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Achieving sustainable societies often requires the intervention of different sectors due to the intricate nature 

of the problems at hand. Governments, private firms and individuals can all contribute to a problem but can 

all also have the capacity to contribute to a solution. However, when the solution resides on a change in the 

status quo it is not easy to accommodate a milieu of (conflicting) interests. The specific case of this 

framework discloses the complex nature of the interdependencies between all three sectors (Public, Private 

and Civil). Thus, the advancement of methodologies to comprehend the dynamics inherent to this 3-player 

game reveals itself imperious.  

     Here we make use of the three populations’ core model presented in the main text, to study a more 

specific case of a paradigm shift towards more sustainable societies, where players can adopt one of two 

available strategies — simply saying, for (cooperation) and against (defection) “green” policies. By 

incorporating an additional set of parameters, which may seem closer to contemporary policy instruments, 

we are able to uncover some non-trivial emerging dynamics assuming the interdependent success of the 

strategies used in the different populations. Irrespectively of this, our results confirm that, departing from a 

small fraction of cooperators (that mimics the real and present status quo) the conjugated action of the 

Private and Civil sectors, alone, is not sufficient to achieve a stable state of full cooperation towards the 

adoption of green actions. To achieve it, Cooperation from the Public sector will be mandatory, even if at a 

later stage, when cooperation among all populations is achieved, the contribution of the public sector is no 

longer needed. 

 

Model, parameters and payoff matrix 

As before, we assume three different finite populations, each representing one sector of society, namely, the 

Public, Private and Civil sectors. The Public sector represents government or government institutions, the 

Private sector represents companies that produce or sell products and the Civil sector is composed by citizens 

that can manifest (or not) pro-environmental behaviour, individually or by participating in, e.g., NGOs. 

Each individual (in any of the three populations) can adopt one of two strategies: in favour of green policies 

(cooperators - Cs) and against it (defectors - Ds). The individual payoff earned in any one encounter depends 
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on the strategy profile given each participant decision. An encounter always involves the participation of 

three individuals, each belonging to a different population. As a result, each individual will acquire a payoff 

that reflects the mechanisms at stake, and which is encoded in the so-called payoff matrix (Table S1). 

Strategies  Payoffs accruing to each player 

Public Private Civil  Public Private Civil 

C C C  S−  δS  ( )Sδ−1  
C C D  S−  S  0  
C D C  S−Δ+ 1εγ  ( ) bP−−γε 1  ( ) SPz b +Δ+− 11  
C D D  εγ  ( )γε −1  0  
D C C  P−  2Δ  ( ) 21 Δ+− Pz  
D C D  0  0  0  
D D C  P−  bP−ε  ( )( )bPPz +−1  
D D D  0  ε  0  

 

Table S1. Payoff matrix, where C indicates a Cooperator and D a Defector. 

 

This payoff structure asserts that, when encountering both Private and Civil cooperators (Cs), Public Cs can 

allocate an amount δ of subsidies (S) to Private Cs and (1-δ) to Civil Cs [1]. Civil cooperators can engage in 

a form of costly punishment [2, 3] when encountering defectors, by punishing (by charging a cost P) Public 

Ds and boycotting Private Ds (by imposing a charge Pb) [4-7]. Both P and Pb are frequency dependent and 

inversely proportional to the number of civil cooperators present in the population, simulating the scale 

effect of sharing the costs of punishing [8]. Social punishment [2] as a punitive mechanism can induce 

considerable costs to both Public and Private sectors [6]. One way to overcome this confrontation and 

resolve or mitigate possible contrasting or even conflicting interests is through green alliances and 

partnerships between and among sectors. We treat alliances as voluntary approaches that surpass legal 

obligation [9]. These might include eco-labelling frameworks and corporate social responsibility (CSR), 

among other mechanisms. They are understood as complementarities that can promote collective action [10] 

and reduce the environmental impacts of each individual agent [11]. Our assumption is that when “win-win” 

alliances are established synergistic effects might emerge and enhance cooperation levels.  

In our 3-player game, synergies will exist when cooperators of two populations meet a defector of a third 

population. Thus, Civil and Public cooperators will share synergistic effects (Δ1) when meeting a Private 
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defector and Civil and Private cooperators will share synergistic effects (Δ2) when encountering Public 

defectors. We restrict our synergies’ types to those shared with the Civil sector alone. This constraint enables 

us to study how civil empowerment can impact cooperation towards common environmental goals.  

Although social punishment can be used as a mechanism to change agents’ behaviours, adaptation to new 

and greener technical and procedural processes can be highly costly to companies. Some Private defectors 

might not be willing (or capable) to make this adaptation and thus continue to produce and sell “non-green” 

products, from which they will receive a higher differential profit (ε). Albeit this advantage, Public (Cs) will 

have the possibility to counteract by imposing green taxes (γ) to ε, and thus reducing the initial market 

leverage of the former. Null payoffs are incorporated as baselines for comparing between businesses as usual 

strategies and pro environmental behaviour.   

From the above payoff matrix, and due to existing interdependences among State, Business and Society, it is 

not clear if policies that only aim at the supply side (as green taxes do) will fall short on promoting 

cooperation towards solving environmental problems, when not integrated in set of mix policy instruments 

[12]. To clarify this matter further we need to take into account the evolutionary dynamics emerging from 

the interaction between agents of all three populations, as detailed in the next section. 

 

Population dynamics 

As before, the resulting dynamics of the aforementioned model can be accessed through the study of a three-

dimensional space that encompasses all possible population configurations, regarding the number of 

individuals adopting each strategy. Let us assume three populations of size Z and that each configuration is 

defined by a point (xZ,yZ,zZ), which matches a state in which a fraction x (y, z) individuals of the Public 

(Private, Civil) population adopt green policies (Cooperates). Thereby, the vertexes comprise the scenarios in 

which the three populations are either full cooperating (C) or full defecting (D) (Figure S1). 
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Figure S1.Three player representation cube (Middle). Each edge will be described by conditions that promote the a higher fixation 

probability of cooperation (orange) or defection (blue), or both (Left and Right). 

 

As in the main text, we derive the conditions that govern the dynamics in the edges of the cube, which stand 

as a convenient simplification for dynamics over all states (including the inside of the cube) under the 

assumption of rare mutations [13-15].  

Since we are interested in how cooperation can emerge and prevail, let us start at the point of full defection 

in all sectors (DDD) and we try to uncover the conditions that will lead to coordination of all sectors – vertex 

(CCC). Concerning the edge conditions that translate into a higher fixation probability of a single cooperator 

over the fixation probability of a single defector (Figure S1), we observe that in a state of full defection 

(DDD), the Civil and Private sectors find themselves constrained by conditions that prevent cooperation 

(edges 5 and 9 in Figure S1). For the Private sector (edge 9), cooperation prevents the extra profit earned by 

not following pro-environment policies, without the advent of compensation. For the Civil sector (edge 5), 

cooperation requires the cost of being active in social punishment to both Public and Private defectors. By 

contrast, cooperation will always increase when Public cooperators impose green taxes (γ) on Private 

defectors extra profit (ε) for selling or producing non-green products (edge 10). This state-driven 

intervention might be seen as a way to address market negative externalities (e.g. Pollution) but it is not 

sufficient to achieve vertex (CCC). Nonetheless, new possibilities arise that could disentangle cooperation 

levels when the world reaches vertex (CDD), as new instruments become available (e.g. subsidies and 

synergies). The pathway to full cooperation implies adopting one of two possible routes, i.e., through Civil 

engagement in cooperation (edge 6) or Private engagement (edge 11). 
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The distinction between these two routes is central as it defines two different policy philosophies. By first 

engaging with the Civil sector (edge 6), subsidies given by Public cooperators will be used to mitigate the 

cost that Civil cooperators must endure while boycotting Private defectors. At the same time, the financial 

effort that Public cooperators must bear can be balanced with the existence of Public-Civil synergies. On the 

other hand, if conditions that enable Civil cooperation are not met, then Private engagement in cooperation 

might solve the puzzle (edge 11). Here, cooperation will be solely dependent on the balance between 

subsidies gain and taxes paid by Private agents. The amount of subsidies given will have to cover the extra 

profit (after deducing the environmental taxes). However, if the Public sector is not able to meet this 

criterion, as subsidies are costly, then Private agents will have more to gain if they maintain their strategy 

(Ds), and cooperation will thereby perish. 

The analysis above becomes clear when calculating the stationary distribution (see Methods) using a set of 

parameters’ values that will promote cooperation in all possible conditions (Figure S2). Route 

DDD→CDD→CDC→CCC (through Civil engagement first) is the most advantageous the majority of the 

times. 

       

Figure S2. Stationary distribution when all possible conditions promote cooperation (P=0.18; Pb=0.16; Δ1=0.1; Δ2=0.19; ε=0.2; 
Υ=0.33; S=0.15; δ=0.5). All sectors spend most of the time as cooperators, and the world will remain 70% of the time in configuration 

CCC (Left panel). Routes DDD->CDD->CDC->CCC and DDD->CDD->CCD->CCC are the most probable to reach state CCC. The 

relative weight of transitions between monomorphic states is represented, both along edges and within the states, by two colours 

(orange: DDD->CDD->CCD->CCC and green: DDD->CDD->CDC->CCC). Edge numbers give the ratio between the actual transition 

probability against neutral drift probability – 1/Z.  
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These results seem to suggest the need to reinforce Civil empowerment, whether through direct action of 

NGOs and/or through Public steering, by establishing conditions to strengthen citizens awareness and pro-

environmental behaviour, as well as increasing participation rates on policies design. Empirical evidence 

concur to these findings in that it has been shown that NGOs ability to influence the outcome of international 

environmental negotiations has been limited, although some of their strategies as outsiders (such as mass 

demonstrations and high media cover) have been capable of achieving successful results [16, 17]. 

 

Figure S3. Stationary distribution when vertex (CCC) is unstable by changing edge 4 condition (P=0.18; Pb=0.16; Δ1=0.1; Δ2=0.19; 
ε=0.2; Υ=0.33; S=0.19; δ=0.5). The world will spend most of the time in state DCC, followed by state CCC. Private and Civil sectors 

will remain highly cooperative though the Public sector will adopt defection more often (Left panel). The relative weight of transitions 

between monomorphic states is represented, both along edges and within the states, by two colours. 

 

The strength of the Civil sector will determine the stability of vertex (CCC). A weaker Civil sector, not 

capable of punishing effectively or forming alliances (synergies), will indirectly steer the cost of subsidizing 

to a disadvantageous balance for Public cooperators and eventually lead them to full defection. The 

significance of a stronger Civil sector becomes even more prominent when we analyse the case where vertex 

(CCC) becomes unstable (Figure S3). Here, in edge 4, cooperation is not promoted anymore (since S>P – 

see Figure S1) and the Public sector will change to full defection. 

In the above case, a strong Civil sector is needed to not only commit to social punishment but also to 

alliances with the Private sector (edges 1 and 8). When this is achieved the world will spent most of the time 

in state DCC, where the Public sector does not participate, but the demand and supply sides (Private and 

Civil) keep high levels of cooperation towards pro-environmental behaviours.  
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Our findings suggest that i) high values of synergy between Civil and Private sectors and ii) the existence of 

efficient mechanisms of punishment, both contribute to reduce the importance of the Public Sector 

(Government) in maintaining overall cooperation. 

This model is significantly more complex than the core model introduced in the main text. Naturally, it still 

does not account for all the circumstances that underlie the relations between all three sectors in reality. 

Unbalanced power relations and conflicting interests can substantially undermine governance processes [10, 

17, 18]. Nonetheless, the aforementioned idiosyncrasies can be address following the same methodological 

procedure that already led us from the core model (main text) to the one presented here (SI). Other 

extensions might also incorporate more heterogeneous populations that could account for social and 

economic differentiation and further test how unbalanced power relations can in effect change social game 

dynamics in specific cases, such as green alliances.  

The intricate role of the Public sector in empowering Civil society is mirrored in the claims of empirical 

research on the need to increase independence and strength of NGOs, by guaranteeing that symbolic 

alliances with no real and substantive outputs are not the majority [19-22]. It should also aim at regulating 

the information that is accessible to consumers [3] and thus diminish suspicions and raise confidence in 

engaging in pro-environmental behaviours [20]. 

Boycotting is an expression of political consumerism that can empower civil society, however it relies on 

highly informed and active citizens in order to reach its full potential [12]. Public policies in this domain 

should thus serve as the mainstay for heightening cooperation. How this is achieve can also be dependent on 

the institutional environment of each country [23]. And although this conundrum is beyond the scope of this 

paper, we acknowledge evidences that show that the effectiveness of alliances between non-state actors (e.g. 

NGOs and companies) and their impact on public policies can be highly marked by the institutional context 

in which they reside [1, 21, 24]. 

Centrally-driven regulations, together with “soft” steering mechanisms, can contribute to increase levels of 

awareness and change perceptions and, more importantly, behaviours – the backbones for the evolution of 
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social norms [25-27]. The message is clear here: a cooperative society towards sustainable worlds will only 

work with the involvement of all sectors of society. 
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