNFCCC sample. First, we compared the regional distribution between individuals who 

completed the survey (respondents) and individuals who were contacted but did not complete 

the survey (non-respondents). Of the UNFCCC participants who completed the survey, 26% 

were from Europe, 24% from Africa, 20% from Asia, 13% from North America, 12% from South 

America and 5% from Australia/Oceania. The respective frequencies for the contacted persons 

who did not complete the survey were 22%, 27%, 24%, 10%, 13% and 4%. These proportions 

are based on delegation country and not nationalities, as delegation country is the only 

available information for non-respondents. The comparison of the regional distribution between 

respondents and non-respondents shows that the distributions do not significantly differ from 

each other (Pearson 𝜒2-test, 𝜒5
2 = 2.95, p > 0.1). We also find that the distribution of the 

respondents is very similar to the regional distribution of the participants in recent COPs. Of 

the parties who attended COPs 16 - 20, on average, 21% were from Europe, 27% from Africa, 

25% from Asia, 9% from North America, 13% from South America and 4% from 

Australia/Oceania. Second, we compared the answers of respondents and individuals who 

started the survey but did not finish it (dropouts). We could only do these comparisons for 

questions that were answered by a sufficient number of dropouts; these questions were mainly 

from the first part of the survey. Depending on the questions, the number of dropouts that could 

be used for comparison ranged from 48 to 91. Depending on the type of question, we used 

Fisher’s exact tests or t-tests. We found that for 19 out of 21 questions the answers were not 

significantly different between respondents and dropouts (p > 0.1). These comparisons thus 

do not point to a selection bias in the data, although, of course, we cannot completely rule this 

possibility out. 

As our main interest in this paper is the assessment of geoengineering, it is more important 

that the respondents do not have biased opinions about geoengineering rather than that they 
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are representative of the overall population. In other words, the assessment of geoengineering 

by the respondents should not systematically differ from the assessment by non-respondents. 

Before we provide evidence regarding this claim, note that the invitation to take part in the 

survey did not mention geoengineering and the survey did not start with questions about 

geoengineering. Of all people who started the survey and dropped out at some point, 93% 

dropped out before they could see the first question about geoengineering. To compare the 

opinions about geoengineering between our respondents and others, we use the survey data 

collected in previously published studies by Kesternich, Löschel and Ziegler (KLZ) (Kesternich, 

Löschel, and Ziegler 2014; Kesternich 2016). The KLZ survey was conducted in 2012 with 

officially listed participants of COP 16 (Cancún) and COP 17 (Durban). This sample is 

particularly useful for comparison, because the survey included 24 items that we also included 

in our questionnaire (10 sociodemographic characteristics, 14 items on expected global and 

regional climate change consequences, the willingness of countries to reduce emissions 

without global agreement, and the importance of including emission-reduction targets, 

technology transfer, adaptation, land-use change and geoengineering in climate negotiations). 

Although the KLZ survey included one item on geoengineering, their main interest was on 

burden sharing rules and the design of minimum participation thresholds in climate treaties 

(the resulting publications do not mention geoengineering). Because of the overlap in 

questions, we excluded the respondents of the KLZ survey from our survey (by not inviting 

them), which makes them a good reference group. The comparison of the KLZ sample and 

our sample shows some small differences that can be explained by changes over time and the 

fact that we drew our sample from more COPs. Our sample is more balanced with relatively 

more women and more respondents from South America and North America. Our sample is 

slightly more pessimistic about climate change damages in the future and, at the same time, 

slightly more optimistic about emission reductions in the United States, Europe and China. 

Most importantly, opinions about the importance of including geoengineering in the climate 

negotiations do not significantly differ between the two samples. The average answer to this 

question is almost the same (2.47 in the KLZ study versus 2.45 for our sample) and the same 

is true for the standard deviation (1.01 versus 1.02). The p value is far from any conventional 

significance levels (p = 0.77). 

3.5.2. Questionnaire and empirical approach  

The survey was conducted online and comprised several parts. All survey questions used in 

this research can be found in Appendix B.4. Definitions and summary statistics of the 

dependent and explanatory variables can be found in Table B2 in Appendix B.2.  

After obtaining the respondents’ consent to participate, the first part assessed the 

consequences of climate change for future living conditions and the importance of various 
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measures to combat climate change. The second part was about the effectiveness of current 

and future climate change mitigation efforts. The third part of the survey contained questions 

about the personal background of the participants, such as gender, age, nationality, the field 

in which they had obtained their highest degree of training and the type of organization for 

which they work. The questions about geoengineering were included in the first part of the 

survey. Participants were asked about the importance of including geoengineering in 

international climate negotiations, the need to direct more investment to research and 

development on geoengineering technologies, and deployment of geoengineering in the event 

of an approaching climate emergency. All three assessments were elicited by means of a 

Likert-type scale with four possible answer categories that ranked the support of the 

respondents from low to high, with one additional ‘I don’t know’ option. We did not provide a 

description or definition of geoengineering, so as to not bias the answers, but explicitly 

mentioned solar radiation management. 

Respondents’ assessments of geoengineering were used as dependent variables in the 

regression analyses. In the binary probit models, the dependent variables are constructed as 

a dummy that takes the value of 1 if the respondent chose one of the two more supportive 

answer categories and 0 otherwise. We also estimated an ordered probit model to test the 

robustness of the results with respect to the regression model. The results of the ordered probit 

model are generally very close to the binary probit results and are presented in Appendix B.2 

(Table B7). 

Three types of information were included as explanatory variables: specific information about 

the respondents and their home country, expectations about the effectiveness of current and 

future climate change mitigation efforts, and expectations about climate change impacts. 

Estimations of regional climate change impacts were taken from the BHM study. This study 

estimates region-specific changes in GDP per capita due to temperature increase from 

unmitigated climate change compared to a counterfactual situation without climate change 

(Burke, Hsiang, and Miguel 2015). Using two scenarios from the IPCC (the business-as-usual 

Representative Concentration Pathway (RCP)8.5 and the Shared Socioeconomic Pathway 

(SSP)5, which assumes fast economic growth and high energy demand), the study provides 

comparisons of regional GDP per capita with and without climate change in 2100. We use this 

percentage difference in GDP per capita, separated as either loss or gain, as explanatory 

variables in our regression analyses to take vulnerability of the home country of the 

respondents into account. 

Home country refers to a person’s citizenship for the IPCC sample. For the UNFCCC sample, 

we can take either a person’s citizenship as home country or the country that he or she 

represents in the negotiations. We decided to show regression analyses based on delegation 
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country in the main paper and regression analyses based on citizenship in Table B10 in 

Appendix B.2. As most negotiators represent their own country in the negotiations (93% of 

negotiators in our data), the results are very similar. We also provide additional regression 

analyses in which regional vulnerability is measured by the 2015 ND-GAIN index in Appendix 

B.2 (Table B8). This index is compiled by the Notre Dame Global Adaptation Initiative and 

combines different measures of vulnerability to climate change with measures of adaptive 

capacity. Using this index, instead of the estimations by the BHM study, yields very similar 

results. We also tested the suitability of more recent and fine-grained climate change data 

provided by Ricke et al. (2018), henceforth RDCT. This study provides country-specific 

estimates of the social cost of carbon discounted from the year 2200. The correlations between 

the BHM estimates and the RDCT estimates are relatively weak, which can be attributed to 

the existing differences between the two datasets. There is no significant correlation between 

the RDCT estimates and the expectations of our respondents (r = 0.03, p = 0.51, n = 636). The 

reason for this is arguably that the question that we used to elicit expectations (“How would 

you assess the consequences of climate change on future living conditions up to 2100 in your 

home country?”) is closer to the BHM estimates than the RDCT estimates. The more fine-

grained results of the RDCT study apparently do not outweigh this difference. 

Furthermore, the regression analyses include CO2 emissions per capita in the home country 

to account for the dependence of each country on fossil fuels and GDP per capita in the home 

country to account for adaptive capacity. Again, for the UNFCCC sample, we can take either 

the country that a person represents in the negotiations (shown in the main paper) or his/her 

citizenship (shown in Table B10 in Appendix B.2), both of which yield similar results. 

All other variables used in the regression analyses were elicited in the survey. The subjective 

expectations of the respondents about climate change impacts were elicited by asking them 

to estimate the consequences of climate change on future living conditions up to 2100 both 

globally and for their home country. The assessments were elicited by means of a Likert-type 

scale with four answer categories ranging from very negative to positive and an I don’t know 

option. The variable for expect severe global damages is constructed as a dummy variable 

that takes the value of 1 if the respondent expects very negative consequences of climate 

change on future global living conditions up to 2100 and 0 otherwise. The variable for expect 

severe home country damages is constructed in precisely the same way with the only 

difference that respondents are asked to assess the consequences for the home country. 

Despite the similarity, the regression analyses show that the two variables affect respondents’ 

assessment of geoengineering very differently. Including an interaction term for the 

expectations of respondents on a global scale and for their home country in the regression 

analyses yields very similar results and the interaction term is never significant. This indicates 
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that the positive effect of the expectations for their home country does not depend on the 

expectations of respondents on a global scale and vice versa. 

To account for the expectations of respondents about current and future climate change 

mitigation efforts, we constructed two different variables. First, participants were asked to 

indicate on a four-point Likert-type scale to which degree they think that certain countries or 

groups of countries would reduce emissions relative to business as usual independent of an 

international climate agreement. The list of countries included the major emitters China, United 

States and the EU. The answers were averaged for each respondent and form the variable 

optimistic about GHG reductions (Cronbach’s α = 0.71). Second, participants were asked 

about their expectations about the pledges made in the context of the Paris Agreement. 

Specifically, they were asked how confident they were that (a) the current INDCs in aggregate 

are consistent with the 2 °C target; (b) countries will submit more ambitious INDCs in the future; 

and (c) future INDCs in aggregate are consistent with the 2 °C target. Answers were elicited 

on a four-point Likerttype scale. The variable optimistic about INDCs was constructed by taking 

the respondent’s average level of confidence stated in these three questions (α = 0.78). For 

the question whether geoengineering should be included in the international climate 

negotiations, we additionally included the explanatory variable negotiation scope, which was 

constructed by taking the respondents’ average level of support regarding the inclusion of 

different issues in the climate negotiations. For each of the following issues we asked the 

respondents to state on a four-point Likerttype scale how important it is to include the issue in 

the climate negotiations: (a) quantitative reduction targets for global GHG emissions; (b) 

quantitative reduction targets for sectoral GHG emissions; (c) R&D and technology transfer; 

(d) land-use change and reforestation; and (e) adaptation measures. Combining the average 

support for each issue, the index yields a high value if a respondent supports a broad 

negotiation approach—that is, the inclusion of many issues in the negotiations - and a low 

value if a respondent supports a narrow approach - that is, the inclusion of only a few issues 

in the negotiations (α = 0.67). 

In all estimations, we control for respondents’ gender, age, training, employer organization, 

and whether the respondent belongs to the IPCC sample or the UNFCCC sample.
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4.1. Introduction 

Cooperation among nonrelatives occurs frequently, for example among employees or users of 

a common pool resource. Stable cooperation often relies on actual or potential punishment of 

defectors. Punishment can take various forms, ranging from soft measures like disapproval to 

material measures like fines to harsh punishment like ostracism. Punishment may be assigned 

and enforced by an external authority, for example by the government or the employer, or it 

may be initiated and enforced within the community. Numerous studies in the lab and in various 

field contexts have shown that people are willing to punish defectors even at a personal cost 

(Ostrom 1990; Chaudhuri 2011). 

In this paper, we investigate a particular form of punishment, namely ostracism, in an 

experimental setting. Ostracism refers to the general process of excluding individuals from a 

group. We know from previous experiments that the option to exclude other players increases 

cooperation similar to other forms of punishment (see the next section). Our main interest in 

this paper is on whether people choose ostracism as a punishment institution when they have 

the choice and how this decision affects cooperation as compared to an exogenously imposed 

institution.  

Ostracism has been practiced in virtually all societies throughout all recorded history, from 

ancient Rome and medieval European kingdoms, to traditionalist communities like the Amish 

or clans in Tribal Montenegro (Boehm 1986; Gruter 1986; Gruter and Masters 1986; Zippelius 

1986). Imprisonment can be interpreted as modern version of ostracism executed by the 

government. Many groups that exist in modern democratic societies, like political parties, 

companies, or nonprofit associations, have rules that determine if and under what 

circumstances a member can be excluded. These exclusion rules may be implemented fully 

at the group’s own discretion or they may be restricted by superior regulations. For example, 

unions are typically not allowed to exclude individuals from the negotiated improvements of 

the working conditions (Traxler, Blaschke, and Kittel 2002). Political parties and nonprofit 

associations usually have discretion in using and determining exclusion rules and they often 

allow for exclusion if members violate important principles (Bolleyer and Gauja 2015).9 Users 

of common pool resources implement exclusion rules, among other things, to secure a 

sustainable use of the resource. For example, small villages in Switzerland and Japan have 

                                                

9 For example, the statute of the Alliance 90/The Greens in Germany contains the following statement: 
“A member who willfully violates the statute or substantially violates principles of Alliance 90/The 
Greens and by this causes serious harm to the party can be excluded” (available at 
www.gruene.de/satzung, accessed January 2019). The statute of the European People’s Party states 
“The suspension and the exclusion of a member may only be decided by the Political Assembly. It is 
not obliged to disclose its reasons” (available at https://www.epp.eu/files /uploads/2019/01/EPP-
Statutes-adopted-by-the-Helsinki-Congress-on-7-Nov-2018.pdf, accessed January 2019). 

http://www.gruene.de/satzung
https://www.epp.eu/files%20/uploads/2019/01/EPP-Statutes-adopted-by-the-Helsinki-Congress-on-7-Nov-2018.pdf
https://www.epp.eu/files%20/uploads/2019/01/EPP-Statutes-adopted-by-the-Helsinki-Congress-on-7-Nov-2018.pdf
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established rules for managing communal land as well as measures for violations of the rules 

including, as the ultimate punishment, banishment from the village (Ostrom 1990). 

Microfinance groups whose members borrow under joint liability often exclude individuals who 

fail to repay the loan from social activities (Putnam, Leonardi, and Nanetti 1994; Baland et al. 

2017). 

Unlike the deprivation or impairment of property (monetary punishment), ostracism necessarily 

is a collective decision as it requires some form of coordinated response by the community 

members. This can explain why it has been predominantly used for crimes that affected the 

community as a whole, such as cultic violations, arson, or high treason (Zippelius 1986). The 

immediate consequence of excluding non-cooperative individuals is that the society becomes 

smaller. The indirect and longer-term consequence is that further decline of cooperation may 

be averted. Ostracism can be useful in supporting group cohesion but it can also hurt the 

community if too many or the wrong individuals are excluded (Gruter and Masters 1986). Even 

if ostracism is exclusively targeted at defectors, the unforgiving nature of the punishment may 

preclude potential rehabilitation and, together with the provisions that may be needed to 

separate the excluded members from the group, make the punishment overly expensive. 

Despite the widespread incidence of ostracism in human societies around the world, the 

economics literature has devoted only little attention to the phenomenon, especially when 

compared to the study of monetary punishment, which has received considerable attention 

(Ostrom, Walker, and Gardner 1992; Fehr and Gächter 2000; for a review see Chaudhuri 

2011). In this paper, we use a repeated linear public goods game to study whether groups 

choose to implement an exclusion institution when they have a choice.10 Depending on their 

choice, groups either have the option to exclude members over the course of the game or not. 

Excluding a player necessarily means that the social optimum is no longer available as the 

group loses a potential contributor. We distinguish between a costless exclusion institution and 

a costly exclusion institution which, if chosen, reduces the endowment of all players. If there is 

an institutional cost, then implementing the institution forecloses achievement of the social 

optimum even if no group member is excluded. With this design, we want to test whether 

groups choose to implement the exclusion institution, how this choice affects cooperation, and 

how a fixed institutional cost affects the decisions and outcomes. We also compare an 

exclusion institution that is endogenously chosen by the groups to one that is exogenously 

                                                

10 Following Masclet (2003a), Cinyabuguma, Page, and Putterman (2005) and Maier-Rigaud, 
Martinsson, and Staffiero (2010), we describe our game as “public goods game,” even though players 
may be excluded from consuming the good. It is clear, of course, that the exclusion of members is 
infeasible for public goods like national defense, enforcement of law, or clean air. 
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imposed to understand the robustness of the results with respect to how the institution is 

implemented. 

The experimental design clearly represents a marked simplification of the institution formation 

process in the real world which usually is a slow process with gradual changes over time. In 

many of the above-mentioned examples of ostracism, especially those with a long history, it is 

impossible to say when exactly members agreed to use ostracism as a way to punish 

defectors. In some cases, exclusion might have started as an ad-hoc reaction by a few 

members of the society and then developed into a social norm or tradition without ever being 

openly discussed and democratically chosen. Nevertheless, at any given point in time, the 

preservation and functioning of an institution depend on an internal agreement of at least some 

of the society’s members. Curtailing the institution formation process into a limited number of 

decisions in a short period of time allows us to compare the performance of groups that 

implement the institution and groups that do not implement it, and to compare the behavior of 

the supporters and the opponents of the institution. 

We find that a significant share of the experimental groups choose to implement the exclusion 

institution, even when it comes at a cost. Contributions to the public good are significantly 

higher when the exclusion option is available, not only because low contributors are excluded 

but also because high contributors sustain a higher cooperation level under the exclusion 

institution. Supporters of the institution contribute more than its opponents, but only when the 

institution is implemented. With respect to how the institution is implemented, we find that 

groups that choose the institution endogenously contribute slightly more than groups that are 

forced to play under the same institution. The differences, however, are small and not 

statistically significant. 

These results are to a large extent inconsistent with the standard economics model based on 

purely selfish preferences which predicts that the threat of exclusion is not sufficient to support 

cooperation in a finitely repeated game. Given this inconsistency, we use two simple and well-

established models to show that the results can be better explained by assuming social 

preferences. The inequality aversion model by Fehr and Schmidt (1999) assumes that 

individuals dislike income differences between themselves and others. The reciprocity model 

by Rabin (1993) assumes that individuals derive utility from repaying kindness with kindness 

and unkindness with unkindness. The two models make similar predictions for the choice of 

the institution and the experimental results closely resemble the predictions for heterogeneous 

groups in which the majority of players is social and the minority is selfish.  

The remainder of the paper is structured as follows. Section 4.2 provides an overview of the 

previous literature on cooperation in finitely repeated games, the effects of punishment 

opportunities, and endogenous institutional choice. Section 4.3 describes our experimental 
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design and Section 4.4 discusses the institutional choice based on standard economic theory 

and two models of social preferences. Section 4.5 presents the main experimental results (less 

important results are presented in Appendix C.2) and Section 4.6 discusses the results and 

concludes.  

 

4.2. Previous experimental literature 

Numerous public goods experiments have shown that an option to reduce other players’ 

payoffs increases contributions in public goods games (Fehr and Gächter 2000); for a review 

see Chaudhuri 2011). Despite higher contributions, however, overall payoffs do not necessarily 

increase due to the costs that occur on the side of the punishers and their targets. Clear payoff 

advantages are often realized only towards the end of the game or in games with long time 

horizons (Gächter, Renner, and Sefton 2008). Compared with monetary punishment, only few 

studies have investigated the effects of an exclusion institution. These studies typically include 

an additional stage after the contribution stage in which players are informed about individual 

contributions and then can vote to exclude one or more of the other players from the game for 

all or some of the remaining periods (Masclet 2003a; Cinyabuguma, Page, and Putterman 

2005; Maier-Rigaud, Martinsson, and Staffiero 2010; Akpalu and Martinsson 2011).11 These 

studies show that subjects use the exclusion option to exclude low contributors from the group 

and sustain high levels of cooperation among the remaining players. Feinberg, Willer, and 

Schultz (2014) show that cooperators also exclude low contributors from the group when this 

information is not based on their own experience but on a “gossip” note from the co-players of 

that low contributor in a previous game. Davis and Johnson (2015) study an institution in which 

players cannot exclude others from the benefits of cooperation but from an accompanying 

social activity, namely chatting with the other players. They find that players use this exclusion 

mechanism to punish free-riders but the overall effect of this rather soft exclusion mechanism 

on cooperation is small. 

A number of related studies do not look at exclusion of individual players but more broadly at 

sorting mechanisms that allow players to influence with whom they are playing, for instance, 

by letting them choose the group, switch between groups, or form new groups (Ehrhart and 

Keser 1999; Page, Putterman, and Unel 2005; Brekke et al. 2011; Charness and Yang 2014). 

These experiments show that, if the available sorting mechanism allows conditional 

cooperators to separate themselves from the free-riders, they often achieve much higher 

                                                

11 Kopányi-Peuker, Offerman, and Sloof (2018) study the effects of an exclusion institution in a 
weakest-link game. Croson et al. (2015) show that an automatic exclusion institution that always 
excludes the lowest contributor leads to very high cooperation levels. 
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cooperation rates than in fixed groups and also provide an incentive for the free-riders to 

change their strategy.  

Recent studies on endogenous institutional choice investigate if subjects can anticipate the 

positive effect of punishment on cooperation and vote in favor of a punishment institution when 

they have the choice (for a review, see Dannenberg and Gallier 2019 ). A general result of this 

literature is that subjects initially are reluctant to vote for a punishment institution but learn to 

use it as an enforcement mechanism over time. It seems necessary, however, that imposing 

punishments on others is not too expensive, that voters get sufficient feedback on behavior 

under the different institutions, and that they can vote repeatedly (e.g. Gürerk, Irlenbusch, and 

Rockenbach 2006; Ertan, Page, and Putterman 2009; Sutter, Haigner, and Kocher 2010). 

Strong institutions that change the nature of the cooperation game by making full cooperation 

one or the unique equilibrium of the game often have large effects on cooperation and are 

supported by many voters, at least after some rounds of learning (e.g. Tyran and Feld 2006; 

Bó, Foster, and Putterman 2010; Dal Bó, Dal Bó, and Eyster 2018). But also weak institutions 

that do not change the nature of the game can have significant effects on cooperation and be 

quite popular (Feld and Tyran 2002; Fehr and Williams 2017). Institutional costs often reduce 

the support even though costly institutions may still be worthwhile implementing (Markussen, 

Reuben, and Tyran 2014; Barrett and Dannenberg 2017). 

To the best of our knowledge, it has not yet been studied how players vote when the choice is 

between a standard public goods game and a game with an exclusion option. In the experiment 

by Solda and Villeval (2018), the exclusion institution itself is exogenously imposed but players 

can vote to decide who will be excluded and for how long. They find that free-riders, and in 

particular those who deviate considerably and repeatedly from the group average, are 

excluded more often and for a longer period than others. 

The literature on endogenous institutions also tries to answer the question if endogenously 

implemented institutions have different effects on behavior than exogenously imposed 

institutions. A relatively robust result is that groups that implement an institution endogenously 

have higher cooperation rates than groups that are forced to play under the same institution. 

This difference tends to be small for strong institutions that change the equilibrium of the game, 

simply because strong institutions have a large effect on cooperation irrespective of how they 

are implemented. By contrast, the difference can be quite large for weak institutions that do 

not change the equilibrium (Dannenberg and Gallier 2019). We contribute to this literature by 

comparing the effects of an exclusion institution that is endogenously chosen and one that is 

exogenously imposed. This comparison has not been provided yet and it is interesting as the 

exclusion institution is weak from a theoretical perspective but it may be perceived as a 

relatively strong institution by the players. 
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4.3. Experimental design 

4.3.1. The public goods games 

Our experiment on endogenous institutions involves choosing between and playing different 

public goods games. The choice is always between a standard public goods game and a public 

goods game with an option to exclude members from the group. Participants are divided into 

groups of 𝑁 = 5 members that remain fixed throughout the experiment (partner design).12 

There are four phases which consist of five rounds each, with the game being fixed within a 

phase. In every round, groups of size 𝑛 ≤ 𝑁 play a public goods game and every player 𝑖 ∈

{1, … , 𝑛} receives an endowment 𝐸𝑃 of which he or she can contribute to the public good. 

Player is contribution is denoted by 𝑔𝑖. The stage game payoff to player 𝑖 is given by 𝜋𝑖 = 𝐸𝑃 −

𝑔𝑖 + 𝑎 ∑ 𝑔𝑗
𝑛
𝑗=1  and the marginal per capita return (MPCR) is 𝑎 = 0.4. 

In every round, players choose simultaneously how much to contribute to the public good. After 

each round, individual contributions are displayed on the screen in random order, so that it is 

not possible to track the contribution by other members over time. This ensures that the 

decision to vote for the exclusion of a player in a given round is not based on the player’s 

reputation formed in the course of the game, but only on his or her contribution in that round. 

To study endogenous institutional choice, we distinguish between three versions of the public 

goods game which are denoted by 𝑝 ∈ {𝐴, 𝐵10, 𝐵8}. In game A, players’ endowment is 𝐸𝐴 =

10. This game does not allow players to exclude other members from the group so that the 

group size is fixed at 𝑛 = 𝑁 = 5 in all rounds. In game B10, players’ endowment is the same 

as in game A with 𝐸𝐵10 = 10, whereas in game B8, it is reduced by 20% to 𝐸𝐵8 = 8. Both 

games, B10 and B8, allow players to exclude members from the group so that 𝑛 ≤ 𝑁. For this 

purpose, these games include an additional stage. After having been informed about the 

individual contributions, players can vote to exclude a member from the group. Next to each 

contribution, an empty box is shown on the screen which players can tick in order to vote for 

that player to be excluded. The players are informed about the number of votes they have 

received but not from whom. Thus, while blind revenge against the group is possible, targeted 

retaliation after exclusion is not. Each player can cast at most one vote, at no cost, in order to 

determine who should be excluded. Players cannot vote for themselves but they can decide 

not to vote at all. Players who receive the votes from more than half of his or her co-players 

will be excluded from the game for the remaining rounds in that phase. This implies that the 

group can shrink over time. If the group consists of five members, a player must receive at 

                                                

12 Studies of endogenous institutional choice typically use fixed groups to examine the emergence and 
development of institutions; see for example Ertan, Page, and Putterman (2009); Markussen, Reuben, 
and Tyran (2014); Kamei, Putterman, and Tyran (2015); Barrett and Dannenberg (2017). 
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least three votes in order to be excluded. If the group consists of three or four members, a 

player must receive at least two votes in order to be excluded. If the group consists of only two 

members, exclusion is no longer possible. With these voting rules, it is possible but unlikely 

that two players are excluded from the group at the same time. The only case in which two 

players could be excluded at the same time is when there are four players and two of them 

receive exactly two votes. The excluded players receive the endowment, either 𝐸𝐵10 or 𝐸𝐵8 in 

each round but they are no longer able to contribute to and benefit from the public good. They 

are able to observe what happens in the public goods game but they are no longer allowed to 

vote for other players to be excluded.13 There is no exclusion stage in the last round of a phase. 

To exclude the ostracized players from the benefits of the public good but not from getting their 

endowment is a relatively conservative approach. It can be interpreted that the community has 

the power to exclude individuals from the social benefits but not to take away their source of 

livelihood. 

4.3.2. Main treatments 

At the start of each phase, the full group, consisting of 𝑁 = 5 members, chooses the game 

they want to play, with simple majority deciding. Importantly, the choice is always between the 

A game and one of the two B games (and never between the two B games). In the treatment 

called “B10,” players choose between A and B10, while in the treatment called “B8”, players 

choose between A and B8.14 The reduced endowment in B8 compared to game A can be 

interpreted as a collective cost of the exclusion option. We set the fixed cost of the institution 

to 20% of the endowment, so that it would be challenging but not impossible to compensate 

for the cost through higher contributions in the B8 game. All members of the group 

simultaneously vote either for game A or for game B. There are no abstentions. For a game to 

be selected, at least three out of the five members must vote for that game. Members are 

informed about which game has been selected, but not about the individual votes. Afterwards, 

the group plays the chosen game throughout that phase. If the group plays B10 or B8 and a 

player gets excluded from the group, the exclusion lasts only until the end of the respective 

phase. At the beginning of the new phase, the excluded player re-enters the group and all 

players vote again to choose between game A and game B. Figure 4.1 presents the time line 

in the experiment. 

                                                

13 The design of the B game, including the voting rules, is the same as in Maier-Rigaud, Martinsson, 
and Staffiero (2010). 
14 Since the choice is always between the A game and one of the B games, there is no mention of B10 
or B8 in the experimental instructions but only game B. We used neutral language throughout, voiding 
terms like “cooperation,” “ostracism,” or “punishment.” The instructions can be found in the Appendix 
C.3. 
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Figure 4.1. Voting rounds and phases 

 

A few things about our design are worth noting. First, players can abstain from the exclusion 

vote but not from the vote on the institution. There are several reasons for this. The nature of 

our research question, which is endogenous institutional choice and its consequences, 

requires an active game choice by the participants. Allowing for abstention from the institutional 

vote would have introduced behavioral issues out of our control. For example, playing game B 

would not necessarily imply that the majority has voted in favor of B. Another reason is to avoid 

practical inconvenience. Assume that all five players abstain from voting or there is a tie. A 

random device would have been needed then to determine which game is played, since one 

of the two games must be played. In this situation, the institutional choice would not have been 

endogenous. In the case of the exclusion vote these factors are less of an issue. The option 

to abstain is necessary here for situations in which all group members make equally high (or 

low) contributions. Second, given the MPCR of 𝑎 = 0.4, contributing to the public good is 

inefficient once the group has shrunk to just two members. In this case, the collective benefit 

of contributing one unit to the public good is smaller than the cost (0.8 < 1). This could have 

been avoided by a higher MPCR. If, for example, the MPCR was increased to 0.6, contributing 

to the public good would be efficient even with two players only. However, in the initial group 

of five players, the full cooperative payoff would then be three times as large as the Nash 

payoff and thus create strong incentives to cooperate even without the exclusion institution. 

Alternatively, we could have restricted the voting rule in the B games by capping the number 

of excludable players at two but this would have facilitated the institutional choice between 

game A and game B. In our design, if players choose the B game their challenge is to maintain 

both a high cooperation level and a large enough group. Third, our groups start the experiment 

by choosing between the games with no prior experience. Therefore, all learning is 

endogenous as it depends on how groups choose and play over the course of the experiment. 

Experience has been shown to be critical for institutional choice, so a natural extension of our 

study would be to have subjects gain some experience in one or both games before they 

choose between them (Markussen, Reuben, and Tyran 2014; Barrett and Dannenberg 2017). 
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4.3.3. Exogenous control treatments 

With endogenous choice of the institution, where groups select themselves into the different 

games, it is not clear if the institution is successful because it attracts the most cooperative 

groups or because the institution changes the incentives to cooperate, regardless of whether 

the groups are particularly cooperative or not. In order to distinguish between the effect of self-

selection and the effect of the institution, we conducted two additional treatments, B10-exo 

and B8-exo, in which groups played games A and B over the same number of rounds but, 

unlike the groups in the endogenous treatments, these groups could not vote on the two games 

but had to play the game that was announced by the computer.15 For each group in the 

endogenous treatments, we had one group in the exogenous treatments that played the exact 

same sequence of A games and B games (perfect matching groups). This means that, in each 

phase, the distribution of groups between the two games in the exogenous treatments is 

identical to the distribution in the corresponding endogenous treatment. To keep the difference 

to the endogenous treatments to a minimum, players in the exogenous treatments were not 

informed about the sequence in advance but learned which game they would play only at the 

beginning of each phase. Apart from the missing voting stage and the way the games were 

chosen, everything in the exogenous treatments was identical to the endogenous treatments. 

The exogenous treatments also allow us to compare the results with the previous literature. 

4.3.4. Implementation 

The experimental sessions were held in a computer lab at the University of Magdeburg, 

Germany, using undergraduate students recruited from the general student population. In total, 

460 students participated in the experiment with each one taking part in one treatment only 

(between-subject design). For our main treatments, we conducted eight sessions in June 2016 

and assigned them randomly to B10 and B8.16 For the exogenous control treatments, we 

conducted ten sessions in September and November 2018 at the same computer lab and 

assigned them randomly to B10-exo and B8-exo.17 For each of the four treatments, we had 23 

groups that consisted of five players each. In each session, subjects were seated at linked 

                                                

15 The self-selection effect under endogenous institutional choice is accompanied by two additional 
effects. First, an information effect arises because players learn whether the majority of group 
members has supported or opposed the institution and thus can draw conclusions about the 
cooperative nature of the group members. Second, the process of choosing the institution by itself can 
improve cooperation through, for example, strengthened feelings of group identity, which has been 
labeled democracy effect (Dal Bó 2014; Dannenberg and Gallier 2019). Our design does not allow us 
to distinguish between these three effects but only if they jointly lead to different behavior than the 
institution effect only. 
16 Sample characteristics (age, gender, study subject, and final school grade) do not significantly differ 
between B10 and B8 (T test or 𝜒2 test, 𝑝 < 0.1 each). 
17 As the control treatments were conducted later, we could not randomize between them and the 
main treatments. However, we paid careful attention that we recruited from the same subject pool and 
that the participants had roughly the same level of experience with experiments. 



Voting on the threat of exclusion 

 

 

 57 

computers (game software z-Ttree; Fischbacher 2007) and randomly divided into five-person 

groups. Subjects did not know the identities of their co-players, but they did know that the 

membership of their group remained unchanged throughout the session. The experimental 

instructions were handed out to the students and also read aloud to ensure common 

knowledge. They carefully explained both games, A and B, and included several numerical 

examples. Before subjects began playing the games, they had to answer a number of control 

questions. The control questions tested subjects’ understanding of the games to ensure that 

they were aware of the available strategies and the implications of making different choices. 

The experiment began only when all participants had answered the control questions correctly. 

Questions during this process were answered privately. During the game, earnings were 

displayed in tokens. It was public knowledge that payments would be calculated by summing 

up the number of tokens earned over all rounds and by applying an exchange rate of €.05 per 

token. At the end of the experiment, subjects were paid their earnings privately in cash. 

 

4.4. Theoretical background 

In this section we derive the equilibria of games A and B, using standard preferences and two 

models of social preferences. For each model, we provide predictions for players’ choice 

between the games, assuming common knowledge of preferences throughout. For brevity we 

present only a summary of the main results, while the complete analysis with the proofs can 

be found in Appendix C.1. 

4.4.1. Standard preferences model 

In the standard preferences model, zero contribution by all players is the unique Nash 

equilibrium (NE) of the stage game. This equilibrium is Pareto dominated by the outcome in 

which all players contribute their entire endowment as long as the group has more than two 

members. By backward induction it obtains that the unique subgame perfect Nash equilibrium 

(SPNE) of the repeated game is zero contribution by all players in each round, regardless of 

the game played. Thus, players are indifferent between game A and game B10, but prefer A 

to B8 as the former gives a higher endowment and so a higher payoff. Hence, the standard 

preferences model predicts that game B8 is never played when the choice is between A and 

B8. When the choice is between A and B10, each game will be played half the time. If B10 is 

chosen, then any configuration of votes and group sizes can be part of an equilibrium because 

exclusion in our setting is costless and players are thus indifferent between excluding and not 

excluding a group member (see Appendix C.1.1). 
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4.4.2. Inequality aversion model 

In the inequality aversion model by Fehr and Schmidt (1999), players derive utility from the 

material earnings resulting from the public good, and they derive disutility if their earnings are 

higher than those of other group members (advantageous inequality aversion) or if their 

earnings are lower than those of other group members (disadvantageous inequality aversion). 

Specifically, the inequality averse utility function is: 

𝑈𝑖(𝜋𝑖) =  𝜋𝑖 − 𝛼𝑖

1

𝑛 − 1
∑ max{(𝜋𝑗 − 𝜋𝑖), 0} − 𝛽𝑖

1

𝑛 − 1
∑ max{(𝜋𝑖 − 𝜋𝑗), 0}

𝑗≠𝑖

,

𝑗≠𝑖

 

where 𝜋𝑖 is player 𝑖’s material payoff from the public good, 𝛼𝑖 measures the aversion to 

disadvantageous inequality and 0 ≤ 𝛽𝑖 < 1 captures the aversion to advantageous inequality. 

Moreover, 𝛼𝑖 ≥ 𝛽𝑖 such that players are more averse to disadvantageous than to 

advantageous inequality. 

With these preferences, any weakly positive contribution level 𝑔𝑖 = 𝑔 ∈ [0, 𝐸𝑃], for all i, can be 

supported as an equilibrium of the stage game if all group members are sufficiently averse to 

advantageous inequality, i.e. 𝛽𝑖 ≥ 1 − 𝑎 = 0.6. We call these players conditional cooperators, 

following the original paper. This equilibrium exists in both games and it makes no use of the 

exclusion option in game B. However, it requires coordination on a certain contribution level 

for which full contributions seems to be a natural focal point as it is Pareto dominant. By 

backward induction it obtains that full contributions in each round is a SPNE, regardless of the 

game played. Since the exclusion option in game B is not used, the choice between the games 

is governed by the contribution level on which players coordinate in each game. If there is 

coordination on the same contribution level across the games, then groups of inequality averse 

players are indifferent between playing A and playing B10, but they strictly prefer A to B8 (see 

Appendix C.1.2). 

With one selfish player in the group, with 𝛽𝑖 < 1 − 𝑎 = 0.6, the unique equilibrium of the stage 

game is zero contribution by all players, since this strategy is dominant for the selfish player.18 

Given this, it is also the best response of the remaining conditionally cooperative players, i.e. 

those players for which 𝛽𝑗 ≥ 0.6.19 However, in game B, the conditional cooperators can use 

the exclusion institution against the selfish player. It can be shown that, although in the first 

round all players contribute zero due to the presence of the selfish player, the conditional 

cooperators exclude her after this round and cooperation is restored for the remaining rounds 

of play. Because exclusion is not possible in game A, the only SPNE of game A is zero 

                                                

18 The situation with two selfish players is qualitatively similar (see Appendix C.1.2). 
19 Our parameter values satisfy the condition from Proposition 4, Part b in Fehr and Schmidt (1999). 



Voting on the threat of exclusion 

 

 

 59 

contribution by all players in every round. Given these equilibrium outcomes, the selfish player 

either strictly prefers game A over both B8 and B10 (if 𝛼𝑖 > 0) or she prefers A over B8 and is 

indifferent between A and B10 (if 𝛼𝑖 = 0).20 The conditional cooperators strictly prefer B10 to 

A and they prefer B8 to A if they coordinate on a high enough contribution level after excluding 

the selfish player. With our experimental parameters, these players should contribute more 

than 5 tokens for game B8 to be preferred (see Appendix C.1.2).21 

4.4.3. Reciprocity model 

The reciprocity model of Rabin (1993) assumes that people derive utility from reciprocation of 

kindness and unkindness, in addition to the monetary gains. We base our analysis on the multi-

player extension of this model by Nyborg (2017) and define the reciprocal utility as 

𝑢𝑖 = 𝜋𝑖 + 𝛽𝑖𝑅𝑖, 

where 𝜋𝑖 is the material payoff from the public good, 𝛽𝑖 is the weight attributed to reciprocation, 

and 𝑅𝑖 is the reciprocation term. We use the same measure of kindness as in Nyborg (2017) 

and define the reciprocation term as: 

𝑅𝑖 =
1

𝑛 − 1
(∑ 𝑓𝑗𝑖

𝑗≠𝑖

+ ∑ 𝑓𝑖𝑗𝑓𝑗𝑖

𝑗≠𝑖

), 

where 𝑓𝑖𝑗 is the kindness of player 𝑖 towards player 𝑗 and 𝑓𝑗𝑖 is 𝑖’s belief about the kindness of 

𝑗 towards 𝑖. If all players have a sufficiently high concern for reciprocation, i.e. 𝛽𝑖 = 𝛽 >

2𝐸𝑃(1 − 𝑎), ∀𝑖 = 1, … . , 𝑛, then the stage game has two pure strategy NE, one in which all 

players contribute zero and one in which all players contribute their full endowment. For the 

SPNE, in which either of the stage-game equilibria is repeated every round, the symmetry of 

the equilibrium leaves the exclusion institution in game B unused (or ineffective if used in the 

zero-contribution equilibrium). Hence, groups of highly reciprocal players are indifferent 

between A and B10, but prefer A to B8 due to the higher endowment (see Appendix C.1.3). If 

                                                

20 Intuitively, by playing B and being excluded, as the equilibrium play of this game shows, the selfish 
player suffers from disadvantageous inequality because the rest of the players have higher monetary 
gains by cooperating from the second round onwards. This does not happen when playing game A 
since everyone earns the endowment in the zero-contribution equilibrium. This is true in both 
treatments. Only when the disadvantageous inequality aversion parameter α is zero, is the selfish 
player indifferent between A and B10. For details, see Appendix C.1.2. 
21 For the cutting-edge contribution of 5 tokens, the conditional cooperators should, in addition, have a 
low enough aversion to advantageous inequality to compensate for the relatively low contributions. 
The anticipation that contributions are equal or less than 4 tokens would make players choose game 
A. That is because the gains from the public good are outweighed by the disutility from the aversion to 
advantageous inequality that would result from the exclusion of the selfish player in game B8. 
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players are not sufficiently reciprocal, i.e. 0 < 𝛽 < 2𝐸𝑃(1 − 𝑎), then zero contribution by all 

players is the only equilibrium. 

When there is one non-reciprocal player with 𝛽𝑘 = 0, but 𝛽𝑖 = 𝛽 > 0, 𝑖 ≠ 𝑘 the stage game 

again has two pure-strategy NE. The non-reciprocal player contributes zero, regardless of what 

the reciprocal players do. Apart from the equilibrium in which all players contribute zero, there 

is a pure-strategy equilibrium in which the reciprocal players contribute their full endowment, 

but only if they are highly reciprocal, i.e. 𝛽 > 2𝐸𝑃(1 − 𝑎)
𝑛−2

𝑛−3
. These two types of equilibria exist 

both in game A and in game B. Therefore, the repetition of either of the two pure-strategy NE 

is a SPNE of game A. However, in game B, the SPNE that involves the full-contribution 

equilibrium by the highly reciprocal players in all rounds includes the exclusion of the non-

reciprocal player after the first round. If the reciprocal players are only moderately reciprocal, 

i.e. 2𝐸𝑃(1 − 𝑎) < 𝛽 < 2𝐸𝑃(1 − 𝑎)
𝑛−1

𝑛−3
, then in game B there is yet a third SPNE in which all 

players contribute zero in the first round, the reciprocal players exclude the non-reciprocal 

player after this round and contribute their full endowments thereafter. 

For the choice between the games we assume that the reciprocal players play consistently 

across the two games either the zero- or the full-contribution equilibrium, when they exist in 

both games. If the zero-contribution equilibrium is played, then players are indifferent between 

B10 and A, but strictly prefer A to B8. If the full contribution equilibrium is played, then both 

game B10 and game B8 are preferred by the reciprocal players. Even if the reciprocal players 

are only moderately reciprocal they prefer B10 and B8 to game A and use the exclusion 

institution. The nonreciprocal player strictly prefers game A over B10 and B8, since game A 

allows her to benefit from the public good while defecting in all rounds (see Appendix C.1.3). 

4.4.4. Differences between standard and social preferences 

In summary, in the standard preferences model, the exclusion institution does not change the 

zero-contribution equilibrium, as the threat of exclusion is not sufficient to sustain cooperation. 

When social preferences are assumed, the composition of the group and the ability of the 

social players (with strong preferences for equality or reciprocity) to coordinate towards the 

Pareto-superior equilibrium are crucial for the game choice. Groups consisting solely of social 

individuals can sustain cooperation in both games. If at all, they choose the exclusion institution 

only if it is costless and they do not use it in equilibrium. If there is a selfish player in the group 

who does not care much about equality or reciprocity and if the social players coordinate 

successfully, they implement the exclusion institution, exclude the selfish player from the 

group, and cooperate thereafter. With some restrictions, this is also true when the exclusion 

institution is costly. While it is not our intention to test the two theories of social preferences 

with this experiment, as has been done for example by Blanco, Engelmann, and Normann 
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(2011), we use them to provide possible explanations for why players may vote for and use 

the exclusion institution. 

 

4.5. Results 

We first describe how individuals voted between the two games in the endogenous treatments 

and how they performed depending on their choice of the game. We then describe the behavior 

of the players in the exogenous treatments and how it compares to the endogenous case. To 

keep the focus on institutional choice and its effects on cooperation, additional results are 

presented in Appendix C.2. 

4.5.1. Voting behavior and game choice 

Figure 4.2. Voting behavior and game choice by treatment 

 

Figure 4.2 shows how individuals vote over the four phases, how many groups play game A, 

the standard game without exclusion option, and how many groups play game B, the game 

with exclusion option, in each phase. The majority of individuals votes for game A in the first 

phase in both treatments, with the majority being particularly large when game B has a lower 

endowment (B8) than game A. However, the share of individuals who vote for B increases 

over the course of the four phases. The increase in votes for B is the largest from the first to 

the second phase and becomes smaller in later phases. The support for game B also increases 

when it has a lower endowment, but at a lower level. In the B10 treatment, the share of B-

voters increases from 37% in the first phase to 80% in the last phase and the share of groups 

that play B rises from 30% to 96%. In B8, the share of B-voters increases from 16% to 49% 
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and the share of groups that play B increases from 4% to 52%. In each phase, groups are 

more likely to play game B in B10 than in B8 (Fisher’s Exact test, p < 0.05 for each phase).22 

A closer look at the individual voting behavior shows that most individuals do not move back 

and forth between voting for A and voting for B, but vote relatively consistently. In both 

treatments, 83% of the individuals who start the first phase by voting for game A either keep 

voting for A until the end or switch to B at some point and then keep voting for B. In the B10 

treatment, 91% of the individuals who first vote for game B never switch to A. In the B8 

treatment, where game B is costly, a relatively large share of 56% consistently votes for B 

without switching to A. Likewise, at the group level, 75% of groups in B10 and 68% of groups 

in B8 that start the first phase by playing A either keep playing A or switch to B at some point 

without switching back. The groups that start by playing B never switch to A.  

Table 4.1. Probability of voting for game B 

 B10 B8 

 (1) (2) (3) (4) 
Previous game Game A Game B Game A Game B 

Voted for game B in previous phase (d) 0.3343*** 0.5578*** 0.3852*** 0.5147*** 
(0.0698) (0.0738) (0.1180) (0.1430) 

Average payoff in previous phase -0.0276**  -0.0457***  
(0.0134)  (0.0080)  

       for previously non-excluded subjects  0.1277  0.0560* 
 (0.0113)  (0.0303) 

       for previously excluded subjects  -0.0033  -0.0537 
 (0.0184)  (0.0525) 

Average contribution (%) in previous phase 0.3121**  -0.1332  
(0.1575)  (0.1031)  

       for previously non-excluded subjects  0.3374*  -0.5370 
 (0.1888)  (0.3880) 

       for previously excluded subjects  0.1615  0.0396 
 (0.1575)  (0.3839) 

Excluded in previous phase (d)  -.0359  0.0130 
 (0.0665)  (0.1223) 

Observations 125 220 250 95 

Note: Average marginal effects (discrete effects for binary variables) from random effects probit 
estimations (pooled binary probit estimations in column (2)) with standard errors in parentheses. 
Standard errors clustered by group. Level of significance: * p < 0.10, ** p < 0.05, *** p < 0.01. Dependent 
variable is the probability of voting for game B. When game B was played in the previous phase, 
regressions include interaction terms between average payoff in previous phase and excluded in 
previous phase as well as between average contribution in previous phase and excluded in previous 
phase. Dummy indicators for phases are included. (d) indicates dummy variable. 

Table 4.1 shows regression results on the probability of voting for game B, conditional on 

treatment and the game played by the group in the previous phase. The best predictor of 

whether an individual votes for game A or game B is the voting decision in the previous phase, 

confirming that the preferences for the games are relatively stable over time. Another predictor 

is the payoff in game A when game A was played in the previous phase. The higher an 

                                                

22 If not stated otherwise, we use two-sided tests and the number of groups per phase or the average 
per group and phase as unit of observation for the statistical tests. 
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individual’s payoff in game A, the less likely this person is to vote for game B in the next phase. 

These results show that, unlike in theory where we assume common knowledge of 

preferences, players in the experiment must first learn about their co-players’ preferences and 

then adjust their institutional choice accordingly. Despite the need to learn, the stability of the 

voting decisions over time is remarkable and thus consistent with the theory. 

4.5.2. Contributions 

Table 4.2 gives an overview of average contributions, measured as percent of endowment, 

and average payoffs conditional on treatment, phase, and game. Contributions are 

substantially higher in game B than in game A, irrespective of treatment or phase. In B10, the 

average contribution across all phases is 41% in game A and 76% in game B. In B8, the 

average contribution is 41% in game A and 74% in game B. The differences in contributions 

between game A and game B within each treatment and phase are almost always statistically 

significant (Mann–Whitney–Wilcoxon (MWW) test, p < 0.05 for each treatment and phase, 

except phase II in B10 where p = 0.1009). 

Table 4.2. Average contributions and payoffs by treatment, phase, and game 

 B10  B8 

Phase Game 

Number 
of 

groups 
in each 
game 

Mean 
group 
size 

Average 
contribution  

(in %)  

Average 
payoff 

(insider) 

Average 
payoff 
(all) 

 

Number 
of groups 
in each 
game 

Mean 
group 
size 

Average 
contribution 

(in %) 

Average 
payoff 

(insider) 

Average 
payoff  
(all) 

I 
A 16 5 45.82 14.6 14.6  22 5 49.78 15.0 15.0 

B 7 4.6 83.14*** 17.4** 17.1*  1 4.6 93.00† 14.5† 14.0† 

II 
A 5 5 41.68 14.2 14.2  14 5 44.20 14.4 14.4 

B 18 4.3 75.91 16.4 15.8  9 4.3 82.51*** 13.1 12.6 

III 
A 4 5 24.20 12.4 12.4  14 5 40.89 14.1 14.1 

B 19 4.5 76.19† 16.9† 16.4†  9 4.5 71.79*** 13.1 12.8 

IV 
A 1 5 11.20 11.1 11.1  11 5 35.85 13.6 13.6 

B 22 4.5 72.42† 16.5† 16.0†  12 4.5 66.22*** 13.1 12.6 

All 
A  5 41.1 14.1 14.1   5 40.71 14.1 14.1 

B  4.3 75.69*** 16.3*** 15.7*   4.3 74.00*** 12.9* 12.4*** 

Note: The table shows average contributions (in percent of endowment) and payoffs conditional on 
treatment, phase, and game. Stars indicate statistically significant differences between groups playing 
game A or game B within the same treatment and phase, using a two-sided MWW test and the group 
average per phase as unit of observation. In the bottom two lines (“All”), stars indicate statistically 
significant differences within groups when they play A or B in different phases, using a Wilcoxon signed-
rank test and the group’s average contribution/payoff in either game across all rounds. Groups that play 
either A or B in all rounds are left out. Level of significance: * p < 0.10, ** p < 0.05, *** p < 0.01. † 
indicates that the number of observations is too low to run a test (n < 5).  

Figure 4.3 shows how average contributions develop over time conditional on treatment and 

game. We see a strong end-of-phase effect in game B where the threat of exclusion dissolves 

and contributions drop to a similarly low level as in game A. This drop indicates that the learning 

process and the exclusions over the course of the game do not completely eliminate the 

uncertainty about the other players’ preferences and the remaining players do not want to risk 

a too high contribution without the threat of exclusion. 
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Figure 4.3. Average contributions over time by treatment 

 

Note: The figure shows average contributions over time, measured in percent of endowment, in game 
A (blue) and in game B (red) by treatment. The dashed lines indicate that data points are based on only 
few observations (n < 5). Excluded players in game B are omitted. The lines thus represent the average 
efficiency level where efficiency is defined as the maximum payoff possible given the size of the groups. 
The bars depict average group size for groups playing game B in the respective phase. 

Of course, higher average contributions in game B could simply result from the exclusion of 

low contributors. To test if the exclusions alone account for the differences between game A 

and game B, we compare the contributions provided by the highest contributors between the 

two games by leaving out the excluded players in game B and the lowest contributors in game 

A.23 The contributions of the remaining players are significantly higher in game B than in game 

A, irrespective of treatment and phase (see Table C3 and Figure C1 in Appendix C.2.1). Thus, 

the exclusion of low contributors alone cannot explain the higher average contributions in game 

B. 

                                                

23 The average group size excluding the lowest contributors in game A is four, which roughly equals 
the average group size in game B. In game A, in 82% of groups, the lowest contributor is a single 
player. In 2% of groups, all players make equally high contributions and thus have no lowest 
contributor. In the remaining groups, two or more players are identified as the lowest contributors. 
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4.5.3. Difference between A-voters and B-voters 

In order to test if there are behavioral differences between individuals who vote for game A 

and individuals who vote for game B, we investigate if and how the voting decision affects the 

contribution decision in the same phase. We start by comparing the contribution decisions of 

A-voters and B-voters when they play game B for the very first time. In the B10 treatment, A-

voters contribute on average 59% in the first round of playing game B while B-voters contribute 

83% in the first round. In B8, A-voters contribute on average 63% in the first round while B-

voters contribute 87%. Table 4.3 provides the corresponding regression results on the 

differences between A-voters and B-voters when they play game B for the first time (columns 

(1) to (4)). The results show that having voted for game B significantly increases first round 

contributions in both treatments. Additional regression results, shown in Appendix C.2.2 (Table 

C4), show that A-voters and B-voters do not only behave differently in the first round of playing 

game B, but also on average in the first phase of playing game B. 

Columns (5)–(8) in Table 4.3 show the differences between A-voters and B-voters when game 

B is played for the second, third, or fourth time. We see that having voted for B in these cases 

has a smaller and often insignificant effect on contributions, indicating that the differences 

between A-voters and B-voters wear off when they gain experience with the B game. 

Table 4.3. First round contributions in game B 

 Game B is played for the first time Game B is not played for the first time 

(1) 
B10 

(2) 
B10 

(3) 
B8 

(4) 
B8 

(5) 
B10 

(6) 
B10 

(7) 
B8 

(8) 
B8 

Voted for game B (d) 0.2294*** 0.2341** 0.2509** 0.2555** 0.0561*** 0.0396* 0.0817 0.0565 
 (0.0651) (0.0915) (0.0952) (0.0928) (0.0217) (0.0204) (0.0747) (0.0652) 
Average contribution 
(%) in previous phase 

 0.3874***  0.5416***  0.1320*  0.2285 
 (0.1118)  (0.0832)  (0.0702)  (0.1468) 

Game B in previous 
phase (d) 

     0.0495  -0.1431 
     (0.0770)  (0.1269) 

Observations 115 80 75 70 215 215 80 80 

Note: OLS estimation results (Columns (1)-(4)) and random effects GLS estimation results (Columns 
(5)-(8)) with standard errors in parentheses. Standard errors are clustered by group. Dependent variable 
is the individual contribution as percentage of endowment in game B. Level of significance: * p < 0.10, 
** p < 0.05, *** p < 0.01. Columns (5) – (8) exclude the first phase. Regressions include dummy indicators 
for phases. (d) indicates dummy variable. 
 

We ask next if A-voters and B-voters also behave differently in game A, especially at the 

beginning when they have not yet gained any experience. In B10, when subjects play game A 

for the first time, A-voters contribute 56% in the first round while B-voters contribute 61% in the 

first round. In B8, A-voters contribute 66% in the first round and B-voters contribute 64%. The 

corresponding regression analyses on the differences between A-voters and B-voters in game 

A show that the voting decision only rarely affects contribution decisions in game A. Due to the 

mostly insignificant results, these regressions are shown in Appendix C.2.2 (Tables C5 and 

C6). The regressions shown in Table 4.3 and in Appendix C.2.2 also show that, in all 

treatments and games, a player’s average contribution in the previous phase predicts the 
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contribution in the current phase, indicating a relatively consistent contribution pattern over 

time. 

4.5.4. Group size and exclusion of players 

While the group size is fixed in game A, it is possible for groups to shrink to a minimum of two 

players in game B. The average group size in game B across all rounds and phases is 4.3 and 

the average group size at the end of a phase is 3.8 in both treatments. In the B10 treatment, 

on average across all phases, 24% of groups keep a group size of five throughout the phase, 

47% reach a group size of four, 17% a group size of three, and 12% a group size of two. The 

respective numbers for the B8 treatment are 26, 42, 23, and 10%. 

Groups that do not exclude any members in game B attain very high contribution levels, which 

suggests that these groups happen to consist of conditional cooperators or that the mere threat 

of exclusion is sufficient to keep cooperation up. Groups that play game B and do exclude one 

or more members still achieve higher average contribution levels than groups that play game 

A. 

The analysis of the voting decisions to exclude other players shows that many players receive 

a vote during the course of the game, but a much smaller share is actually excluded. Of the 

subjects who play game B at least once, 71% in B10 and 76% in B8 receive at least one vote 

for their exclusion. Forty-seven percent in B10 and 37% in B8 are excluded at least once over 

the course of the experiment. In both treatments, even though high and average contributors 

receive some votes, only the lowest contributors are excluded from the group. Thus, the 

exclusion option is used very effectively and no “anti-social” punishment occurs. Comparing 

the contribution behavior in game B, before and after the exclusion, we find that previously 

excluded subjects adapt their contribution levels in the direction of the others’ average, but 

they still contribute less than the others. Over the same phases, non-excluded subjects keep 

their relative contribution levels constant and very close to the average of the others. The 

adjustment of the excluded players appears to be perceived as insufficient. In both treatments, 

we find that previously excluded individuals face a significantly higher likelihood of being 

excluded (again) than individuals who have not been excluded before (see Tables C7 and C8 

in Appendix C.2.3). Note that repeated exclusion cannot occur due to bad reputation as the 

contribution decisions are shown in random order in each round. 

Players who receive a vote from their co-players but are not excluded can still perceive this as 

a warning that their contribution has been inadequate. Comparing contribution behavior before 

and after receiving a vote, we find that subjects who contribute less than the average of the 

others and who receive a vote but are not excluded adapt their contribution level in the direction 

of the others’ average in the next round of the same phase. This is also the case for low 
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contributors who do not receive a vote for their exclusion—but their adjustment is smaller (see 

Table C9 in Appendix C.2.3). 

4.5.5. Payoffs 

We have already established that, in both treatments, contributions in game B are significantly 

higher than in game A. However, this does not necessarily mean that payoffs are higher as 

well since the number of potential contributors in game B is lower and, in the B8 treatment, the 

endowment is lower. Across all phases, we see that game B leads to slightly higher payoffs 

when there is no institutional cost and it leads to slightly lower payoffs when there is an 

institutional cost. In B10, the average payoff in game A is 14 tokens and the average payoff in 

game B is 16 tokens. In B8, the average payoff in game A is 14 tokens and the average payoff 

in game B is 12 tokens. 

Table 4.2 (and Figure C2 in Appendix C.2.4) show that, in B10, average payoffs in all phases 

are higher in game B than in game A and the difference is statistically significant in phase I 

(MWW test, p < 0.1). In treatment B8, average payoffs are lower in game B than in game A in 

all phases, but the differences are never statistically significant. Table C10 in Appendix C.2.4 

shows that, when we compare only the highest contributors (the non-excluded players in game 

B and the highest contributors in game A), average payoffs are always higher in game B than 

in game A when there is no institutional cost, with the difference being statistically significant 

in phase I (MWW test, p < 0.05). When there is an institutional cost, the high contributors’ 

average payoffs are lower in game B than in game A, but the difference is not statistically 

significant. 

4.5.6. Comparison between endogenously chosen and exogenously imposed 

ostracism institution 

Figure 4.4 provides a comparison of contribution rates in the two games between the 

endogenous treatments, B10 and B8, and the corresponding exogenous treatments, B10-exo 

and B8-exo. It shows that contribution rates are very similar in the endogenous treatments and 

the exogenous treatments. Contributions in the B game are slightly higher in the endogenous 

treatments than in the exogenous treatments in both B10 and B8. The same is true for the A 

game but only in the B8 treatment. There is no clear tendency in the B10 treatment. All these 

differences between endogenous and exogenous are very small and not statistically significant 

(MWW test, p > 0.1 each). Everything we have observed for the endogenous treatments also 

happens in the exogenous treatments: Contributions in the B game are significantly higher 

than in the A game and this is true for both B10-exo and B8-exo (MWW test, p < 0.05 for each 

treatment and phase, except phase I in B10-exo where p = 0.1814). There is a strong end-of-

phase effect in the B games where contributions drop to a low level. In B10-exo, average 



Voting on the threat of exclusion 

 

 

68  

payoffs are higher in the B game than in the A game and the differences are significant in two 

phases (phases II and III, MWW test, p < 0.1 each). In B8-exo, average payoffs are higher in 

the A game than the B game and the difference is significant in one phase (phase II, p < 0.1). 

On average, one player is excluded in the B games and, with one exception, this is always the 

lowest contributor. As illustrated in Figure 4.4, the group size in the B game is very similar in 

B10 and B10-exo (MWW test, p > 0.1 in all phases). When the exclusion institution comes at 

a cost, groups playing the B game tend to be slightly larger in B8 than in B8-exo and the 

difference is weakly significant in phase III (p = 0.0965). Regarding exclusions of individuals 

and exclusion votes, we find no significant differences between the endogenous and the 

corresponding exogenous games (p > 0.1 each).24  

Figure 4.4. Comparison of contribution rates between endogenous and exogenous treatments 

 
Note: The figure shows average contributions over time, measured in percent of endowment, in game 
A (blue) and in game B (red) by treatment. The dashed lines indicate that data points are based on only 
few observations (n < 5). Observations in the exogenous treatments are marked by triangles. 
Observations in the endogenous treatments are marked by circles. The bars depict average group size 
for groups playing game B in the respective phase, for the endogenous treatments (empty bars) and the 
exogenous treatments (grey bars). 
 

Taken together, behaviors in the endogenous treatments and the exogenous treatments are 

very similar. In particular, the use and the effectiveness of the exclusion institution are very 

                                                

24 Regression analyses that additionally control for sample characteristics also show no significant 
differences between the endogenous and the exogenous treatments. 
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similar. This suggests that the voting process and self-selection into the institution do not play 

a major role compared to the effect of the institution itself. A plausible explanation for this is 

that the exclusion mechanism is perceived as a relatively strong institution that is effective not 

only for particularly cooperative groups but, once it is implemented, for most groups. 

Our results for the exogenous treatments also largely confirm the findings of previous studies 

(Cinyabuguma, Page, and Putterman 2005; Maier-Rigaud, Martinsson, and Staffiero 2010). 

The average contribution rate under the exclusion institution (73% in B10-exo and 71% in B8- 

exo) is slightly lower than the 80% found by Maier-Rigaud, Martinsson, and Staffiero (2010) 

and the 90% found by Cinyabuguma, Page, and Putterman (2005). The reason for this may 

be that exclusion in these studies had more severe consequences than in our setting. 

 

4.6. Discussion and conclusion 

While monetary punishment has been extensively studied in the economics literature, 

ostracism has received much less attention and, to the best of our knowledge, the endogenous 

choice of an ostracism institution has not been studied previously at all. With our design, we 

can test if experimental groups implement an exclusion institution when they have a choice, 

how the choice affects cooperation and payoffs, if and how supporters and opponents of the 

institution differ, and how an institutional cost affects behavior. We can also test the differences 

between an exclusion institution that has been chosen endogenously and one that is 

exogenously imposed. The behavior in the experiment certainly is noisier and more fluctuating 

than in theory. An important reason arguably is that the theory assumes common knowledge 

of preferences while the players in the experiment have at least incomplete knowledge. Thus, 

they need to make inferences about the co-players’ preferences over the course of play and 

deal with the remaining uncertainty. Nevertheless, the behavior is far from random and shows 

remarkable stability with regard to voting between games, contributions, and the exclusions of 

players. Since our experimental design is not trivial, it is reassuring that our results confirm 

important findings from the previous literature. Like previous studies of ostracism (Masclet 

2003a; Cinyabuguma, Page, and Putterman 2005; Maier-Rigaud, Martinsson, and Staffiero 

2010), we find in all of our experimental conditions that the exclusion institution increases 

contributions to the public good. Subjects who have been excluded or received a vote for 

exclusion adjust their contributions closer to the group average in later rounds (Masclet 2003a; 

Cinyabuguma, Page, and Putterman 2005). 

The novel feature of our experiment is the endogenous choice of the exclusion institution, both 

when the institution is costless and when there is a cost. We show that the players’ institutional 

choice can be better explained by assuming social preferences than by the standard model of 
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purely selfish players. The behavior in the experiment closely resembles the predictions of the 

social preferences models for heterogeneous groups with some, but not only, social players. 

If the number of social players is high enough, they implement and use the exclusion institution 

to exclude the selfish players from the group and cooperate thereafter. The experimental 

results show that the subjects who vote for the exclusion institution contribute significantly 

more than those who vote against it, but only when the exclusion institution is actually 

implemented. If the number of social players is too low to implement the exclusion institution, 

the contributions of the supporters and the opponents of the institution are similarly small, just 

as the social preferences models predict. Two factors reduce the chances for cooperation in 

this case: first, the share of social players within the group is smaller and, second, the social 

players do not have the exclusion institution available to exclude the other players from the 

group. Once implemented, the exclusion institution is exclusively used to exclude the lowest 

contributors, which is also in line with the social preferences models. The support for the 

exclusion institution is lower when there is an institutional cost, but a significant number of 

players still vote in favor of it. The support becomes stronger over time, especially after the 

first phase, when players accustom themselves with their group and the game becomes closer 

to the one in which common knowledge is assumed. Cooperators only profit from the exclusion 

institution when it is costless. When there is an institutional cost, cooperators on average earn 

slightly less with the exclusion institution than without it. The observation that many 

cooperators still vote in favor of the costly exclusion institution indicates that they not only 

derive utility from material payoffs but also from a more just outcome. 

The results help to improve our understanding of the formation of institutions, the role of social 

preferences in this process, and how an institutional cost affects the institutional choice. 

Obviously, the institution formation process in the real world is not as clear-cut as in the 

experiment and typically the circumstances of a particular setting determine whether exclusion 

of group members is possible or not. The simplification of the process, however, allows us to 

compare groups that choose differently and individuals who vote differently. The results can 

help to explain why ostracism is widely used in virtually all societies around the world. With 

this, our study contributes to the growing literature suggesting that human preferences are 

heterogeneous and have a significant influence, not only on individual behavior under specific 

circumstances, but also on how collectives build their institutions to regulate social life. 

The comparison of the endogenous treatments with the exogenous control treatments shows 

that the effects of the exclusion institution on cooperation, once it is implemented, are very 

similar. This suggests that the effect of the institution itself is more important than the sorting 

and signaling that comes with the endogenous choice. The relative importance of these 

different effects is likely to depend on the interplay between the strength of the institution and 

the voting rule. For example, requiring a qualified majority or unanimity rather than simple 
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majority may sort groups differently and send a different signal to the members. This might be 

a fruitful area for future research.
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5. Asymmetric heterogeneities and the role of transfers in a public goods 

experiment 
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Abstract: Previous research has shown that cooperation is especially challenging in situations 

with heterogeneous actors. Here, I investigate the effect of allowing transfers in a public goods 

game with two asymmetric heterogeneities, namely in endowments and productivity. In this 

setup, full efficiency, in terms of highest maximum group payoff, can only be attained with full 

transfer of resources from the rich to the poor. I show that allowing such transfers results in an 

increase in the public goods size and that this increase is not primarily due to the reallocation 

of resources. The voluntary transfer by the rich to the poor individuals in the experiment serves 

as a powerful cooperative signal, which elicits high contribution rates by the recipient. This 

cooperation does not manifest if the endowment is reallocated to the poor exogenously. The 

results of this paper have relevance to real world situations from teamwork settings to climate 

change. 
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5.1. Introduction 

In the presence of free-riding incentives, cooperation can be difficult to attain. Research in- 

and outside the laboratory has focused intensively on discerning factors that hamper or foster 

cooperation in these situations. One finding is that cooperation usually is more difficult when 

agents are heterogeneous. Cherry, Kroll, and Shogren (2005), for example, compare groups 

with homogenous income to groups with heterogeneous income. In their experiment, 

cooperation rates are significantly lower for the heterogeneous groups. Fisher et al. (1995) find 

similar results for inequality in returns from the public good and de Oliveira, Croson, and Eckel 

(2015) for inequality in social preferences. Previous research has furthermore highlighted that 

effective measures to foster cooperation in homogenous groups often work less well in 

heterogeneous groups: Punishment (Nikiforakis, Noussair, and Wilkening 2012; Reuben and 

Riedl 2013; Kölle 2015), leadership (Levati, Sutter, and van der Heijden 2007) and 

communication (Hackett, Schlager, and Walker 1994; Chan et al. 1999) have different effects 

if heterogeneous groups are considered.  

Most experimental literature to date focuses on heterogeneity in only one aspect, whereas in 

reality people usually differ in several aspects. In this paper, I thus investigate the case of two 

asymmetric heterogeneities in a public goods game, namely in endowments and productivity. 

The asymmetry is introduced by lower productivity levels of the richer individual compared to 

the poorer individuals. Previous research has found this set-up especially challenging for 

cooperation (Hauser et al. 2019). Furthermore, this situation is interesting as it implies that 

efficiency gains could be realized by an ex-ante redistribution of endowment. Without a central 

authority that can redistribute, these gains could still be attained by a voluntary transfer from 

the rich to the poor players. Moreover, the transfers could serve as a signaling tool for 

cooperation and reciprocity, similar to the effect of a leader who contributes first (Güth et al. 

2007). However, in the presence of free-riding incentives and without punishment possibilities 

it is far from certain that recipients will use the transfers as intended and that transfers are 

being made in the first place. In my setup, the former rich player might even end up with no 

income at all if she chooses to transfer but her remaining group members do not cooperate.   

The aims of this paper are to test i) whether individuals make use of such a transfer possibility, 

ii) how the size of the transfer affects cooperative behavior of the recipients compared to a 

baseline where no transfers are possible, and iii) whether the transfer possibility increases the 

public good size overall compared to the baseline. With the help of an exogenous treatment, 

in which I impose the transfer patterns of groups in the transfer treatment, I can disentangle 

the transfer effect from the effect of the increase in the possible public good size due to the 

reallocation of resources. Furthermore, all treatments are conducted in a stranger and a 
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partner matching protocol in a between subject design to investigate the role of reputation and 

strategic play for cooperative behavior and transfer decisions.  

The results show that allowing voluntary transfers does indeed increase the size of the public 

good. The majority of rich subjects actually transfer their full endowment and the corresponding 

players reciprocate with high cooperation. If the transfer possibility is not used cooperation is 

low in the group. Thus, overall cooperation rates are not significantly different with and without 

transfers. The increase in the size of the public good does not stem from the resulting 

redistribution of resources alone but manifests only if it is combined with the act of the transfer. 

In the exogenous treatments, cooperation rates are significantly lower than with endogenous 

transfers and similar to the baseline case. This pattern holds for both matching protocols. 

Transfers are slightly higher under partner matching compared to stranger matching and 

contributions are significantly higher under partner matching in all but the baseline treatments. 

Situations in which agents differ in their endowment or productivity are ubiquitous and in many 

cases these two heterogeneities will coincide in an asymmetric way. Imaging members of a 

team working on a common project. Each of them having different amounts of resources that 

they can invest in the project (e.g. time, money, or equipment) and each of them having 

different productivity levels for a given unit of resource invested. Without an upper limit that an 

individual can invest and constant productivity levels, a transfer of resources to the team 

member with the highest productivity implies efficiency improvements. Another example is 

climate change: Marginal abatement costs are smaller in most developing countries than in 

developed countries, whereas the latter have more resources to invest in abatement (OECD 

2009). A transfer of resources from developed to developing countries could thus lead to 

substantial efficiency gains in the reduction of greenhouse gases.  

The remainder of the paper proceeds as follows: the next section presents the relevant 

literature, Section 5.3 introduces the experiment design, Section 5.4 outlines the behavioral 

predictions, Section 5.5 gives the results and Section 5.6 concludes the paper. 

 

5.2. Literature 

This section gives an overview of the literature to which this paper relates, namely on side 

payments, heterogeneous groups, and different matching protocols in public goods games. 
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5.2.1. Side payments 

To the best of my knowledge, no paper has tested the effect of unconditional ex-ante transfers 

or side payments25 (i.e. before the contribution decisions are made) within groups in a public 

goods game. Blanco, Haller, and Walker (2018) study the situation in which outsiders, which 

benefit from but cannot contribute directly to a public good, can make ex-ante transfers to the 

insiders, which benefit from and can contribute to the public good. They find that transfers 

cannot significantly increase cooperation rates compared to a baseline without transfers. Most 

literature on side payments focuses on (enforceable) contracts, conditional on a pre-specified 

strategy or contribution level, or post-play transfers. Charness, Fréchette, and Qin (2007), 

extending the design of Andreoni and Varian (1999), play asymmetric Prisoner’s Dilemma 

games with and without the possibility to offer conditional contracts. They find that the 

cooperation rates are substantially higher in treatments with contracts. Within this treatment, 

cooperation rates increase significantly if the offered contract moves the cooperation 

equilibrium to the interior of the Nash Equilibria region. Given that the offered contract induces 

cooperation, cooperation is more likely when the qualifying reward-pair brings the mutual-

cooperation payoffs closer together. The authors also implement an exogenous treatment, in 

which subjects are presented with the transfers that were randomly selected from the previous 

endogenous treatments, to disentangle the effect of the transfers from interferences made from 

the offered transfers about intended play. They do not find statistically significant differences 

in cooperation rates between the endogenous and exogenous treatments. In my setup, 

however, transfers cannot alter the standard preference Nash Equilibrium of non-cooperation. 

Thus, the signaling effect might be of greater importance in my experiment. In fact, as the 

experimental results below show, the signaling effect of the transfer is crucial for cooperation. 

Kimbrough and Sheremeta (2013) test the effect of binding and non-binding side-payments in 

a conflict game. While binding payments are more successful in avoiding conflict, also non-

binding payments decrease the intensity and frequency of conflict. This contradicts standard 

economic prediction but suggests that also in my setup more cooperative behavior can be 

expected if transfers are made. Bruttel and Güth (2018) investigate the effects of allowing ex-

post transfers in a best-shot public goods game with and without refunds of the lower 

contributions. They find that cooperation rates are higher when transfers are possible and that 

transfers payments are preferred over alternating contributions.  

In summary, the previous results indicate that side payments are frequently offered, even if 

they are not supported by a rational dominant strategy. However, the payments do not always 

enhance cooperation.  

                                                

25 I will use the two terms interchangeably.  
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5.2.2. Heterogeneous groups 

The only other experiment, that I am aware of, in which individuals exhibit similar asymmetric 

heterogeneities is a recent paper by Hauser et al. (2019).26 They compare results from an 

online two-player public goods game of at least 20 rounds with 50% continuation probability 

thereafter, and theoretical results from evolutionary simulations. Five different treatments are 

conducted: 1) full equality, 2) endowment inequality, 3) productivity inequality, 4) symmetric 

inequality with the more productive player having higher endowment, and 5) asymmetric 

inequality with the more productive player having lower endowment. Theoretical as well as 

experimental results show that cooperation rates under symmetric inequality are similar to the 

standard, full equality situation. With asymmetric inequality cooperation rates are the lowest 

under all treatments. The intuition here is the following: With inequality in either endowment or 

productivity, the individual with the highest endowment or the lowest productivity respectively 

faces the highest marginal costs of contributing and is thus more likely to defect. With 

symmetric inequality in both endowment and productivity, these effects counterbalance. The 

high-endowed individual has less to gain from defection if she has also the highest productivity 

and the same applies to the low productivity individual if she has the lowest endowment. With 

asymmetric inequality, the negative effects on cooperation reinforce each other. The gains 

from defection increase for the high endowment individual if she has also the lowest 

productivity. Thus, situations of asymmetric heterogeneity seem to pose a particular challenge 

for cooperation. 

Four different approaches can be found in the literature to implement heterogeneity in 

productivity levels in public goods games:  

1) changes in the marginal per capita return (MPCR) of selected individuals (e.g. Reuben 

and Riedl (2009, 2013)),  

2) changes in the price for the private good for selected individuals (e.g. Fisher et al. 

(1995)),  

3) different MPCRs for contributions from selected individuals for all group members (e.g. 

Tan (2008), Noussair and Tan (2011)), and  

4) multiplication of the contribution of selected individuals with a factor > 1 (henceforth 

called the productivity parameter, e.g. Kölle (2015), Hauser et al. (2019)).27 

                                                

26There is a second paper by van Gerwen, Buskens, and van der Lippe (2018), who run a framed 
laboratory experiment, in which they vary the distribution of endowments (“skills”) and bequest one 
group member (either high or low skilled) with a “training” that increases his or her productivity level. 
The strong framing as well as the fact that the analysis seems underpowered for the amount of 
changes within subject makes the results hardly comparable. 
27 In the standard public goods game the productivity parameter is 1 and usually not reported. 
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While the two former and the two latter approaches are theoretically equivalent, the two pairs 

differ from each other. All approaches reduce the individual costs of contributing for the more 

productive individuals, but the third and fourth approach have additionally a positive externality 

on all group members. While this distinction does not play a role with standard preferences, it 

does in case of social preferences. However, this difference has not received much attention 

in the literature.28 Most papers find no effect of heterogeneity in productivity on average 

contributions. The low productive individuals decrease their contributions and the high 

productive individuals increase theirs proportionate to their change in the MPCR (Fisher et al. 

1995; Hauser et al. 2019). The exception is the paper by Tan (2008), which finds the low 

productive individuals lower their contribution levels while the high productive individuals do 

not increase theirs. 

Compared to the limited literature on productivity, many papers have investigated the effects 

of endowment heterogeneity. Substantial asymmetries in endowments mostly have a negative 

effect on contributions. The rich players give less in relative terms compared to poorer players 

(Zelmer 2003; Cherry, Kroll, and Shogren 2005; Buckley and Croson 2006; Hargreaves Heap, 

Ramalingam, and Stoddard 2016). However, few papers also find no change in contribution 

levels (Hofmeyr, Burns, and Visser 2007; Levati, Sutter, and van der Heijden 2007) or even an 

increase by the rich player (van Dijk and Wilke 1994). The increase in Van Dijk and Wilke’s 

setup was more pronounced when endowment was randomly allocated compared to earnt 

endowment.29 Fung and Au (2014) show experimentally that the negative effect of endowment 

inequality on cooperation is mediated by its skewness distribution. With increasing inequality 

the decrease in cooperation rates is less severe in groups that have a highly skewed 

distribution (in their setup one high endowed and two low endowed individuals) compared to a 

symmetric setup (one high, one medium, and one low endowed individual). They argue that 

the self-efficacy of the high endowed individual increases with the skewness of distribution, 

This in turn leads to higher contributions of the high endowed individual. 

An interesting investigation on the importance of efficiency and equity concerns is the 

experiment by Kritikos and Bolle (2001). They show that in binary-choice dictator games 

                                                

28 Fellner et al. (2011) for example introduce different productivity parameters but compare their 
results to Fisher et al. (1995), which focus on differences in MPCRs. The study by Kölle (2015) 
explicitly test the differences between different productivity parameter and different MPCRs, albeit with 
making the more productive player preferential (i.e. his effective MPCR is larger than one). The 
dominant strategy of the preferential player is thus to contribute fully to the public good. He finds that 
while heterogeneous MPCRs have no effect on voluntary contributions, or even a detrimental effect if 
punishment is possible, heterogeneous productivity parameters have positive and stabilizing effects 
on contributions, with and without punishment. 
29 Whether the endowment source matters is also still an open debate. While some papers find 
differences in behavior depending on endowment source in public goods games (Harrison 2007; 
Muehlbacher and Kirchler 2009; Spraggon and Oxoby 2009), others find that that the source of 
endowment does not make a difference (Clark 2002; Cherry, Kroll, and Shogren 2005). 
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efficiency concerns (named altruistic concerns in their paper) outweigh equity concerns. That 

is, faced with a choice between equal payoffs or own payoff of the same height but larger 

payoff for the second person, the majority prefers the unequal but more efficient allocation. 

5.2.3. Matching protocol 

The first clear comparison between stranger and partner matching in a linear public goods 

game was done by Andreoni (1988). Contrary to expectations, he found significantly higher 

cooperation rates in the stranger than in the partner treatment. The nearest replication of his 

experiment was performed by Croson (1996), which found just the opposite effect. Since then, 

various experiments testing the difference have been conducted, reporting either more 

cooperation by strangers (Palfrey and Prisbrey 1996; Burlando and Hey 1997), less 

cooperation by strangers (Burlando and Hey 1997; Sonnemans, Schram, and Offerman 1999; 

Keser and van Winden 2000) or no difference in cooperation (Weimann 1994; Brandts and 

Schram 2001). A common finding is that the variance in contributions is larger in the stranger 

matching. 

 

5.3. Design 

In the experiment presented here groups of three individuals play a linear public goods game. 

Within the group, one player is high-endowed (type-A player) with an endowment of 𝑒𝐴 = 30 

tokens and two players are low-endowed (type-B players) with an endowment of 𝑒𝐵 = 15 

tokens. All group members decide simultaneously how much of their endowment they want to 

invest in the public good, with the contributions denoted by 𝑔𝐴 for type-A players and 𝑔𝐵 for 

type B-players. Contributions of type-B players are more productive. This is implemented by 

doubling their investment in the public good: The productivity parameter, with which 

investments into the public good are multiplied, is 𝑝𝐴 = 1 for the type-A player and 𝑝𝐵 = 2 for 

type-B players. This reduces the cost of investing into the public good for type-B players and 

increases everyone’s payoff from the public good. The MPCR 𝑎 is fixed at 0.4 for all players. 

Thus, without transfer the individual payoff from each round of the game is given by: 

𝜋𝑖 = 𝑒𝑖 − 𝑔𝑖 + 𝑎 (𝑝𝐴 × 𝑔𝐴 + 𝑝𝐵 ∑ 𝑔𝐵𝑗

2

𝑗=1

)  for 𝑖 = 𝐴, 𝐵1, 𝐵2. 

The subindex j identifies the two type-B players. 

The experiment consists of 10 rounds of a public goods game in either fixed groups (partner 

matching) or different group partners in each round (stranger matching). This allows to test the 

importance of reputational effect in transfer decisions. Each experimental round consists of 
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either one or two stages, depending on treatment. Stage 1 is the transfer stage, which will only 

be played in the treatments with side payments. In this stage, the type-A player can choose to 

transfer some amount of her endowment to the type-B player(s). Specifically, she can choose 

between the following six options: (1) no transfer, (2) full endowment transfer to the first type-

B player, (3) full endowment transfer to the second type-B player, (4) 15 tokens to each type-

B player, (5) 15 tokens to the first type-B player, or (6) 15 tokens to the second type-B player. 

The possible options thus include the purely selfish and the social equilibrium decision (zero 

and full transfer) as well as a middle way, in which the type-A player keeps part of her 

endowment. The type-B players are informed about the amounts transferred and the 

transactions are implemented. The second stage is the same in all treatments. Players make 

their contribution decision simultaneously. After the decision is made, players are informed 

about all contributions and payoffs in their group. Players are identified by an ID, which stays 

constant across each 10 rounds of play in the treatments with partner matching. A build-up of 

reputation in these treatments is thus possible. In the treatments with stranger matching, 

individuals will keep their roles but it will not be possible to track other players across rounds. 

Round payoffs in the case of transfers are given by 

𝜋𝐴 = 𝑒𝐴 − ∑ 𝑡j

2

𝑗=1

− 𝑔𝐴 + 𝛼 (𝑝𝐴 × 𝑔𝐴 + 𝑝𝐵 ∑ 𝑔𝐵𝑗

2

𝑗=1

) 

and 

𝜋𝐵𝑗 = 𝑒𝐵 + 𝑡𝑗 − 𝑔𝐵𝑗 + 𝛼 (𝑝𝐴 × 𝑔𝐴 + 𝑝𝐵 ∑ 𝑔𝐵𝑗

2

𝑗=1

). 

The transfer payments are denoted by 𝑡𝑗. As before, the subindex j identifies the two type-B 

players. In treatments without transfers 𝑡𝑗 = 0 ∀ 𝑗. The total payoff is the sum of all round 

profits. The exchange rate is 1 token to 0.05 EUR.  

Table 5.1 displays the six treatments that were implemented. BaseP and baseS are the 

baselines with endowment and productivity heterogeneity but no side payments. In treatments 

transP and transS, side payments are introduced. Due to the differences in productivity, the 

overall maximum amount of possible public good provision changes from the baseline 

treatments to the treatments with transfers. To control for this change, treatments exogP and 

exogS exogenously impose the endowment pattern after transfers of treatments transP and 

transS. To this end, each group in exogP (exogS) is matched exactly to one group in transP 
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(transS).30 Subjects in the exogenous treatments are informed about their and their co-players’ 

round endowment at the beginning of each round. With these three treatment conditions, it is 

thus possible to isolate the effect of the side payments from the effect of increased potential 

gains from the public good. The two matching protocols allow me to investigate the role of 

reputation for transfer and contribution behavior in this setting. The experiment is pre-

registered at the Center for Open Science.31  

Table 5.1. Overview of treatments 

Treatment Condition Matching Endowment Productivity Transfer 
Number of 

groups 

baseP Baseline 
“base” 

Partner 
𝑒𝐴 > 𝑒𝐵 𝑝𝐴 < 𝑝𝐵 No 

21 

baseS Stranger 19 

transP Transfer 
“trans” 

Partner 
𝑒𝐴 > 𝑒𝐵 𝑝𝐴 < 𝑝𝐵 Yes 

21 

transS Stranger 20 

exogP Exogenous 
“exog” 

Partner 
𝑒𝐴 − 𝑡 ⋚ 𝑒𝐵 + 𝑡  𝑝𝐴 < 𝑝𝐵 Exogenous 

20 

exogS Stranger 20 

Note: 12 to 30 subjects (27-30 in the stranger protocol) took part in each session with a fixed group size 
of 3 subjects, resulting in a total 363 subjects in 17 sessions. 

The experiment was conducted from November 2019 to January 2020 with the student subject 

pool of the University of Magdeburg, using the experimental software z-Tree (Fischbacher 

2007) and the online recruiting software hroot (Bock, Baetge, and Nicklisch 2014). During the 

experiment, I used neutral language and took great care to avoid any framing effects.32 In total 

363 student subjects participated in the experiment. The mean age was 24 years and 51 

percent of subjects were female. Table D1 in Appendix D.2 gives an overview of subjects’ 

characteristics by treatment.33 Upon entering the laboratory, each participant drew a number, 

which randomly assigned them a seat in the lab and thereby their role during the experiment. 

Subjects first answered a short questionnaire to elicit risk, trust, and inequality preferences. 

Afterwards instructions were handed out and read aloud to ensure common knowledge. Only 

after the subjects answered all control questions and there were no more queries the game 

started. After the game, another short questionnaire was administered and subjects were paid 

according to their earnings in the game. A typical session lasted one hour and subjects earned 

on average 17 Euros. 

 

                                                

30 Due to an error during programming one group in exogS played not with the exact matched transfer 
in round 6 (the transfer in transS was 15 tokens to both B-players and the actual implementation in 
exogS was 30 tokens to one B-player). The main results to do not change if I estimate the models 
presented in Section 5 without the observations from this session after round 5.  
31 https://osf.io/ts29r/?view_only=6c12b5b41ada4b898bd5a79d45985f76 
32 The instructions can be found in Appendix D.4. 
33 I find few statistically significant differences between treatments. Controlling for these in the 
analyses presented in Section 5.5 does not change the results. 

https://osf.io/ts29r/?view_only=6c12b5b41ada4b898bd5a79d45985f76
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5.4. Behavioral predictions 

This section presents behavioral predictions based on standard preferences (Subsection 

5.4.1), on social preferences with inequality aversion based on the model by Fehr and Schmidt 

(1999) (Subjection 5.4.2), and on the trust and reciprocity hypothesis (Subsection 5.4.3). While 

the first two approaches only consider final outcomes, the last approach also takes intentions 

into account. 

Please note that the presented analysis for the outcome-based approaches assumes common 

knowledge of preferences, which, of course, is not the case in reality. However, individuals will 

hold beliefs about these preferences and act accordingly. Furthermore, the corner solutions of 

zero or full contribution will always pareto dominate any interior contribution solution with linear 

preferences. I will thus restrict the analysis to the decision of zero and full contribution only. 

The analysis also does not differentiate between the two matching protocols as the predictions 

for both are equivalent in a setting with finite ending. The detailed derivations are presented in 

Appendix D.1.  

5.4.1. Standard preferences 

The asymmetric setup and side payments, exogenous or endogenous, do not alter standard 

predictions. With side payments, a type-B player does not have an incentive to invest into the 

public good, irrespective of the height of the transfer. Thus, the type-A player will not transfer 

any money and will not invest either. The (subgame perfect) Nash equilibrium is zero transfers 

by all players while the social optimum is full investment in the game without or with exogenous 

side payments and full transfers and subsequent full investment by the type-B players in the 

game with side payments. Thus, contribution rates are predicted not to differ between 

treatments based on standard preferences. 

5.4.2. Social preference model (Fehr and Schmidt 1999) 

Utility in the Fehr and Schmidt (1999) model with inequality averse preferences is given by  

𝑈𝑖(𝜋𝑖) = 𝜋𝑖 − 𝛼𝑖

1

𝑁 − 1
∑{(𝜋𝑘 − 𝜋𝑖); 0}

𝑖≠𝑘

− 𝛽𝑖

1

𝑁 − 1
∑{(𝜋𝑖 − 𝜋𝑘); 0}

𝑖≠𝑘

, 

with 𝜋𝑖 being the individual monetary round payoff, 𝛼𝑖 the disadvantageous inequality aversion 

parameter and 𝛽𝑖 the advantageous inequality aversion parameter. It is commonly assumed 

that aversion to disadvantageous inequality is larger than aversion to advantageous inequality 

(0 ≤ 𝛽𝑖 ≤ 𝛼𝑖 ≤ 1). 

Without side payments possible, the type-A player will defect in case one or both type-B 

players defect. If both type-B players cooperate, the type-A player will cooperate only if she is 

relatively inequality averse, i.e. if 𝛽𝐴 ≥ 0.6. Each of the type-B players will also defect if at least 
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one other player defects. In case the other two players cooperate, the type-B player cooperates 

if 𝛽𝐵𝑗 ≥ 0.2. Thus if players exhibit strong enough advantageous inequality aversion, mutual 

cooperation can be sustained in each round. Otherwise, mutual defection will be the only Nash 

equilibrium.  

With side payments possible and if full transfers are made, full cooperation can already be 

sustained if 𝛽𝐵𝑗 ≥ 0.2 ∀ 𝑗, irrespective of the inequality preferences of the type-A player. The 

type-A player will prefer the full transfer and cooperation situation to all outcomes possible 

under no transfers. She will thus transfer the money if she believes that the type-B players 

exhibit large enough advantageous inequality aversion (irrespective of her inequality 

parameters 𝛼𝐴 and 𝛽𝐴). Furthermore, in case one type-B player exhibits preferences consistent 

with 𝛼𝐵 ≤  5𝛽𝐵 − 1.2 and the type-A player’s preferences satisfy 𝛼𝐴 ≤ 2𝛽𝐴 + 0.8, then it is 

optimal for the type-A player to transfer her full endowment to this type-B player, as the 

dominant strategy for the recipient is to fully contribute even if the second type-B player 

defects. If these conditions are not fulfilled, the type-A player will not transfer any money and 

mutual defection will be the only equilibrium. 

Thus in case 𝛽𝐵𝑗 ≥ 0.2 ∀ 𝑗, full cooperation with full transfer is always the subgame perfect 

Nash equilibrium (SPNE) and without transfers full cooperation is only SPNE if the type-A 

player exhibits high enough inequality aversion (i.e. 𝛽𝐴 ≥ 0.6). Partial cooperation with full 

transfers can also be SPNE, if the recipient fulfills 𝛼𝐵 ≤  5𝛽𝐵 − 1.2 and the type-A player fulfills 

𝛼𝐴 ≤ 2𝛽𝐴 + 0.8. In all other cases mutual defection is the only SPNE. 

With exogenously imposed transfers, cooperation occurs under the same constraints for the 

two type-B players but the preferences of the type-A player are non-binding in the full transfer 

cases. This is because with zero endowment, the type-A player is only a passive player. In 

case of zero transfer or transfers of half the endowment, full cooperation can be sustained if 

preferences satisfy 𝛽𝐴 ≥ 0.6 and 𝛽𝐵𝑗 ≥ 0.2 ∀ 𝑗. Thus, cooperation should occur at least as often 

with exogenous as with endogenous transfers.  

In summary, accounting for social preferences with the model of Fehr and Schmidt (1999), full 

contribution is part of the Nash equilibria if players exhibit sufficiently strong inequality aversion 

in the baseline treatment conditions. With endogenous or exogenous transfers, full contribution 

can be sustained more easily than without transfers. Additionally, a partial cooperation 

equilibrium is possible for certain inequality preferences. Thus, contribution rates are predicted 

to be equal or higher in the transfer than in the baseline treatments. In the exogenous 

treatments, full and partial cooperation can be sustained at least as frequently as for the 

respective no transfer or the transfer case. Therefore, contribution behavior is predicted to be 

equal or higher in the exogenous than in the transfer treatments. 
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5.4.3. Trust and reciprocity 

The two-stage procedure in the transfer treatments resembles the setup of a trust game. In a 

trust game, trust and reciprocity can help to improve on the subgame perfect outcome. 

According to the trust and reciprocity hypothesis, players use trust in their transaction if the 

following conditions are met: 1) The trustor takes a risk when trusting the trustee. 2) The 

trustee’s decision benefits the trustor at a cost to the trustee. 3) Both players are better off with 

this transaction compared to a situation without the initial trusting action of the trustor (Berg, 

Dickhaut, and McCabe 1995). It is important that the trustor beliefs that the trustee will interpret 

her action as a trusting one and reciprocate accordingly, otherwise the trustor would not take 

the risk of the trusting action. Moreover, the trustee must actually interpret the trustor’s play as 

a trusting action, otherwise the trustee would not be willing to give up some part of her profit 

to reciprocate (McCabe, Rigdon, and Smith 2003). In the transP and transS treatments, the 

three conditions are fulfilled in case of a positive transfer and subsequent investment in the 

public good. The transfer of the full endowment bears a substantial risk for type-A player and 

it is natural to assume that this in turn will be interpreted as a trusting action. Therefore, some 

players will enter a reciprocal trust relationship, which leads to the occurrence of transfers and 

subsequent cooperation by type-B players. Higher transfer amounts are likely to be positively 

correlated with higher public good contributions by type-B players as they convey a stronger 

willingness to trust. In the corresponding exogP and exogS treatments, type-B player will not 

infer a trusting action from full transfer situations, as they cannot attribute their higher 

endowment to the action of the type-A player. Type-B players will thus not deviate from their 

subgame perfect strategy for reciprocity concerns. Based on the trust and reciprocity 

hypothesis, higher cooperation rates can be expected in the transfer than in the baseline or 

exogenous treatments, as trust can be used in the former to improve on the subgame perfect 

outcome. No predictions can be drawn for cooperation rates in the exogenous compared to 

the baseline treatments. With partner matching, the repeated interaction is likely to increase 

type-A player’s ex-ante belief that the B-player will reciprocate and to lower type-A player’s 

perceived risk of the transfer, as she is able to retaliate with no transfer in subsequent rounds. 

Previous comparisons of trust games with partner and stranger matching also showed higher 

levels of trust and trustworthiness under partner matching (Bohnet and Huck 2004). More and 

higher transfers should thus occur in transP than transS, resulting in higher public good 

contributions.  
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5.5. Results 

I start by analyzing public good size and contributions on the group level within and between 

treatments. Afterwards, I investigate the contribution and transfer patterns on the individual 

level.  

5.5.1. Group level 

Figure 5.1. Average size of the public good over time by treatment 

 

Note: The figure shows average public good size, measured in contributed tokens multiplied by the 
respective productivity factor, by treatment and matching protocol. 

Figure 5.1 shows the average size of the public good by treatment over the ten rounds. The 

public good size is the sum of all group member’s contributions multiplied by their productivity 

parameter. Under both matching procedures, the public good starts and stays largest in the 

transfer treatments (except for the last round in transS). The public good in the baseline is 

mostly larger than in the exogenous treatment with stranger matching while the reverse is true 

with partner matching. In the first round, the average public good size is 57 tokens in baseS, 

79 tokens in transS and 59 tokens in exogS. The difference between transS and baseS (two-
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sided MWW-test34, p = 0.0126) and transS and exogS (p = 0.0609) is statistically significant. 

With partner matching, the first round public good size is on average 60 tokens in baseP, 91 

tokens in transP, and 74 tokens in exogP. The first round public good sizes are statistically 

significant different between all treatments with partner matching (baseP and transP: p = 

0.0005, transP and exogP: p = 0.0588, baseP and exogP: p = 0.0754). Within the same 

treatment condition, the first round public good sizes do no differ significantly between the two 

matching protocols. The average size of the public good over all rounds in the stranger protocol 

is 46 tokens in baseS, 64 tokens in transS and 40 tokens in exogS. The respective numbers 

with partner matching are 58 tokens in baseP, 92 tokens in transP, and 70 tokens in exogP. 

Comparing the average public good size over all rounds, I find a statistically significant 

difference between baseP and transP (p = 0.0014) and transP and exogP (p = 0.0499). The 

differences for the stranger protocol are not statistically significant.35 Comparing the partner 

and stranger protocol, I find a statistically significant difference only between transP and transS 

(p = 0.0641).36 

Table 5.2. Public good size and relative group contributions 

 Public good size Relative group contributions 
 (1) (2) (3) (4) (5) (6) 
 Partner Stranger Pooled Partner Stranger Pooled 

Baseline (d) -33.5000*** -17.5584 -17.5584 -0.1479 -0.0579 -0.0579 
 (9.3074) (17.0189) (15.6505) (0.0911) (0.1904) (0.1751) 
Exogenous (d) -22.1748** -24.3900* -24.3900** -0.1596* -0.1862* -0.1862* 
 (10.5935) (12.6749) (11.6558) (0.0894) (0.1034) (0.0951) 
Round -1.1835** -3.1482*** -2.1415*** -0.0103** -0.0265*** -0.0182*** 
 (0.4693) (0.5440) (0.4023) (0.0042) (0.0047) (0.0035) 
Partner (d)   27.7148***   0.2386*** 
   (7.0266)   (0.0576) 
Baseline (d) * 
Partner (d) 

  -15.9416   -0.0901 
  (18.2058)   (0.1974) 

Exogenous (d) * 
Partner (d) 

  2.2152   0.0266 
  (15.7458)   (0.1305) 

Constant 98.4139*** 81.5053*** 75.9682*** 0.8360*** 0.6867*** 0.6409*** 
 (6.5192) (3.4064) (2.7283) (0.0530) (0.0295) (0.0238) 

Observations 620 590 1210 620 590 1210 
Note: Random effects GLS estimation results with standard errors in parentheses. Standard errors are 
clustered by matching group. Matching group refers to the session in the stranger protocol and the group 
in the partner protocol. Dependent variable is the group contribution as percentage of maximum 
contribution possible. Base category for Baseline and Exogenous is “Transfer”. Base category for 
Partner is “Stranger”. Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. (d) indicates dummy 
variable. 

                                                

34 Unless stated otherwise I use two-sided tests Mann-Whitney-Wilcoxon (MWW) tests. For the first 
round comparison, I use the group observation as statistical unit.  
35 For the partner protocol the statistical unit here is the group and for the stranger protocol it is the 
session. With just two sessions per treatment in the stranger protocol I can only detect large effect 
sizes. Given this limitation, the p-value of 0.1213 for the test between transS and exogS is close to 
statistical significance. 
36 The statistical unit here the session. 
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Table 5.2 shows results from random effects panel estimations on the average public good 

size as well as on relative group contributions. According to the results, the public good size in 

transP is on average 34 tokens larger than in baseP and 22 tokens larger than in exogP. With 

stranger matching, estimated coefficients are also negative but only statistically significant at 

the 10% level for the comparison of transS and exogS. There is no statistical significant 

difference in the public good size between baseP (baseS) and exogP (exogS) (see Table D2 

in Appendix D.2 for a replication of Table 5.2 with the transfer treatments as base category). 

Overall, the size of the public good is on average 28 tokens lower with stranger matching than 

with partner matching. To investigate whether the choice of the matching protocols affects the 

treatment conditions differently, I included their interaction terms in the pooled regression 

(column (3)). Both interaction terms are not statistically significant, indicating that there is no 

significant variation in the positive effect of the partner protocol on the different treatment 

conditions. The size of the public good declines over time in all treatments with a stronger 

decline under the stranger protocol (this can also be clearly seen in Figure 5.1).  

While the size of the public good is what we are ultimately interested in, a comparison between 

public good sizes in the baseline and transfer treatments does not allow direct conclusions 

about differences in cooperative behavior. Due to the possible efficiency gains the maximum 

possible size of the public good is larger in the transfer than in the baseline treatments even 

though the overall group endowment is fixed. The average group contribution in percent of 

endowment under the partner protocol is 63% in baseP, 78% in transP, and 62% in exogP. 

Under the stranger protocol, the respective percentages are 47% in baseS, 54% in transS and 

35% in exogS. Figure D1 in Appendix D.3 depicts average contributions over time by 

treatment. Columns (4) - (6) of Table 5.2 show econometric results on relative group 

contributions. While the estimated coefficients for the baseline and exogenous treatments are 

again negative, only the effects for the latter are close to statistical significance (10% level). 

Table D2 in Appendix D.2 confirms that there is also no difference in relative contributions 

between the baseline and exogenous treatments. Figure 5.1 and Figure D1 show that public 

goods sizes and contributions start roughly at equal level if the same treatment condition is 

compared between matching protocols.37 Contributions (and public good size) decline each 

round on average by 1 percentage point (token) in the partner and 3 percentage points (tokens) 

in the stranger treatments. Contributions levels are on average 24 percentage points higher in 

the partner design compared to the stranger design. 

                                                

37 A two-sided T-test shows no statistically significant differences in the mean average contributions in 
round 1 between the two matching protocols in the same treatment condition (p = 0.57 for base, p = 
0.19 for treat, p = 0.10 for exog). 
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The fact that cooperation rates do not differ significantly between the baseline and the transfer 

treatments but public good size does, suggests that transfers might not increase overall 

cooperation rates but rather make the allocation of resources more efficient. Furthermore, the 

differences in public good sizes and average cooperation rates between the transfer and the 

exogenous treatments indicates that behavior is very different in the two treatment conditions 

even though the allocation of resources for contribution (and thus the maximum public good 

size possible) is mirrored. To investigate this further, I next take a closer look at contribution 

behavior on group level depending on the transfer decision. 

Table 5.3. Relative group contributions in transfer and exogenous treatments 

 (1) (2) (3) (4) (5) 

 
Round 1 
Partner 

Round 1 
Stranger 

Round 2-10 
Partner 

Round 2-10 
Stranger 

Round 2-10 
Pooled 

Transfer: half (d) 0.1958 0.3917*** 0.1332** 0.1978*** 0.1418*** 
 (0.1911) (0.1311) (0.0538) (0.0312) (0.0312) 
Transfer: full (d) 0.4444** 0.5292*** 0.2117*** 0.4796*** 0.3346*** 
 (0.1717) (0.1249) (0.0435) (0.0529) (0.0468) 
Exogenous (d) 0.1583 0.1333 0.1756*** 0.1704*** 0.1851*** 
 (0.2054) (0.1234) (0.0440) (0.0431) (0.0299) 
Transfer: half (d) *    
        Exogenous (d) 

0.0347 -0.3375** -0.1274** -0.2201*** -0.1688*** 
(0.2354) (0.1540) (0.0623) (0.0330) (0.0443) 

Transfer: full (d) *  
        Exogenous (d) 

-0.3894* -0.3764** -0.2517*** -0.4852*** -0.3657*** 
(0.2227) (0.1720) (0.0624) (0.1128) (0.0574) 

Round 
  -0.0072*** -0.0212*** -0.0104*** 
  (0.0028) (0.0048) (0.0030) 

Relative group contribution  
        previous round 

  0.8501*** 0.1620 0.5316*** 
  (0.0470) (0.1095) (0.1081) 

Partner (d)     0.1229*** 
     (0.0344) 
Constant 0.4167** 0.2708** -0.0202 0.2419*** 0.0538 
 (0.1658) (0.1124) (0.0330) (0.0699) (0.0598) 

Observations 41 40 369 360 729 
Note: OLS estimation results (column (1)-(2)) and random effects GLS estimation results (column (3)-
(4)) with standard errors in parentheses. Standard errors are clustered by matching group. Matching 
group refers to the session in the stranger protocol and the group in the partner protocol. Dependent 
variable is the group contribution as percentage of maximum contribution possible. Base category for 
Transfer is “No”. Base category for Exogenous is “Transfer”. Base category for Partner is “Stranger”. 
Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. (d) indicates dummy variable. 

The mean relative group contribution in case of a positive transfer was 87 percent in transP 

and 66 percent in transS. That percentage reduced to 61 percent in the matched groups in 

exogP and to 36 percent in exogS. In case of no transfer, the mean relative group contribution 

was only 26 percent in transP and 15 percent in transS. In the exogenous treatments, these 

percentages were higher with 70 percent in exogP and 33 percent in exogS. The regression 

results in Table 5.3 show that positive transfers have a significantly positive effect on 

contributions in the transfer treatments, while this effect does not manifest in the exogenous 

treatments. With zero transfers, contributions are on average 18 percentage points (17 

percentage points) higher in exogP (exogS) than in transP (transS). With half transfers, 
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contributions are not significantly different between the transfer and exogenous treatments 

(Wald test, p > 0.1 for both matching protocols). With full transfer, contributions are on average 

8 percentage points38 higher in transP and 31 percentage points in transS compared to their 

respective exogenous treatment (Wald test, p = 0.0141 and p = 0.0203).  

5.5.2. Player type and individual level 

Figure 5.2. Average relative contributions by player type and treatment 

 
Note: The graph shows average contributions of the different player types as percentage of their 
respective endowment after transfers by treatment. Type B (Transfer) refers to type-B players in rounds 
when a transfer was made. Type B (No transfer) refers to type-B players in rounds were no transfer was 
made. 

Looking at the group averages masks some interesting findings on the individual level. Figure 

5.2 shows that average relative contributions by the more productive player are always higher 

than for the less productive player in each treatment except for exogP. The differences are 

statistically significant for treatments baseS, transS and transP (p < 0.0000 each). The 

corresponding regression results are shown in Table D3 in Appendix D.2. Table D4 in 

Appendix D.2 tests for the differences between matching protocols. Contribution levels of 

                                                

38 Under the partner protocol the marginal effect of full transfers in the exogenous treatment is: 0.2117 
+ 0.1756 - 0.2517 = 0.1356. The marginal effect of full transfers for the transfer treatment is: 0.2117. 
Thus, the with full transfer contributions are on average (0.2117 - 0.1356 = 0.0761 = ) 8 percentage 
points higher in the transfer treatment compared to the exogenous treatment. 
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player type-A are on average 9 percentage points higher in transP than in transS (p = 0.0593) 

and about 10 percentage points higher in exogP than in exogS (p = 0.0360). For type-B 

players, contribution levels are on average 15 percentage points higher in transP than in transS 

(p = 0.0002) and 10 percentage points higher in exogS than in exogS (p = 0.0252). For the 

transfer treatments these contributions can be further split into cases where a transfer was 

made (irrespective whether the player actually received the transfer) and where it was not 

made. For the exogenous treatments, the two cases refer to the resulting endowment 

allocation after the transfer (i.e. whether this allocation is different from the baseline). 

Compared to the contribution level in the respective baseline treatments, Figure 5.2 shows 

that contribution levels of type-B players in the transfer treatments are very high in case of a 

transfer but are below the baseline levels if no transfer was made. Type-B contributions are 

the lowest in the exogenous treatments and here contributions are slightly higher in case of no 

transfer than with a transfer. Table 5.4 investigates this pattern econometrically. For the 

transfer treatments, there is a significant positive effect of a transfer on type-B contributions 

and an even stronger positive effect if the respective individual received this transfer. Type-B 

players increase their contributions on average by 34 percentage points if they receive a 

transfer compared to the no-transfer case in transP and by 44 percentage points in transS. 

The difference in the increase between transP and transS is not statistically significant (see 

Table D5 in Appendix D.2). The estimated average effects of a transfer in exogP and exogS 

are negative, but not statistically significant. 

Table 5.4. Relative individual contributions for type-B players 

 (1) (2) (3) (4) 
 transP exogP transS exogS 

Transfer:    other player (d) 0.2812*** -0.0590 0.1549* -0.0491 
 (0.0657) (0.0528) (0.0880) (0.0763) 
Transfer:    me  (d) 0.3360*** -0.0304 0.4397*** -0.0127 
 (0.0463) (0.0447) (0.0794) (0.0134) 
Relative contribution previous round 0.4541*** 0.7581*** 0.3463*** 0.6167*** 
 (0.0833) (0.0775) (0.0762) (0.0426) 
Round -0.0094** -0.0036 -0.0200*** -0.0056** 
 (0.0046) (0.0029) (0.0017) (0.0024) 
Constant 0.2162*** 0.1926*** 0.1739*** 0.1615*** 
 (0.0711) (0.0656) (0.0003) (0.0550) 

Observations 378 360 360 360 
Note: Random effects GLS estimation results with standard errors in parentheses. Standard errors are 
clustered by matching group. Matching group refers to the session in the stranger protocol and the group 
in the partner protocol. Dependent variable is the individual contribution as percentage of endowment 
after transfer. Base category for Transfer is “No Transfer”. Level of significance: *p < 0.10, **p < 0.05, 
***p < 0.01. (d) indicates dummy variable. 

Table 5.5 shows that type A-players contribute more in the exogenous than in the transfer 

treatments, although the effect is only statistically significant on the 10%-level for the stranger 

protocol. This result indicates that most type-A players who choose to contribute in the transfer 

treatments did so by using the transfer mechanism instead of direct contribution. For the type-
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B players I can replicate the basic result from the group level in Table 5.3. In transP and transS, 

a transfer to the respective player or to the co-player has a significantly positive effect on 

contributions compared to the no transfer case. In exogP and exogS, such a transfer39 does 

not have a significant effect compared to the no transfer case (Wald test, p > 0.1 for both 

treatments and transfer cases). Relative contributions differ significantly between transP and 

exogP for type-B players in case of a transfer to the other player and in case of a transfer to 

the respective player (Wald test, p = 0.0289 and p = 0.0159). Only the latter difference is 

statistically significant for transS and exogS (Wald test, p = 0.0058). 

Table 5.5. Relative individual contributions in the transfer and exogenous treatments by type 

 (1) (2) (3) (4) 

 
Type A 

Stranger 
Type B 

Stranger 
Type A 
Partner 

Type B 
Partner 

Transfer:   half (d) 0.0209  0.0254  
 (0.0345)  (0.0748)  
Relative contribution previous round 0.6418*** 0.4739*** 0.7052*** 0.6509*** 
 (0.1550) (0.0918) (0.0959) (0.0662) 
Round -0.0063 -0.0134*** -0.0103 -0.0072*** 
 (0.0041) (0.0043) (0.0088) (0.0027) 
Exogenous (d) 0.0983* 0.2123*** 0.1115** 0.1896*** 
 (0.0549) (0.0796) (0.0558) (0.0586) 
Transfer:   other player (d)  0.1568**  0.2412*** 
  (0.0674)  (0.0577) 
Transfer:   me  (d)  0.4446***  0.2526*** 
  (0.0641)  (0.0445) 
Transfer:   other player (d) * Exogenous (d)  -0.2079**  -0.3250*** 
  (0.0873)  (0.0858) 
Transfer:   me  (d) * Exogenous (d)  -0.4623***  -0.2964*** 
  (0.0661)  (0.0753) 
Constant 0.0420 0.0540 0.1354* 0.1036* 
 (0.0441) (0.0773) (0.0814) (0.0538) 

Observations 96 720 79 738 
Note: Random effects GLS estimation results with standard errors in parentheses. Standard errors are 
clustered by matching group. Matching group refers to the session in the stranger protocol and the group 
in the partner protocol. Dependent variable is the individual contribution as percentage of endowment 
after transfer. Base category for Transfer is “Full Transfer” in column (1) and (3), and “No transfer” in 
column (2) and (4). Base category for Exogenous is “Transfer”. Level of significance: *p < 0.10, **p < 
0.05, ***p < 0.01. (d) indicates dummy variable. 

The overall distribution of the transfer decisions40 differs significantly between transP and 

transS (Pearson’s 2, p = 0.059). Under partner matching, 68 percent of decisions are on full 

transfer, 17 percent on half transfer and 15 percent on no transfer. The percentages under the 

stranger matching are 61, 15 and 24 respectively. Transfer decisions in round one do not 

significantly differ between the two treatments (Fisher’s exact, p = 0.662). In transS, a shift 

                                                

39 In the exogenous treatment, this refers to the resulting allocation after the transfer. 
40 In the following, only the three categories of full transfer, half transfer and no transfer are 
considered. 
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occurs from half to no transfers during the experiment. Overall transfer decisions are quite 

stable over rounds. In the stranger protocol, only 20 to 40 percent of subjects change their 

decision from one round to the next, with higher switching rates occurring more frequently in 

later rounds. In the partner protocol, this proportion is similar with 14 to 33 percent without 

clear switching patterns.41 Forty-three percent (35 percent) of type-A players never changed 

their transfer decision in the partner protocol (stranger protocol) and the majority of type-A 

players made a maximum of one change over the course of the ten rounds. Table D6 in 

Appendix D.2 gives an overview of the distribution of transfer decisions. Table 5.6 shows that, 

compared to individuals that made zero transfers in the previous round, individuals with 

previous half or full transfers are less likely to make zero or half transfers, but more likely to 

make a full transfer. The higher the profit in the previous round, the more likely is a full transfer 

and less likely is a no or half transfer. Here, I do not find a statistically significant difference 

between the matching protocols. 

Table 5.6. Probability of transfer decision 

 Round 2-10: Transfer Decision: 

 No Half Full 

Profit previous round 
-0.0062*** -0.0028*** 0.0090*** 

(0.0015) (0.0010) (0.0024) 

Transfer previous round: Half (d) 
-0.1773* -0.0457** 0.2230* 

(0.1183) (0.0211) (0.1353) 

Transfer previous round: Full (d) 
-0.2195 -0.0700* 0.2895* 

(0.1380) (0.0389) (0.1730) 

Round 
0.0068* 0.0031 -0.0099* 

(0.0041) (0.0020) (0.0060) 

Partner (d) 
-0.0165 -0.0076 0.0241 

(0.0419) (0.0201) (0.0619) 

Observations 369 

Note: Average marginal effects from random effects ordered probit estimation results with standard 
errors in parentheses. Standard errors are clustered by matching group. Matching group refers to the 
session in the stranger protocol and the group in the partner protocol. Dependent variable is the 
individual transfer decision in the transfer treatment. Base category for Transfer previous round is “No”. 
Base category for Partner is “Stranger”. Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. (d) 
indicates dummy variable. 

The predictions from the social preference models indicated that inequality aversion as well as 

the perceived inequality aversion of the co-players will have an important influence on the 

cooperative behavior of the player. I thus elicited measures of advantageous and 

disadvantageous inequality aversion for the players and their perceived inequality aversion of 

their co-players in an ex-ante questionnaire before the instructions to the game were handed 

                                                

41 These numbers refer to switches occurring between the categories full, half or no transfer. The 
pattern for all possible transfer decision is similar but at a higher level: For the stranger protocol, 25 - 
50 percent of subjects change their decision from one round to the next at least once and 24 - 62 
percent do so in the partner protocol. 
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out. The questionnaire also included a general trust measure.42 Table D7 and D8 in Appendix 

D.2 investigate whether these elicited measures can explain the contribution and transfer 

behavior in round 1. The results indicate that these measures of inequality aversion and trust 

cannot help to explain either transfer or contribution behavior. I am cautious to draw 

conclusions from that as I elicited those preferences using very simplistic self-reported 

measures and I cannot be sure that I actually measured inequality aversion.  

To sum up the main results: Allowing for a transfer of resources from the richer to the more 

productive player has overall a positive effect on the provision of the public good. The large 

majority of type-A players transferred half or even all of their endowment, although this transfer 

was unconditional and they risked zero earnings in the respective round. Type B-players 

mostly reciprocated with very high contributions rates. However, allowing transfers also comes 

at a risk. In case of no transfer by type A-player, cooperation rates are even lower than without 

the possibility of the transfer. The additional exogenous condition showed that the more 

efficient allocation of resources alone cannot explain the higher cooperation rates, but that the 

endogenous transfer also transmits a powerful signal of cooperation. While this pattern holds 

under both matching protocols, it is less pronounced under stranger matching. The repeated 

interaction in the same group significantly increased contribution levels for both player types 

in the transfer and exogenous treatments compared to the respective treatments under 

stranger matching. Based on the prediction of the trust and reciprocity hypothesis, more 

transfers should have occurred under the partner protocol. Though in absolute numbers this 

is the case, the differences are not statistically significant when controlling for other factors. 

Higher transfer amounts are significantly correlated with higher contribution levels by type-B 

players. 

 

5.6. Discussion and conclusion 

The presented experiment is the first to test the effect of voluntary transfers in a public goods 

game with asymmetric heterogeneities. A number of findings in the experiment warrant further 

discussion.  

First, a surprisingly large share of players transferred their whole endowment, even in the first 

round of play and throughout the stranger treatment. It seems that players either held high 

beliefs about the trustworthiness or disadvantageous inequality aversion of their co-players or 

exhibited a strong desire to implement the most efficient solution (or a combination of the two). 

                                                

42 I use the KUSIV3 interpersonal trust measure, which has been constructed and validated by GESIS 
Leibniz Institute for Social Science (Beierlein et al. 2012). 
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With the elicited measure of trust and perceived disadvantageous inequality aversion I do not 

find a significant effect on transfer decisions (see Table D1 and D7 in Appendix D.2). 

Numerous experiments have shown that humans exhibit a “taste” for efficiency. In the 

experiment by Kritikos and Bolle (2001) individuals accepted a more unequal distribution of 

payoffs to their disadvantage to achieve the overall more efficient outcome. Barrett and 

Dannenberg (2017) showed that subjects preferred the more efficient game (in terms of higher 

maximum payoff possible) over the game with lower payoffs but higher chances of actually 

realizing this payoff. In my setup, type-A players were willing to risk their endowment to be able 

to achieve the more efficient solution.  

Second, B-players reciprocated usually with very high contribution rates, even if they were not 

the direct recipient of the transfer. The comparison with the exogenous treatments showed 

that these high cooperation rates only realized if an endogenous transfer occurred. This 

behavior cannot be explained by inequality aversion, but fits the predictions from the trust and 

reciprocity hypothesis. There is no apparent link for type-B players between their endowment 

and their co-players in exogenous treatments. Reciprocal behavior in form of high public good 

contribution does therefore not arise. The positive correlation between higher transfers and 

higher subsequent contributions also fit the trust and reciprocity hypothesis. 

Third, if the chance of a transfer is given but not used, this is perceived as a signal of non-

cooperation, or unwillingness to trust, by the remaining group members and is reciprocated 

accordingly. Highlighting the possibility of a transfer that is not used would most likely result in 

less cooperation than in the situation when people are unaware of such a mechanism.  

Fourth, compared to the asymmetric setup in Hauser et al. (2019) the contribution level in my 

baseline treatment with partner matching is considerably higher: 63 percent compared to 46 

percent in Hauser et al. (2019). Several features are different in the two experiments: Subjects 

in Hauser et al. (2019) were recruited via Mturk and play online, they are in groups of two 

players, and their game lasts at least 20 rounds with indefinite ending thereafter. While the first 

difference has most likely a negative effect on contributions, smaller group sizes and indefinite 

endings usually have a positive impact. 

Fifth, while the partner matching did not have a strong effect on the occurrence of positive 

transfers compared to the stranger matching, it did significantly increase cooperation rates in 

the transfer and exogenous treatments. Why reputational effects did play a role for 

contributions in the exogenous but not in the baseline treatments cannot easily be explained 

and requires further investigations. 

Overall, the results show that an increase in the provision of the public good is possible without 

exogenous intervention by simply allowing subjects to enter in a trust and reciprocal 



Asymmetric heterogeneities and the role of transfers 

 

 

 95 

relationship and to exploit efficiency gains. Very high cooperation rates can be attained if 

transfers are made. Giving individuals the chance to repeatedly interact with each other further 

facilitates cooperation when transfers are possible.  

One feature that is usually present in real world situations such as teamwork settings or in the 

international community, but is notably absent in my experiment is communication. 

Communication has been shown to increase cooperation in homogenous groups (Ostrom, 

Walker, and Gardner 1992; Balliet 2010), while results are more ambiguous for heterogeneous 

groups (Hackett, Schlager, and Walker 1994; Chan et al. 1999). It is a priori not clear how 

communication would interact with the transfer possibility. On the one hand, the possibility to 

interact could strengthen the group feeling and willingness to trust and thus increase the 

number of positive transfers and subsequent contributions. On the other hand, with prior 

bargaining the transfers could be interpreted more as a strategic action than a trusting one, 

which would increase the likelihood of non-reciprocal behavior according to the trust and 

reciprocity hypothesis. Incorporating communication presents itself as an interesting extension 

of this experiment. 
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Appendices 

A. Appendix Chapter 2 

A.1. Institutions and history of climate negotiations 

The IPCC was established in 1988 by the World Meteorological Organization and the United 

Nations Environment Programme, with the goal of assessing the scientific basis for 

understanding the risk of human-induced climate change, its potential impacts, and options for 

adaptation and mitigation (Agrawala 1998, IPCC 2019). So far, the IPCC has published five 

Assessment Reports, beginning in 1990; these reports, which are conducted approximately 

every six years, are complemented by occasional Special Reports. While the IPCC does not 

carry out original research, and focuses instead on reviewing existing (mostly peer-reviewed) 

literature, the scale of the operation is large, as demonstrated by the number of authors and 

reviewers. The latest Assessment Report required more than 800 authors and more than 150 

review editors, selected from around 3,000 nominations. Our sample of IPCC scientists 

comprises coordinating lead authors, lead authors, and review editors of that latest 

Assessment Report. The process of author selection begins after the governments have 

elected the IPCC Bureau and Chair. The IPCC, together with the Working Group Co-chairs, 

then establishes the mandate of the three Working Groups and the time frame for the reports. 

Each Assessment Report comprises three Working Group (WG) Reports: WG I on the physical 

science basis; WG II on impacts, adaptation and vulnerability; WG III on mitigation of climate 

change. At this stage, based on nominations by governments and other institutions, the Bureau 

and the Co-chairs select the authors and reviewers. The IPCC scientists are generally viewed 

as independent from the underlying political process, although government interference, which 

is justified as necessary to ensure the process does not go unnoticed, has attracted some 

criticism (Strengers 2013). 

The UNFCCC was adopted at the Earth Summit in Rio de Janeiro in 1992 and entered into 

force two years later. It established a qualitative global goal to limit atmospheric greenhouse 

gas concentrations to avoid dangerous climate change and guidelines for the subsequent 

negotiations. Each year, a conference is held under the framework of the UNFCCC. These 

Conferences of the Parties (COP) serve as the formal meeting of the UNFCCC parties to 

assess the progress in dealing with climate change. The first COP, known as the Berlin 

Mandate, was held in Germany in 1995. The latest conference, COP 22, took place in 

Marrakech, Morocco late in 2016.  

The international climate negotiations have brought about two agreements. The Kyoto 

Protocol, which was adopted in 1997 and entered into force in 2005, committed industrialized 

countries to reduce emissions by 5.2 percent in aggregate between 2008 and 2012, relative to 
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the 1990 baseline levels. The goal of the 2009 meeting in Copenhagen was to produce a 

successor agreement to the Kyoto Protocol beyond 2012, but failed to do so. Instead, it 

resulted in a non-binding framework, known as the Copenhagen Accord, which set the 

collective goal of limiting mean global temperature increase to 2°C and invited countries to 

submit quantified emission targets. These submitted pledges turned out to be insufficient to 

reach the collective goal and the Ad Hoc Working Group on the Durban Platform for Enhanced 

Action was thus established in 2011, with the mandate to develop a new “protocol, another 

legal instrument or an agreed outcome with legal force under the Convention applicable to all 

Parties (…)” (UNFCCC 2012). This new agreement was adopted at COP 21 in Paris in 

December 2015. It entered into force in November 2016 after the threshold (ratification of at 

least 55 parties to the Convention, accounting for at least 55 percent of the total greenhouse 

gas emissions) had been met. At the core of this agreement are the “intended nationally 

determined contributions” (INDCs) which to date have been submitted by more than 160 

parties to the UNFCCC.  

The agreements adopted in Kyoto and Paris have been widely debated, covering a broad 

range of different opinions. While both agreements rely on establishing targets and timetables, 

the main difference is that Kyoto specified legally binding emission reduction targets for a 

subset of countries, whereas Paris invited all countries to announce nonbinding targets. The 

approach taken in Kyoto built on the interpretation of the “common but differentiated 

responsibilities” principle that had emerged in the context of the 1992 Rio Earth Summit. While 

this principle is widely accepted, it did raise concerns that efforts taken by a subset of (more 

developed) countries to limit emissions could be undermined by the effects that these 

reductions have on global markets, such as lower fossil fuel prices or relocation of energy-

intensive industries. The distinction between developed and developing countries has been 

somewhat blurred under the new approach taken in Paris.  

 

A.2. Participants 

Table A1 presents an overview of the sample; for the full sample as well as separately for 

UNFCCC and IPCC. The sample comprises more men than women (71 versus 29 percent). 

The respondents’ age ranges from 22 to 76 years and the mean age is 48 years. Most 

respondents are from Europe (32 percent) followed by North America (19 percent), Asia and 

Africa (17 percent each), South America (11 percent), and Australia/Oceania (5 percent). The 

majority has majored in natural science (37 percent), followed by economics and business 

administration (17 percent), and engineering (14 percent). Forty-two percent work for a 

national governmental organization, 33 percent work for a university or research institution, 
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and the rest work for an international governmental organization, a private company, or an 

NGO. 

Table A1. Survey participants 

 Full Sample UNFCCC Sample IPCC Sample 

Frequency Absolute Percent Absolute Percent Absolute Percent 

Gender Male 
Female 

463 
193 

70.58 
29.42 

306 
153 

66.67 
33.33 

157 
40 

79.70 
20.30 

Age 
 

20 – 29 years 
30 – 39 years 
40 – 49 years 
50 – 59 years 
60 – 69 years 
70 – 79 years 
No answer 

34 
130 
163 
177 
96 
17 
39 

5.18 
19.82 
24.85 
26.98 
14.63 

2.59 
5.95 

32 
120 
118 
112 
42 

7 
28 

6.97 
26.14 
25.71 
24.40 

9.15 
1.53 
6.10 

2 
10 
45 
65 
54 
10 
11 

1.02 
5.08 

22.84 
32.99 
27.41 

5.08 
5.58 

Nationality1 Africa 
Australia/Oceania 
Asia 
Europe 
North America 
South America 

110 
30 

110 
207 
125 
74 

16.77 
4.57 

16.77 
31.55 
19.05 
11.28 

98 
15 
86 

134 
64 
62 

21.35 
3.27 

18.74 
29.19 
13.94 
13.51 

12 
15 
24 
73 
61 
12 

6.09 
7.61 

12.18 
37.06 
30.96 

6.09 

Field Natural science 
Political science 
Economics and Business 
Administration 
Law  
Engineering 
Other 
No answer 

241 
62 

112 
 

35 
92 

101 
13 

36.74 
9.45 

17.07 
 

5.34 
14.02 
15.40 

1.98 

136 
58 
79 

 
34 
66 
75 
11 

29.63 
12.64 
17.21 

 
7.41 

14.38 
16.34 

2.40 

105 
4 

33 
 

1 
26 
26 

2 

53.30 
2.03 

16.75 
 

.51 
13.20 
13.20 

1.02 

Organization International government 
organization 
National government 
organization 
University or research 
institution 
Private company 
Environmental NGO 
Non-Environmental NGO 
Other 
No answer 

41 
 

277 
 

214 
 

21 
37 
11 

 
40 
15 

6.25 
 

42.23 
 

32.62 
 

3.20 
5.64 
1.68 

 
6.10 
2.29 

34 
 

255 
 

68 
 

18 
31 

9 
 

31 
13 

7.41 
 

55.56 
 

14.81 
 

3.92 
6.75 
1.96 

 
6.75 
2.83 

7 
 

22 
 

146 
 

3 
6 
2 
 

9 
2 

3.55 
 

11.17 
 

74.11 
 

1.52 
3.05 
1.02 

 
4.57 
1.02 

Trust in 
intuition 
 

Very much 
Somewhat 
Little  
Not at all 
Don’t know 
No answer 

221 
334 
70 
13 

3 
15 

33.69 
50.91 
10.67 

1.98 
.46 

2.29 

174 
216 
45 
10 

1 
13 

37.91 
47.06 

9.80 
2.18 
.22 

2.83 

47 
118 
25 

3 
2 
2 

23.86 
59.90 
12.69 

1.52 
1.02 
1.02 

∑ 656 100.00 459 100.00 197 100.00 
1 If information on nationality was not provided by the respondents, this information was substituted by 
the country of delegation (UNFCCC sample) or the country of citizenship (IPCC sample). This was the 
case for six percent of the full sample. From the respondents who provided their nationality we know 
that this information coincides with nationality in 90 percent of the cases. Note also that our regression 
results do not change if we omit all individuals who did not provide their nationality. 
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A.3. Supplementary econometric analysis 

Explanatory variables used in the regression analysis 

Table A2 provides definitions of explanatory variables used in the regression analysis in the 

main paper and Table A3 shows the summary statistics of all explanatory variables. Tables A4 

and A5 provide an overview of the effects of the explanatory variables on the dependent 

variables which are not shown in the main paper. 

Table A2. Definitions of explanatory variables 

Variable  Definition 

Involvement as Party1 
Number of COPs between 2009 and 2014 (1997 and 2001 for the Kyoto 
Protocol) that an individual attended as party 

Involvement as 
Observer1 

Number of COPs between 2009 and 2014 (1997 and 2001 for the Kyoto 
Protocol) that an individual attended as observer 

Trust in intuition = 1 if individual answered the question “When making decisions, do you 
generally trust your intuitions?” with very much or somewhat, = 0 
otherwise 

Importance of climate 
change  

= 1 if individual answered the question “How important do you think are 
international efforts in combating climate change?” with very important or 
important, = 0 otherwise 

Consequences of 
climate change  

= 1 if individual answered the question “How would you assess the 
consequences of climate change on future global living conditions up to 
2100?” with very negative or negative, = 0 otherwise 

Optimistic about 
emission reductions  

= 1 if individual is equally or more optimistic than the median about 
countries’ unconditional willingness to reduce emissions, = 0 otherwise 

CO2 per capita 2013  Level of CO2 emissions per capita in tons in 2013 in respondents’ 
country of citizenship (IPCC) or delegation country (UNFCCC). CO2 per 
capita data is taken from the World Bank. 

1 This data was collected from the UNFCCC participation lists. 
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Table A3. Summary statistics of the explanatory variables 

 Full Sample UNFCCC Sample IPCC Sample 

Explanatory variables N Mean Std. Dev. Min-Max N Mean Std. Dev. Min-Max N Mean Std. Dev. Min-Max 

Involvement as Party (1997-2001) 656 .1646 .7207 0 – 6 459 .1786 .7496 0 – 6 197 .0436 .3713 0 – 5 

Involvement as Observer (1997-2001) 656 .1006 .5262 0 – 6 459 .0436 .3713 0 – 5 197 .2335 .7602 0 – 6 

Involvement as Party (2009-2014) 656 1.7729 1.7670 0 – 6 459 2.4074 1.6446 0 – 6 197 .2944 .9870 0 – 6 

Involvement as Observer (2009-2014) 656 .2957 .8602 0 – 6 459 .2004 .6829 0 – 5 197 .5178 1.1455 0 – 6 

Male 656 .7058 .4560 0 – 1 459 .6667 .4719 0 – 1 197 .7970 .4033 0 – 1 

Age 617 48.1086 11.7194 22 – 76 431 45.3875 11.3965 22 – 76 186 54.4140 9.9102 27 – 75 

Trust in intuitions 638 .8699 .3367 0 – 1 445 .8764 .3295 0 – 1 193 .8549 .3531 0 – 1 

Importance of climate change (CC) 655 .9450 .2281 0 – 1 459 .9454 .2274 0 – 1 197 .9442 .2302 0 – 1 

Consequences of climate change (CC) 649 .9461 .2261 0 – 1 459 .9385 .2406 0 – 1 194 .9639 .1870 0 – 1 

Optimistic about emission reductions 656 .5869 .4928 0 – 1 459 .5991 .4906 0 – 1 197 .5584 .4978 0 – 1 

Highest degree: Natural Sciences 643 .3748 .4844 0 – 1 448 .3036 .4603 0 – 1 195 .5385 .4998 0 – 1 

Highest degree: Political Sciences 643 .0964 .2954 0 – 1 448 .1295 .3361 0 – 1 195 .0205 .1421 0 – 1 

Highest degree: Economics and BA 643 .1742 .3796 0 – 1 448 .1763 .3815 0 – 1 195 .1692 .3759 0 – 1 

Highest degree: Law 643 .0544 .2270 0 – 1 448 .0759 .2651 0 – 1 195 .0051 .0716 0 – 1 

Highest degree: Engineering 643 .1431 .3504 0 – 1 448 .1473 .3548 0 – 1 195 .1333 .3408 0 – 1 

Highest degree: Other 643 .1571 .3642 0 – 1 448 .1674 .3738 0 – 1 195 .1333 .3408 0 – 1 

Works for: International governmental 
organization 

641 .0640 .2449 0 – 1 446 .0762 .2657 0 – 1 195 .0359 .1865 0 – 1 

Works for: National governmental organization 641 .4321 .4958 0 – 1 446 .5717 .4954 0 – 1 195 .1128 .3172 0 – 1 

Works for: University or research institute 641 .3339 .4720 0 – 1 446 .1525 .3599 0 – 1 195 .7487 .4349 0 – 1 

Works for: Private company 641 .0328 .1782 0 – 1 446 .0404 .1970 0 – 1 195 .0154 .1234 0 – 1 

Works for: Environmental NGO 641 .0577 .2344 0 – 1 446 .0695 .2546 0 – 1 195 .0308 .1731 0 – 1 

Works for: Non-Environmental NGO 641 .0172 .1300 0 – 1 446 .0202 .1408 0 – 1 195 .0103 .1010 0 – 1 

Works for: Other 641 .0624 .2421 0 – 1 446 .0695 .2546 0 – 1 195 .0462 .2104 0 – 1 

Nationality: Africa (AFR) 656 .1677 .3739 0 – 1 459 .2135 .4102 0 – 1 197 .0609 .2398 0 – 1 

Nationality: Australia and Oceania (AOZ) 656 .0457 .2091 0 – 1 459 .0327 .1780 0 – 1 197 .0761 .2659 0 – 1 

Nationality: Asia (ASI)  656 .1677 .3739 0 – 1 459 .1874 .3906 0 – 1 197 .1218 .3279 0 – 1 

Nationality: Europe (EUR) 656 .3155 .4651 0 – 1 459 .2919 .4552 0 – 1 197 .3706 .4842 0 – 1 

Nationality: North America (NAM) 656 .1905 .3930 0 – 1 459 .1394 .3468 0 – 1 197 .3096 .4635 0 – 1 

Nationality: South America (SAM) 656 .1128 .3166 0 – 1 459 .1351 .3422 0 – 1 197 .0609 .2398 0 – 1 

CO2 per capita 2013 (in tons) 654 6.2706 5.8307 
.0136 - 
39.0184 

458 4.9105 5.4527 
.0136 - 
39.0184 

196 9.4488 5.4471 
.0519 - 
16.9152 
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Table A4. Effects of additional explanatory variables on the general assessments 

 General assessments 

Explanatory variables Kyoto 
Protocol 

Durban Platform Usefulness 
of COPs 

Participation Stringency Effectiveness 

Male - +  +  

Age  -    

Trust in intuition  + + +  

Importance of climate change 
(CC) 

-    + 

Consequences of climate change 
(CC) 

     

Optimistic about emission 
reductions 

 + + +  

Field of highest degree or 
training* 

     

Political sciences      

Economics and business admin.      

Law      

Engineering     - 

Other      

Current type of organization†      

International governmental       

University or research institute    -  

Private company      

Environmental NGO       

Non-environmental NGO   (.) - - 

Others - -  -  

Nationality‡      

Africa -  + +  

Australia and Oceania - -    

Asia      

North America -   -  

South America -     

CO2 per capita in 2013      

Negotiating block§      

Small Islands Developing States       

Least Developed Countries -     

Developing Countries -     

Brazil, Russia, India, China, 
South Africa 

-     

Environmental Integrity Group 
and Umbrella Group 

-   -  

Note: Overview of the effects of the explanatory variables that are not shown in the main paper, using 
binary probit estimations; “–“ indicates a statistically significant negative effect and “+” indicates a 
statistically significant positive effect (p < 0.1) on the probability of being optimistic; (.) means that this 
variable was dropped due to lack in variation; * baseline is natural sciences; † baseline is national 
governmental organization; ‡ baseline is Europe; § baseline is EU28. 
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Table A5. Effects of additional explanatory variables on the specific assessments 

 Specific assessments 

Explanatory variables 
INDCs 

meet 2°C 
target 

Countries 
will increase 

INDCs 

Increased 
INDCs 

meet 2°C 
target 

Countries 
will fulfill 

INDCs 

Male     

Age     

Trust in intuition +  + + 

Importance of climate change (CC)  +   

Consequences of climate change (CC)     

Optimistic about emission reductions + + + + 

Field of highest degree or training*     

Political sciences    + 

Economics and business admin.   +  

Law +  +  

Engineering     

Other   +  

Current type of organization†     

International governmental     - 

University or research institute -  - - 

Private company  -  - 

Environmental NGO   - -  

Non-environmental NGO (.) (.)   

Others   - - 

Nationality‡     

Africa +  +  

Australia and Oceania     

Asia +   - 

North America    - 

South America  +   

CO2 per capita in 2013 -    

Negotiating block§     

Small Islands Developing States  +   - 

Least Developed Countries   + - 

Developing Countries    - 

Brazil, Russia, India, China, South Africa  +   

Environmental Integrity Group and Umbrella 
Group 

    

Note: Overview of the effects of the explanatory variables that are not shown in the main paper, using 
binary probit estimations; “–“ indicates a statistically significant negative effect and “+” indicates a 
statistically significant positive effect (p < 0.1) on the probability of being optimistic; (.) means that this 
variable was dropped due to lack in variation; * baseline is natural sciences; † baseline is national 
governmental organization; ‡ baseline is Europe; § baseline is EU28. 

 

 

Descriptive statistics and regression analysis when involvement is measured with a dummy 

variable 

Figures A1-A4 illustrate the correlation between evaluations and involvement in the negotiation 

process, with involvement measured with a dummy variable that takes the value one if an 

individual attended the relevant COPs at least once as a party and zero otherwise. 
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Figure A1. Assessment of the Kyoto Protocol separated by participation in COPs 3 - 7 

 

Note: In panel (a), “Party” refers to respondents who attended at least one of the COPs 3 - 7 as party 
(n  = 26) and “Non-Party” refers to those who did not (n = 462). In panel (b), “Party” refers to respondents 
who attended at least one of the COPs 3-7 as party (n = 26) and “Non-Party” refers to those who 
attended at least one of the COPs 3-7 as observer and none as party (n = 20). 

 
Figure A2. Assessment of the Durban Platform separated for the individuals who attended at 

least one of the COPs 15 - 20 as a party and those who did not 

 

Note: “Party” refers to respondents who attended at least one of the COPs 15 - 20 as party and “Non-
Party” to those who did not. Number of Observations for Participation: n (Party) = 446, n (Non-Party) = 
147. Number of Observations for Stringency: n (Party) = 434, n (Non-Party) = 144. Number of 
Observations for Effectiveness: n (Party) = 448, n (Non-Party) = 145. 
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Figure A3. Assessment of the usefulness of the climate summits separated for the individuals 

who attended at least one of the COPs 15 - 20 as a party and those who did not 

 

Note: “Party” refers to respondents who attended at least one of the COPs 15 - 20 as party (n = 397) 
and “Non-Party” to those who did not (n = 151). 

 

Figure A4. Assessment of the INDCs separated for the individuals who attended at least one 

of the COPs 15 - 20 as a party and those who did not 

 

Note: “Party” refers to respondents who attended at least one of the COPs 15 - 20 as party and “Non-
Party” to those who did not. Number of Observations for “INDCs will be consistent with 2C target”: 
n (Party) = 467, n (Non-Party) = 167. Number of Observations for “Countries will increase their INDCs”: 
n (Party) = 458, n (Non-Party) = 164. Number of Observations for “Increased INDCs will meet 2C target”: 
n (Party) = 457, n (Non-Party) = 161. Number of Observations for “Countries will fulfill their INDCs”: 
n (Party) = 468, n (Non-Party) = 163. 
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Average estimated probabilities of being optimistic 

The following table shows the average estimated probabilities of being optimistic with 

involvement measured as the number of attendances at the relevant COPs as party (Table 

A6). 

Table A6. Average estimated probabilities of being optimistic for different number of COPs 

attended as party 

 Involvement as Party 

 0 1 2 3 4 5 6 

Assessment of the 
Kyoto Protocol  

.2802   
(.0206)    

.3779      
(.0420) 

.4840      
(.0824)      

.5911      
(.1199) 

.6917      
(.1449) 

.7796 
(.1528) 

.8509      
(.1437) 

Durban Platform 
w.r.t. Participation  

.3072 
(.0283) 

.3508 
(.0224) 

.3964 
(.0200) 

.4434 
(.0238) 

.4911 
(.0320) 

.5390 
(.0419) 

.5862 
(.0518) 

Durban Platform 
w.r.t. Stringency 

.1769     
(.0248) 

.1776     
(.0186) 

.1784     
(.0159) 

.1791     
(.0187) 

.1799     
(.0251) 

.1806     
(.0331) 

.1814     
(.0420) 

Durban Platform 
w.r.t. Effectiveness 

.2650 
(.0272) 

.2843 
(.0209) 

.3043 
(.0185) 

.3249 
(.0224) 

.3460 
(.0309) 

.3675 
(.0417) 

.3895 
(.0536) 

Usefulness of 
COPs 

.2452     
(.0270) 

.2673     
(.0212) 

.2903     
(.0196) 

.3142     
(.0246) 

.3389     
(.0340) 

.3643     
(.0458) 

.3902     
(.0587) 

INDCs meet 2°C 
target 

.1691     
(.0252) 

.1441     
(.0165) 

.1217     
(.0129) 

.1018     
(.0143) 

.0843     
(.0173) 

.0692     
(.0198) 

.0563     
(.0213) 

Countries will 
increase INDCs 

.1856     
(.0234) 

.1907     
(.0179) 

.1959     
(.0159) 

.2013     
(.0189) 

.2067     
(.0256) 

.2121     
(.0341) 

.2177     
(.0435) 

Increased INDCs 
meet 2°C target 

.1695     
(.0232) 

.1729     
(.0175) 

.1765     
(.0149) 

.1800     
(.0173) 

 .1836     
(.0235) 

.1873     
(.0315) 

.1910     
(.0404) 

Countries will fulfill 
INDCs 

.1705     
(.0226) 

.1927     
(.0181) 

.2165     
(.0160) 

.2419     
(.0193) 

.2688     
(.0274) 

.2971     
(.0381) 

.3267     
(.0504) 

Note: Results from binary probit models. Standard errors in parentheses. 

 

Regression analyses differentiated by source 

The following tables show the main regressions differentiated by the two sources of data, the 

UNFCCC-list and the IPCC-list. Additionally, we show the regression for the combined sample, 

controlling for the data source. Because of lack of variation for some variables in the IPCC 

sample, we combined categories for some explanatory variables. For all but three questions, 

the respondents from the IPCC sample are significantly less optimistic than those from the 

UNFCCC sample. For both samples, we find significant positive effects of involvement as 

member of a party delegation on the level of optimism for two of the general assessments 

(three for the IPCC sample). For the specific assessments, we find one positive and one 

negative significant effect for the UNFCCC sample and none for the IPCC sample. We do not 

find opposite effects for the two samples. 
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Table A7. Regression results on the assessment of the Kyoto Protocol 

 Full Sample Full Sample UNFCCC 
Sample 

IPCC 
Sample 

 (1) 
Optimistic  

(2) 
Optimistic 

(3) 
Optimistic  

(4) 
Optimistic  

IPCC (d) -.1103*    

 (-1.8820)    

Involvement as Party  .0984*** .0794* .2309*** 

  (2.7474) (1.8722) (3.8655) 

Involvement as Observer  -.0086 .0468 -.0822 

  (-0.2035) (0.8871) (-1.2428) 

Male (d) -.1121** -.1054** -.1313** -.0438 

 (-2.1937) (-2.0705) (-2.1807) (-.4208) 

Age .0008 -.0014 .0006 -.0041 

 (.4155) (-.6975) (.2597) (-1.1423) 

Intuitions (d) .0169 .0131 .0233 .0173 

 (.2724) (.2066) (.2876) (.1824) 

Importance combating CC (d) .1814** .1887*** .2136** .1440 

 (2.4093) (2.6889) (2.5150) (1.2323) 

Negative consequences CC (d) -.0117 -.0246 -.0111 -.0314 

 (-.1089) (-.2284) (-.0930) (-.1350) 

Optimistic about GHG reductions (d) -.0137 -.0201 -.0040 -.0248 

 (-.3145) (-.4632) (-.0742) (-.3184) 

Observations 456 456 318 133 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 3-7). (d) indicates dummy variable. In addition to the shown explanatory variables, the 
estimations control for the highest degree or training being natural sciences, and type of current 
employer organization (governmental organization, university or research institute or other). 
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Table A8. Regression results on the assessment of the Durban Platform 

 Participation Stringency Effectiveness 

 Full 
Sample 

Full 
Sample 

UNFCCC 
Sample 

IPCC  
Sample 

Full 
Sample 

Full 
Sample 

UNFCCC 
Sample 

IPCC  
Sample 

Full 
Sample 

Full 
Sample 

UNFCCC 
Sample 

IPCC  
Sample 

 (1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(4) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(4) 
Optimistic  

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(4) 
Optimistic  

IPCC (d) -.1697***    -.0596    -.1530***    

(-2.8849)    (-1.3843)    (-2.8165)    

Involvement as Party  .0472*** .0330** .0710**  .0012 -.0026 -.0069  .0195* .0041 .0176 

 (4.2997) (2.2729) (2.3212)  (.1260) (-.2139) (-.2242)  (1.7681) (.2834) (.8503) 

Involvement as 
Observer 

 .0403* .0438 .0543*  -.0541*** -.0476* -.0588  -.0243 -.0341 -.0027 

 (1.7191) (1.2037) (1.8594)  (-2.6853) (-1.7535) (-1.6060)  (-.9626) (-.9996) (-.1236) 

Male (d) .0636 .0691 .0838 .0595 .0523 .0497 .0576 .0458 .0800* .0807** .0982* .0834 

 (1.4174) (1.5631) (1.5782) (.7053) (1.4633) (1.4081) (1.2967) (.5033) (1.9574) (1.9782) (1.9322) (1.2491) 

Age -.0042** -.0059*** -.0045** -.0065* -.0018 -.0023 -.0024 -.0002 -.0011 -.0024 -.0019 .0030 

 (-2.2271) (-3.2646) (-1.9947) (-1.7167) (-1.1587) (-1.5512) (-1.2678) (-.0674) (-.6227) (-1.4067) (-.8627) (.9064) 

Intuitions (d) .1779*** .1737*** .2080*** .1704** .1326*** .1325*** .1372*** (.) .1706*** .1676*** .2030*** .1322** 

 (3.1443) (2.9995) (2.9290) (2.0530) (3.6919) (3.6620) (2.7839) (.) (3.4063) (3.2729) (3.2021) (2.5013) 

Importance combating 
CC (d) 

.0332 .0210 .0236 .0023 .0005 .0095 .0122 -.0128 .0966 .0984 .1056 .0098 

(.3588) (.2288) (.2049) (.0146) (.0066) (.1471) (.1466) (-.0936) (1.3343) (1.3669) (1.1552) (.0700) 

Negative 
consequences CC (d) 

-.1040 -.1086 -.0974 -.0049 -.0422 -.0454 -.0283 -.1957 -.1036 -.1057 -.0451 -.2047 

(-1.0472) (-1.1233) (-.8864) (-.0285) (-.5445) (-.5812) (-.3167) (-.5745) (-1.0480) (-1.0927) (-.4173) (-1.0304) 

Optimistic about GHG 
reductions (d) 

.1174*** .1048** .1184** .0894 .0746** .0785** .0774* .1023 .0879** .0836** .0843* .1103* 

(2.8548) (2.5456) (2.3201) (1.1980) (2.3108) (2.4376) (1.8970) (1.5301) (2.3089) (2.1679) (1.7329) (1.8843) 

Observations 550 550 401 136 536 536 390 102 551 551 404 134 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** 
p < 0.05, * p < 0.1. Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number of COPs attended as observer 
(COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, the estimations control for the highest degree or training being 
natural sciences, and type of current employer organization (governmental organization, university or research institute or other). (.) means that this variable 
was dropped due to lack of variation.  
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Table A9. Regression results on the perceived usefulness of the climate conferences 

 Full Sample  Full Sample UNFCCC 
Sample 

IPCC 
Sample 

 (1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(4) 
Optimistic 

IPCC (d) -.1161**    

 (-2.1079)    

Involvement as Party  .0249** .0134 .0664* 

  (2.1303) (.9040) (1.8088) 

Involvement as Observer  .0569*** .0807** .0453 

  (2.6523) (2.3926) (1.4954) 

Male (d) -.0079 .0040 .0067 .0340 

 (-.1751) (.0913) (.1255) (.3918) 

Age .0010 -.0005 -.0010 .0059 

 (.5415) (-.2803) (-.4464) (1.5894) 

Intuitions (d) .0814 .0829 .0561 .1547* 

 (1.4445) (1.4902) (.7646) (1.7835) 

Importance combating CC (d) .1994*** .1862*** .1593* (.) 

 (3.4340) (2.9669) (1.8130) (.) 

Negative consequences CC (d) -.0193 -.0264 -.0604 (.) 

 (-.1835) (-.2457) (-.4953) (.) 

Optimistic about GHG reductions (d) .0695* .0576 .0494 .0741 

 (1.7452) (1.4401) (.9939) (1.0385) 

Observations 509 509 354 142 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, 
the estimations control for the highest degree or training being natural sciences, and type of current 
employer organization (governmental organization, university or research institute or other). (.) means 
that this variable was dropped due to lack of variation. 
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Table A10. Regression results on the assessment of the INDC 

 INDCs meet 2°C target Countries will increase INDCs 

 Full Sample  Full Sample UNFCCC 
Sample 

IPCC 
Sample 

Full Sample Full Sample UNFCCC 
Sample 

IPCC 
Sample 

 (1) 
Optimistic 

(2) 
Optimistic  

(3) 
Optimistic  

(4) 
Optimistic  

(1) 
Optimistic  

(2) 
Optimistic  

(3) 
Optimistic  

(4) 
Optimistic  

IPCC (d) -.0615*    -.0684    

 (-1.8548)    (-1.5022)    

Involvement as Party  -.0190** -.0339*** -.0173  .0046 -.0104 .0183 

  (-2.1904) (-2.8830) (-.4233)  (.5101) (-.8371) (.7260) 

Involvement as Observer  -.0359* -.0173 (.)  -.0036 .0220 -.0539* 

  (-1.7653) (-.6967) (.)  (-.1840) (.7904) (-1.7618) 

Male (d) -.0067 -.0092 .0103 -.1226 .0108 .0104 .0296 -.0176 

 (-.2270) (-.3113) (.2833) (-1.0504) (.3023) (.2905) (.6956) (-.2164) 

Age .0001 -.0002 .0002 .0045 .0014 .0008 .0030* -.0020 

 (.0424) (-.2049) (.1303) (1.0466) (.9815) (.5829) (1.7536) (-.6758) 

Intuitions (d) .0703** .0688** .0768* (.) .0458 .0437 -.0034 (.) 

 (2.3697) (2.3325) (1.8835) (.) (1.0181) (.9534) (-.0551) (.) 

Importance combating CC (d) .0093 .0236 .0439 -.0353 .0934* .0983* .1185* .0240 

 (.1664) (.4663) (.6672) (-.2896) (1.6508) (1.7955) (1.8344) (.2055) 

Negative consequences CC (d) -.0342 -.0390 -.0644 (.) -.0366 -.0377 -.0523 .0088 

 (-.5128) (-.5610) (-.6980) (.) (-.4303) (-.4430) (-.5128) (.0437) 

Optimistic about GHG reductions (d) .0417* .0487** .0726** .0049 .0721** .0714** .0631 .0988* 

 (1.6890) (2.0477) (2.3041) (.0775) (2.3269) (2.3002) (1.6079) (1.8653) 

Observations 589 589 417 75 577 577 408 146 
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Table A10. Regression results on the assessment of the INDC (continued) 

 Increased INDCs meet 2°C target Countries will fulfill INDCs 

 Full Sample  Full Sample UNFCCC 
Sample 

IPCC 
Sample 

Full Sample Full Sample UNFCCC 
Sample 

IPCC 
Sample 

 (1) 
Optimistic 

(2) 
Optimistic  

(3) 
Optimistic  

(4) 
Optimistic  

(1) 
Optimistic  

(2) 
Optimistic  

(3) 
Optimistic  

(4) 
Optimistic  

IPCC (d) -.0729*    -.0731    

 (-1.7424)    (-1.5492)    

Involvement as Party  .0052 -.0044 .0279  .0245*** .0209* .0016 

  (.5917) (-.3502) (1.5435)  (2.6417) (1.6796) (.0633) 

Involvement as Observer  -.0117 -.0158 .0048  -.0117 -.0094 -.0350 

  (-.5845) (-.4983) (.2494)  (-.5566) (-.2945) (-1.1544) 

Male (d) .0087 .0087 .0129 .0339 -.0183 -.0139 .0084 -.1025 

 (.2633) (.2617) (.2955) (.6374) (-.4969) (-.3848) (.1865) (-1.2458) 

Age .0003 -.0003 .0006 -.0002 -.0010 -.0018 -.0026 .0042 

 (.2447) (-.1906) (.3308) (-.0988) (-.6136) (-1.1596) (-1.3267) (1.3868) 

Intuitions (d) .1279*** .1265*** .1499*** (.) .1070*** .1069** .0949* (.) 

 (3.8683) (3.8013) (3.2903) (.) (2.6045) (2.5731) (1.6625) (.) 

Importance combating CC (d) .0478 .0498 .0289 (.) .0751 .0721 .0441 (.) 

 (.7389) (.7789) (.3024) (.) (1.0448) (1.0156) (.4458) (.) 

Negative consequences CC (d) -.0713 -.0724 -.0437 -.1195 -.1318 -.1285 -.0942 -.4237* 

 (-.9035) (-.9273) (-.4683) (-.6383) (-1.3563) (-1.3425) (-.8370) (-1.8111) 

Optimistic about GHG reductions (d) .0754** .0745** .0901** .0697 .1226*** .1193*** .1276*** .0939** 

 (2.5401) (2.5077) (2.2805) (1.5131) (3.9128) (3.8004) (3.0919) (2.1039) 

Observations 572 572 407 123 584 584 415 140 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** 
p < 0.05, * p < 0.1. Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number of COPs attended as observer 
(COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, the estimations control for the highest degree or training being 
natural sciences, and type of current employer organization (governmental organization, university or research institute or other). (.) means that this variable 
was dropped due to lack of variation. 

 

Figure A5 illustrates the average estimated probabilities of being optimistic for different numbers of conferences attended based on the results 

from Tables A7-A10. 
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Figure A5. Average estimated probability of being optimistic 

 

Note: The figure shows the average estimated probability of being optimistic for different number of conferences attended as party differentiated between the 
two data sources. Panel (a) illustrates the correlation for the UNFCCC sample and panel (b) for the IPCC sample. The number of conferences on the horizontal 
axis refers to COPs 3-7 for the assessment of the Kyoto Protocol and to COPs 15-20 for all other questions. Solid lines apply to questions for which there are 
more than 350 observations with a strictly positive number of COP attendances; dashed lines apply to questions for which there are fewer than 50 observations 
with a strictly positive number of COP attendances. The average estimated probability tends to increase with each additional conference for the general 
assessments (indicated by a rectangular mark) with one exception (“stringency”). For the specific assessments (indicated by a circular mark) the tendency is 
much weaker.  

 



Appendix Chapter 2 

 

 
 129 

Regression analyses controlling for affiliations and dual roles 

Table A11 to A13 show binary probit regression results for respondents who have attended at least one of COPs 15 - 20 as party. In addition or 

instead of employer organization, we control for individuals’ affiliations as stated in the COP participation lists (column (1)) and whether they 

assumed a dual role by being part of a delegation but not affiliated with a government institution (columns (2) and (3)). The affiliations and having 

a dual role rarely have a statistically significant effect.  

Table A11. Regression results on the assessment of the Durban Platform 

 Participation Stringency Effectiveness 

 (1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

Involvement as Party 0.1031*** 0.1056*** 0.0979** -0.0054 -0.0123 -0.0254 0.0066 0.0018 -0.0321 

(2.5848) (2.6467) (2.0672) (-0.1187) (-0.2755) (-0.4722) (0.1594) (0.0424) (-0.6474) 

Involvement as Observer 0.0993 0.0968 0.0996 -0.1499 -0.1580 -0.1551 -0.1286 -0.1129 -0.1011 

(1.0038) (0.9919) (1.0131) (-1.3566) (-1.4958) (-1.4606) (-1.2201) (-1.0740) (-0.9480) 

Affiliation: Science and 
Research (d) 

-0.0975   -0.2115   -0.0081   

(-0.4906)   (-0.8494)   (-0.0402)   

Affiliation: NGO (d) 0.0394   -0.0044   0.0753   

(0.1374)   (-0.0123)   (0.2453)   

Affiliation: Business (d) -0.0302   0.5535   0.4982   

(-0.0737)   (1.3775)   (1.3114)   

Affiliation: Other (d) -0.2210   -0.1103   -0.1199   

(-0.8475)   (-0.4038)   (-0.4718)   

Dual Role (d)  -0.1426 -0.2033  -0.0334 -0.1349  0.2080 -0.0539 

 (-0.7780) (-0.6953)  (-0.1546) (-0.4094)  (1.1349) (-0.1832) 

Dual Role*Involvement as 
Party (i) 

  0.0242   0.0398   0.1036 

  (0.2853)   (0.3917)   (1.1540) 

Employer organization No Yes Yes No Yes Yes No Yes Yes 

Observations 410 410 410 399 392 392 413 406 406 

Note: Results from binary probit models. Numbers are maximum likelihood estimates with robust standard errors and z-values in parentheses. Level of 
significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number of COPs 
attended as observer (COPs 15-20). Affiliation is taken from the participation lists for COPs 16-20. In the few cases where affiliation changed between 
conferences (< 1%), the latest affiliation was taken. Baseline for Affiliation is “Government.” (d) indicates dummy variable. (i) indicates interaction term. In addition 
to the shown explanatory variables, the estimations control for gender, age, trust in own intuitions, perceived importance of climate change, expected 
consequences of climate change, expectations about emissions reductions in the absence of an international climate agreement, field of the highest degree or 
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training, nationality at the continent level, and level of CO2 emissions per capita in 2013 in respondents’ country of citizenship/delegation. Only respondents who 
attended COPs 15-20 at least once as party are included.  

 

Table A12. Regression results on the assessment of the INDC 

 INDCs meet 2°C target Countries will increase 
INDCs 

Increased INDCs meet 2°C 
target 

Countries will fulfill INDCs 

 (1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

Involvement as Party -0.1665*** -0.1723*** -0.2004*** -0.0141 -0.0251 0.0080 -0.0068 -0.0168 -0.0442 0.0875** 0.0996** 0.0300 

(-3.0048) (-3.0074) (-3.1199) (-0.3157) (-0.5496) (0.1498) (-0.1503) (-0.3692) (-0.7488) (2.0932) (2.2733) (0.5720) 

Involvement as Observer -0.1296 -0.0854 -0.0796 0.0966 0.1199 0.1038 -0.0821 -0.0826 -0.0713 -0.0690 -0.0423 -0.0109 

(-1.0150) (-0.6581) (-0.6129) (0.9073) (1.1325) (0.9776) (-0.6278) (-0.6867) (-0.5862) (-0.5942) (-0.3689) (-0.0936) 

Affiliation: Science and 
Research (d) 

-0.2947   -0.0785   -0.0346   0.0450   

(-1.1906)   (-0.3832)   (-0.1650)   (0.2211)   

Affiliation: NGO (d) 0.1326   -0.2019   -0.2079   -0.1095   

(0.4439)   (-0.6484)   (-0.6871)   (-0.3458)   

Affiliation: Business (d) 0.3251   0.3106   0.3958   -0.5062   

(0.7263)   (0.8287)   (1.0231)   (-1.1398)   

Affiliation: Other (d) -0.2124   -0.1338   0.0700   -0.1465   

(-0.7144)   (-0.4533)   (0.2692)   (-0.5374)   

Dual Role (d)  0.0815 -0.0986  0.1446 0.4060  0.4169** 0.1929  0.1436 -0.4152 

 (0.4251) (-0.2972)  (0.7553) (1.3376)  (2.0549) (0.6366)  (0.7573) (-1.3191) 

Dual Role*Involvement as 
Party (i) 

  0.0809   -0.1036   0.0882   0.2156** 

  (0.6717)   (-1.0523)   (0.9267)   (2.3772) 

Employer organization No Yes Yes No Yes Yes No Yes Yes No Yes Yes 

Observations 429 420 420 421 412 412 418 409 409 429 427 427 

Note: Results from binary probit models. Numbers are maximum likelihood estimates with robust standard errors and z-values in parentheses. Level of 
significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number of COPs 
attended as observer (COPs 15-20). Affiliation is taken from the participation lists for COPs 16-20. In the few cases where affiliation changed between 
conferences (< 1%), the latest affiliation was taken. Baseline for Affiliation is “Government.” (d) indicates dummy variable. (i) indicates interaction term. In addition 
to the shown explanatory variables, the estimations control for gender, age, trust in own intuitions, perceived importance of climate change, expected 
consequences of climate change, expectations about emissions reductions in the absence of an international climate agreement, field of the highest degree or 
training, nationality at the continent level, and level of CO2 emissions per capita in 2013 in respondents’ country of citizenship/delegation. Only respondents who 
attended COPs 15-20 at least once as party are included.
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Table A13. Regression results on the perceived usefulness of the climate conferences 

 (1) 
Optimistic 

(2) 
Optimistic 

(3) 
Optimistic 

Involvement as Party 0.0598 0.0575 0.0333 

(1.3822) (1.3197) (0.6222) 

Involvement as Observer 0.1456 0.1389 0.1466 

(1.3161) (1.2543) (1.3169) 

Affiliation: Science and Research (d) 0.1484   

(0.7014)   

Affiliation: NGO (d) 0.0431   

(0.1412)   

Affiliation: Business (d) 0.4103   

(1.0957)   

Affiliation: Other (d) -0.3213   

(-1.1561)   

Dual Role (d)  0.1099 -0.0728 

 (0.5857) (-0.2433) 

Dual Role*Involvement as Party (i)   0.0720 

  (0.8003) 

Employer organization No Yes Yes 

Observations 367 357 357 

Note: Results from binary probit models. Numbers are maximum likelihood estimates with robust 
standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. 
Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number 
of COPs attended as observer (COPs 15-20). Affiliation is taken from the participation lists for COPs 
16-20. In the few cases where affiliation changed between conferences (< 1%), the latest affiliation was 
taken. Baseline for Affiliation is “Government.” (d) indicates dummy variable. (i) indicates interaction 
term. In addition to the shown explanatory variables, the estimations control for gender, age, trust in 
own intuitions, perceived importance of climate change, expected consequences of climate change, 
expectations about emissions reductions in the absence of an international climate agreement, field of 
the highest degree or training, nationality at the continent level, and level of CO2 emissions per capita 
in 2013 in respondents’ country of citizenship/delegation. Only respondents who attended COPs 15-20 
at least once as party are included.
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Regression analyses using an ordered probit model 

Tables A14 and A15 present a series of ordered probit models with the same dependent and 

explanatory variables as in the main paper. 

 

Table A14. Regression results on the general assessments 

 Kyoto 
Protocol 

Durban Platform Usefulness 
of COPs Participation Stringency Effectiveness 

 Optimistic Optimistic Optimistic Optimistic Optimistic 

Involvement as Party .1729 .1185*** .0004 .0538* .0762*** 

 (1.5727) (4.3278) (.0136) (1.7424) (2.7968) 

Involvement as Observer .0122 .1152** -.1851*** -.0818 .1231** 

 (.1382) (2.0681) (-3.1689) (-1.4629) (2.0366) 

Male (d) -.2451** .1939* .2091* .2160* -.1424 

 (-2.0366) (1.6876) (1.6813) (1.8360) (-1.3292) 

Age  -.0004 -.0198*** -.0078* -.0093** .0007 

 (-.0717) (-4.2678) (-1.7241) (-2.1803) (.1809) 

Intuitions (d) .1203 .2655* .3671** .4136*** .1297 

 (.8382) (1.6503) (2.5265) (2.8211) (.9290) 

Importance of combating 
CC (d) 

.2651 .3800 .2861 .5679** .8272*** 

(1.0729) (1.5231) (1.3189) (2.3687) (3.6041) 

Negative consequences of 
CC (d) 

-.2605 -.3423 .0083 -.3506 -.1305 

(-1.4277) (-1.3774) (.0339) (-1.5596) (-.5705) 

Optimistic about GHG 
reductions (d) 

-.0577 .2742*** .3281*** .3244*** .1780* 

(-.5545) (2.7857) (3.1261) (3.0854) (1.7889) 

Observations 456 550 536 551 509 

Note: Results from ordered probit models. Numbers are maximum likelihood estimates with robust 
standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. 
Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number 
of COPs attended as observer (COPs 3-7 for the Kyoto Protocol and COPs 15-20 for all others). (d) 
indicates dummy variable. In addition to the shown explanatory variables, the estimations control for 
field of the highest degree or training, type of current employer organization, nationality at the continent 
level, and level of CO2 emissions per capita 2013. 
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Table A15. Regression results on the specific assessments 

 INDCs meet 2°C 
target 

Countries will 
increase INDCs 

Increased 
INDCs meet 2°C 

target 

Countries will 
fulfill INDCs 

 Optimistic Optimistic Optimistic Optimistic 

Involvement as Party -.0528* -.0053 .0062 .0660** 

 (-1.6664) (-.1892) (.2063) (2.1774) 

Involvement as 
Observer 

-.2099*** -.0946 -.0271 -.0814 

(-2.9030) (-1.3724) (-.4692) (-1.5285) 

Male (d) .0281 .0906 -.0251 -.0241 

 (.2328) (.8017) (-.2202) (-.2146) 

Age  .0010 .0020 .0038 -.0092** 

 (.2107) (.4595) (.8378) (-2.0258) 

Intuitions (d) .2528* .1090 .4464*** .1681 

 (1.7447) (.7740) (3.1389) (1.2725) 

Importance combating 
CC (d) 

.1190 .3515* .4704** .1391 

(.6214) (1.8935) (2.0335) (.5705) 

Negative 
consequences CC (d) 

-.4259** -.4589** -.4662** -.1851 

(-2.1057) (-2.1881) (-2.0568) (-.7314) 

Optimistic about GHG 
reductions (d) 

.2585*** .2062** .2298** .3609*** 

(2.5976) (2.1078) (2.3699) (3.6305) 

Observations 589 577 572 584 

Note: Results from ordered probit models. Numbers are maximum likelihood estimates with robust 
standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. 
Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number 
of COPs attended as observer (COPs 15-20). (d) indicates dummy variable. In addition to the shown 
explanatory variables, the estimations control for field of the highest degree or training, type of current 
employer organization, nationality at the continent level, and level of CO2 emissions per capita 2013. 
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Figures A6-A10 illustrate the average predicted probabilities based on the results from the 

ordered probit models. 

 

Figure A6. Predicted probabilities for the assessment of the Kyoto Protocol  

Note: Predicted probabilities for the assessment of the Kyoto Protocol estimated with an ordered probit 
model. The number of conferences refers to COPs 3-7.  

 

Figure A7. Predicted probabilities for the assessment of the Durban Platform with respect to 

participation 

Note: Predicted probabilities for the assessment of the Durban Platform with respect to participation with 
an ordered probit model. The number of conferences refers to COPs 15-20. 
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Figure A8. Predicted probabilities for the assessment of the Durban Platform with respect to 

effectiveness 

 

Note: Predicted probabilities for the assessment of the Durban Platform with respect to effectiveness 
with an ordered probit model. The number of conferences refers to COPs 15-20. 

 

Figure A9. Predicted probabilities for the perceived usefulness of climate conferences 

 

Note: Predicted probabilities for the perceived usefulness of climate conferences with an ordered probit 
model. The number of conferences refers to COPs 15-20. 
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Figure A10. Predicted probabilities for the assessment of the fulfilment of the INDCs 

 

Note: Predicted probabilities for the assessment of the fulfilment of the INDCs with an ordered probit 

model. The number of conferences refers to COPs 15-20. 
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Robustness analysis with alternative sets of explanatory variables 

To test the robustness of our results, we ran additional estimations with the same dependent 

variable as in the main paper but different explanatory variables. The results can be found in 

the following Tables A16-A21. We consider alternative specifications to control for 

respondents’ national background. The level of CO2 emissions per capita obviously correlates 

with country. As we control for nationality at the continent level, the potential risk of 

multicollinearity is reduced but not eliminated. We therefore estimate each model with only per 

capita emissions or only continents. In further estimations, we replaced the continent dummies 

by negotiation blocks. To this end, countries were assigned to one of six groups: Small Islands 

Developing States (SIDS), Least Developed Countries, Developing Countries, BRICS (Brazil, 

Russia, India, China, and South Africa), the Environmental Integrity Group together with the 

Umbrella group, and EU28. We find that none of these alternative specifications changes our 

main results.  

Additionally, we include GDP per capita (in current US dollars) in respondents’ country of 

citizenship (IPCC) or delegation country (UNFCCC) in 2013, either in addition or instead of the 

per capita emissions or the continent dummies. We obtained the data from the World Bank’s 

World Development Indicators. In all the specifications with GDP per capita, the level of 

significance does not change for our main variables of interest and the point estimates are very 

close. Therefore, we chose not to show the results here to save space. 
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Tables A16-A19 show estimation results from binary probit models with either CO2 emissions 

per capita in 2013 or nationality at continent level. 

 

Table A16. Regression results on the assessment of the Kyoto Protocol 

 (1) 
Optimistic 

(2) 
Optimistic 

Involvement as Party .0923*** .0864** 

 (2.6192) (2.5516) 

Involvement as Observer -.0135 .0029 

 (-.3242) (.0639) 

Male (d) -.1112** -.1041** 

 (-2.1489) (-2.0050) 

Age -.0010 -.0017 

 (-.5076) (-.8498) 

Intuitions (d) .0117 -.0151 

 (.1842) (-.2270) 

Importance combating CC (d) .1819** .1792** 

 (2.5442) (2.4462) 

Negative consequences CC (d) -.0139 -.0129 

 (-.1321) (-.1237) 

Optimistic about GHG reductions (d) -.0176 -.0007 

 (-.4063) (-.0170) 

Includes CO2 pc 2013? No  Yes 

Includes Nationality? Yes No 

Observations 456 456 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 3-7). (d) indicates dummy variable. In addition to the shown explanatory variables, the 
estimations control for field of the highest degree or training, and type of current employer organization. 
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Table A17. Regression results on the assessment of the Durban Platform 

 Participation Stringency Effectiveness 

 (1) 
Optimistic 

(2) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

Involvement as Party .0436*** .0443*** .0022 .0017 .0198* .0215* 

 (4.0122) (3.9636) (.2262) (.1700) (1.8183) (1.9388) 

Involvement as Observer .0368 .0358 -.0534*** -.0547*** -.0265 -.0295 

 (1.5985) (1.5110) (-2.6425) (-2.7166) (-1.0801) (-1.1748) 

Male (d) .0752* .0704 .0466 .0476 .0751* .0803* 

 (1.6891) (1.5670) (1.2667) (1.3121) (1.8253) (1.9362) 

Age -.0057*** -.0059*** -.0020 -.0020 -.0022 -.0023 

 (-3.1321) (-3.2220) (-1.3338) (-1.3074) (-1.3250) (-1.3653) 

Intuitions (d) .1673*** .1653*** .1344*** .1398*** .1686*** .1770*** 

 (2.8934) (2.8175) (3.6937) (4.0103) (3.3301) (3.5369) 

Importance combating 
CC (d) 

.0204 -.0020 .0118 -.0036 .1047 .0673 

(.2266) (-.0207) (.1827) (-.0510) (1.5169) (.8346) 

Negative consequences 
CC (d) 

-.1022 -.1108 -.0362 -.0558 -.0968 -.1087 

(-1.0434) (-1.1168) (-.4713) (-.6757) (-1.0408) (-1.1552) 

Optimistic about GHG 
reductions (d) 

.0977** .1025** .0809** .0888*** .0884** .1030*** 

(2.3744) (2.4683) (2.4745) (2.7639) (2.2973) (2.6608) 

Includes CO2 pc 2013? No Yes No Yes No Yes 

Includes Nationality? Yes No Yes No Yes No 

Observations 550 550 528 528 551 551 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, 
the estimations control for field of the highest degree or training, and type of current employer 
organization. 
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Table A18. Regression results on the perceived usefulness of the climate conferences 

 (1) 
Optimistic 

(2) 
Optimistic 

Involvement as Party .0226** .0228** 

 (1.9828) (1.9932) 

Involvement as Observer .0498** .0474** 

 (2.2885) (2.1790) 

Male (d) .0138 .0136 

 (.3162) (.3144) 

Age  .0001 .0003 

 (.0765) (.1492) 

Intuitions (d) .0624 .0629 

 (1.0971) (1.1275) 

Importance combating CC (d) .1907*** .1786*** 

 (3.2383) (2.7547) 

Negative consequences CC (d) -.0229 -.0234 

 (-.2155) (-.2237) 

Optimistic about GHG reductions (d) .0540 .0539 

 (1.3552) (1.3490) 

Includes CO2 pc 2013? No  Yes  

Includes Nationality? Yes No  

Observations 509 509 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, 
the estimations control for field of the highest degree or training, and type of current employer 
organization. 
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Table A19. Regression results on the assessment of the INDCs 

 INDCs meet 2°C target Countries will  
increase INDCs 

Increased INDCs  
meet 2°C target 

Countries will  
fulfill INDCs 

 (1) 
Optimistic 

(2) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

(1) 
Optimistic 

(2) 
Optimistic 

Involvement as Party -.0200** -.0195** .0063 .0023 .0051 .0034 .0244*** .0229** 

 (-2.3379) (-2.2231) (.6909) (.2379) (.5667) (.3792) (2.6517) (2.4161) 

Involvement as Observer -.0353* -.0362* -.0007 -.0143 -.0090 -.0156 -.0171 -.0229 

 (-1.6728) (-1.7250) (-.0356) (-.6844) (-.4674) (-.8211) (-.8295) (-1.0591) 

Male (d) .0041 .0037 .0250 .0044 .0224 .0149 -.0078 -.0173 

 (.1376) (.1259) (.7043) (.1196) (.6808) (.4516) (-.2164) (-.4663) 

Age  -.0002 .0002 .0009 .0008 -.0002 -.0001 -.0015 -.0017 

 (-.1341) (.1320) (.6204) (.5308) (-.1451) (-.1088) (-.9792) (-1.1291) 

Intuitions (d) .0585* .0720** .0306 .0475 .1212*** .1338*** .0977** .0994** 

 (1.7755) (2.4086) (.6426) (1.0354) (3.4708) (4.2592) (2.2917) (2.3157) 

Importance combating CC (d) .0222 .0023 .1006* .0997* .0449 .0328 .0695 .0710 

 (.4590) (.0404) (1.8437) (1.7516) (.7299) (.4849) (.9787) (1.0459) 

Negative consequences CC (d) -.0309 -.0537 -.0371 -.0549 -.0654 -.0916 -.1085 -.0976 

 (-.4809) (-.7469) (-.4316) (-.6124) (-.9071) (-1.1391) (-1.2109) (-1.0913) 

Optimistic about GHG  
reductions (d) 

.0443* .0529** .0641** .0698** .0713** .0865*** .1161*** .1312*** 

(1.8037) (2.1213) (1.9987) (2.1399) (2.3887) (2.9296) (3.7815) (4.1747) 

Includes CO2 pc 2013? No  Yes  No  Yes  No  Yes  No  Yes  

Includes Nationality? Yes No  Yes  No  Yes  No Yes  No 

Observations 580 580 568 568 572 572 584 584 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in parentheses. Level of significance: *** p < 0.01, ** 
p < 0.05, * p < 0.1. Involvement as Party is the number of COPs attended as party, Involvement as Observer is the number of COPs attended as observer 
(COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, the estimations control for field of the highest degree or training, 
and type of current employer organization.
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Tables A20 and A21 show estimation results from binary probit models if nationality at 

continent level is replaced by dummies for negotiating blocks. 

   

Table A20. Regression results on the general assessments 

General assessments Kyoto 
Protocol 

Durban Platform Usefulness 
of COPs Participation Stringency Effectiveness 

 Optimistic Optimistic Optimistic Optimistic Optimistic 
Involvement as Party .0880** .0453*** .0006 .0196* .0224* 

 (2.4785) (4.0474) (.0593) (1.7494) (1.9541) 
Involvement as Observer -.0140 .0340 -.0562*** -.0279 .0490** 

 (-.3359) (1.4402) (-2.8146) (-1.1360) (2.2396) 

Male (d) -.1115** .0672 .0409 .0832** .0180 

 (-2.1499) (1.4714) (1.0880) (1.9711) (.4075) 

Age -.0012 -.0059*** -.0020 -.0022 .0003 

 (-.6082) (-3.2231) (-1.3443) (-1.3036) (.1624) 

Intuitions (d) -.0027 .1669*** .1400*** .1750*** .0641 

 (-.0413) (2.8532) (4.0606) (3.4610) (1.1488) 

Importance of combating 
CC (d) 

.1567* .0047 -.0026 .0652 .1791*** 

(1.9397) (.0494) (-.0371) (.8352) (2.7963) 

Negative consequences of 
CC (d) 

-.0363 -.1023 -.0561 -.1148 -.0368 

(-.3407) (-1.0304) (-.6656) (-1.2159) (-.3486) 

Optimistic about GHG 
reductions (d) 

-.0145 .0982** .0874*** .0927** .0598 

(-.3330) (2.3411) (2.7152) (2.3831) (1.4957) 

Observations 456 550 528 551 509 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 3-7 for the Kyoto Protocol and COPs 15-20 for all others). (d) indicates dummy variable. 
In addition to the shown explanatory variables, the estimations control for field of the highest degree or 
training, type of current employer organization, negotiating block according to nationality, and level of 
CO2 emissions per capita in 2013. 

 

 

  



Appendix Chapter 2 

 

 

 143 

Table A21. Regression results on the specific assessments of the INDCs 

Specific assessments INDCs meet 
2°C target 

Countries will 
increase 
INDCs 

Increased 
INDCs meet 
2°C target 

Countries will 
fulfill INDCs 

 Optimistic Optimistic Optimistic Optimistic 
Involvement as Party -.0224** .0018 .0027 .0225** 

 (-2.4202) (.1851) (.2903) (2.3929) 
Involvement as Observer -.0350* -.0059 -.0128 -.0275 

 (-1.7962) (-.2827) (-.6721) (-1.2997) 

Male (d) .0052 .0135 .0176 -.0187 

 (.1775) (.3617) (.5245) (-.5057) 

Age  .0000 .0011 -.0000 -.0016 

 (.0086) (.7402) (-.0152) (-1.0235) 

Intuitions (d) .0698** .0475 .1316*** .0992** 

 (2.3114) (1.0535) (4.0921) (2.3432) 

Importance combating CC (d) .0029 .1025* .0410 .0690 

(.0527) (1.8836) (.6563) (1.0148) 

Negative consequences CC 
(d) 

-.0528 -.0546 -.0824 -.1078 

(-.7018) (-.6136) (-1.0261) (-1.2181) 

Optimistic about GHG 
reductions (d) 

.0567** .0673** .0742** .1254*** 

(2.3308) (2.0792) (2.5073) (3.9667) 

Observations 580 568 572 584 

Note: Binary probit estimations of average marginal effects with robust standard errors and z-values in 
parentheses. Level of significance: *** p < 0.01, ** p < 0.05, * p < 0.1. Involvement as Party is the 
number of COPs attended as party, Involvement as Observer is the number of COPs attended as 
observer (COPs 15-20). (d) indicates dummy variable. In addition to the shown explanatory variables, 
the estimations control for field of the highest degree or training, type of current employer organization, 
negotiating block according to nationality, and level of CO2 emissions per capita in 2013. 

 

A.4. Survey questions used in the empirical analysis 

About the questionnaire    

This survey asks about your personal assessment of a number of issues in international 

climate policy. The assessment will focus on five countries or groups of countries that may play 

an important role in current international climate negotiations (in alphabetical order): Alliance 

of Small Island States (AOSIS), BASIC without China (Brazil, South Africa, India), China, the 

European Union (EU), and the United States (USA). What will happen to your answers? The 

information is used for scientific analysis only. No names or data on single persons or firms 

will be published or made accessible to third parties.  

I have read the above information and desire to participate in this study.  

 Yes 

 No 
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Consequences of climate change    

How would you assess the consequences of climate change on future global living conditions 

up to 2100? 

 Very negative 

 Negative 

 Neither negative nor positive 

 Positive 

 I don't know 

 

Importance of international efforts in combating climate change      

This part refers to your personal assessments of the importance of international efforts in 

combating climate change and other global challenges such as securing world nutrition and 

eradicating poverty, combating epidemics, stabilizing the international finance system, and 

combating terrorism. How important do you think are international efforts in combating climate 

change? 

 Very important 

 Important 

 Moderately important 

 Not important 

 I don't know 

 

To what degree do you think the following countries or groups of countries will reduce their 

green-house gas (GHG) emissions relative to “business as usual” even without any new 

international climate agreement up to 2050? 

 High degree 
Moderate 

degree 
Low degree No degree I don't know 

AOSIS           

BASIC without 

China  
          

China           

EU           

USA           
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Views on the negotiations       

This part focuses on your personal views on the Kyoto Protocol, the Durban Platform, and the 

negotiations at large. Do you think that overall the Kyoto Protocol has been a success or a 

failure?  

 1 (Success) 

 2 

 3 

 4 

 5 (Failure) 

 

How confident are you about the future success of the Durban Platform for Enhanced Action 

with respect to the following aspects? 

 
Very 

confident 
Confident 

Moderately 

confident 

Not 

confident at 

all 

I don't know 

Overall 

Effectiveness  
          

Stringency            

Participation of 

relevant actors 
          

 

To what degree do you think the climate summits (COPs 1-20) have been useful on their own 

(apart from the official outcome)? 

 1 (No degree) 

 2 

 3 

 4 

 5 (High degree) 

 

How confident are you that the Intended Nationally Determined Contributions (INDC), the 

commitments envisioned at COP 20 in Lima and to be disclosed by each country in 2015, will 

be consistent in aggregate with the goal of limiting average global warming to under 2°C? 

 Very confident 

 Confident 

 Moderately confident 

 Not confident at all 

 I don't know 
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In case the INDC pledged in 2015 fall short of the 2°C target, how confident are you that the 

ensuing monitoring and reporting activities will stimulate increased INDC by the majority of the 

countries? 

 Very confident 

 Confident 

 Moderately confident 

 Not confident at all 

 I don't know 

 

In case the INDC pledged in 2015 fall short of the 2°C target and new INDC commitments are 

made, how confident are you that the revised and increased INDC will then be consistent in 

aggregate with the goal of limiting average global warming to under 2°C? 

 Very confident 

 Confident 

 Moderately confident 

 Not confident at all 

 I don't know 

 

In general, how confident are you that the majority of countries will fulfil their INDC? 

 Very confident 

 Confident 

 Moderately confident 

 Not confident at all 

 I don't know 

 

Personal questions     

Please indicate your sex: 

 Female 

 Male 

 

When making decisions, do you generally trust your intuitions? 

 Very much 

 Somewhat 

 Little 

 Not at all 

 I don't know 

 

Please indicate your year of birth __________ 
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Please indicate your nationality__________ 

 

Please indicate the field in which you obtained your highest degree or training: 

 Natural sciences 

 Political Sciences 

 Economics and business administration 

 Law 

 Engineering 

 Other (please indicate): ____________________ 

 

Please indicate the type of organization you currently work for: 

 International governmental organization 

 National governmental organization 

 University or research institution 

 Private company 

 Environmental non-governmental organization (NGO) 

 Non-environmental NGO 

 Others (please indicate): ____________________ 
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B. Appendix Chapter 3 

 

B.1. Overview of solar radiation management and carbon dioxide removal 

technologies 

Geoengineering methods deliberately intervene in the earth’s climate system to counter the 

impacts of climate change. While our paper focuses on solar radiation management (SRM), a 

broader definition of geoengineering also includes carbon dioxide removal (CDR). 

SRM technologies enhance the earth’s albedo and thus reflect part of the solar radiation back 

into space. With less sun energy reaching the earth’s surface, global surface temperatures 

would fall. The most prominent proposal is Stratospheric Aerosol Injection (SAI). Other ideas 

involve, for example, cloud brightening, the deployment of space mirrors, or the whitening of 

rooftops. SAI implies the injections of aerosol particles (usually sulphates) into the lower 

stratosphere. Low concentrations of sulphate particles is natural to the stratosphere. SAI would 

increase concentrations to enhance the earth’s albedo. The most cited example for a reduction 

in average global temperatures following the increase of sulphate particles in the stratosphere 

is the eruption of Mount Pinatubo in 1991. The event caused a temporary increase in 

stratospheric aerosols and a rapid decrease in surface temperatures of about 0.5 degree 

Celsius in the following year (Barrett 2008). To keep a desired level of temperature, SAI would 

have to be applied continuously as aerosols sediment out of the stratosphere over time 

(approximately within one year). In contrast to CDR methods, SRM could have a rapid effect 

on temperature. Pre-industrial temperature levels could be reached within one or two decades 

(Royal Society 2009). However, SAI (and other SRM technologies) comes with potential risks 

and side effects. These involve an increase in chemical ozone loss at high latitudes (Tilmes, 

Müller, and Salawitch 2008; Tilmes et al. 2009), changes in regional precipitation patterns 

(Haywood, Jones, and Jones 2014), as well an immense stress on the climate and ecosystem 

in case SRM is determined abruptly (Irvine, Sriver, and Keller 2012; IPCC 2013). Moreover, 

SRM addresses only temperature increase. Other impacts of climate change, such as ocean 

acidification, would still persist (Robock 2008a, 2008b). Recent research suggests that there 

would be no net global benefit of SRM on agriculture as the damages due to scattered sunlight 

equal the benefits from cooling (Proctor et al. 2018). Direct costs of stratospheric SRM have 

been estimated to be in the tens of billions of US dollars per year (Robock et al. 2009; 

McClellan, Keith, and Apt 2012), which is just a small fraction of the gross domestic product of 

the US. The costs of SRM is thus unlikely to be the limiting factor in deployment considerations. 

SRM methods are relatively cheap according to some estimates and could easily be deployed 

unilaterally (Robock 2008a, 2008b; Victor et al. 2009; Lloyd and Oppenheimer 2014). 
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CDR methods lower the atmospheric CO2 concentrations by either accelerating the natural 

removal of CO2 or by directly extracting CO2 from the atmosphere with the help of suitable 

technologies. With current technology, they would have to be deployed at large-scale for at 

least one century to be able to significantly reduce atmospheric CO2 concentrations. 

Nonetheless, global warming would continue for at least a decade after CDR is applied as the 

climate system is slow to adapt (Boucher et al. 2012). CDR technologies are thus not suitable 

for a rapid intervention in the climate system (IPCC 2013).  
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B.2. Supplementary tables 

Table B1. Estimations of regional climate change impacts and respondents’ 

expectations 

Table B1 shows results from an ordered probit model on the respondents’ expectations about 

climate change impacts in their home country. The four possible answer categories range from 

very negative to positive. We show results for the whole sample as well as for both sub-

samples separately. The results show that the estimations from BHM (percentage change in 

GDP in 2100) as well as current GDP per capita both have a significant effect. The higher the 

predicted change in GDP in 2100 due to climate change (implying a gain from increased 

temperatures) the more likely are more optimistic expectations about climate change impacts 

in the home country. The higher the GDP per capita in 2015, the more likely are more optimistic 

expectations.  

Respondent’s expectations about climate change impacts in their home country 

 (1) (2) (3) 
 Expectations Expectations Expectations 

 All UNFCCC IPCC 

Percentage change in GDP in 2100 0.66*** 0.71*** 0.68* 
 (5.16) (5.09) (1.80) 
GDP per capita 0.18*** 0.17*** 0.23** 
 (4.34) (3.42) (2.28) 
Percentage change in GDP in 2100 # GDP per capita -0.11*** -0.14*** -0.08 
 (-3.92) (-4.10) (-1.16) 
Expected global CC impact: negative (d) 0.77*** 0.82*** 0.68*** 
 (6.47) (5.86) (2.89) 
Expected global CC impact: neither nor (d) 2.09*** 1.97*** 3.24*** 
 (8.81) (7.20) (6.83) 
Expected global CC impact: positive (d) 3.78*** 3.61***  
 (5.56) (4.95)  
Natural sciences (d) -0.22* -0.29* -0.12 
 (-1.94) (-1.85) (-0.57) 
Male (d) 0.01 -0.01 0.29 
 (0.05) (-0.09) (1.09) 
CO2 per capita -37.59** -30.59 -60.14* 
 (-2.37) (-1.62) (-1.72) 
Optimistic about GHG reductions 0.12 0.33*** -0.41** 
 (1.15) (2.73) (-2.16) 
Optimistic about INDCs 0.01 -0.03 0.00 
 (0.10) (-0.25) (0.02) 

Log pseudolikelihood -407.87 -293.15 -103.66 
LR-test 0.00 0.00 0.00 
Pseudo R2 0.18 0.20 0.20 
Observations 477 341 136 

Note: The numbers show estimated coefficients of ordered probit estimations and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable has 
four categories, ranging from very negative (lowest) to positive (highest). Level of significance: * 
p < 0.10, ** p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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Table B2. Summary statistics of all variables included in the main regressions 

Table B2 shows a correlation matrix between the dependent variables (a) and summary 

statistics of all variables included in the main regressions for the pooled sample (b), as well as 

for the two subsamples (c). Definitions of all variables included in the main regressions that 

were constructed from the survey dataset or taken from additional datasets are shown in (d) 

and (e). 

a) Pairwise correlation table of the dependent variables 

 
Inclusion in 

climate 
negotiations 

Investment in R&D 
Deployment in case 

of emergency 

Inclusion in climate negotiations 1   

Investment in R&D 0.6046 1  

Deployment in case of 
emergency 

0.4223 0.5748 1 

Note: The table shows Pearson’s correlation coefficients for the dependent variables (4-point Likert 
scale). All correlations are significant at p < 0.01. The “I don’t know” responses are not included. 

b) Summary statistics of all variables included in the main regressions for the pooled sample 

 Pooled 

 Count Mean 
Std. 

Deviation 
Min- 
Max 

Dependent variables     

Including geoengineering in international 
climate negotiations (d) 

686 0.45 0.50 0 – 1 

More investment in R&D on 
geoengineering technologies (d) 

662 0.53 0.50 0 – 1 

Large-scale deployment of geoengineering 
in case of a climate emergency (d) 

579 0.64 0.48 0 – 1 

Explanatory variables     

Percentage loss in GDP in 2100 721 0.48 0.38 0 – 0.96 

Percentage gain in GDP in 2100 721 0.35 0.97 0 – 14.13 

Percentage change in GDP in 2100 721 -0.14 1.19 
-0.96 – 
14.13 

Vulnerability Index 709 45.08 13.18 
23.88 - 
73.97 

Expected home country CC impact 637 1.87 0.69 1 – 4 

Expect severe home country damages (d) 637 0.30 0.46 0 – 1 

GDP per capita 719 2.29 2.27 0.03 – 10.19 

CO2 per capita 722 0.01 0.01 0. 00 – 0.04 

IPCC (d) 723 0.30 0.46 0 – 1 

Expected global CC impact 713 1.57 0.62 1 – 4 

Expect severe global damages (d) 713 0.49 0.50 0 – 1 

Optimistic about GHG reductions 645 2.66 0.54 1 – 4 

Optimistic about INDCs 594 1.85 0.58 1 – 4 

Negotiation scope 674 3.35 0.52 1.2 – 4 

Male (d) 722 0.71 0.46 0 – 1 

Training: Natural sciences (d) 688 0.37 0.48 0 – 1 

Employer organization: National 
governmental organization (d) 

702 0.44 0.50 0 – 1 

Age 621 48.11 11.73 22 - 76 

Note: (d) indicates dummy variables.
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c) Summary statistics of all variables included in the main regressions for the two subsamples 

 UNFCCC IPCC 

 Count Mean 
Std. 

Deviation 
Min- 
Max 

Count Mean 
Std. 

Deviation 
Min- 
Max 

Dependent variables         

Including geoengineering in 
international climate 
negotiations (d) 

482 0.50 0.50 0 – 1 204 0.31 0.47 0 – 1 

More investment in R&D on 
geoengineering technologies 
(d) 

456 0.64 0.48 0 – 1 206 0.31 0.46 0 – 1 

Large-scale deployment of 
geoengineering in case of a 
climate emergency (d) 

403 0.68 0.47 0 – 1 176 0.52 0.50 0 – 1 

Explanatory variables         

Percentage loss in GDP in 
2100 

508 
0.55 0.38 0 – 

0.96 
213 

0.34 0.33 0 – 
0.96 

Percentage gain in GDP in 
2100 

508 
0.33 1.04 0 – 

14.13 
213 

0.39 0.77 0 – 
4.19 

Percentage change in GDP in 
2100 

508 -0.21 1.26 
-0.96 – 
14.13 

213 0.05 0.98 
-0.96 – 

4.19 

Vulnerability Index 496 48.23 12.78 
23.88 - 
73.97 

213 37.74 11.02 
23.88 - 
69.74 

Expected home country CC 
impact 

446 
1.82 0.71 

0 – 4 191 
1.99 0.63 

0 – 4 

Expect severe home country 
damages (d) 

446 0.35 0.48 0 – 1 191 0.19 0.40 0 – 1 

GDP per capita 506 1.75 2.10 
0.03 – 
10.19 

213 3.57 2.15 
0.07 – 
8.10 

CO2 per capita 509 0.00 0.01 
0.00 – 
0.04 

213 0.01 0.01 
0.00 – 
0.02 

Expected global CC impact 502 1.56 0.64 0 – 4 211 1.60 0.56 0 – 3 

Expect severe global 
damages (d) 

502 0.51 0.50 0 – 1 211 0.44 0.50 0 – 1 

Optimistic about GHG 
reductions 

458 2.67 0.54 1 – 4 187 2.66 0.56 1 – 4 

Optimistic about INDCs 424 1.95 0.58 1 – 4 170 1.60 0.50 1 – 3 

Negotiation scope 474 3.40 0.50 1.6 – 4 200 3.24 0.55 1.2 – 4 

Male (d) 509 0.67 0.47 0 – 1 213 0.79 0.41 0 – 1 

Training: Natural sciences (d) 476 0.30 0.46 0 – 1 212 0.52 0.50 0 – 1 

Employer organization: 
National governmental 
organization (d) 

490 0.58 0.49 0 – 1 212 0.11 0.32 0 – 1 

Age 434 45.39 11.41 22 - 76 187 54.44 9.89 27 - 75 

Note: (d) indicates dummy variables. 
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d) Definitions of variables constructed from the survey dataset 

Including 
geoengineering in 
international climate 
negotiations (d) 

Equal to 1 if answer to the question “How important do you think it is to include 
geoengineering in current international climate change negotiations?” is “very 
important” or “important”, 0 otherwise. 

More investment in R&D 
on geoengineering 
technologies (d) 

Equal to 1 if answer to the question “To what degree do you think that more 
investments should be directed to R&D for geoengineering technologies such 
as solar radiation management, aimed at lowering average global surface 
temperature?” is “high degree” or “moderate degree”, 0 otherwise. 

Large-scale deployment 
of geoengineering in 
case of a climate 
emergency (d) 

Equal to 1 if answer to the question “In the event of an approaching ‘climate 
emergency’, (…), would you favour large-scale deployment of geo-
engineering?” is “very much” or “moderately”, 0 otherwise. 

Expect severe home 
country damages (d) 

Equal to 1 if answer to the question “How would you assess the consequences 
of climate change on future living conditions up to 2100 in your home country?” 
is “very negative”, 0 otherwise. 

Expected home country 
CC impact 

Equal to 1 if answer to the question “How would you assess the consequences 
of climate change on future living conditions up to 2100 in your home country?” 
is “very negative”, 2 if “negative”, 3 if “neither nor”, 4 if “positive.” 

Expect severe global 
damages (d)  

Equal to 1 if answer to the question “How would you assess the consequences 
of climate change on future global living conditions up to 2100?” is “very 
negative”, 0 otherwise. 

Expected global CC 
impact  

Equal to 1 if answer to the question “How would you assess the consequences 
of climate change on future global living conditions up to 2100?” is “very 
negative”, 2 if “negative”, 3 if “neither nor”, 4 if “positive.” 

Optimistic about GHG 
reductions 

Mean value of the answers to the question “To what degree do you think the 
following countries or groups of countries will reduce their greenhouse gas 
emissions relative to “business as usual” even without any new international 
climate agreement up to 2050?” for country groups AOSIS; BASIC without 
China, China, EU, and USA. Answer categories and their values are: “high 
degree” (4), “moderate degree” (3), “low degree” (2), “no degree” (1). 

Optimistic about INDCs Mean value of the answers to four question concerning INDCs: (a) How 
confident are you that the INDC, (…), will be consistent in aggregate with the 
goal of limiting average global warming to under 2°C? (b) In case the INDC 
pledged in 2015 fall short of the 2°C target, how confident are you that the 
ensuing monitoring and reporting activities will stimulate increased INDC by the 
majority of countries? (c) In case the INDC pledged in 2015 fall short of the 2°C 
target and new INDC commitments are made, how confident are you that the 
revised and increased INDC will then be consistent in aggregate with the goal 
of limiting average global warming to under 2°C? (d) In general, how confident 
are you that the majority of countries will fulfil their INDC? Answer categories 
and their values are: “very confident” (4), “confident” (3), “moderately confident” 
(2), “not confident at all” (1). 

Negotiation scope Mean value of the answers to the question “How important do you think it is to 
include the following issues in current international climate change 
negotiations?” for issues: (a) comprehensive quantitative targets for a 
reduction in global GHG emissions; (b) quantitative GHG emission reduction 
targets for individual economic sectors; (c) R&D and technology transfer; (d) 
Land-use change and reforestation; (e) adaptation measures. Answer 
categories and their values are: “very important” (4), “important” (3), 
“moderately important” (2), “not important at all” (1). 

Male (d) Equal to 1 if respondent is male, 0 if female. 

Natural sciences (d) Equal to 1 if respondent’s highest degree of training is in “natural sciences”, 0 
otherwise. 

National governmental 
organization (d) 

Equal to 1 if respondent’s type of current employer organization is “national 
governmental organization”, 0 otherwise. 

Age Respondent’s age in 2015 in years. 
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e) Definitions of variables from additional datasets 

Name Description 

GDP per capita 

Per capita GDP in 2015 in ten thousand current US$ in the country of 
citizenship (IPCC sample) or delegation country (UNFCCC sample), if 
not stated otherwise. The data is taken from the World Bank’s World 
Development Indicators. We supplemented missing data for Cook 
Islands and Palestine with 2014 data from the UN World Statistics 
Pocketbook. For Papua New Guinea the latest available data is for the 
year 2014. 

CO2 per capita 

Per capita CO2 emission in 2015 in kilotons in the country of citizenship 
(IPCC sample) or delegation country (UNFCCC sample), if not stated 
otherwise. The data is taken from the European Commission. We 
supplemented missing data for Nauru and Tuvalu with CO2 per capita 
for the year 2014 from the World Bank. 

Percentage loss in GDP 
in 2100 

Losses in the country of delegation (nationality in IPCC sample) as 
percentage change in GDP per capita in 2100 due to temperature 
increase from unmitigated climate change (RCP(8.5) scenario) 
compared to a scenario without climate change, assuming high 
baseline growth and fast income convergence (SSP5). Observations 
with gains from temperature increase are set to zero. The data is taken 
from Burke, Hsiang, Miguel (2915) and refers to the country of 
citizenship (IPCC sample) or delegation country (UNFCCC sample), if 
not stated otherwise. 

Percentage gain in 
GDP in 2100 

Gains in the country of delegation (nationality in IPCC sample) as 
percentage change in GDP per capita in 2100 due to temperature 
increase from unmitigated climate change (RCP(8.5) scenario) 
compared to a scenario without climate change, assuming high 
baseline growth and fast income convergence (SSP5). Observations 
with losses from temperature increase are set to zero. The data is taken 
from Burke, Hsiang, Miguel (2015) (BHM) and refers to the country of 
citizenship (IPCC sample) or delegation country (UNFCCC sample), if 
not stated otherwise. 

Percentage change in 
GDP in 2100 

Percentage change in GDP per capita in 2100 due to temperature 
increase from unmitigated climate change (RCP(8.5) scenario) 
compared to a scenario without climate change, assuming high 
baseline growth and fast income convergence (SSP5), in the country of 
delegation (nationality in IPCC sample). Negative values indicate losses 
and positive values indicate gains from increased temperatures. The 
data is taken from Burke, Hsiang, Miguel (2015) (BHM) and refers to 
the country of citizenship (IPCC sample) or delegation country 
(UNFCCC sample), if not stated otherwise. 

Vulnerability Index 

We use the (inverse) ND-GAIN Index for the year 2015. The index 
ranges between 0 and 100 with higher values indicating higher 
vulnerability. The ND-GAIN Index incorporates 74 variables to measure 
vulnerability and readiness for 192 UN countries. The vulnerability 
assessment considers the sectors food, water, health, ecosystem 
services, human habitat and infrastructure. The readiness assessment 
considers economic, governance and social readiness. A detailed 
description of the methodology and the data on the ND-GAIN Index can 
be downloaded from https://gain.nd.edu/our-work/country-index/ 
(accessed in May 2019). The values refer to the country of citizenship 
(IPCC sample) or delegation country (UNFCCC sample), if not stated 
otherwise. 

 

  

https://gain.nd.edu/our-work/country-index/
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Table B3. Comparison of respondents’ views on geoengineering with their views on 

conventional mitigation  

Table B3 shows the results from Pearson χ² tests comparing the distribution of answers for 

geoengineering with the distribution of answers for all other issues. The results show that the 

distribution for geoengineering is significantly different from all other issues. 

 

Pearson 𝜒2 results 

 Degrees of Freedom Pearson χ² value P-value 

Global GHG emission targets 4 1800 0.00 

Sectorial GHG emission targets 4 432.80 0.00 

R&D, technology transfer 4 885.87 0.00 

Land-use change and reforestation 4 898.53 0.00 

Adaptation 4 1300 0.00 
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Table B4. Inclusion of “I don’t know” answers 

Table B4 show our main regression results if we categorize the respondents who chose the “I 

don’t know” option as not supportive of geoengineering. The results are generally very similar 

to the regressions shown in the main paper. Results are identical in case of inclusion in 

international climate negotiations (a), as the few respondents who reported “I don’t know” 

answers in this case drop out of the regression because of other missing values. Only small 

differences arise in the case of deployment of geoengineering (c). The estimated climate 

change damages by BHM and respondents’ expectations about climate change impacts in the 

home country still tend to increase the likelihood of support, but the effects are not statistically 

significant at p < 0.01 or p < 0.05 anymore. 

a) Including geoengineering in international climate negotiations  

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19*** 0.11   
 (2.72) (1.35)   
Percentage gain in GDP in 2100 -0.03 -0.02   
 (-0.99) (-0.71)   
Expect severe home country damages (d)   0.11** 0.06 
   (2.12) (1.25) 
GDP per capita  -0.03*  -0.05*** 
  (-1.90)  (-3.55) 
Expect severe global damages (d) -0.11*** -0.11*** -0.16*** -0.14*** 
 (-2.82) (-2.73) (-3.61) (-3.24) 
CO2 per capita 1.56 8.88 -2.16 10.92* 
 (0.37) (1.59) (-0.49) (1.94) 
Optimistic about GHG reductions -0.02 -0.02 -0.03 -0.02 
 (-0.60) (-0.50) (-0.71) (-0.43) 
Optimistic about INDCs 0.07** 0.07* 0.08** 0.06* 
 (2.00) (1.82) (2.04) (1.69) 
Negotiation scope 0.32*** 0.31*** 0.33*** 0.30*** 
 (7.47) (7.17) (7.60) (6.82) 
IPCC (d) -0.09 -0.07 -0.07 -0.05 
 (-1.56) (-1.33) (-1.21) (-0.81) 
Male (d) 0.00 0.00 -0.02 -0.01 
 (0.02) (0.07) (-0.53) (-0.31) 
Natural sciences (d) -0.08** -0.09** -0.09** -0.10** 
 (-2.01) (-2.12) (-2.15) (-2.34) 
National governmental organization (d) 0.00 0.00 0.02 0.02 
 (0.05) (0.05) (0.41) (0.42) 
Age 0.01*** 0.01*** 0.01*** 0.01*** 
 (2.99) (3.17) (3.07) (3.27) 

Log pseudolikelihood -269.61 -267.00 -247.41 -240.10 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.20 0.20 0.18 0.20 
Observations 492 491 447 446 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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b) More investment in R&D on geoengineering technologies  

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.33*** 0.22***   
 (5.06) (2.76)   
Percentage gain in GDP in 2100 0.00 0.01   
 (0.08) (0.50)   
Expect severe home country damages (d)   0.24*** 0.18*** 
   (4.82) (3.49) 
GDP per capita  -0.04**  -0.06*** 
  (-2.51)  (-4.22) 
Expect severe global damages (d) -0.09** -0.09** -0.18*** -0.17*** 
 (-2.32) (-2.22) (-4.20) (-3.84) 
CO2 per capita 0.25 8.83* -2.37 12.46** 
 (0.06) (1.69) (-0.57) (2.25) 
Optimistic about GHG reductions 0.05 0.06 0.06 0.08** 
 (1.39) (1.55) (1.57) (2.03) 
Optimistic about INDCs 0.13*** 0.12*** 0.15*** 0.13*** 
 (3.39) (3.15) (3.71) (3.25) 
IPCC (d) -0.23*** -0.21*** -0.23*** -0.20*** 
 (-3.81) (-3.51) (-3.81) (-3.33) 
Male (d) 0.03 0.04 0.03 0.04 
 (0.72) (0.82) (0.53) (0.82) 
Natural sciences (d) -0.05 -0.06 -0.05 -0.07 
 (-1.16) (-1.40) (-1.21) (-1.63) 
National governmental organization (d) 0.05 0.06 0.07 0.09* 
 (1.11) (1.27) (1.51) (1.85) 
Age 0.00* 0.00* 0.00 0.00 
 (1.74) (1.75) (1.27) (1.35) 

Log pseudolikelihood -292.11 -288.25 -266.64 -257.53 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.16 0.17 0.16 0.18 
Observations 503 502 457 456 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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c) Large-scale deployment of geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.11 0.12   
 (1.59) (1.41)   
Percentage gain in GDP in 2100 0.04 0.04   
 (1.36) (1.32)   
Expect severe home country damages (d)   0.09* 0.09* 
   (1.75) (1.72) 
GDP per capita  0.00  0.00 
  (0.10)  (0.21) 
Expect severe global damages (d) -0.03 -0.03 -0.08* -0.08* 
 (-0.72) (-0.75) (-1.74) (-1.75) 
CO2 per capita -2.49 -2.78 -2.26 -3.05 
 (-0.60) (-0.51) (-0.55) (-0.57) 
Optimistic about GHG reductions 0.06 0.06 0.07* 0.07* 
 (1.64) (1.61) (1.95) (1.90) 
Optimistic about INDCs 0.03 0.03 0.05 0.05 
 (0.68) (0.68) (1.14) (1.16) 
IPCC (d) -0.17*** -0.17*** -0.17*** -0.18*** 
 (-2.65) (-2.64) (-2.71) (-2.71) 
Male (d) 0.02 0.02 0.02 0.01 
 (0.44) (0.41) (0.32) (0.28) 
Natural sciences (d) -0.09** -0.09** -0.11** -0.11** 
 (-1.99) (-1.97) (-2.44) (-2.41) 
National governmental organization (d) -0.03 -0.04 -0.03 -0.03 
 (-0.75) (-0.79) (-0.61) (-0.65) 
Age 0.00* 0.00* 0.00* 0.00* 
 (1.91) (1.94) (1.93) (1.95) 

Log pseudolikelihood -296.30 -295.92 -270.00 -269.72 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.05 0.05 0.06 0.06 
Observations 503 502 458 457 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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Table B5. Complete regression table 

Table B5 reproduces the main regression tables with all control variables and model statistics. 

 

a) Including geoengineering in international climate negotiations 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19*** 0.11   
 (2.72) (1.35)   
Percentage gain in GDP in 2100 -0.03 -0.02   
 (-0.99) (-0.71)   
Expect severe home country damages (d)   0.11** 0.06 
   (2.12) (1.25) 
GDP per capita  -0.03*  -0.05*** 
  (-1.90)  (-3.55) 
Expect severe global damages (d) -0.11*** -0.11*** -0.16*** -0.14*** 
 (-2.82) (-2.73) (-3.61) (-3.24) 
CO2 per capita 1.56 8.88 -2.16 10.92* 
 (0.37) (1.59) (-0.49) (1.94) 
Optimistic about GHG reductions -0.02 -0.02 -0.03 -0.02 
 (-0.60) (-0.50) (-0.71) (-0.43) 
Optimistic about INDCs 0.07** 0.07* 0.08** 0.06* 
 (2.00) (1.82) (2.04) (1.69) 
Negotiation scope 0.32*** 0.31*** 0.33*** 0.30*** 
 (7.47) (7.17) (7.60) (6.82) 
IPCC (d) -0.09 -0.07 -0.07 -0.05 
 (-1.56) (-1.33) (-1.21) (-0.81) 
Male (d) 0.00 0.00 -0.02 -0.01 
 (0.02) (0.07) (-0.53) (-0.31) 
Natural sciences (d) -0.08** -0.09** -0.09** -0.10** 
 (-2.01) (-2.12) (-2.15) (-2.34) 
National governmental organization (d) 0.00 0.00 0.02 0.02 
 (0.05) (0.05) (0.41) (0.42) 
Age 0.01*** 0.01*** 0.01*** 0.01*** 
 (2.99) (3.17) (3.07) (3.27) 

Log pseudolikelihood -269.61 -266.00 -247.41 -240.10 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.20 0.20 0.18 0.20 
Observations 492 491 447 446 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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b) More investment in R&D on geoengineering technologies  

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.36*** 0.23***   
 (5.50) (2.85)   
Percentage gain in GDP in 2100 -0.00 0.01   
 (-0.15) (0.33)   
Expect severe home country damages (d)   0.25*** 0.18*** 
   (5.05) (3.53) 
GDP per capita  -0.05***  -0.07*** 
  (-2.99)  (-4.90) 
Expect severe global damages (d) -0.09** -0.09** -0.19*** -0.17*** 
 (-2.25) (-2.18) (-4.17) (-3.82) 
CO2 per capita 1.21 11.75** -2.11 15.71*** 
 (0.30) (2.16) (-0.50) (2.73) 
Optimistic about GHG reductions 0.05 0.05 0.06 0.08* 
 (1.33) (1.44) (1.49) (1.95) 
Optimistic about INDCs 0.13*** 0.12*** 0.16*** 0.13*** 
 (3.64) (3.35) (4.02) (3.46) 
IPCC (d) -0.21*** -0.19*** -0.22*** -0.18*** 
 (-3.61) (-3.24) (-3.60) (-3.04) 
Male (d) 0.05 0.06 0.04 0.06 
 (1.10) (1.25) (0.85) (1.29) 
Natural sciences (d) -0.05 -0.06 -0.05 -0.08* 
 (-1.19) (-1.51) (-1.17) (-1.75) 
National governmental organization (d) 0.04 0.04 0.06 0.07 
 (0.80) (0.93) (1.34) (1.52) 
Age 0.00 0.00* 0.00 0.00 
 (1.62) (1.66) (1.35) (1.35) 

Log pseudolikelihood -272.37 -267.12 -249.43 -236.98 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.18 0.19 0.17 0.21 
Observations 477 476 432 431 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** p < 
0.05, *** p < 0.01. (d) indicates dummy variables. 
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c) Large-scale deployment of geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19** 0.18*   
 (2.55) (1.89)   
Percentage gain in GDP in 2100 0.04 0.04   
 (1.23) (1.28)   
Expect severe home country damages (d)   0.11** 0.10* 
   (2.06) (1.65) 
GDP per capita  -0.01  -0.01 
  (-0.37)  (-0.74) 
Expect severe global damages (d) -0.04 -0.04 -0.09* -0.09* 
 (-0.86) (-0.91) (-1.83) (-1.76) 
CO2 per capita -2.15 -0.53 -3.58 -0.69 
 (-0.49) (-0.09) (-0.83) (-0.12) 
Optimistic about GHG reductions 0.08* 0.08* 0.09** 0.09** 
 (1.91) (1.89) (2.07) (2.07) 
Optimistic about INDCs 0.04 0.04 0.07 0.06 
 (0.90) (0.86) (1.50) (1.37) 
IPCC (d) -0.18*** -0.18*** -0.19*** -0.19*** 
 (-2.81) (-2.74) (-2.84) (-2.72) 
Male (d) 0.06 0.07 0.05 0.05 
 (1.20) (1.20) (0.87) (0.92) 
Natural sciences (d) -0.10** -0.10** -0.12** -0.12** 
 (-1.98) (-1.98) (-2.40) (-2.43) 
National governmental organization (d) -0.06 -0.06 -0.05 -0.05 
 (-1.11) (-1.13) (-0.88) (-0.89) 
Age 0.00** 0.00** 0.00** 0.01** 
 (2.39) (2.44) (2.33) (2.41) 

Log pseudolikelihood -259.47 -258.83 -234.98 -234.37 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.07 0.08 0.08 0.08 
Observations 426 425 385 384 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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Table B6. Dependent variable index 

Table B2a) shows that the three variables that we use as dependent variables are positively 

correlated. We therefore generate an index, which simply equals the respondent’s average 

answer to the three questions on geoengineering (Cronbach's α = 0.78). Table B6 presents 

OLS regression results on this index variable, using the same independent variables as in our 

main models. The results are in line with those from the main models. This holds also true if 

we run tobit models, taking into account the censored nature of our index, or if we transform 

the index into a binary variable and use binary probit regressions. 

Dependent variable index 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.66*** 0.51***   
 (5.57) (3.38)   
Percentage gain in GDP in 2100 0.04 0.06   
 (1.10) (1.53)   
Expect severe home country damages (d)   0.30*** 0.21** 
   (3.25) (2.32) 
GDP per capita  -0.06*  -0.11*** 
  (-1.93)  (-4.86) 
Expect severe global damages (d) -0.24*** -0.23*** -0.35*** -0.31*** 
 (-3.48) (-3.35) (-4.64) (-4.20) 
CO2 per capita 5.43 18.03* -3.21 25.65*** 
 (0.76) (1.87) (-0.37) (2.68) 
Optimistic about GHG reductions 0.02 0.03 0.02 0.05 
 (0.41) (0.53) (0.28) (0.73) 
Optimistic about INDCs 0.20*** 0.18*** 0.22*** 0.18*** 
 (2.89) (2.72) (3.04) (2.66) 
Negotiation scope 0.54*** 0.53*** 0.56*** 0.50*** 
 (7.95) (7.71) (7.70) (6.98) 
IPCC (d) -0.26*** -0.24** -0.28*** -0.23** 
 (-2.63) (-2.42) (-2.72) (-2.32) 
Male (d) 0.13 0.14* 0.09 0.11 
 (1.55) (1.66) (1.01) (1.29) 
Natural sciences (d) -0.18** -0.19*** -0.20** -0.22*** 
 (-2.56) (-2.67) (-2.58) (-2.90) 
National governmental organization (d) 0.04 0.05 0.08 0.09 
 (0.55) (0.69) (0.97) (1.21) 
Age 0.01** 0.01** 0.01** 0.01*** 
 (2.27) (2.38) (2.44) (2.66) 

F-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.31 0.31 0.27 0.31 
Observations 492 491 447 446 

Note: The numbers show estimated coefficients of OLS models and t-values in parentheses, using 
heteroscedasticity robust standard errors. The stochastic component in the models is assumed to be 
normally distributed. The dependent variable ranges between 1 and 4. Level of significance: * p < 0.10, 
** p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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Table B7. Ordered probit models  

Tables B7 presents results from ordered probit models, which keep the ordinal structure of the 

dependent variable, unlike the binary probit models presented in the main paper. They show 

that our main results do not change. 

a) Including geoengineering in international climate negotiations 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.73*** 0.52**   
 (3.95) (2.29)   
Percentage gain in GDP in 2100 0.00 0.02   
 (0.01) (0.35)   
Expect severe home country damages (d)   0.25* 0.12 
   (1.85) (0.91) 
GDP per capita  -0.09*  -0.16*** 
  (-1.78)  (-4.25) 
Expect severe global damages (d) -0.32*** -0.30*** -0.39*** -0.34*** 
 (-3.01) (-2.88) (-3.35) (-2.92) 
CO2 per capita 5.93 24.02 -8.41 32.89** 
 (0.53) (1.57) (-0.68) (2.18) 
Optimistic about GHG reductions 0.02 0.03 -0.01 0.03 
 (0.20) (0.33) (-0.10) (0.34) 
Optimistic about INDCs 0.20** 0.18** 0.22** 0.18* 
 (2.18) (1.98) (2.30) (1.87) 
Negotiation scope 1.03*** 1.01*** 1.08*** 1.01*** 
 (7.83) (7.62) (7.96) (7.43) 
IPCC (d) -0.20 -0.17 -0.17 -0.11 
 (-1.35) (-1.18) (-1.09) (-0.70) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -578.874 -574.98 -532.51 -521.41 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.13 0.14 0.12 0.14 
Observations 492 491 447 446 

Note: The numbers show estimated coefficients of ordered probit estimations and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable has 
four categories, ranging from not important to very important (highest to lowest). Level of significance: * 
p < 0.10, ** p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not 
shown: gender, age, training, and employer organization. 
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b) More investment in R&D on geoengineering technologies 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 1.15*** 0.82***   
 (6.31) (3.70)   
Percentage gain in GDP in 2100 0.06 0.10*   
 (1.03) (1.68)   
Expect severe home country damages (d)   0.62*** 0.46*** 
   (4.66) (3.36) 
GDP per capita  -0.14***  -0.20*** 
  (-2.91)  (-5.06) 
Expect severe global damages (d) -0.24** -0.23** -0.47*** -0.43*** 
 (-2.30) (-2.20) (-4.02) (-3.67) 
CO2 per capita 9.87 37.76*** -0.63 48.87*** 
 (0.98) (2.62) (-0.06) (3.25) 
Optimistic about GHG reductions 0.09 0.10 0.09 0.14 
 (0.90) (1.01) (0.83) (1.27) 
Optimistic about INDCs 0.39*** 0.36*** 0.42*** 0.36*** 
 (3.78) (3.57) (3.92) (3.40) 
IPCC (d) -0.51*** -0.46*** -0.56*** -0.49*** 
 (-3.40) (-3.03) (-3.62) (-3.13) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -592.74 -586.69 -547.19 -531.79 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.10 0.11 0.08 0.11 
Observations 477 476 432 431 

Note: The numbers show estimated coefficients of ordered probit estimations and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable has 
four categories, ranging from no degree to high degree (highest to lowest). Level of significance: * 
p < 0.10, ** p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not 
shown: gender, age, training, and employer organization. 
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c) Large-scale deployment of geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.60*** 0.54**   
 (3.21) (2.27)   
Percentage gain in GDP in 2100 0.15** 0.15***   
 (2.56) (2.62)   
Expect severe home country damages (d)   0.32** 0.27* 
   (2.25) (1.85) 
GDP per capita  -0.02  -0.04 
  (-0.45)  (-1.19) 
Expect severe global damages (d) -0.03 -0.03 -0.17 -0.16 
 (-0.31) (-0.32) (-1.37) (-1.28) 
CO2 per capita -7.83 -3.59 -10.93 -0.67 
 (-0.67) (-0.25) (-0.92) (-0.05) 
Optimistic about GHG reductions 0.11 0.11 0.14 0.15 
 (1.16) (1.16) (1.31) (1.36) 
Optimistic about INDCs 0.23** 0.23** 0.28** 0.26** 
 (2.13) (2.09) (2.44) (2.27) 
IPCC (d) -0.26* -0.25* -0.26* -0.24 
 (-1.72) (-1.67) (-1.69) (-1.57) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -517.99 -517.15 -468.96 -467.67 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.05 0.05 0.05 0.05 
Observations 426 425 385 384 

Note: The numbers show estimated coefficients of ordered probit estimations and z-values in 
parentheses. The models are estimated with maximum likelihood, using robust standard errors. The 
stochastic component in the models is assumed to be normally distributed. The dependent variable has 
four categories, ranging from not at all to very much (highest to lowest).. Level of significance: * p < 0.10, 
** p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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Table B8. Alternative measure of region-specific climate change impacts  

In this section, we present regression results where we substitute the data from the BHM study 

with the ND-GAIN index (Vulnerability Index) in 2015. This index is published annually by the 

University of Notre Dame’s Global Adaptation Initiative and includes a range of indicators for 

six life-supporting sectors as well as a country’s adaptation capacity. Table B8 presents the 

results, showing that higher vulnerability of respondents’ home country increases their support 

of geoengineering (except of deployment for which we do not find a significant effect (c)). The 

effects of the other control variables do not change. 

 

a) Including geoengineering in international climate negotiations 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Vulnerability Index 0.01*** 0.01***   
 (5.00) (3.08)   
Expect severe home country damages (d)   0.11** 0.06 
   (2.12) (1.25) 
GDP per capita  -0.01  -0.05*** 
  (-0.52)  (-3.55) 
Expect severe global damages (d) -0.12*** -0.11*** -0.16*** -0.14*** 
 (-2.96) (-2.87) (-3.61) (-3.24) 
CO2 per capita 10.19** 11.28** -2.16 10.92* 
 (2.02) (2.04) (-0.49) (1.94) 
Optimistic about GHG reductions -0.02 -0.02 -0.03 -0.02 
 (-0.64) (-0.62) (-0.71) (-0.43) 
Optimistic about INDCs 0.06 0.06 0.08** 0.06* 
 (1.61) (1.60) (2.04) (1.69) 
Negotiation scope 0.30*** 0.30*** 0.33*** 0.30*** 
 (7.14) (7.09) (7.60) (6.82) 
IPCC (d) -0.06 -0.06 -0.07 -0.05 
 (-1.11) (-1.09) (-1.21) (-0.81) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -260.86 -260.74 -247.41 -240.10 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.21 0.21 0.18 0.20 
Observations 484 484 447 446 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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b) More investment in R&D on geoengineering technologies 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Vulnerability Index 0.01*** 0.01*   
 (5.95) (1.91)   
Expect severe home country damages (d)   0.25*** 0.18*** 
   (5.05) (3.53) 
GDP per capita  -0.05**  -0.07*** 
  (-2.39)  (-4.90) 
Expect severe global damages (d) -0.10** -0.09** -0.19*** -0.17*** 
 (-2.43) (-2.21) (-4.17) (-3.82) 
CO2 per capita 8.60* 14.18*** -2.11 15.71*** 
 (1.72) (2.61) (-0.50) (2.73) 
Optimistic about GHG reductions 0.05 0.05 0.06 0.08* 
 (1.24) (1.30) (1.49) (1.95) 
Optimistic about INDCs 0.12*** 0.11*** 0.16*** 0.13*** 
 (3.18) (3.06) (4.02) (3.46) 
IPCC (d) -0.19*** -0.18*** -0.21*** -0.18*** 
 (-3.34) (-3.30) (-3.60) (-3.04) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -269.77 -266.88 -249.43 -236.98 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.17 0.18 0.17 0.21 
Observations 470 470 432 431 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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c) Large-scale deployment of geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Vulnerability Index 0.00 0.00   
 (1.56) (0.24)   
Expect severe home country damages (d)   0.11** 0.10 
   (2.06) (1.65) 
GDP per capita  -0.02  -0.01 
  (-0.91)  (-0.74) 
Expect severe global damages (d) -0.05 -0.05 -0.09* -0.09* 
 (-1.08) (-1.01) (-1.83) (-1.76) 
CO2 per capita -0.75 1.55 -3.58 -0.69 
 (-0.15) (0.28) (-0.83) (-0.12) 
Optimistic about GHG reductions 0.08* 0.07* 0.09** 0.09** 
 (1.86) (1.83) (2.07) (2.07) 
Optimistic about INDCs 0.03 0.03 0.07 0.06 
 (0.63) (0.59) (1.50) (1.37) 
IPCC (d) -0.19*** -0.19*** -0.18*** -0.18*** 
 (-3.12) (-3.10) (-2.84) (-2.72) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -257.35 -256.94 -234.98 -234.37 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.07 0.07 0.08 0.08 
Observations 419 419 385 384 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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Table B9. Regression results for IPCC and UNFCCC separately 

Table B9 shows estimation results from our main model but run for the two subsamples 

separately ((a), (c), (e) for the UNFCCC subsample and (b), (d), (f) for the IPCC subsample). 

Due to the low number of observations in the IPCC subsample some variables lose their 

statistical significance compared to the pooled sample. However, the directions of the effects 

are consistent with the results for the UNFCCC sample and the pooled sample. 

a) Including geoengineering in international climate negotiations (UNFCCC sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 UNFCCC UNFCCC UNFCCC UNFCCC 

Percentage loss in GDP in 2100 0.19** 0.10   
(2.41) (1.06)   

Percentage gain in GDP in 2100 -0.02 -0.01   
(-0.71) (-0.36)   

Expect severe home country damages (d)   0.14** 0.10 
  (2.37) (1.63) 

GDP per capita  -0.04**  -0.05*** 
  (-2.01)  (-3.05) 
Expect severe global damages (d) -0.13*** -0.13*** -0.19*** -0.17*** 

(-2.92) (-2.92) (-3.64) (-3.43) 
CO2 per capita 2.76 11.17* -0.54 12.42** 
 (0.58) (1.84) (-0.11) (2.02) 
Optimistic about GHG reductions -0.01 -0.00 0.00 0.02 

(-0.21) (-0.06) (0.08) (0.34) 
Optimistic about INDCs 0.09** 0.09** 0.10** 0.09** 
 (2.25) (2.11) (2.33) (2.09) 
Negotiation scope 0.40*** 0.38*** 0.41*** 0.37*** 
 (8.74) (8.19) (8.72) (7.46) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -184.42 -180.36 -168.43 -162.52 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.24 0.25 0.23 0.25 
Observations 349 348 317 316 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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b) Including geoengineering in international climate negotiations (IPCC sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 IPCC IPCC IPCC IPCC 

Percentage loss in GDP in 2100 0.19 0.13   
(1.36) (0.77)   

Percentage gain in GDP in 2100 -0.00 0.00   
(-0.03) (0.05)   

Expect severe home country damages (d)   -0.00 -0.06 
  (-0.05) (-0.62) 

GDP per capita  -0.02  -0.05* 
  (-0.54)  (-1.65) 
Expect severe global damages (d) -0.07 -0.07 -0.10 -0.07 

(-1.02) (-0.95) (-1.29) (-0.96) 
CO2 per capita 1.71 6.74 -2.05 10.17 
 (0.24) (0.58) (-0.28) (0.97) 
Optimistic about GHG reductions -0.05 -0.05 -0.08 -0.07 

(-0.85) (-0.85) (-1.22) (-1.01) 
Optimistic about INDCs 0.05 0.04 0.04 0.01 
 (0.62) (0.55) (0.54) (0.16) 
Negotiation scope 0.15* 0.15* 0.19** 0.18** 
 (1.94) (1.93) (2.29) (2.20) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -77.119 -76.95 -70.47 -69.05 
LR-test 0.10 0.05 0.14 0.08 
Pseudo R2 0.12 0.12 0.10 0.12 
Observations 143 143 130 130 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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c) More investment in R&D on geoengineering technologies (UNFCCC sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 UNFCCC UNFCCC UNFCCC UNFCCC 

Percentage loss in GDP in 2100 0.35*** 0.20**   
 (4.59) (2.16)   
Percentage gain in GDP in 2100 -0.01 0.01   
 (-0.21) (0.37)   
Expect severe home country damages (d)   0.27*** 0.19*** 

  (4.61) (3.18) 
GDP per capita  -0.06***  -0.07*** 
  (-3.07)  (-4.70) 
Expect severe global damages (d) -0.10** -0.11** -0.21*** -0.21*** 
 (-2.11) (-2.22) (-3.93) (-3.81) 
CO2 per capita 0.70 11.99** -3.16 14.68** 
 (0.15) (2.07) (-0.60) (2.41) 
Optimistic about GHG reductions 0.03 0.04 0.08 0.10** 
 (0.76) (0.93) (1.64) (2.07) 
Optimistic about INDCs 0.18*** 0.17*** 0.21*** 0.18*** 
 (4.28) (4.09) (4.49) (4.10) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -193.81 -188.51 -176.34 -165.87 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.14 0.16 0.14 0.19 
Observations 335 334 303 302 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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d) More investment in R&D on geoengineering technologies (IPCC sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 IPCC IPCC IPCC IPCC 

Percentage loss in GDP in 2100 0.45*** 0.34**   
 (3.46) (2.10)   
Percentage gain in GDP in 2100 0.07 0.07   
 (1.02) (1.03)   
Expect severe home country damages (d)   0.21** 0.14* 

  (2.38) (1.68) 
GDP per capita  -0.04  -0.07** 
  (-1.13)  (-2.13) 
Expect severe global damages (d) -0.07 -0.06 -0.14* -0.10 
 (-1.02) (-0.83) (-1.88) (-1.36) 
CO2 per capita 5.13 14.55 1.73 20.63* 
 (0.76) (1.35) (0.24) (1.79) 
Optimistic about GHG reductions 0.08 0.08 0.03 0.04 
 (1.14) (1.11) (0.39) (0.61) 
Optimistic about INDCs 0.01 0.01 0.04 0.01 
 (0.18) (0.09) (0.52) (0.07) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -72.98 -72.30 -68.63 -65.73 
LR-test 0.04 0.03 0.32 0.17 
Pseudo R2 0.13 0.13 0.08 0.12 
Observations 142 142 129 129 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: 
gender, age, training, and employer organization. 
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e) Large-scale deployment of geoengineering in case of a climate emergency (UNFCCC 

sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 UNFCCC UNFCCC UNFCCC UNFCCC 

Percentage loss in GDP in 2100 0.27*** 0.20**   
 (3.45) (2.03)   
Percentage gain in GDP in 2100 0.07** 0.09**   
 (2.00) (2.18)   
Expect severe home country damages (d)   0.15** 0.12* 

  (2.37) (1.72) 
GDP per capita  -0.03  -0.03 
  (-1.47)  (-1.43) 
Expect severe global damages (d) -0.01 -0.02 -0.08 -0.08 
 (-0.27) (-0.42) (-1.32) (-1.27) 
CO2 per capita -6.11 -0.05 -7.91* -1.97 
 (-1.31) (-0.01) (-1.66) (-0.32) 
Optimistic about GHG reductions 0.10** 0.10** 0.14*** 0.14*** 
 (2.39) (2.38) (2.85) (2.84) 
Optimistic about INDCs 0.05 0.05 0.07 0.06 
 (1.10) (0.99) (1.44) (1.27) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -171.65 -170.00 -156.88 -155.63 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.08 0.09 0.08 0.08 
Observations 302 301 271 270 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** p < 
0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: gender, 
age, training, and employer organization. 
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f) Large-scale deployment of geoengineering in case of a climate emergency (IPCC sample) 

 (1) 
Supportive 

(2) 
Supportive 

(3) 
Supportive 

(4) 
Supportive 

 IPCC IPCC IPCC IPCC 

Percentage loss in GDP in 2100 -0.13 -0.02   
 (-0.74) (-0.09)   
Percentage gain in GDP in 2100 -0.07 -0.08   
 (-0.76) (-0.87)   
Expect severe home country damages (d)   -0.01 0.01 

  (-0.13) (0.10) 
GDP per capita  0.04  0.02 
  (0.86)  (0.69) 
Expect severe global damages (d) -0.13 -0.15* -0.15 -0.16* 
 (-1.52) (-1.66) (-1.64) (-1.74) 
CO2 per capita 9.20 0.50 9.69 4.11 
 (1.06) (0.04) (1.10) (0.33) 
Optimistic about GHG reductions -0.00 -0.00 0.01 0.00 
 (-0.02) (-0.03) (0.09) (0.01) 
Optimistic about INDCs 0.02 0.03 0.06 0.08 
 (0.24) (0.32) (0.60) (0.77) 

Controls included Yes Yes Yes Yes 
Log pseudolikelihood -80.07 -79.66 -72.91 -72.67 
LR-test 0.36 0.45 0.23 0.29 
Pseudo R2 0.07 0.07 0.08 0.08 
Observations 124 124 114 114 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** p < 
0.05, *** p < 0.01. (d) indicates dummy variables. Variables included as controls but not shown: gender, 
age, training, and employer organization. 
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Table B10. Using citizenship instead of country of delegation for home country of 

UNFCCC respondents 

The region-specific variables in the main part refer to the country of citizenship for the IPCC 

sample and the delegation country for the UNFCCC sample. In this section, we present 

regression results where we use citizenship for home country in both samples. The results are 

given in Table B10 and are very similar to those reported in the main paper. 

 

a) Including geoengineering in international climate negotiations  

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.19*** 0.11   
 (2.64) (1.20)   
Percentage gain in GDP in 2100 -0.03 -0.02   
 (-0.81) (-0.52)   
Expect severe home country damages (d)   0.08 0.03 
   (1.52) (0.59) 
GDP per capita  -0.04**  -0.05*** 
  (-2.13)  (-3.64) 
Expect severe global damages (d) -0.11*** -0.10*** -0.15*** -0.13*** 
 (-2.81) (-2.66) (-3.41) (-2.92) 
CO2 per capita -3.82 5.15 -10.14* 5.86 
 (-0.73) (0.78) (-1.94) (0.84) 
Optimistic about GHG reductions -0.02 -0.01 -0.02 -0.01 
 (-0.44) (-0.32) (-0.59) (-0.31) 
Optimistic about INDCs 0.06* 0.05 0.06 0.05 
 (1.66) (1.44) (1.63) (1.27) 
Negotiation scope 0.30*** 0.29*** 0.32*** 0.29*** 
 (7.04) (6.76) (7.22) (6.53) 
IPCC (d) -0.07 -0.06 -0.05 -0.04 
 (-1.35) (-1.17) (-0.93) (-0.70) 
Male (d) 0.00 0.00 -0.02 -0.01 
 (0.04) (0.08) (-0.51) (-0.33) 
Natural sciences (d) -0.08** -0.09** -0.09** -0.09** 
 (-2.00) (-2.13) (-1.98) (-2.20) 
National governmental organization (d) -0.00 -0.00 0.02 0.01 
 (-0.05) (-0.05) (0.37) (0.34) 
Age 0.01*** 0.01*** 0.01*** 0.01*** 
 (2.88) (3.01) (3.08) (3.17) 

Log pseudolikelihood -267.32 -263.18 -245.42 -237.47 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.20 0.21 0.19 0.21 
Observations 493 492 447 446 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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b) More investment in R&D on geoengineering technologies  
 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.36*** 0.21**   
 (5.25) (2.58)   
Percentage gain in GDP in 2100 -0.00 0.01   
 (-0.05) (0.48)   
Expect severe home country damages (d)   0.21*** 0.14*** 
   (3.90) (2.62) 
GDP per capita  -0.06***  -0.08*** 
  (-3.47)  (-5.23) 
Expect severe global damages (d) -0.09** -0.08** -0.18*** -0.15*** 
 (-2.17) (-2.03) (-3.91) (-3.38) 
CO2 per capita -3.93 9.55 -11.20** 12.96* 
 (-0.80) (1.52) (-2.22) (1.88) 
Optimistic about GHG reductions 0.06 0.06* 0.07 0.09** 
 (1.54) (1.69) (1.64) (2.12) 
Optimistic about INDCs 0.12*** 0.10*** 0.14*** 0.11*** 
 (3.14) (2.78) (3.43) (2.86) 
IPCC (d) -0.20*** -0.19*** -0.20*** -0.18*** 
 (-3.58) (-3.30) (-3.26) (-3.08) 
Male (d) 0.05 0.06 0.05 0.06 
 (1.14) (1.31) (0.93) (1.29) 
Natural sciences (d) -0.05 -0.07 -0.05 -0.07* 
 (-1.23) (-1.60) (-1.00) (-1.70) 
National governmental organization (d) 0.03 0.03 0.06 0.06 
 (0.62) (0.74) (1.33) (1.40) 
Age 0.00 0.00 0.00 0.00 
 (1.40) (1.34) (1.34) (1.12) 

Log pseudolikelihood -267.60 -260.77 -247.08 -232.68 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.19 0.21 0.17 0.22 
Observations 478 477 432 431 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables.  
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c) Large-scale deployment of geoengineering in case of a climate emergency 

 (1) (2) (3) (4) 
 Supportive Supportive Supportive Supportive 

Percentage loss in GDP in 2100 0.22*** 0.19*   
 (2.76) (1.93)   
Percentage gain in GDP in 2100 0.03 0.03   
 (0.98) (1.07)   
Expect severe home country damages (d)   0.10* 0.07 
   (1.72) (1.20) 
GDP per capita  -0.01  -0.02 
  (-0.64)  (-1.29) 
Expect severe global damages (d) -0.04 -0.04 -0.09* -0.08 
 (-0.92) (-0.95) (-1.78) (-1.63) 
CO2 per capita -1.82 1.18 -5.81 0.34 
 (-0.34) (0.17) (-1.09) (0.05) 
Optimistic about GHG reductions 0.08* 0.08* 0.09** 0.09** 
 (1.94) (1.91) (2.07) (2.09) 
Optimistic about INDCs 0.03 0.03 0.06 0.05 
 (0.80) (0.73) (1.34) (1.14) 
IPCC (d) -0.19*** -0.19*** -0.19*** -0.19*** 
 (-2.97) (-2.91) (-2.86) (-2.81) 
Male (d) 0.07 0.07 0.05 0.06 
 (1.33) (1.35) (0.97) (1.08) 
Natural sciences (d) -0.10** -0.10** -0.12** -0.12** 
 (-2.02) (-2.03) (-2.30) (-2.37) 
National governmental organization (d) -0.07 -0.07 -0.05 -0.05 
 (-1.34) (-1.35) (-0.95) (-1.00) 
Age 0.00** 0.00** 0.00** 0.01** 
 (2.32) (2.36) (2.33) (2.38) 

Log pseudolikelihood -258.64 -257.84 -234.73 -233.54 
LR-test 0.00 0.00 0.00 0.00 
Pseudo R2 0.08 0.08 0.08 0.09 
Observations 427 426 385 384 

Note: The numbers show binary probit estimations of average marginal effects (discrete effects for 
dummy variables) and z-values in parentheses. The models are estimated with maximum likelihood, 
using robust standard errors. The stochastic component in the models is assumed to be normally 
distributed. The dependent variable is a dummy, taking the value 1 if an individual response is 
categorized as supportive of geoengineering and 0 otherwise. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. (d) indicates dummy variables. 
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B.3. Supplementary figures 

Figure B1. Inclusion of governance effectiveness index 

To test whether the difference in the global and home country perspective is due to 

extrapolation from generally more difficult governance at the global level and easier 

governance at the national level, we used the Government Effectiveness Indicator from the 

Worldwide Governance Indicators Project for the year 201517. This indicator ranges between 

± 2.5, with higher values indicating stronger governance performance. We split our sample in 

respondents from countries with more effective governments (indicator values > 0) and 

respondents from countries with less effective governments (indicator values ≤ 0). We then 

reproduced the analysis from the main text. Figure B1 (a) shows the predicted probability of 

supporting geoengineering depending on respondents’ beliefs about climate change impacts 

for more effectively governed home countries. Figure B1 (b) shows the same analysis for 

respondents from less effectively governed countries. The green lines (rectangular markers) 

show the difference between respondents who expect very negative global consequences of 

climate change and other respondents. The purple lines (circular markers) show the difference 

between respondents who expect very negative consequences of climate change for their 

home country and other respondents. The vertical lines show the 95% confidence interval. If 

extrapolation were driving our results, we would expect the difference in the global and home 

country perspective to be larger for respondents from countries with more effective 

governance. However, such a clear pattern does not manifest.  
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a) Predicted probability of supporting geoengineering depending on respondents’ beliefs about 

climate change impacts for more effectively governed countries 
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b) Predicted probability of supporting geoengineering depending on respondents’ beliefs about 

climate change impacts for less effectively governed countries 
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B.4. Survey questions used in the empirical analysis 

This section reproduces the survey questions used in the empirical analyses. 

This survey asks about your personal assessment of a number of issues in international 

climate policy. Your assessment may refer to your home country as well as to five countries or 

groups of countries that may play an important role in current international climate negotiations 

(in alphabetical order): Alliance of Small Island States (AOSIS), BASIC without China (Brazil, 

South Africa, India), China, the European Union (EU), and the United States (USA). What will 

happen to your answers? The information is used for scientific analysis only. No names or data 

on single persons or firms will be published or made accessible to third parties. 

I have read the above information and desire to participate in this study. 

 Yes 

 No 

 

Consequences of climate change    

This part asks about your opinion of the consequences of climate change up to 2100. Please 

consider economic development with no new international climate agreement.  

 

How would you assess the consequences of climate change on future global living conditions 

up to 2100? 

 Very negative  
 Negative  
 Neither negative nor positive  
 Positive  
 I don't know  
 

How would you assess the consequences of climate change on future living conditions up to 

2100 in your home country? 

 Very negative  
 Negative  
 Neither negative nor positive  
 Positive  
 I don't know  
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Importance of international efforts in combating climate change 

This part refers to your personal assessments of the importance of international efforts in 

combating climate change and other global challenges such as securing world nutrition and 

eradicating poverty, combating epidemics, stabilizing the international finance system, and 

combating terrorism. 

To what degree do you think the following countries or groups of countries will reduce their 

greenhouse gas (GHG) emissions relative to “business as usual” even without any new 

international climate agreement up to 2050? 

 High degree 
Moderate 
degree 

Low degree No degree I don't know 

AOSIS  
 

          

 
BASIC without 
China  
 

          

China            

EU            

USA            

 

Issues in current international climate negotiations 

This part considers your personal assessment of the following issues in current international 

climate negotiations: Comprehensive quantitative targets for a reduction in global GHG 

emissions, quantitative GHG emission reduction targets for individual economic sectors, R&D 

and technology transfer, geo-engineering, land-use change and reforestation, and adaptation 

measures.  

How important do you think it is to include the following issues in current international climate 

change negotiations?  
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Very 

important 
Important 

Moderately 
important 

Not important I don't know 

Comprehensive 
quantitative targets for a 
reduction in global GHG 
emissions  

          

 
Quantitative GHG 
emission reduction 
targets for individual 
economic sectors  

          

 
R&D and technology 
transfer  

          

Geo-engineering            

 
Land-use change and 
reforestation  

          

 
Adaptation measures 

          

 

To what degree do you think that more investments should be directed to R&D for geo-
engineering technologies such as solar radiation management, aimed at lowering average 
global surface temperature? 

 High degree  
 Moderate degree  
 Low degree  
 No degree  
 I don't know 
 

In the event of an approaching ‘climate emergency’, i.e. should it become apparent at some 

point in the future that it is too late to avoid a catastrophic event (induced by climate change) 

by means of conventional mitigation techniques, would you favour large-scale deployment of 

geo-engineering? 

 Very much 
 Moderately  
 Indifferent  
 Not at all 
 I don't know  
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Views on the negotiations 

How confident are you that the Intended Nationally Determined Contributions (INDC), the 

commitments envisioned at COP 20 in Lima and to be disclosed by each country in 2015, will 

be consistent in aggregate with the goal of limiting average global warming to under 2°C? 

 Very confident  
 Confident  
 Moderately confident  
 Not confident at all  
 I don't know  
 

In case the INDC pledged in 2015 fall short of the 2°C target, how confident are you that the 

ensuing monitoring and reporting activities will stimulate increased INDC by the majority of 

countries? 

 Very confident  
 Confident  
 Moderately confident  
 Not confident at all  
 I don't know  
 

In case the INDC pledged in 2015 fall short of the 2°C target and new INDC commitments are 

made, how confident are you that the revised and increased INDC will then be consistent in 

aggregate with the goal of limiting average global warming to under 2°C? 

 Very confident  
 Confident  
 Moderately confident  
 Not confident at all  
 I don't know  
 

In general, how confident are you that the majority of countries will fulfil their INDC? 

 Very confident  
 Confident  
 Moderately confident  
 Not confident at all  
 I don't know  
 

Personal questions    

Finally, we would like to ask some questions about you. Your answers to these questions are 

extremely important to make sure that our empirical analysis is reliable. Please note that your 

answers to these questions will remain completely private. You will not be identified in any 

way. Your answers will remain strictly confidential and will be analysed anonymously, that is, 
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your name and address will not be linked to the data. Your answers will only be examined in 

summary form together with the answers of other participants. 

 

Please indicate your sex: 

 Female 
 Male  
 

Please indicate your year of birth: __________________________________ 

 
Please indicate your nationality: ____________________________________ 

 
Please indicate the field in which you obtained your highest degree or training: 

 Natural sciences  
 Political Sciences  
 Economics and business administration  
 Law  
 Engineering  
 Other (please indicate): ______________________________ 
 

Please indicate the type of organization you currently work for: 

 International governmental organization  
 National governmental organization  
 University or research institution  
 Private company  
 Environmental non-governmental organization (NGO)  
 Non-environmental NGO  
 Others (please indicate): ____________________________ 
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C. Appendix Chapter 4 

C.1. Theoretical predictions  

We consider a linear public goods game with n players, in which the payoff of player i is given 

by:  

𝜋𝑖 = 𝐸𝑃 − 𝑔𝑖 + 𝑎 ∑ 𝑔𝑗

𝑛

𝑗=1

,    𝑖 = 1, … , 𝑛 (C.1) 

where 𝐸𝑃 denotes the endowment of the players if they play game 𝑝 ∈ {𝐴, 𝐵10, 𝐵8},1 𝑔𝑖 is the 

contribution of player 𝑖 and 0 < 𝑎 < 1 is the marginal per capita return (MPCR) from the public 

good.  

While our experiment consists of four identical phases in which players vote for game A or 

game B, we analyze next only the equilibria of one phase. This means that given the choice of 

a game, we analyze the equilibria of that game over the five rounds of play that constitute one 

phase. Given the equilibria of each game, we then establish the prediction for the preference 

between the two games that govern players voting behavior in one phase. 

 

C.1.1. Standard preferences 

With standard preferences, each player maximizes the payoff function in (C.1). Because 1,a   

the dominant strategy of each player in the stage-game is to contribute zero. Therefore, the 

Nash equilibrium of the stage-game is 𝑔𝑖 = 0, ∀𝑖 = 1, … , 𝑛. The subgame perfect Nash 

equilibrium (SPNE) can be derived by backward induction, starting from the last round of play. 

In round T the unique Nash equilibrium is to contribute zero, regardless of the history of play. 

At T − 1 every player anticipates that at T everyone will contribute zero. Given this, at T − 1 

everyone contributes zero. This argument continues until the first round. It follows that in each 

round of the game the unique Nash equilibrium of the stage game is played. This is true for all 

three games in our experiment. Therefore, contributing zero in each round is the unique SPNE 

of the game and in each round, the SPNE payoff of each player is Ep. Thus, a player is 

indifferent between A and B10 and prefers A to B8 because the former gives a larger payoff. 

Therefore, under standard preferences game B8 is never played, while game B10 is played 

with 50% probability, due to the indifference result. If game B10 is chosen, then exclusion can 

be part of the equilibrium since exclusion in our setting is costless and, thus, players are 

indifferent between excluding and not excluding a player from the group. Therefore, any 

configuration of votes and group sizes can be part of an equilibrium. 

 

                                                

1 In our experiment we have either 𝐸𝐵 = 𝐸𝐴 𝑜𝑟 𝐸𝐵 = 𝐸𝐴 − 2 depending on the treatment condition. 
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C.1.2. Inequality-averse preferences (Fehr and Schmidt, 1999) 

Inequality-averse preference of Fehr & Schmidt (1999) assumes the following utility function: 

𝑈𝑖(𝜋𝑖) = 𝜋𝑖 − 𝛼𝑖

1

𝑛 − 1
∑ max{(𝜋𝑗 − 𝜋𝑖), 0}

𝑗≠𝑖

− 𝛽𝑖

1

𝑛 − 1
∑ max{(𝜋𝑖 − 𝜋𝑗), 0},

𝑗≠𝑖

 (C.2) 

where the material payoff 𝜋𝑖 is given by (C.1), if player i is part of a group of 𝑛 ∈ {2,3,4,5} players 

who play the public good game, or 𝜋𝑖 = 𝐸𝑃, if the player is excluded from the public good. The 

common knowledge parameters 𝛼𝑖 ≥ 𝛽𝑖 with 0 ≤ 𝛽𝑖 ≤ 1 measure the aversion to inequality: 𝛼𝑖, 

aversion to disadvantageous inequality and 𝛽𝑖, aversion to advantageous inequality. 

For the ease of exposition, let us analyze each game separately. 

Game A 

Case 1: If there exists at least one group member with low enough advantageous inequality 

aversion, i.e. 𝛽𝑖 < 1 − 𝑎 = 0.6, referred to as selfish player, then all members choose 𝑔𝑖 = 0. 

This is the unique equilibrium and the corresponding utilities are 

𝑈𝑖 =  𝐸𝐴, ∀𝑖 (C.3) 

To see that this is the unique equilibrium, we show that it is a dominant strategy for the selfish 

player to contribute zero. Let the total contribution of the other n-1 players be G−i ≥ 0. Then, the 

utility of player i from contributing 𝑔𝑖, given that the contribution of each of the other n-1 players 

is larger than 𝑔𝑖, is: 

𝑈(𝑔𝑖) = 𝐸𝐴 − 𝑔𝑖 + 𝑎(𝐺−𝑖 + 𝑔𝑖) − 𝛽𝑖

1

𝑛 − 1
(𝐺−𝑖 − (𝑛 − 1)𝑔𝑖)

= 𝐸𝐴 − (1 − 𝑎 − 𝛽𝑖)𝑔𝑖 + (𝑎 − 𝛽𝑖

1

𝑛 − 1
) 𝐺−𝑖 (C.4) 

Since 1 − 𝑎 − 𝛽𝑖 > 0 for 𝛽𝑖 < 0.6, it is obvious that U(gi) is maximized for gi = 0 regardless of 

G−i. With our parameter choice, due to the disadvantageous inequality aversion, the other 

members will also contribute zero, according to Proposition 4b in Fehr & Schmidt (1999) (for 

one selfish player and a=0.4, the condition from the proposition is fulfilled). Hence, zero 

contribution is the unique SPNE of the repeated game. The utility level any player i over the 

entire five rounds is given by: 

𝑈𝑖 =  5𝐸𝐴 , ∀𝑖 = 1, … ,5 (C.5) 

Case 2: If all members are sufficiently averse to advantageous inequality (conditional 

cooperators), i.e. 𝛽𝑖 ≥ 1 − 𝑎 = 0.6, then all members choose the same contribution 𝑔𝑖 = 𝑔 ∈

[0, 𝐸𝐴]. It can also be shown that no member has an incentive to unilaterally reduce her 

contribution. Assume member k deviates by contributing 𝑔 − 1 Then, 

𝑈𝑘(𝑔 − 1) = 𝐸𝐴 − (𝑔 − 1) + 𝑎((𝑛 − 1)𝑔 + 𝑔 − 1) − 𝛽𝑘

1

𝑛 − 1
(𝑛 − 1)

= 𝐸𝐴 + (𝑛𝑎 − 1)𝑔 + (1 − 𝑎 − 𝛽𝑘) ≤ 𝐸𝐴 + (𝑛𝑎 − 1)𝑔 = 𝑈𝑘(𝑔) (C.6) 



Appendix Chapter 4 

 

 

190  

for any 𝛽𝑘 ≥ 0.6 and 𝑎 = 0.4. So, deviation is weakly unprofitable. In this case, the individual 

equilibrium utility level over all 5 rounds, if players coordinate in each round on the same 

equilibrium, is: 

𝑈𝑖 =  5 × [𝐸𝐴 + (𝑛𝑎 − 1)𝑔], ∀𝑖 = 1, … ,5 (C.7) 

In summary, in game A, all players contribute zero if there is a least one selfish player, or may 

contribute the same positive amount if all players are sufficiently averse to advantageous 

inequality. 

Game B 

Case 1: For simplicity, let us first assume that there is only one selfish player with 𝛽𝑖 < 0.6 and 

𝑛 − 1 conditional cooperators with 𝛽𝑗 ≥ 0.6, 𝑗 ≠ 𝑖.2 We start analyzing the game from the last 

round (the fifth). Because in this round there is no threat of exclusion, it is the dominant strategy 

for player i to contribute zero (see equation (C.4)). The question, then, arises whether it pays 

off for the conditional cooperators to exclude player i before the fifth round, anticipating her 

defection. For this, we compare the resulting payoffs assuming that all players contribute g in 

the first four rounds. The utility of a conditional cooperator if the selfish player is not excluded 

before the 5th round is: 

𝑈𝑗(𝑁𝑂𝑇 𝑒𝑥𝑐𝑙𝑢𝑑𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡ℎ𝑒 5𝑡ℎ 𝑟𝑜𝑢𝑛𝑑) =  

4 × [𝐸𝐵 + (𝑛𝑎 − 1)𝑔] + 𝐸𝐵 = 5𝐸𝐵 + 4(𝑛𝑎 − 1)𝑔 (C.8) 

 

                              

and the utility if the selfish player is excluded before the fifth round is: 

𝑈𝑗(𝑒𝑥𝑐𝑙𝑢𝑑𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 5𝑡ℎ 𝑟𝑜𝑢𝑛𝑑) =  

4 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔) + 𝐸𝐵 + ((𝑛 − 1)𝑎 − 1)𝑔 −
1

𝑛 − 1
𝛽𝑗((𝑛 − 1)𝑎 − 1)𝑔 

            5 players in rounds 1 to 4                                     player i excluded in the 5th round 

= 5𝐸𝐵 + 4(𝑛𝑎 − 1)𝑔 + 𝑔((𝑛 − 1)𝑎 − 1) (1 −
1

𝑛 − 1
𝛽𝑗) 

(C.9) 

 

Hence, it pays off for the conditional cooperator to vote for the exclusion of the selfish player 

before the fifth round ((C.9) is larger than (C.8) for any 𝛽𝑗 < 1). Anticipating the exclusion, she 

may have incentive to defect already in round 4. Indeed, if player i contributes 𝑔 in rounds 1-

3, contributes 0 ≤ 𝑔𝑖 ≤ 𝑔 in round 4 and is excluded from round 5, then her utility is: 

                                                

2 Note that if there were two selfish players, they would both defect (see the condition from Proposition 
4b in Fehr & Schmidt (1999) which is fulfilled for our parameter values). Thus, the analysis would 
become complicated at the exclusion decision because both players cannot be excluded at once by 
the remaining three players. Therefore, we resort to the simplified analysis with one selfish player to 
give the flavor of the choice between the two games by players with different social preferences. 

all players contribute 
0 in the last round 

all players contribute 
g in the first 4 rounds 
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𝑈𝑖(𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑟𝑜𝑢𝑛𝑑𝑠 1 − 3, 𝑑𝑒𝑓𝑒𝑐𝑡 𝑖𝑛 𝑟𝑜𝑢𝑛𝑑 4) = 

 3 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔) + 𝐸𝐵 − (1 − 𝑎)𝑔𝑖 + (𝑛 − 1)𝑎𝑔 − (𝑛 − 1)
1

𝑛 − 1
𝛽𝑖(𝑔 − 𝑔𝑖)  

round 4 defection 

                                 +𝐸𝐵 − (𝑛 − 1)
1

𝑛 − 1
𝛼𝑖((𝑛 − 1)𝑎 − 1)𝑔 

                                           round 5 excluded 

= 5𝐸𝐵 + ((4𝑛 − 1)𝑎 − 3 − 𝛽𝑖 − ((𝑛 − 1)𝑎 − 1)𝛼𝑖) 𝑔 + (𝛽𝑖 − 1 + 𝑎)𝑔𝑖 

 

 

 

 

 

 

(C.10) 

If, instead, she also contributes in round 4, but is excluded in round 5, her utility reads: 

𝑈𝑖(𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑟𝑜𝑢𝑛𝑑𝑠 1 − 4) =  4 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔) + 𝐸𝐵 − (𝑛 − 1)
1

𝑛 − 1
𝛼𝑖(4(𝑛 − 1) − 1)𝑔 

                                                                                                      round 5 excluded 

= 5𝐸𝐵 + (4(𝑛𝑎 − 1) − 𝛼𝑖((𝑛 − 1)𝑎 − 1)) 𝑔 (C.11) 

Comparing (C.10) to (C.11), it can be shown that, since 𝛽𝑖 < 0.6, defection in round 4 pays off 

for any 0 ≤ 𝑔𝑖 < 𝑔. Moreover, since the defection payoff given by (C.10) is strictly decreasing 

in 𝑔𝑖 for any 𝛽𝑖 < 0.6, defection in round 4 means 𝑔𝑖 = 0. 

Again, the common knowledge assumption allows the conditional cooperators j to anticipate 

the behavior of player i and exclude her before round 4. We verify next if such an exclusion 

threat is credible. The utility of player j if player i is excluded before round 4 is: 

 𝑈𝑗(𝑒𝑥𝑐𝑙𝑢𝑑𝑒 𝑖 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑜𝑢𝑛𝑑 4) =  

3 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔) + 2 × (𝐸𝐵 − ((𝑛 − 1)𝑎 − 1)𝑔 −
1

𝑛 − 1
𝛽𝑗((𝑛 − 1)𝑎 − 1)𝑔) 

(C.12) 

The utility of player j if player i is not excluded before round 4 and player i contributes zero in 

round 4 (as shown above) and is excluded only in round 5, is: 

𝑈𝑗(𝑁𝑂𝑇 𝑒𝑥𝑐𝑙𝑢𝑑𝑒 𝑖 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑜𝑢𝑛𝑑 4) =  3 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔) + 

𝐸𝐵 + ((𝑛 − 1)𝑎 − 1)𝑔 −
1

𝑛 − 1
𝛼𝑗𝑔 + 𝐸𝐵 + ((𝑛 − 1)𝑎 − 1)𝑔 −

1

𝑛 − 1
𝛽𝑗((𝑛 − 1)𝑎 − 1)𝑔 

                                   round 4                                                                                         round 5 

 

(C.13) 

Exclusion is credible if (C.12) is larger than (C.13). This is equivalent to 𝛽𝑗((𝑛 − 1)𝑎 − 1) < 𝑎𝑗, 

which is true for our MPCR 𝑎 = 0.4, the group size of 𝑛 = 5 and 𝛽𝑗 ≤ 𝑎𝑗.  

Hence, the threat of exclusion before round 4 is credible and since it pays off for player i to 

defect in round 4, she will be excluded right before this round. By backward induction 

reasoning, the equilibrium of game B with one selfish player is that the selfish player is 

excluded at the first opportunity, i.e. after the first contribution round, and the conditional 

cooperators contribute an amount 𝑔 ∈ [0, 𝐸𝐵] in every round until the end of the game (see the 

discussion from game A, Case 2). Clearly, the selfish player will defect in the first round and, 

consequently, all the other players will contribute zero (see Proposition 4 in Fehr & Schmidt 

(1999)). Then, the equilibrium utilities over the five rounds of play are as follows. The utility of 

the selfish player is 
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𝑈𝑖 =  5𝐸𝐵 − 4((𝑛 − 1)𝑎 − 1)𝛼𝑖𝑔 (C.14) 

and the utility of the conditional cooperator is:  

𝑈𝑗 =  5𝐸𝐵 + 4((𝑛 − 1)𝑎 − 1) (1 −
𝛽𝑗

𝑛 − 1
) 𝑔 (C.15) 

Case 2: All players in the group have 𝛽𝑖 ≥ 0.6. Hence, similarly as in game A, all players 

contribute the same weakly positive amount 𝑔𝑖 = 𝑔 ∈ [0, 𝐸𝐵].3 Note that, unlike in the case with 

one selfish player, the absence of the possibility for exclusion after round 5 does not create 

incentive for deviation. Instead, in round 5 everyone still contributes 𝑔 ∈ [0, 𝐸𝑃]. Hence, the 

equilibrium payoffs in game B when all players have 𝛽𝑖 ≥ 0.6 is:  

𝑈𝑖(𝑔) =  5 × (𝐸𝐵 + (𝑛𝑎 − 1)𝑔). (C.16) 

Note that the equilibrium of this game entails coordination on a certain contribution level. A 

natural focal point for this is 𝑔 = 𝐸𝐵.4  

Given the equilibria derived above, we can now derive prediction regarding the choice between 

game A and game B, when players are inequality averse. Table C1 summarizes the equilibrium 

utility levels for the two cases discussed above. 

Table C1. Equilibrium utilities 

 Game A Game B 

Case 1: ∃βi < 0.6 𝑈𝑖
𝐴 = 5𝐸𝐴, ∀𝑖 𝑈𝑖

𝐵 = 5𝐸𝐵 − 4((𝑛 − 1)𝑎 − 1)𝛼𝑖𝑔  

𝑈𝑗
𝐵 = 5𝐸𝐵 + 4((𝑛 − 1)𝑎 − 1) (1 −

𝛽𝑗

𝑛−1
) 𝑔  

Case 2: βj ≥0.6,∀j 𝑈𝑗
𝐴 = 5 × [𝐸𝐴 + (𝑛𝑎 − 1)𝑔], ∀𝑗 𝑈𝑗

𝐵 = 5 × [𝐸𝐵 + (𝑛𝑎 − 1)𝑔], ∀𝑗 

 

Case 1: In this case we have to consider separately the choice of the player with 𝛽𝑖 < 0.6 and 

the choice of the players with 𝛽𝑗 ≥ 0.6. For this, we have to compare 𝑈𝑖
𝐴 with 𝑈𝑖

𝐵and 𝑈𝑗
𝐴 with 

𝑈𝑗
𝐵. In particular, player i prefers game A if and only if 5(𝐸𝐴 − 𝐸𝐵) > −4((𝑛 − 1)𝑎 − 1)𝛼𝑖𝑔, 

which is true since 𝐸𝐴 ≥ 𝐸𝐵. Therefore, a selfish player strictly prefers game A in which the 

                                                

3 Furthermore, it can be shown that some members, depending on their social preference parameters, 
may be tolerant to deviations below .g In particular, a cooperator may not vote out a player who 

contributes less thang, but at least 𝑔[𝛼𝑗 − 𝛽𝑗((𝑛 − 1)𝑎 − 1)]/[𝛼𝑗 + (𝑛 − 1)𝑎]. However, no player with 

𝛽
𝑖

> 0.6 has an incentive to contribute less than g . 
4 There exists experimental evidence that points to the fact that coordination is harder in larger than in 
smaller groups. Therefore, one may conceive formation of smaller, more coordinated groups as other 
reasons for exclusion. Indeed, one can show that, for example, if the group of 5 players coordinate on 
a lower contribution than a fraction of the contribution expected in a group of 4 players, i.e., 𝑔5 <
𝑔4(4𝑎 − 1)(𝑛 − 1.6)/[(5𝑎 − 1)(𝑛 − 1)], then one player is voted out by another player if the latter’s 
aversion to advantageous inequality is low enough. Note that this analysis does not say anything 
about who will be voted. Consequently, voting on exclusion for the sole purpose of reducing the group 
size in order to increase the chance of coordination on higher contributions is in itself a matter of 
coordination. 
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exclusion institution is not available. In turn, player j prefers game A if and only if 5(𝐸𝐴 − 𝐸𝐵) >

−4((𝑛 − 1)𝑎 − 1) (1 −
𝛽𝑗

𝑛−1
) 𝑔, with 𝛽𝑗 ≥ 0.6. Here we have to consider separately the two 

exclusion games. If game B10 is the alternative (EA = EB) and g > 0, then game B10 is strictly 

preferred if 𝛽𝑗 < 𝑛 − 1 = 4, which is true for all 𝛽𝑗 < 1. This means that when there is no cost 

of the exclusion institution, a conditional cooperator always votes for it. If game B8 is the 

alternative (EA>EB) and g>0, then it is strictly preferred to A if 𝛽𝑗 < (𝑛 − 1) −
5(𝐸𝐴−𝐸𝐵)(𝑛−1)

4((𝑛−1)𝑎−1)𝑔
≡

𝛽�̅�. Thus, a conditional cooperator chooses game B8 if he is not too averse to advantageous 

inequality. However, given that 0.6 ≤ 𝛽𝑗 < 1, for this condition to be relevant it is necessary 

that 𝑔 ≥
5(𝐸𝐴−𝐸𝐵)(𝑛−1)

4(𝑛−1.6)((𝑛−1)𝑎−1)
≈ 4.9. Hence, for our parameter values, B8 is preferred if 𝑔 ≥ 5 and 

𝛽𝑗 is sufficiently low. Note that for 𝑔 ≥ 6 we have that 𝛽�̅� > 1 and, thus, the condition for B8 to 

be preferred is always fulfilled, i.e. the advantageous inequality aversion no longer plays a role. 

Finally and for completion, if the conditional cooperators coordinate on the inefficient 

equilibrium g = 0, then all players are indifferent between A and B10, but prefer A to B8. 

To summarize, a selfish player always chooses game A, while a conditional cooperator will 

choose A only if he is very averse to advantageous inequality. However, the aversion to 

advantageous inequality will only play a role, for our choice of parameters, if the contribution 

of the conditional cooperators is sufficiently low. In all other cases a conditional cooperator 

prefers game B. 

Case 2: If 𝛽𝑖 ≥ 0.6, ∀𝑖, then game A is preferred if 𝐸𝐴 > 𝐸𝐵  and players are indifferent between 

A and B if 𝐸𝐴 = 𝐸𝐵. Hence, A is preferred to B8 and players are indifferent between A and B10. 

Note that this conclusion assumes that players coordinate on the same contributions in game 

A as in game B10 and the contributions in A are at least as large as the contributions in B8.5  

 

C.1.3. Reciprocity preferences (Rabin, 1993) 

Rabin (1993) assumes that the utility of player i is given by: 

𝑢𝑖 = 𝜋𝑖 + 𝛽𝑖𝑅𝑖  ,  

where 𝜋𝑖 is the material payoff given by (C.1). Parameter 𝛽𝑖 is the weight attributed to 

reciprocation and 𝑅𝑖 is the reciprocation concern term. Furthermore, the model assumes 

common knowledge of preferences. We follow the extension of the Rabin (1993) model to an 

n-player public goods game developed by Nyborg (2017). 

                                                

5 This is because the full cooperation contributions are larger in game A than in B8 given the larger 
endowment in A compared to B8. 
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Case 1: Symmetric players. If all n symmetric players have reciprocal concerns, i.e. 𝛽𝑖 = 𝛽 >

0, ∀𝑖 = 1, … , 𝑛 and because they are identical with respect to their reciprocity preferences, then 

there is no difference between game A and game B. This is the case because in game B there 

is no reason for a player to be excluded by her group given the symmetric equilibria that we 

derive below. Thus, games A and B have the same equilibria. 

The maximum payoff that i can secure for 𝑗 ≠ 𝑖, based on i’s beliefs about j’s contribution, is 

given by 

𝜋𝑖𝑗
𝑚𝑎𝑥 = 𝐸𝑃 − 𝑔𝑗 + 𝑎(𝐺−𝑖 + 𝐸𝑃) (C.17) 

and the minimum payoff that i can secure for j is 

𝜋𝑖𝑗
𝑚𝑖𝑛 = 𝐸𝑃 − 𝑔𝑗 + 𝑎(𝐺−𝑖 + 0) (C.18) 

where 𝐺−𝑖 = ∑ 𝑔𝑙
𝑛
𝑙=1
𝑙≠𝑖

. Then, the equitable payoff is defined as: 

𝜋𝑖𝑗
𝑒 =

1

2
(𝜋𝑖𝑗

𝑚𝑎𝑥 + 𝜋𝑖𝑗
𝑚𝑖𝑛) = 𝐸𝑃 − 𝑔𝑗 + 𝑎𝐺−𝑖 +

𝑎𝐸𝑃

2
. (C.19) 

Using (C.17), (C.18) and (C.19), we can calculate the kindness of player i towards player j: 

𝑓𝑖𝑗 =
𝜋𝑗(𝑔𝑖 , 𝐺−𝑖) − 𝜋𝑖𝑗

𝑒

𝜋𝑖𝑗
𝑚𝑎𝑥 − 𝜋𝑖𝑗

𝑚𝑖𝑛
=

𝐸𝑃 − 𝑔𝑗 + 𝑎(𝐺−𝑖 + 𝑔𝑖) − (𝐸𝑃 − 𝑔𝑗 + 𝑎𝐺−𝑖 +
𝑎𝐸𝑃

2
)

𝑎𝐸𝑃

=
𝑔𝑖

𝐸𝑃

−
1

2
, 𝑖 ≠ 𝑗 (C.20) 

where 𝜋𝑗(𝑔𝑖, 𝐺−𝑖) is the material payoff of player j as a function of i’s contribution gi and given 

i’s beliefs about others’ contributions, G−i. Symmetrically, the beliefs of player i about j’s 

kindness towards i write: 

𝑓𝑗𝑖 =
𝑔𝑗

𝐸𝑃

−
1

2
, 𝑖 ≠ 𝑗.  

 

From equation (C.20) we can see that player i is neither kind nor unkind with player j if player 

i secures the equitable payoff for player j, i.e. 𝑓𝑖𝑗 = 0. If 𝑓𝑖𝑗 < 0, then player i is “unkind” as she 

is securing for j less than her equitable payoff. If 𝑓𝑖𝑗 > 0, then player i is “kind” by securing for 

j more than her equitable payoff. 

Using equation (C.20) and 𝑓𝑖𝑗 = 𝑓𝑖𝑙 , ∀𝑗, 𝑙 ≠ 𝑖 we can write the reciprocal term in the utility 

function of player i as defined in Nyborg (2017): 

𝑅𝑖 =
1

𝑛 − 1
(∑ 𝑓𝑗𝑖

𝑗≠𝑖

+ ∑ 𝑓𝑖𝑗𝑓𝑗𝑖

𝑗≠𝑖

) =
1

𝑛 − 1
[∑ (

𝑔𝑗

𝐸𝑃

−
1

2
) + ∑ (

𝑔𝑖

𝐸𝑃

−
1

2
) (

𝑔𝑗

𝐸𝑃

−
1

2
)

𝑗≠𝑖𝑗≠𝑖

]

= (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
), 

(C.21) 

where the sums are over 𝑗 = 1, … , 𝑖 − 1, 𝑖 + 1, … , 𝑛. The reciprocal utility function of player i as 

a function of own and others’ contributions is: 

𝑢𝑖(𝑔𝑖 , 𝐺−𝑖) = 𝐸𝑃 − 𝑔𝑖 + 𝑎(𝐺−𝑖 + 𝑔𝑖) + 𝛽 (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
) (C.22) 

The first order condition writes: 
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𝜕𝑢𝑖(𝑔𝑖 , 𝐺−𝑖)

𝜕𝑔𝑖

= −1 + 𝑎 +
𝛽

𝐸𝑃

(
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
−

1

2
) = 0,  

which gives the following reaction function: 

𝐸𝑃 ,    𝑖𝑓 
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
>

1

2
+

𝐸𝑃

𝛽
(1 − 𝑎) 

                              𝑔𝑖 = 

0,    𝑖𝑓 
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
<

1

2
+

𝐸𝑃

𝛽
(1 − 𝑎) 

(C.23) 

For 
1

𝐸𝑃

𝐺−1

𝑛−1
=

1

2
+

𝐸𝑃(1−𝑎)

𝛽
 the player is indifferent between contributing anything between zero 

and 𝐸𝑃. Player i contributes her full endowment if the average contribution of the other players 

as a share of the individual endowment is strictly larger than half, and contributes nothing if the 

other players’ average contribution relative to the initial endowment is well below one half. 

Using equation (C.22), simple algebra shows that 𝑢𝑖(0,0) > 𝑢𝑖(𝑔𝑖, 0), ∀𝑔𝑖 > 0 if 𝛽 > 2𝐸𝑃(−1 +

𝑎) which holds for β > 0 and a < 1. This means that for any player i, gi = 0 is the best response 

to G−i = 0. This makes zero contribution an equilibrium. Similarly it can be shown that that full 

contribution is a best response to the full contribution of the remaining reciprocal players if β > 

2Ep(1 − a). This is obtained by comparing 𝑢𝑖(𝐸𝑃 , (𝑛 − 1)𝐸𝑃) with 𝑢𝑖(𝑔𝑖, (𝑛 − 1)𝐸𝑃), ∀𝑔𝑖 < 𝐸𝑃. 

Thus, we have the following two pure-strategy Nash equilibria in both games:6 

(𝑖)𝑔𝑖 = 0, ∀𝑖 = 1, … , 𝑛 

(𝑖𝑖)𝑔𝑖 = 𝐸𝑃 , ∀𝑖 = 1, … , 𝑛 𝑖𝑓 𝛽 > 2𝐸𝑃(1 − 𝑎) 
 

Hence, for 𝛽 > 2𝐸𝑃(1 − 𝑎), the stage-game is a coordination game with two Pareto ranked 

equilibria.7 For 𝛽 ≤ 2𝐸𝑃(1 − 𝑎), the reciprocity game has the same unique Nash equilibrium as 

the game with standard preferences, i.e. the zero contribution equilibrium and it is also the 

SPNE of the repeated game. Therefore, exclusion can be part of the equilibrium in games B 

because players are indifferent between exclusion and non-exclusion. However, due to non-

unique Nash equilibrium of the stage game for 𝛽 > 2𝐸𝑃(1 − 𝑎), we have multiple SPNE. Two 

of these equilibria are the repetition of each of the two stage-game equilibria.  

                                                

6 For an n-player prisoner’s dilemma game, Nyborg (2017) shows that there is also a mixed-strategy 
Nash equilibrium: if the reciprocal players are sufficiently reciprocal, then they mix between defection 
and cooperation, while the non-reciprocal player plays defection with probability one. 
7 One may still ask whether a reciprocal player contributing less than the full contribution off the 
equilibrium path would be tolerated by the other players, when game B is played. As it turns out, this 
would require that the contribution of the deviating player is above a certain threshold and the 
reciprocity parameter 𝛽 of the cooperating players is low enough. However, this is not consisted with 

the value of 𝛽 for which the full contribution equilibrium exists. Therefore, a player who contributes less 
that the full endowment when everyone else contributes the full endowment is voted out. 
Nevertheless, since full contribution is the best response to full contribution, such a situation does not 
occur. 
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Case 2: Asymmetric players 

Let us assume for simplicity that n −1 players have reciprocation concern (the reciprocal 

players) and one player does not have reciprocation concern (the non-reciprocal player).8 Let 

us further index the non-reciprocal player with k. Then 𝛽𝑖 = 𝛽 > 0, 𝑖 ≠ 𝑘 and 𝛽𝑘 = 0. We start 

the analysis with game B. 

Game B 

We first consider the perspective of the reciprocal players and we focus on the last round to 

solve the game by backward induction. Their possible actions are: exclude the non-reciprocal 

player before the last round and then contribute 𝑔𝑖 or do not exclude the reciprocal player and 

then contribute𝑔𝑖. Let us first establish the kindness of the reciprocal player 𝑖 ≠ 𝑘 towards 

player 𝑗 ≠ 𝑖, 𝑘. Then πijmax and πijmin are given by equations (C.17) and (C.18), respectively and 

𝜋𝑖𝑗
𝑒  is given by (C.19). Similar calculations as in the symmetric case give the kindness of player 

i towards player j as 

𝑓𝑖𝑗 =
𝑔𝑖

𝐸𝑃
−

1

2
, 𝑖 ≠ 𝑗, 

and the beliefs of player i about the kindness of player j towards i, 

𝑓𝑗𝑖 =
𝑔𝑗

𝐸𝑃
−

1

2
, 𝑖 ≠ 𝑗. 

Let us now consider the kindness of player 𝑖 ≠ 𝑘 towards player k. Players i can affect k’s 

payoff in two ways: by excluding her before the last round or by allowing her in the game. We 

consider each case in turn. 

If players i do not exclude player k from the game, she obtains utility from the material payoff: 

𝑢𝑘(𝑔𝑘, 𝐺−𝑘) = 𝐸𝑃 − 𝑔𝑘 + 𝑎(𝐺−𝑘 + 𝑔𝑘).  

Since in the last round there is no threat of exclusion, it is clear that her dominant strategy is 

gk = 0 because 𝑎 < 1. Moreover, player i’s kindness towards k is given by 𝑓𝑖𝑘 =
𝑔𝑖

𝐸𝑃
−

1

2
 and i’s 

belief about k’s kindness is given by 𝑓𝑘𝑖 =
𝑔𝑘

𝐸𝑃
−

1

2
. This allows us to write the reciprocal term in 

the utility function of player 𝑖 ≠ 𝑘 as in (C.21): 

𝑅𝑖 = (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
), (C.24) 

                                                

8 It is also possible that there are more than one non-reciprocal players in the group. Indeed, Nyborg 
(2017) considers this case and finds the same Nash equilibria as we do, for the game without the 
exclusion institution. However, as the number of the non-reciprocal players increases, the threshold 
for which the reciprocal players contribute the full endowment (see below) also increases, meaning 
that cooperation among the reciprocal players is harder to sustain. With multiple non-reciprocal 
players, the analysis of game B would complicate due to the fact that only one player can be excluded 
per round. We find that this complication is not worth pursuing in order to get the gist of the game 
incorporating reciprocal preferences.  
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where 𝐺−𝑖 includes the contribution of player k. Finally, we can write the reciprocal utility 

function of player 𝑖 ≠ 𝑘 as a function of own and others’ contributions: 

𝑢𝑖(𝑔𝑖 , 𝐺−𝑖) = 𝐸𝑃 − 𝑔𝑖 + 𝑎(𝐺−𝑖 + 𝑔𝑖) + 𝛽 (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 1
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
) , 𝑖 ∈ {1, … , 𝑛}\{𝑘} (C.25) 

Using the same reasoning as in the symmetric case we can show that for any 𝑖 ≠ 𝑘, 𝑔𝑖 = 0 is 

the best response to 𝐺−𝑖 = 0. This means that zero contribution of the reciprocal players is an 

equilibrium. Similarly it can be shown that full contribution of the reciprocal players is a best 

response to the full contribution of the remaining reciprocal players if 𝛽 > 2𝐸𝑃(1 − 𝑎)
𝑛−1

𝑛−3
. This 

is obtained by comparing 𝑢𝑖(𝐸𝑃 , (𝑛 − 2)𝐸𝑃) with 𝑢𝑖(𝑔𝑖, (𝑛 − 2)𝐸𝑃), ∀𝑔𝑖 < 𝐸𝑃. 

Hence, we have two pure strategy Nash equilibria: 

(𝑖)𝑔𝑖 = 0, ∀𝑖 = 1, … , 𝑛 

(𝑖𝑖)𝑔𝑘 = 0 𝑎𝑛𝑑 𝑔𝑖 = 𝐸𝑃 , ∀𝑖 ≠ 𝑘, 𝑖 = 1, … , 𝑛 𝑖𝑓 𝛽 > 2𝐸𝑃(1 − 𝑎)
𝑛 − 1

𝑛 − 3
≡ 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙. 

 

Thus, for sufficiently high reciprocity preferences, full cooperation by the reciprocal players can 

be sustained as a Nash equilibrium. Moreover, the threshold for which full cooperation is 

sustained decreases in the number of players. This means that the more reciprocal players 

are in the game, the easier it is for this equilibrium to exist. The corresponding utilities are: 

(𝑖)𝑢𝑘 = 𝐸𝑃  𝑎𝑛𝑑 𝑢𝑖 = 𝐸𝑃 −
𝛽

4
, ∀𝑖 ≠ 𝑘 

(𝑖𝑖)𝑢𝑘 = 𝐸𝑃 + 𝑎(𝑛 − 1)𝐸𝑃 +
1

4
𝛽 𝑎𝑛𝑑 𝑢𝑖 = 𝑎𝐸𝑃(𝑛 − 1)

3(𝑛 − 3)

4(𝑛 − 1)
𝛽, ∀𝑖 ≠ 𝑘 

 

If the reciprocal players exclude the non-reciprocal player k before the last round, then she has 

no further action in this round of the game. Therefore, she can be neither kind nor unkind to 

player i. That means that 𝑓𝑘𝑖 is not defined. Therefore, the attitude of i towards player k is 

irrelevant for i’’s utility function and 𝑢𝑘 = 𝐸𝑃. In this case the reciprocity term in the utility 

function is determined by the kindness of 𝑖 ≠ 𝑘 towards the remaining n − 2 reciprocal players 

and her beliefs about the kindness of these player towards herself: 

𝑅𝑖 =
1

𝑛 − 2
(∑ 𝑓𝑗𝑖

𝑗≠𝑖

+ ∑ 𝑓𝑖𝑗𝑓𝑗𝑖

𝑗≠𝑖

) = (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 2
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
), (C.26) 

where the sums are over j ∈{1,...,i−1,i+1,... ,n −1}, 𝑗 ≠ 𝑘. Hence, the reciprocal utility of player 𝑖 ≠

𝑘 is:  

𝑢𝑖(𝑔𝑖 , 𝐺−𝑖) = 𝐸𝑃 − 𝑔𝑖 + 𝑎(𝐺−𝑖 + 𝑔𝑖) + 𝛽 (
1

𝐸𝑃

𝐺−𝑖

𝑛 − 2
−

1

2
) (

𝑔𝑖

𝐸𝑃

+
1

2
) , 𝑖 ∈ {1, … , 𝑛}\{𝑘} (C.27) 

Since the non-reciprocal player is excluded, the game is now equivalent with the symmetric 

case analyzed above. Therefore, we have the same two pure-strategy Nash equilibria with n 

− 1 players: 
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(𝑖)𝑔𝑖 = 0, ∀𝑖 ≠ 𝑘, 𝑖 = 1, … , 𝑛 − 1 

(𝑖𝑖)𝑔𝑖 = 𝐸𝑃 , ∀𝑖 ≠ 𝑘, 𝑖 = 1, … , 𝑛 − 1 𝑖𝑓 𝛽 > 2𝐸𝑃(1 − 𝑎) ≡ 𝛽𝑒𝑥𝑐𝑙. 
 

Thus, if reciprocity preference is strong enough, then full cooperation by all reciprocal players 

can be sustained as a Nash equilibrium. The corresponding utilities are: 

(𝑖) 𝑢𝑖 = 𝐸𝑃 −
𝛽

4
, ∀𝑖 ≠ 𝑘 

(𝑖𝑖) 𝑢𝑖 = 𝑎𝐸𝑃(𝑛 − 1)
3

4
𝛽, ∀𝑖 ≠ 𝑘 

 

Having solved for the equilibrium of the contribution decisions in the last round, both in the 

case the non-reciprocal player is excluded before this stage and in the case she is not 

excluded, we now turn to the decision of the reciprocal players whether to exclude the non-

reciprocal player right before the last contribution round. For this we will assume coordination 

among the reciprocal players on one of the equilibria. 

First, we note that for our parameter values 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙. > 𝛽𝑒𝑥𝑐𝑙., since 
𝑛−1

𝑛−3
> 1, ∀𝑛 > 3. Thus, full 

cooperation by the reciprocal players when the non-reciprocal player is in the game requires 

a higher level of reciprocal preference than in the case when the non-reciprocal player is 

excluded from the game. This is intuitive since the existence of the non-reciprocal player in the 

game decreases the social utility of the reciprocal players. Hence, it takes a high level of 

reciprocal preference for this decrease of utility to be offset by the reciprocation of the other 

reciprocal players. We also note that βnot excl. depends on the number of (reciprocal) players, 

while βexcl. does not. This is also intuitive because, in the presence of a non-reciprocal player, 

it becomes relevant how many other reciprocal players are in the game such that it is worth for 

them to cooperate fully.  

To summarize, whenever 𝛽 > 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙., full contribution by the reciprocal players is an 

equilibrium regardless of the presence of the non-reciprocal player. Next, if 𝛽𝑒𝑥𝑐𝑙. ≤ 𝛽 ≤

𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙., then the full contribution equilibrium exists only if the non-reciprocal player is 

excluded. Finally, if 𝛽 < 𝛽𝑒𝑥𝑐𝑙. we only have the equilibrium in which all players contribute zero. 

Let us analyze these cases in turn by comparing all possible combinations of equilibrium 

outcomes for the exclusion and the non-exclusion cases: 

• 𝛽 ≤ 𝛽𝑒𝑥𝑐𝑙.. In this case the reciprocal players are indifferent between excluding and not 

excluding the non-reciprocal player because they contribute zero regardless of the non-

reciprocal player being in the game or not.  

• 𝛽𝑒𝑥𝑐𝑙. < 𝛽 ≤ 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙.. In this case, the exclusion decision depends on which equilibrium is 

played if the reciprocal players exclude the non-reciprocal one. If the zero contribution 

equilibrium is played, then the reciprocal players are indifferent between exclusion and non-

exclusion. If they coordinate on the full contribution equilibrium after the exclusion, then they 
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strictly prefer to exclude the non-reciprocal player. By backward induction, we obtain that 

the non-reciprocal player is excluded after the first round and the reciprocal players play the 

full contribution equilibrium thereafter. However, in the first round the reciprocal players can 

only play the zero contribution equilibrium. 

• 𝛽 > 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙.. In this case, the exclusion decision depends on the combination of equilibria 

that are played when the non-reciprocal player is not excluded and when she is excluded. 

If the reciprocal players coordinate on the full contribution equilibrium after the exclusion of 

the non-reciprocal player, then they are better off excluding the non-reciprocal player 

regardless of the equilibrium they play if the reciprocal player is not excluded.9 If the 

reciprocal players coordinate on the zero contribution equilibrium regardless of whether the 

reciprocal player is excluded or not, then they are indifferent between exclusion and non-

exclusion. Again, the backward induction reasoning obtains that reciprocal players exclude 

the non-reciprocal one as early as possible, i.e. in the first round of voting right after the first 

contribution decision. Finally, in the implausible situation in which the reciprocal players 

coordinate on the full contribution equilibrium in the non-exclusion case but play the zero 

contribution equilibrium in the exclusion case, they prefer not to exclude the non-reciprocal 

player.  

From the above discussion, we can conclude that, for the threat of exclusion to be credible, it 

must be that the reciprocal players coordinate on the full contribution equilibrium after the 

exclusion takes place. This, in turn, requires that the full contribution equilibrium exists, i.e. the 

reciprocal players are sufficiently reciprocal (𝛽 > 𝛽𝑒𝑥𝑐𝑙.). 

Thus, we have shown that full cooperation can be sustained (at least from the second round 

onwards) and the non-reciprocal player is excluded in the first voting round if the reciprocal 

players are reciprocal enough and they coordinate on the full contribution equilibrium. 

Game A 

The analysis and the outcome are identical to the one for the case of no exclusion in game B. 

Specifically, for each round of play we have the following Nash equilibria: 

(𝑖)𝑔𝑖 = 0, ∀𝑖 = 1, … , 𝑛 

(𝑖𝑖)𝑔𝑘 = 0 𝑎𝑛𝑑 𝑔𝑖 = 𝐸𝑃 , ∀𝑖 ≠ 𝑘 𝑖𝑓 𝛽 > 2𝐸𝑃(1 − 𝑎)
𝑛 − 1

𝑛 − 3
 

 

with the corresponding utilities: 

(𝑖)𝑢𝑘 = 𝐸𝑃  𝑎𝑛𝑑 𝑢𝑖 = 𝐸𝑃 −
𝛽

4
, ∀𝑖 ≠ 𝑘  

                                                

9 In particular, the utility of a reciprocal player from full contribution equilibrium is higher if the non-
reciprocal player is excluded than if she is still present in the game. To see this, compare equations 
(C.25) and (C.27). 
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(𝑖𝑖)𝑢𝑘 = 𝐸𝑃 + 𝑎(𝑛 − 1)𝐸𝑃 +
1

4
𝛽 𝑎𝑛𝑑 𝑢𝑖 = 𝑎𝐸𝑃(𝑛 − 1)

3(𝑛 − 3)

4(𝑛 − 1)
𝛽, ∀𝑖 ≠ 𝑘 

In order to conduct the comparisons between the games, we assume that players coordinate 

on the same equilibrium throughout the five rounds of play. Table C2 shows the utilities of the 

reciprocal players over the 5 rounds of play for each of the two equilibria and for each game. 

 

Table C2. Equilibrium utilities of the reciprocal players over the five rounds of play 

Equilibrium Game A Game B 

𝑔𝑖 = 0, ∀𝑖 = {1, … , 𝑛} and ∀𝛽  5 (𝐸𝐴 −
𝛽

4
) 5 (𝐸𝐴 −

𝛽

4
) 

𝛽 > 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙., 𝑔𝑖 = 𝐸𝑃 , 𝑖 ≠ 𝑘  
𝑎𝑛𝑑 𝑔𝑘 = 0  

5 (𝑎𝐸𝐴(𝑛 − 1) +
3(𝑛 − 3)

4(𝑛 − 1)
𝛽) 5𝑎𝐸𝐵(𝑛 − 1) +

3(5𝑛−7)

4(𝑛−1)
𝛽 * 

𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙. > 𝛽 > 𝛽𝑒𝑥𝑐𝑙. 
Game A: 𝑔𝑖 = 0, ∀𝑖 ∈ {1, … , 𝑛} 
Game B: 𝑔𝑖 = 𝐸𝐴 , ∀𝑖 ∈ {1, … , 𝑛 −
1} after round 1 

5 (𝐸𝐴 −
𝛽

4
) (𝐸𝐴 −

𝛽

4
) + 4 (𝑎𝐸𝐵(𝑛 − 1) +

3

4
𝛽) 

*This is the result of 𝑎𝐸𝐵(𝑛 − 1) +
3(𝑛−3)

4(𝑛−1)
𝛽 + 4 (𝑎𝐸𝐵(𝑛 − 1) +

3

4
𝛽) 

               round 1  non-reciprocal player is excluded in rounds 2 to 5 

 

It is clear that if the reciprocal players play the zero equilibrium consistently across the two 

games, then they are indifferent between B10 and A, but strictly prefer A to B8. For the cases 

in which the two pure-strategy Nash equilibria co-exist in both games, i.e. 𝛽 > 𝛽
𝑛𝑜𝑡 𝑒𝑥𝑐𝑙. it may 

seem plausible to assume that the reciprocal players coordinate on the Pareto-dominant 

equilibrium in which they contribute their endowments. Then it can be shown that they strictly 

prefer B10 to A, and strictly prefer B8 to A only if the reciprocity preference is high enough, i.e. 

𝛽 >
5𝑎(𝑛−1)2(𝐸𝐴−𝐸𝐵8)

6
. Because, for our parameter values we have that 

5𝑎(𝑛−1)2(𝐸𝐴−𝐸𝐵8)

6
<

2𝐸𝐵8(1 − 𝑎)
𝑛−1

𝑛−3
, the condition for which B8 is preferred becomes irrelevant as long as the full 

contribution equilibrium exists. Thus, if the full contribution equilibrium exists and it is played, 

then game B8 is always preferred. Next, if 𝛽𝑒𝑥𝑐𝑙. > 𝛽 > 𝛽𝑛𝑜𝑡 𝑒𝑥𝑐𝑙. then full contribution 

equilibrium does not exist in game A. However, the full contribution equilibrium by the 

reciprocal players exists in game B if the reciprocal player is excluded after the first round. This 

case is presented in the last row of Table C2. By comparing the payoffs, it becomes clear that 

both games B are preferred to game A. Finally, in the unlikely case in which the reciprocal 

players coordinate on full contribution in game A and on zero contribution in game B, then 

game A is strictly preferred for our parameter values.  

It is straightforward to see that the non-reciprocal player strictly prefers game A to game B, 

since game A allows her to benefit from the public good while defecting in all rounds. 
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C.2. Supplementary data analysis 

C.2.1. Contributions 

Table C3 shows average cooperator contributions as percentage of endowment conditional on 

treatment, phase, and game. Recall that “cooperators” are the non-excluded players in game 

B and all players but the lowest contributor(s) in game A. In all treatments and phases the 

average contributions of cooperators in game B are higher than in game A. 

 

Table C3. Average contributions of cooperators  

Phase Game B10 B8 

I 

A 
0.5282 

(0.2804, 16) 
0.5523 

(0.2403, 22) 

B 
0.8575** 

(0.0429, 7) 
0.9500† 

(-, 1) 

II 
A 

0.4810  
(0.3601, 5) 

0.4950 
(0.2829, 14) 

B 
0.7948*  

(0.1395, 18) 
0.8640*** 

(0.0704, 9) 

III 

A 
0.2763 

(0.1465, 4) 
0.4671 

(0.2622, 14) 

B 
0.7930†   

(0.1190, 19) 
0.7404*** 

(0.1205, 9) 

IV 

A 
0.14  
(-, 1) 

0.4442 
(0.2265, 11) 

B 
0.7536† 

(0.1094, 22) 
0.6966*** 

(0.1245, 12) 

Total 

A 
0.4777     

(0.2754, 16) 
0.4638 

(0.2144, 22) 

B 
0.7725***   

(0.1134, 23) 
0.7537*** 

(0.1184, 15) 

Note: Numbers show average cooperator contributions conditional on treatment, phase, and game. 
Standard deviation and number of groups are shown in parentheses. In game A the average excludes 
the lowest contributor(s) in the respective phase. In game B only non-excluded subjects are considered. 
Stars indicate significant difference in cooperator contributions between game A and game B within the 
same treatment and phase (MWW test statistic). Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. 
† indicates that statistical tests are not possible due to the low number of observations (n < 5) in at least 
one category.  

 

Figure C1 shows the average contributions of cooperators over time. It can be clearly seen 

that average contributions of cooperators in game B stay constant or even increase up to the 

third or fourth round of each phase, before they sharply drop in the last round. Average 

contributions of cooperators in game A decline steadily from the first round onwards.  
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Figure C1. Cooperator contributions over time by treatment 

 
Note: The lines show average cooperator contributions, measured as percent of endowment. 
Contributions in game A are depicted in blue and contributions in game B are depicted in orange. In 
game A the average excludes the lowest contributor(s) in the respective phase. In game B only subjects 
that were not excluded in the respective phase are considered. 

 

C.2.2. Differences between A-voters and B-voters 

Table C4 shows regression results on average contributions per phase in game B by treatment 

and whether or not game B is played for the first time. Having voted for game B increases 

average contributions in the phase when game B is played the first time by approximately 19 

percentage points in B10 and by 11 percentage points in B8. If game B is not played for the 

first time, there is no significant difference in average contributions across the phase between 

A-voters and B-voters.  
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Table C4. Average contributions per phase in game B  

 
Game B is played for the first time 

Game B is not played for the first 
time 

(1) 
B10 

(2) 
B10 

(3) 
B8 

(4) 
B8 

(5) 
B10 

(6) 
B10 

(7) 
B8 

(8) 
B8 

Voted for game B (d) 0.1866*** 0.1951*** 0.1117* 0.1134* 0.0394 0.0237 0.0279 0.0179 
 (0.0565) (0.0661) (0.0602) (0.0559) (0.0280) (0.0272) (0.0537) (0.0448) 
Average contribution 
(%) in previous phase 

 0.3864***  0.3631***  0.1231  0.2302* 
 (0.0878)  (0.0918)  (0.0770)  (0.1241) 

Game B in previous 
phase (d) 

     -0.0677  -0.1803** 
     (0.0731)  (0.0897) 

Observations 115 80 75 70 215 215 80 80 

Note: OLS estimation results (Columns (1)-(4)) and random effects GLS estimation results (Columns 
(5)-(8)) with standard errors in parentheses. Standard errors are clustered by group. Dependent variable 
is the average contribution as percentage of endowment in the phase when game B is played. Level of 
significance: * p < 0.10, ** p < 0.05, *** p < 0.01. Columns (2) and (4) – (8) exclude the first phase. 
Regressions include dummy indicators for phases. (d) indicates dummy variable. 

 

Tables C5 and C6 show regression results on contribution rates when game A is played. 

According to Table C5, having voted for game B has no significant effect on first round 

contributions when game A is played for the first time. If game A is not played for the first time, 

the voting preferences have no or only a small effect on first round contributions. The only 

statistically significant effect is found in the B10 treatment. Here, having voted for game B 

decreases first round contributions by about 9 percentage points. Table C6 shows the 

corresponding results for average phase contributions. If game A is played for the first time, 

having voted for game B does not have any significant effect on contributions. If game A is not 

played for the first time, having voted for game B decreases contributions by about 7 

percentage points in the B10 treatment. 

 

Table C5. First round contributions in game A  

 Game A is played for the first time Game A is not played for the first time 

(1) 
B10 

(2) 
B8 

(3) 
B10 

(4) 
B10 

(5) 
B8 

(6) 
B8 

Voted for game B (d) 0.0203 
(0.0745) 

-0.0449 
(0.1169) 

-0.0267 -0.0934*** -0.0090 0.0036 
 (0.0352) (0.0281) (0.0597) (0.0437) 
Average contribution 
(%) in previous phase 

  

 0.6616***  0.8248*** 
 (0.1925)  (0.0564) 

Game B in previous 
phase (d) 

 -0.2840  -0.1781*** 
 (0.2186)  (0.0663) 

Observations 80 110 50 50 195 195 

Note: OLS estimation results (Column (1)-(2)) and random effects GLS estimation results (Column (3)-
(6)) with standard errors in parentheses. Standard errors are clustered by group. Dependent variable is 
the individual contribution as percentage of endowment in game A. Level of significance: * p < 0.10, ** 
p < 0.05, *** p < 0.01. Columns (3) – (6) include only phases II-IV. Regressions include dummy 
indicators for phases. (d) indicates dummy variable. 
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Table C6. Average contributions per phase in game A  

 Game A is played for the first time Game A is not played for the first time 

(1) 
B10 

(2) 
B8 

(3) 
B10 

(4) 
B10 

(5) 
B8 

(6) 
B8 

Voted for game B (d) -0.0028 
(0.0547) 

0.0982 
(0.0921) 

-0.0113 -0.0716*** -0.0430 -0.0274 
 (0.0373) (0.0264) (0.0412) (0.0299) 
Average contribution 
(%) in previous phase 

   0.7194***  0.7988*** 
 (0.1833)  (0.0456) 

Game B in previous 
phase (d) 

 -0.3897***  -0.2433*** 
 (0.1170)  (0.0669) 

Observations 80 110 50 50 195 195 

Note: OLS estimation results (Column (1)-(2)) and random effects GLS estimation results (Column (3)-
(6)) with standard errors in parentheses. Standard errors are clustered by group. Dependent variable is 
the average contribution as percentage of endowment in the phase when game A is played. Level of 
significance: * p < 0.10, ** p < 0.05, *** p < 0.01. Columns (3) – (6) include only phases II-IV. 
Regressions include dummy indicators for phases. (d) indicates dummy variable. 

 

C.2.3. Group size and exclusion of players 

Table C7 compares contributing behavior of excluded subjects and non-excluded subjects. 

Specifically, it shows the gap between own contribution and average contribution of the other 

group members for excluded and non-excluded subjects in the phase of the exclusion and the 

following phase. Only groups that played two subsequent games B are included in the analysis 

as there are only few groups that switched to game A after having played game B. The 

numbers indicate that previously excluded subjects adapt their contribution levels in the 

direction of the others’ average, but they contribute still less than the others. Non-excluded 

subjects keep their contribution levels constant and very close to the level of the other group 

members.10 

                                                

10 The results also hold when we conduct the same analysis only for subjects who contributed less 

than the average contribution of the others. Excluded subjects adapt their contribution levels closer to 
the others’ average. Non-excluded subjects, who were already quite close to the group average, move 
closer or keep their levels constant. 
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Table C7. Individual contributions and gap between individual contribution and average 

contribution of other group members 

Treatment 
Excluded 
in phase 

t 
Observations Phase 

Contributions (%) 
Gap in contributions 

(pp) 

Mean Std. Dev. Mean Std. Dev. 

B10 

Yes 43 
t 58 27 -26 25 

t+1 71 17 -6 17 

No 157 
t 83 14 3 14 

t+1 79 13 -0.4 15 

B8 

Yes 11 
t 47 31 -40 26 

t+1 70 15 -12 18 

No 49 
t 82 14 3 10 

t+1 73 15 1 10 

Notes: The table shows the average individual phase contributions as percentage of endowment and 
average gap between individual contribution and average contribution of other group members in 
percentage points (pp) for excluded and non-excluded subjects in the phase of their (non-)exclusion and 
the following phase for two subsequent games B (in percentage points). Phase t is one of the phases I-
III, and phase t+1 one of the phases II-IV. 

 

Table C8 examines the likelihood of previously excluded individuals to be excluded again, 

when game B is played both in the previous and the current phase. Having been excluded in 

any of the previous phases increases the likelihood of being excluded again by about 11 

percentage points in the B10 treatment. Having been excluded in the previous phase increases 

the likelihood of being excluded again by about 50 percent in the B8 treatment. This finding 

indicates that the adjustment of the excluded players is insufficient so that they face a higher 

risk of being excluded (again) than the non-excluded players.  

 

Table C8. Probability of being excluded when game B was played in previous and current 

phase  

 (1) 
B10 

(2) 
B10 

(3) 
B8 

(4) 
B8 

Excluded in previous phase (d) -0.0719  0.4973***  
(0.0751)  (0.1649)  

Excluded before (d)  0.1125**  0.2599 
 (0.0532)  (0.1786) 

Voted for game B (d) -0.0978 -0.0654 0.1122*** -0.0494 
(0.0855) (0.0745) (0.0347) (0.0985) 

Average group contribution in previous phase (%) -1.0168*** -0.4134** -0.3189* -0.4890*** 
(0.1562) (0.1720) (0.1656) (0.1212) 

Observations 200 215 55 75 

Note: Marginal or discrete effects from random effects probit estimation with standard errors in 
parentheses. Standard errors are clustered by group. Dependent variable is the probability of being 
excluded in the current phase when game B is played in both the current and the previous phase. 
Average group contribution in previous phase is defined as the contribution of the group averaged 
across all members and rounds of the previous phase in percent of endowment. Level of significance: 
* p < 0.10, ** p < 0.05, *** p < 0.01. Estimations include controls for phases. (d) indicates dummy 
variable. 
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Table C9 shows whether there is a change in contribution behavior when subjects receive an 

exclusion vote but are not excluded in that round. For this analysis we focus only on the 

subjects who contributed less than the average contribution of their group members in the 

round of the vote. Subjects who receive a vote adapt their contribution closer to the average 

contribution level of the others in both treatments. This is also the case for low contributors 

who do not receive a vote for their exclusion—but their adjustment is much smaller.11  

 

Table C9. Individual contributions and gap between individual contribution and average 

contribution of other group members in percentage points for low contributors  

Treatment 
Received 

vote in 
round t 

Observations Round 

Contributions (%) 
Gap in 

contributions (pp) 

Mean 
Std. 
Dev. 

Mean 
Std. 
Dev. 

B10 

Yes 80 
t 56 33 -29 24 

t+1 57 43 -11 30 

No 85 
t 59 29 -17 18 

t+1 62 38 -5 25 

B8 

Yes 33 
t 39 34 -40 24 

t+1 50 43 0 25 

No 36 
t 65 22 -12 14 

t+1 71 25 -3 17 

Note: The table shows individual contribution as percentage of endowment and the average gap 
between own contribution and average contribution of other group members in percentage points for 
subjects who did or did not receive a vote for their exclusion, but were not excluded, in the round of the 
vote and the following round. Round t does not include the last round of a phase and round t+1 does 
not include the first round of a phase. Only individuals who contributed less than the average contribution 
of their group members in round t are included in the analysis. 

 

C.2.4. Payoffs 

Figure C2 shows average payoffs for each phase and distinguishes between non-excluded 

and excluded players in game B. By design, payoffs of the non-excluded players are higher on 

average than the payoffs of the whole group. 

 

                                                

11 The result also holds when we compare all subjects (irrespective of the contribution level) that 

receive a vote for their exclusion but are not excluded to those who do not receive a vote for their 
exclusion. The average increase in relative contribution is then smaller for subjects who receive a 
vote, because this sample also includes high contributors. Subjects who do not receive a vote 
decrease on average their contribution compared to the average contribution of their group members. 
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Figure C2. Average payoffs by treatment  

 
Note: Average payoffs in game A (blue) and in game B (red). The green line shows average payoffs of 
non-excluded players in game B only. The dashed lines indicate that the data point is based on only few 
observations (n < 5). The bars show the average group size in the B-games.  

 

Table C10 shows average payoffs of the cooperators (the non-excluded players in game B 

and the four highest contributors in game A). The cooperators’ payoff is always higher in game 

B than in game A when there is no institutional cost. In the B10 treatment, the difference is 

statistically significant for phase I and III (MWW test, p < 0.1 each). In the B8 treatment, the 

cooperators’ payoffs are mostly lower in game B than in game A, but the differences are only 

marginally statistically significant when all phases are considered (MWW test, p<0.1). 
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Table C10. Average payoffs of cooperators  

Phase Game B10 B8 

I 

A 
13.8827 

(2.9704, 16) 
14.4594 

(2.4908, 22) 

B 
17.0138** 
(2.1729, 7) 

14.1600† 
(-, 1) 

II 

A 
13.5260 

(4.2736, 5) 
13.8900 

(2.8367, 14) 

B 
15.7183 

(2.4899, 18) 
12.6167 

(1.9007, 9) 

III 

A 
12.0775 

(1.3471, 4) 
13.5057 

(12.7793, 14) 

B 
16.3098† 

(2.5386, 19) 
12.7793 

(1.6130, 9) 

IV 

A 
10.8400 

(-, 1) 
12.7285 

(2.4225, 11) 

B 
15.9182 

(2.0875, 22) 
12.4536 

(1.6765, 12) 

Total 

A 
13.4434 

(2.9184, 16) 
13.5042* 

(2.1293, 22) 

B 
15.6749** 

(2.3097, 23) 
12.3430 

(1.6339, 15) 

Note: Single cells show mean of average payoffs of cooperators, conditional on treatment, phase, and 
game. Standard deviation and number of groups are given in parentheses. In game A the average 
excludes the lowest contributor(s) in the respective phase. In game B only non-excluded subjects are 
considered. Stars indicate significant difference between game A and game B in the same treatment 
and phase using the MWW test statistic. Level of significance: * p < 0.10, ** p < 0.05, *** p < 0.01. † 
indicates that the number of observations is too low to run a test (n < 5). 
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C.3. Experiment instructions 

These are the experimental instructions for the treatment B8 (translated from German 

language). The instructions for the other treatments are very similar. 

 

1. General information 

In our experiment you can earn money. How much you earn will depend on the game play, or 

more precisely on the decisions you and your co-players make. For a successful run of this 

experiment, it is essential that you do not talk to other participants. Now, read the following 

rules of the game carefully. If you have any questions, raise your hand. We will come to you 

and answer them. 

 

2. Game rules 

There are five players in your group, meaning you and four other players. Each player is faced 

with the same decision problem. All decisions in the experiment are anonymous.  

There are two games: game A and game B. At the beginning, every player in your group will 

vote for one of the two games. The game that receives the most votes (at least 3 out of 5) will 

be played by the group. The players will not be informed about the precise distribution of votes, 

but they will learn for which game most players have voted. The chosen game will be played 

five times (Phase I). After this, the group will vote a second time between game A and game 

B and play the chosen game another five times (Phase II). After this, the group will vote a third 

time and play the chosen game five times (Phase III). Finally, the group will vote a fourth time 

and play the chosen game five times (Phase IV). Hence, in total, your group will vote four times 

between game A and game B and play a total of twenty rounds, as indicated in the timeline 

below. You will play with the same group of players throughout all 20 rounds. 

 

Game A works as follows: Each of the five players receives 10 tokens in the beginning of each 

round. The players decide if they keep their tokens or contribute them to a common project. 

The tokens that a player keeps benefit only that player. The tokens that a player contributes to 

the common project benefit all players. For each token that is contributed to the common 

project every player in the group will get 0.4 tokens. So, every player benefits from the tokens 
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that have been contributed to the common project regardless of how much they themselves 

have contributed. A player’s profit is the sum of the tokens kept and the tokens that he or she 

receives from the common project. 

Examples: If all five players keep their tokens and do not contribute any tokens to the common 

project, every player will get 10 tokens (= 10 + 0.4*0). If each of the five players contributes 10 

tokens to the common project, each of them will get 20 tokens (= 0 + 0.4*50). If three players 

contribute 5 tokens each and two players contribute nothing, the former three players will get 

11 tokens each (= 5 + 0.4*15) and the latter two players will get 16 tokens (= 10 + 0.4*15). 

All five players decide simultaneously how much they contribute to the common project. Any 

integer amount between 0 and 10 tokens is possible. After all players have chosen their 

contributions to the common project, the contributions of all players will be shown on the 

screen. Here is an example for the presentation of the players’ contributions: 

 

 
 
Please note that the participant numbering is random and changes every round. Therefore, 

you and your co-players will not appear under the same number each round. Your own 

contribution will always be shown in red color. After the presentation of players’ contributions, 

the round ends. 

Game B works very similar, but there are two differences to game A. First, at the beginning of 

a round, every player receives 8 tokens (instead of 10 tokens). As in game A, the players 

decide simultaneously if they keep the tokens or contribute them to a common project. For 

each token that is contributed to the common project, every player in the group will get 0.4 

tokens. A player’s profit is the sum of the tokens kept and the tokens that he or she receives 

from the common project. As in game A, players’ contributions will be displayed on the screen 

with randomized participant numbering in each round. 

Examples: If all the players keep their tokens and do not contribute any tokens to the common 

project, every player will get 8 tokens (= 8 + 0.4*0). If every player contributes 8 tokens to the 

common project, each of them will get 16 tokens (= 0 + 0.4*40). If three players contribute 5 
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tokens each and two players contribute nothing, the former three players will get 9 tokens each 

(= 3 + 0.4*15) and the latter two players will get 14 tokens (= 8 + 0.4*15). 

The second difference is that there is an additional stage in game B. When the contributions 

to the common project are displayed, players can vote to exclude a member from the group. 

Every player can cast one vote to determine who should be excluded. Your vote can be cast 

by clicking on the corresponding box next to a participant’s contribution. You cannot vote for 

yourself. It is possible not to cast a vote at all. To do so you can click the box next to “Nobody”. 

Here you see an example: 

 

 

All players are informed about whether and how often they have been proposed for exclusion, 

but not by whom. A player who receives votes from more than half of his or her co-players will 

be excluded for the subsequent rounds of play. The exclusion, however, only prevails until the 

next choice of game A or game B. For example, if a player gets excluded by the co-players in 

round 3, he or she will be excluded from the group in rounds 4 and 5. After the fifth round, he 

or she will return to the group and the entire group will choose again between game A and 

game B. In round 5 it is therefore not possible to exclude any player.  

By the exclusion of players it is possible that the group shrinks. If the group consists of five 

members, a player must receive at least 3 votes in order to be excluded. If the group consists 

of three or four members, a player must receive at least 2 votes in order to be excluded. If the 

group consists of only two members, exclusion is no longer possible. A summary of these 

exclusion rules is provided in the following table. 

 

Current group size Minimum number of votes that will lead to 
an exclusion of a player 

5 3 

4 2 

3 2 

2 No further exclusion possible 
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Excluded players receive precisely 8 tokens per excluded round. They cannot contribute to the 

common project and they do not receive any tokens from the common project. As long as they 

are excluded, they cannot cast a vote for another player to be excluded. They can, however, 

observe what happens in the game. 

Your final payoff in the experiment is the sum of tokens you have earned across all 20 rounds. 

You will get 0.05 euros for each token. If, for example, you have earned 300 tokens across all 

rounds, you will get 15 euros at the end. 
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D. Appendix Chapter 5 

D.1. Theoretical predictions 

We consider a linear public goods game with three players, one rich (type-A) and two poor 

(type-B) players, in which the payoff of player type-A is given by 

𝜋𝐴 = 𝑒𝐴 − ∑ 𝑡𝑗

2

𝑗=1

− 𝑔𝐴 + 𝑎 (𝑝𝐴 × 𝑔𝐴 + 𝑝𝐵 ∑ 𝑔𝐵𝑗

2

𝑗=1

), (D.1) 

and the payoff of player type-B is given by 

𝜋𝐵𝑗 = 𝑒𝐵 + 𝑡𝑗 − 𝑔𝐵𝑗 + 𝑎 (𝑝𝐴 × 𝑔𝐴 + 𝑝𝐵 ∑ 𝑔𝐵𝑗

2

𝑗=1

), (D.2) 

where 𝑒𝐴 (𝑒𝐵) denote the endowment of type-A (type-B) players, 𝑡𝑗 the transfer payments (with 

∑ 𝑡𝑗 ≤2
𝑗=1 𝑒𝐴), 𝑔𝐴 (𝑔𝐵𝑗) the contribution of type-A (type-B) players, 0 < 𝑎 < 1 the marginal per 

capita return (MPCR) and 𝑝𝐴 (𝑝𝐵) the respective productivity. 

With linear preferences, the corner solutions of zero or full contribution will always pareto 

dominate any interior contribution solution. We will thus restrict the analysis to the decision of 

zero and full contribution only. 

Inducing backwards, the argumentation will proceed in the following order: We first determine 

the dominant strategy of type-B players, given either full transfer to one of the B-types, transfer 

of half the endowment to each of the B-types, or zero transfers. Subsequently, we determine 

the transfer and contribution behaviour of the A-type, given the dominant strategies of the B-

types. We start the analysis with the last round. With known endpoint and constant parameters 

as well as preferences, the dominant strategies of the last round will determine the strategies 

of all preceding rounds and thus yield the subgame perfect Nash equilibrium (SPNE) of the 

supergame. 

 

D.1.1. Standard preferences 

With standard preferences, each player maximizes her respective payoff function (i.e. A-types 

maximize (D.1) and B-types maximize (D.2)). Because 𝑎 × 𝑝𝑖 < 1 for player types 𝑖 = 𝐴, 𝐵, the 

dominant strategy of A- and B-type players in the stage-game is to contribute zero, irrespective 

of any transfers. Knowing this, the A-type player will not transfer any money if given the chance 

(as this would only lower her payoff). The SPNE can be derived by backward induction, starting 

from the last round of play. With zero transfers and zero contribution as unique Nash 

equilibrium in the last round of game, irrespective of the history of play, zero transfers and 
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contribution will also be the Nash equilibrium in all preceding rounds. This holds for all three 

treatments. 

 

D.1.2. Social preferences: Fehr & Schmidt inequality aversion model 

Utility in the Fehr and Schmidt (1999) model with inequality averse preferences is given by 

𝑈𝑖(𝜋𝑖) = 𝜋𝑖 − 𝛼𝑖

1

𝑁 − 1
∑ max{(𝜋𝑘 − 𝜋𝑖); 0}

𝑖≠𝑘

+ 𝛽𝑖

1

𝑁 − 1
∑ max{(𝜋𝑖 − 𝜋𝑘); 0}

𝑖≠𝑘

, (D.3) 

with 𝜋𝑖  being the individual monetary round payoff, 𝛼𝑖  the disadvantageous inequality aversion 

parameter and 𝛽𝑖 the advantageous inequality aversion parameter. It is commonly assumed 

that aversion to disadvantageous inequality is larger than to advantageous inequality, thus 0 ≤

𝛽𝑖 ≤ 𝛼𝑖 ≤ 1 for all 𝑖 ∈ {𝐴, 𝐵1, 𝐵2} and 𝑘 ∈ {𝐴, 𝐵1, 𝐵2\𝑖}. 

Baseline: no transfers 

With baseline endowments and without transfers there are eight possible combinations in 

contributions ({𝑔𝐴; 𝑔𝐵1; 𝑔𝐵2}). Given the equivalent payoff structure of the two poor players, the 

analysis simplifies to six distinct situations: 

(a) A defects; 𝐵1 defects; 𝐵2 defects ({0;0;0}) 

The payoffs in this situation are given by 𝜋𝐴 = 30 and 𝜋𝐵𝑗 = 15. The respective 

utilities are given by  

𝑈𝐴 = 30 − 15𝛽𝐴 

𝑈𝐵𝑗 = 15 − 7.5𝛼𝐵𝑗 

(b) A defects; 𝐵1 cooperates; 𝐵2 cooperates ({0; 𝑒𝐵1; 𝑒𝐵2})  

The payoffs in this situation are given by 𝜋𝐴 = 54 and 𝜋𝐵𝑗 = 24. The respective 

utilities are given by  

𝑈𝐴 = 54 − 30𝛽𝐴 

𝑈𝐵𝑗 = 24 − 15𝛼𝐵𝑗 

(c) A defects; one of the type-B players cooperates (c) and the other defects (d) 

({0; 𝑒𝐵𝑐; 0}) 

The payoffs in this situation are given by 𝜋𝐴 = 42, 𝜋𝐵𝑐 = 12, and 𝜋𝐵𝑑 = 27. The 

respective utilities are given by  

𝑈𝐴 = 42 − 22.5𝛽𝐴 

𝑈𝐵𝑐 = 12 − 22.5𝛼𝐵𝑐 

𝑈𝐵𝑑 = 27 − 7.5𝛼𝐵𝑑 − 2.5𝛽𝐵𝑑 
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(d) A cooperates; 𝐵1 defects; 𝐵2 defects ({𝑒𝐴; 0; 0}) 

The payoffs in this situation are given by 𝜋𝐴 = 12 and 𝜋𝐵𝑗 = 27. The respective 

utilities are given by  

𝑈𝐴 = 12 − 15𝛼𝐴 

𝑈𝐵𝑗 = 24 − 7.5𝛽𝐵𝑗 

(e) A cooperates; one of the type-B players cooperates (c) and the other defects (d) 

({𝑒𝐴; 𝑒𝐵𝑐; 0}) 

The payoffs in this situation are given by 𝜋𝐴 = 24, 𝜋𝐵𝑐 = 24, and 𝜋𝐵𝑑 = 39. The 

respective utilities are given by  

𝑈𝐴 = 24 − 7.5𝛼𝐴 

𝑈𝐵𝑐 = 24 − 7.5𝛼𝐵𝑐 

𝑈𝐵𝑑 = 39 − 15𝛽𝐵𝑑 

(f) A cooperates; 𝐵1 cooperates; 𝐵2 cooperates ({𝑒𝐴; 𝑒𝐵1; 𝑒𝐵2}) 

The payoffs in this situation are given by 𝜋𝑖 = 36 and the respective utilities are 𝜋𝑖 =

36.  

If there are no transfers, the type-A player will defect in case both or one of the type-B players 

defects. If both type-B players cooperate, the type-A player will cooperate if 𝛽𝐴 ≥ 0.6. Each of 

the type-B players will also defect if at least one other player defects. In case the other type-B 

player and the type-A player cooperate, it will be rational for the remaining type-B player to 

cooperate if 𝛽𝐵𝑗 ≥ 0.2. Thus, if players exhibit strong enough inequality aversion, mutual 

cooperation can be sustained in each round. As individual payoffs of all players are strictly 

higher under mutual cooperation than under mutual defection, the former will be preferred. 

Thus, if players exhibit strong enough advantageous inequality aversion they will coordinate 

on mutual cooperation. Otherwise, mutual defection is the unique Nash equilibrium. 

To sum up, in case of no transfers only two of the eight possible outcomes are feasible, namely 

mutual cooperation (in case 𝛽𝐴 ≥ 0.6 and 𝛽𝐵𝑗 ≥ 0.2) or mutual defection. If feasible, mutual 

cooperation will be preferred over mutual defection. 

Endogenous Transfers 

When transfers are allowed, six transfers option are possible, of which only four are analytically 

distinct: 1) Full transfers of endowment to only one of the type-B players, 2) transfers of half of 

endowment to each of the type-B players, 3) transfer of half the endowment to one type-B 

player, 4) no transfer. The analysis of the no transfer case is already given above. Transfers 
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of half the endowment to one type-B player is always an inferior strategy to either full or no 

transfers and will thus not be considered further here. In the following, we will analyze the 

remaining two transfer situations and consider the optimal strategies given the set of transfers 

decisions, including no transfers. 

(a) Full transfer to 𝐵1 (analysis equivalent for 𝐵2) 

If player A transfers all her endowment to player 𝐵1, 𝐵2 by definition does not receive 

any transfers. As player A does not have any money left to contribute, the different 

cases are decided by the contribution decisions of player 𝐵1 and 𝐵2. 

i. 𝐵1 defects, 𝐵2 defects ({−;0;0}) 

The payoffs in this situation are given by 𝜋𝐴 = 0, 𝜋𝐵1 = 45, and 𝜋𝐵2 = 15. The 

respective utilities are given by  

𝑈𝐴 = −30𝛼𝐴 

𝑈𝐵1 = 45 − 37.5𝛽𝐵1 

𝑈𝐵2 = 15 − 7.5𝛼𝐵2 − 15𝛽𝐵2 

ii. 𝐵1 defects, 𝐵2 cooperates ({−;0;𝑒𝐵2 }) 

The payoffs in this situation are given by 𝜋𝐴 = 12, 𝜋𝐵1 = 57, and 𝜋𝐵2 = 12. The 

respective utilities are given by  

𝑈𝐴 = 12 − 22.5𝛼𝐴 

𝑈𝐵1 = 57 − 45𝛽𝐵1 

𝑈𝐵2 = 12 − 22.5𝛼𝐵2 

iii. 𝐵1 cooperates, 𝐵2 defects ({−;𝑒𝐵1;0}) 

The payoffs in this situation are given by 𝜋𝐴 = 36, 𝜋𝐵1 = 36, and 𝜋𝐵2 = 51. The 

respective utilities are given by  

𝑈𝐴 = 36 − 7.5𝛼𝐴 

𝑈𝐵1 = 36 − 7.5𝛼𝐵1 

𝑈𝐵2 = 51 − 15𝛽𝐵2 

iv. 𝐵1 cooperates, 𝐵2 cooperates ({−;𝑒𝐵1; 𝑒𝐵2}) 

The payoffs in this situation are given by 𝜋𝑖 = 48 and the respective utilities are 

given by 𝑈𝑖 = 48. 

 

If 𝐵2 defects, 𝐵1 will cooperate if 𝛼𝐵1 ≤ 5𝛽𝐵1 − 1.2. This can never be true if 𝛽𝐵1 <

0.3 and is always true if 𝛽𝐵1 ≥ 0.44. In between there exist various combinations of 

𝛽𝐵1 and 𝛼𝐵1 which lead either to cooperation or defection. If 𝐵2 cooperates, 𝐵1 will 

cooperate if 𝛽𝐵1 > 0.2. 
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If 𝐵1 defects, 𝐵2 will always defect. If 𝐵1 cooperates, 𝐵2 will cooperate if 𝛽𝐵1 ≥ 0.2. 

Thus, full cooperation can be part of the equilibrium if 𝛽𝐵𝑗 ≥ 0.2. For the situation 

with full transfers to 𝐵2 the analysis is equivalent with switched roles for 𝐵1 and 𝐵2. 

(b) Equal transfers to 𝐵1 and 𝐵2 

If player A transfers all her endowment to player equally to player 𝐵1 and 𝐵2, player 

A does not have any money left to contribute. The different cases are decided by 

the contribution decisions of player 𝐵1 and 𝐵2. 

i. 𝐵1 defects, 𝐵2 defects ({-;0;0}) 

The payoffs in this situation are given by 𝜋𝐴 = 0, 𝜋𝐵𝑗 = 30. The respective 

utilities are given by  

𝑈𝐴 = −30𝛼𝐴 

𝑈𝐵𝑗 = 30 − 15𝛽𝐵𝑗 

ii. One type-B player defects (d) and the other cooperates (c) {−;0; 𝑒𝐵𝑐} 

The payoffs in this situation are given by 𝜋𝐴 = 24, 𝜋𝐵𝑑 = 54, and 𝜋𝐵𝑐 = 24. The 

respective utilities are given by  

𝑈𝐴 = 24 − 15𝛼𝐴 

𝑈𝐵𝑑 = 54 − 30𝛽𝐵𝑑 

𝑈𝐵𝑐 = 24 − 15𝛼𝐵𝑐 

iii. 𝐵1 cooperates, 𝐵2 cooperates ({−;𝑒𝑃1; 𝑒𝑃2}) 

The payoffs in this situation are given by 𝜋𝑖 = 48 and the respective utilities are 

given by 𝑈𝑖 = 48. 

 

If 𝐵2 corporates, 𝐵1 will corporate if 𝛽𝐵1 > 0.2. If 𝐵2 defects, 𝐵1 will also defect. Thus 

for small 𝛽𝐵1 < 0.2 mutual defection is the Nash equilibrium for both 𝐵1 and 𝐵2. For 

𝛽𝐵1 > 0.2 coordination on mutual cooperation is possible. 

In case of transfers the four possible outcomes are: {−;0;0};{−;0; 𝑒𝐵2};{−;𝑒𝐵1;0};{−;𝑒𝐵1; 𝑒𝐵2}. The 

second and third outcome are only feasible in a limited number of cases, namely in case of full 

transfers to one of the type-B players and her inequality aversion parameters fulfilling 𝛼𝐵1 ≤

5𝛽𝐵1 − 1.2. Mutual cooperation is only feasible if 𝛽𝐵𝑗 > 0.2 and will be preferred over mutual 

defection by all players. 

As the type-A player chooses first whether or not to transfer money, she will choose to transfer 

if she believes 𝛽𝐵𝑗 > 0.2, irrespective of her own equality preferences, as this solution 

outperforms all the other feasible outcomes. In this case, she is indifferent between the three 
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full transfer options. If she believes one player to have 𝛽𝐵𝑗 < 0.2 and the other player to fulfill 

𝛼𝐵𝑗 ≤ 5𝛽𝐵𝑗 − 1.2, then the type-A player will make full transfer to only this player if her own 

equality preferences fulfill 𝛼𝐴 ≤ 2𝛽𝐴 + 0.8. Otherwise, she will not transfer any money and 

mutual defection will be the equilibrium. 

Exogenous Transfers 

The six possible transfer options may result in four distinct endowment allocations for the 

exogenous transfer treatments:  

1) 𝑒𝐴 = 30 and 𝑒𝐵1 = 𝑒𝐵2 = 15 

2) 𝑒𝐴 = 0, 𝑒𝐵1 = 45 and 𝑒𝐵2 = 15 (equivalent to 𝑒𝐵1 = 15 and 𝑒𝐵2 = 45) 

3) 𝑒𝐴 = 𝑒𝐵2 = 15 and 𝑒𝐵1 = 30 (equivalent 𝑒𝐵1 = 30 and 𝑒𝐵2 = 15) 

4) 𝑒𝐴 = 0 and 𝑒𝐵1 = 𝑒𝐵2 = 30 

Allocation 1 is equivalent to the no transfer baseline case. Thus, full cooperation is the SPNE 

if type-A player satisfies 𝛽𝐴 ≥ 0.6 and type-B players satisfy 𝛽𝐵𝑗 ≥ 0.2.Otherwise, mutual 

defection is the equilibrium outcome. The analysis for the B-players in allocation 2 is equivalent 

to the full transfer case for the endogenous transfers. Full cooperation can be part of the 

equilibrium if 𝛽𝐵𝑗 ≥ 0.2. If the B-player with 30 token endowment satisfies 𝛼𝐵 ≤ 5𝛽𝐵 − 1.2 then 

it is always best for him to cooperate, irrespective of the behavior of the second B-player. As 

the A-player is passive in this allocation, partial cooperation is now easier to sustain than in 

the endogenous transfer case. In case of the third allocation mutual cooperation can be 

sustained if type-A player satisfies 𝛽𝐴 ≥ 0.6 and type-B players satisfy 𝛽𝐵𝑗 ≥ 0.2. Furthermore, 

if the B-player with higher endowment exhibits preferences of 𝛼𝐵 ≤ 3𝛽𝐵 − 0.8, then she will 

cooperate if player A cooperates, irrespective of the behavior of the other B-player. However, 

as player-A will only cooperate if she believes that all other players do and her social 

preferences are strong enough, this case partial cooperation case will not realize. Finally, 

allocation 4 is equivalent to the equal transfer case for the endogenous transfers: If at least 

one type-B player exhibits 𝛽𝐵 < 0.2 mutual defection is the Nash equilibrium. If 𝛽𝐵 ≥ 0.2 for 

both type-B players coordination on mutual cooperation is possible.  
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D.2. Additional tables  

Table D1. Socio-demographics 

  BaseP TransP ExogP KW-test 

 Min-Max 
Mean 
(sd) 

Mean 
(sd) 

Mean 
(sd) 

p-value 

Male 0-1 
0.4286 

(0.4988) 
0.4921 

(0.5040) 
0.4833 

(0.5039) 

>0.1 

Age 19-33 
24.3810 
(3.4334) 

24.0000 
(3.2179) 

24.4667 
(3.4022) 

>0.1 

Profit in EUR 3.5-24.8 
15.4048 
(3.5871) 

20.6143 
(3.8992) 

17.7833 
(5.2350) 

>0.1 

Risk 2-10 
5.1429 

(2.0934) 
5.6349 

(1.9033) 
5.2833 

(2.0674) 

>0.1 

Trust index 1.7-4 
2.9947 

(0.4126) 
2.9841 

(0.4768) 
3.1333*** 
(0.3743) 

>0.1 

Advantageous Inequality 1-10 
5.6984 

(2.6313) 
6.5556* 
(2.2417) 

6.2833** 
(2.5385) 

>0.1 

Disadvantageous 
Inequality 

1-10 
4.4444 

(2.4872) 
4.5079 

(2.6081) 
4.0833 

(2.4722) 

>0.1 

Advantageous Inequality 
Others 

1-10 
6.0794 

(2.1045) 
6.7619 

(1.7571) 
6.4000* 
(2.0101) 

>0.1 

Disadvantageous 
Inequality Others 

1-10 
5.3651 

(2.2740) 
5.4444 

(2.1834) 
5.1500 

(2.0734) 

>0.1 

Prior experience PGG 0-1 
0.7302 

(0.4474) 
0.7143 

(0.4554) 
0.5167*** 
(0.5039) 

0.0762 

Observations  63 63 60  

  BaseS TransS ExogS  

Male 0-1 
0.5088 

(0.5044) 
0.5167 

(0.5039) 
0.5000 

(0.5042) 
>0.1 

Age 18-34 
24.2807 
(3.6584) 

24.3000 
(3.1799) 

24.2333 
(3.0330) 

>0.1 

Profit in EUR 3.7-24.1 
14.5491 
(3.9097) 

17.4767 
(1.6259) 

14.4550 
(3.8798) 

>0.1 

Risk 1-10 
5.4737 

(2.0009) 
5.9000 

(2.1049) 
5.2667 

(1.8027) 
>0.1 

Trust index 1.7-4.3 
3.0117 

(0.4670) 
3.0222 

(0.3675) 
2.8833 

(0.4979) 
>0.1 

Advantageous Inequality 1-10 
5.7544 

(2.6137) 
5.7500 

(2.4400) 
5.2833 

(2.7500) 
0.0577 

Disadvantageous 
Inequality 

1-10 
4.2456 

(2.6273) 
4.3167 

(2.5210) 
4.1167 

(2.3799) 

>0.1 

Advantageous Inequality 
Others 

1-10 
6.4386 

(1.6585) 
6.5833 

(1.7783) 
5.8000 

(1.8208) 

>0.1 

Disadvantageous 
Inequality Others 

1-10 
5.4737 

(2.0363) 
5.3500 

(2.3993) 
5.6000 

(2.1008) 

>0.1 

Prior experience PGG 0-1 
0.8070 

(0.3981) 
0.8167 

(0.3902) 
0.8833 

(0.3237) 

>0.1 

Observations  57 60 60  
Note: Stars indicate statistical significant difference between the two matching protocols when using a 

T-test (2-Test for “Male” and “Prior experience PGG”). Level of significance: *p < 0.10, **p < 0.05, ***p 
< 0.01. KW-test refers to the Kruskal-Wallis equality of populations rank test and tests the equality 
between the three treatment conditions for the same matching protocol.. 
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Table D2. Public good size and relative group contributions 

 Public good size Relative group contributions 
 (1) (2) (3) (4) (5) (6) 
 Partner Stranger Pooled Partner Stranger Pooled 

Transfer (d) 33.5000*** 17.5584 17.5584 0.1479 0.0579 0.0579 
 (9.3074) (17.0189) (15.6505) (0.0911) (0.1904) (0.1751) 
Exogenous (d) 11.3252 -6.8316 -6.8316 -0.0117 -0.1284 -0.1284 
 (10.2791) (21.0613) (19.3679) (0.1005) (0.2155) (0.1981) 
Round -1.1835** -3.1482*** -2.1415*** -0.0103** -0.0265*** -0.0182*** 
 (0.4693) (0.5440) (0.4023) (0.0042) (0.0047) (0.0035) 
Partner (d)   11.7732   0.1485 
   (16.7952)   (0.1888) 
Transfer (d) * Partner (d)   15.9416   0.0901 

  (18.2058)   (0.1974) 
Exogenous (d) * Partner (d)   18.1568   0.1167 

  (21.9234)   (0.2221) 
Constant 64.9139*** 63.9468*** 58.4098*** 0.6880*** 0.6288*** 0.5831*** 
 (6.2961) (15.0845) (14.8357) (0.0698) (0.1727) (0.1676) 

Observations 620 590 1210 620 590 1210 

Note: Random effects GLS estimation results with standard errors in parentheses. Standard errors are 
clustered by matching group. Matching group refers to the session in the stranger protocol and the group 
in the partner protocol. Dependent variable is the group contribution as percentage of maximum 
contribution possible. Base category for Transfer and Exogenous is “Baseline”. Base category for 
Partner is “Stranger”. Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. (d) indicates dummy 
variable. 

 

Table D3. Relative individual contributions by treatment 

 (1) (2) (3) (4) (5) (6) 
 BaseP TransP ExogP BaseS TransS ExogS 

Type-B (d) -0.0060 0.1776*** -0.0173 0.0231*** 0.3263*** -0.0020 
 (0.0126) (0.0436) (0.0336) (0.0052) (0.0520) (0.0600) 
Relative contribution 
previous round 

0.8426*** 0.6449*** 0.7702*** 0.7973*** 0.3405*** 0.6154*** 
(0.0349) (0.0443) (0.0710) (0.0458) (0.0810) (0.0515) 

Round -0.0120*** -0.0153*** -0.0022 -0.0038 -0.0259*** -0.0051*** 
 (0.0040) (0.0041) (0.0030) (0.0074) (0.0027) (0.0017) 
Constant 0.1629*** 0.1917*** 0.1630*** 0.0895 0.1840*** 0.1471*** 
 (0.0413) (0.0339) (0.0515) (0.0824) (0.0035) (0.0124) 

Observations 567 420 397 513 408 408 
Note: Estimated coefficients from random effects panel regressions and standard errors clustered for 
the matching group in parentheses. Matching group refers to the session in the stranger protocol and 
the group in the partner protocol. Dependent variable is the individual contribution as percentage of 
endowment after transfer. Base category for Type-B is “Type-A”. Level of significance: *p < 0.10, **p < 
0.05, ***p < 0.01. (d) indicates dummy variable. 
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Table D4. Relative individual contributions by player type 

 baseline transfer exogenous 
 (1) (2) (3) (4) (5) (6) 
 Player A Player B Player A Player B Player A Player B 

Partner (d) 0.0332 0.0282 0.0911* 0.1465*** 0.0999** 0.0960** 
 (0.0265) (0.0586) (0.0483) (0.0397) (0.0476) (0.0429) 
Relative contribution 
previous round 

0.8867*** 0.7880*** 0.6371*** 0.4592*** 0.7241*** 0.6908*** 
(0.0203) (0.0348) (0.1190) (0.0705) (0.1055) (0.0470) 

Round -0.0115*** -0.0069* -0.0160** -0.0193*** -0.0040 -0.0028 
 (0.0042) (0.0040) (0.0070) (0.0039) (0.0060) (0.0021) 
Constant 0.1009** 0.1367** 0.1096** 0.3993*** 0.1070** 0.1019** 
 (0.0470) (0.0594) (0.0529) (0.0575) (0.0518) (0.0437) 

Observations 360 720 90 738 85 720 
Note: Estimated coefficients from random effects panel regressions and standard errors clustered for 
the matching group in parentheses. Matching group refers to the session in the stranger protocol and 
the group in the partner protocol. Dependent variable is the individual contribution as percentage of 
endowment after transfer. Base category for Type-B is “Type-A”. Level of significance: *p < 0.10, **p < 
0.05, ***p < 0.01. (d) indicates dummy variable. 

 

Table D5. Relative individual contributions of type-B players 

 (1) (2) 
 Transfer Exogenous 

Transfer:    other player (d) 0.1598** -0.0501 
 (0.0642) (0.0542) 
Transfer:    me(d) 0.4443*** -0.0116 
 (0.0582) (0.0098) 
Partner (d) 0.1702*** 0.1212** 
 (0.0513) (0.0590) 
Transfer:    other player (d) * Partner (d) 0.1314 -0.0228 
 (0.0837) (0.0777) 
Transfer:    me (d) * Partner (d) -0.0826 -0.0253 
 (0.0573) (0.0528) 
Relative contribution previous round 0.3858*** 0.6865*** 
 (0.0496) (0.0476) 
Round -0.0139*** -0.0036* 
 (0.0033) (0.0021) 
Constant 0.1100*** 0.1222*** 
 (0.0386) (0.0441) 

Observations 738 720 
Note: Random effects GLS estimation results with standard errors in parentheses. Standard errors are 
clustered by matching group. Matching group refers to the session in the stranger protocol and the group 
in the partner protocol. Dependent variable is the individual contribution as percentage of endowment 
after transfer. Base category for Transfer is “No Transfer” and for Partner it is “Stranger”. Level of 
significance: *p < 0.10, **p < 0.05, ***p < 0.01. (d) indicates dummy variable. 
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Table D6. Transfer decisions over rounds by matching protocol 

  Round 1 Round 1 – 10 

3 categories 6 categories Partner Stranger Partner Stranger 

Full transfer 

30 to B1  15% 10% 6.5% 

30 to B2 5%  9% 3.5% 

15 to each 67% 45% 50% 50.5% 

Half transfer 
15 to B1 19% 20% 8% 9% 

15 to B2   8% 6.5% 

No transfer 9% 20% 15% 24% 

 

Table D7. Transfer decision in round 1 

 Round 1: Transfer Decision 

 Partner Stranger 

 No Half Full No Half Full 

Trust 
0.0050 0.0051 -0.0101 0.1103 0.0422 -0.1525 

(0.0967) (0.0995) (0.1962) (0.0422) (0.0719) (0.2551) 

Disadvantageous 
Inequality Others 

0.0073 0.0074 -0.0147 -0.0173 -0.0066 0.0239 

(0.0317) (0.0314) (0.0627) (0.0360) (0.0140) (0.0491) 

Observations 21 20 

Note: Estimated marginal effects from ordered probit regressions. Robust standard errors are reported 
in parentheses. Dependent variable is the individual transfer decision in the transfer treatments in round 
one. Level of significance: *p < 0.10, **p < 0.05, ***p < 0.01. 
 

Table D8. Contribution decision in round 1 

 (1) (2) (3) (4) (5) (6) 
 BaseP TransP ExogP BaseS TransS ExogS 

Trust -0.2425** 0.1234 0.1669 0.0369 0.0899 0.1206 
 (0.1103) (0.0964) (0.1516) (0.0988) (0.1395) (0.1381) 
Risk 0.0005 0.0092 -0.0253 0.0138 -0.0014 -0.0058 
 (0.0207) (0.0219) (0.0265) (0.0264) (0.0284) (0.0350) 
Advantageous Inequality 0.0282 0.0108 0.0021 0.0115 -0.0125 0.0327 
 (0.0222) (0.0289) (0.0258) (0.0198) (0.0227) (0.0244) 
Disadvantageous Inequality -0.0239 0.0108 0.0143 0.0042 -0.0358 -0.0095 
 (0.0172) (0.0215) (0.0209) (0.0192) (0.0222) (0.0245) 
Advantageous Inequality  
       Others 

0.0441** -0.0078 0.0219 0.0180 -0.0261 -0.0191 
(0.0220) (0.0330) (0.0348) (0.0375) (0.0302) (0.0422) 

Disadvantageous Inequality  
      Others 

-0.0360** -0.0366 0.0770*** -0.0423* 0.0098 -0.0247 
(0.0175) (0.0233) (0.0249) (0.0252) (0.0258) (0.0318) 

Observations 63 48 45 57 48 48 
Note: OLS estimation results with robust standard errors in parentheses. Dependent variable is 
individual contribution as percentage of endowment in the first round of game. Level of significance: *p 
< 0.10, **p < 0.05, ***p < 0.01. 
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D.3. Additional figures 

Figure D1. Average contributions over time by treatment  

 

Note: The figure shows average group contributions over time, measured in percent of endowment, by 
treatment. 
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D.4. Experimental instructions 

This part reproduces the English translations of the original experimental instructions 

presented to the subjects in the German language. For the sake of space, we only present the 

instructions for the treatment T2 with partner matching. The instructions for the other 

treatments are very similar. 

1. General information 

In our experiment you can earn money. How much you earn will depend on the game play, or 

more precisely on the decisions you and your fellow co-players make. All decisions in the 

experiment are anonymous. For a successful run of this experiment, it is essential that you do 

not talk to other participants. Now, read the following rules of the game carefully. If you have 

any questions, give us a hand signal. We will come to you and answer them. 

 

2. Game rules 

The experiment is divided into 10 rounds. In each of these 10 rounds all participants are divided 

into groups of three, i.e. with you there are two other players in one group. The composition of 

the group remains the same throughout all rounds. So you are all 10 rounds with the same 

participants in one group. 

There are two types of players in each group: one player A and two player B (B1 and B2). You 

will find out which type of player you are at the beginning of the experiment. Your player type 

will not change during the experiment. So you will be the same player type every 10 rounds. 

Player A and B differ in their endowment and productivity in the common project. Each player 

will receive an endowment at the beginning of each round. Player A receives 30 tokens each 

round and Player B receives 15 tokens each round. The players decide whether to keep these 

tokens or contribute them to a common project. The tokens that a player keeps only benefit 

the player himself. The tokens that a player contributes to a common project benefit all players. 

Each token contributed to the common project by a player A increases the total amount in the 

project by one token. Each token contributed to the common project by player B increases the 

total amount of the project by two tokens. This means that each token contributed by player B 

to the common project is twice as productive as that of player A. Each player receives 0.4 

times the sum of the tokens in the common project. So every player benefits from the tokens 

contributed to the project, regardless of the player type and his own contribution. 

At the beginning of each round and before you make your decision about your contribution to 

the common project, Player A decides whether and how much of his initial endowment he 

wants to transfer to Player B. He has the following 6 options: 
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 Transfer of 30 tokens to player B1 

 Transfer of 30 tokens to player B2 

 Transfer of 15 tokens to player B1 

 Transfer of 15 tokens to player B2 

 Transfer of 15 tokens to players B1 and B2 each 

 No transfer 

All players in the group learn which transfer decision player A has made and the decision is 

implemented directly. This is followed by the previously described decision to contribute to the 

common project. The maximum contribution that player A can make to the common project is 

the difference of his initial endowment minus the sum of the transfers. The maximum 

contribution that player type B can make to the joint project is the sum of his initial endowment 

plus transfers received. 

The profit of a player per round is the sum of the retained tokens and the tokens he receives 

from the common project. 

Calculation of profits per round for player A = 

30 tokens - transfer - own contribution to the project + 0,4*(own contribution to the 

project + 2*contribution player B1 to the project +2*contribution player B2 to the project) 

Calculation of profits per round for player B = 

15 tokens + transfer - own contribution to the project + 0,4*(contribution of player A to 

the project + 2*own contribution to the project + 2*contribution of the other player B to 

the project) 

Examples: 

- Suppose player A does not transfer any tokens and none of the players subsequently 

contribute tokens to the common project, then the profit of player A in this round will be 

30 tokens (=30+0.4*0) and the profit of each player B will be 15 tokens (=15+0.4*0).  

- Suppose player A transfers 15 tokens to player B1. Afterwards, player A and player B2 

contribute 7 tokens each to the common project, while player B1 contributes 15 tokens 

to it. Hence, the profit of player A and player B2 in this round will be 28.4 tokens each 

(=8+0.4*(7+2*15+2*7)) and the profit of player B1 is 35.4 tokens 

(=15+0.4*(7+2*15+2*7)).  

- Suppose player A transfers 30 tokens to player B2. Afterwards, player B1 contributes 

15 tokens, while player B2 contributes 45 tokens to the common project. The profit of 

each player in this round is 48 tokens (=0+0,4*(0+2*15+2*45)).  
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All three players decide simultaneously how much they contribute to the common project. Any 

integer amount between 0 and the difference (player type A) or sum (player type B) of the initial 

endowment and transfer payment is possible. After all players have chosen their contributions 

to the common project, the contributions of all players will be shown on the screen. Here is an 

example for the presentation of the players’ contributions: 

 

Your own representation will always be shown in red color. After the presentation of players’ 

contributions, the round ends. Each round begins with player A's transfer decision, followed by 

the contribution decisions of the all co-players. 

Your final payoff in the experiment is the sum of the tokens you have earned across all 10 

rounds. You will receive 0.05 euro for each token. If, for example, you have earned a total of 

300 tokens across all rounds, you will receive 15 euros at the end. 
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