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ABSTRACT

The socio-political processes that influence the acceptance of climate policies play a crucial role in shaping
mitigation strategies. In this paper, we explore the interplay between social and political dynamics and their
impact on climate policy support. Using a simplified model of the social and political system, we aim to uncover
ways to enhance public support for climate change mitigation measures. Several factors come into play when
considering policy support, including social norms, self-efficacy, social learning, and income. By examining
climate mitigation policies and accounting for shifting and inherent preferences, we shed light on how in-
dividuals contribute to processes of social change. Through simulations, we find that even minimal peer pressure
has a positive and significant impact on individuals' inclination towards green behaviours, regardless of whether
regressive or progressive policies are implemented. Additionally, assuming uniform self-efficacy across society
leads to an overestimation of society's acceptance of green policies. Our results highlight the importance of
nurturing existing skills or developing new ones. Finally, our findings reveal that regional heterogeneity matters
for climate policy acceptance.

Endogenous preferences
Social network
Multiplex network

1. Introduction

The provision of a stable climate is a global public good. As such, it
entails social dilemmas, the solutions to which require both cooperation
and considering socio-political feedback that shape mitigation strategies
(Perri et al., 2023). Climate cooperation emerges at the international
level through agreements that include, among others, mitigation
pledges. National and regional climate policies help climate pledges
materialise and need to be accepted by individuals to ensure effective
implementation (IPCC, 2018; Shukla et al., 2019; Carattini et al., 2020).
Public opposition to mitigation policies has been expressed either
through ousting decision-makers who make top-down decisions
(Crowley, 2017; Reed et al., 2019) or through bottom-up mobilisation

via social movements and demonstrations (Douenne and Fabre, 2020).
Despite widespread concern about climate change, many people fail to
engage in climate action (a cooperative behaviour) due to a gap between
attitudes towards climate change and behaviours to mitigate it
(Tjernstrom and Tietenberg, 2008; Kallbekken et al., 2011; Kallbekken
and Selen, 2011; Carattini et al., 2017; Klenert et al., 2018). This gap
depends on both structural barriers (such as poverty, income inequality
or lack of infrastructure) and individual barriers (such as social norms,
perceived self-efficacy and bounded rationality).

Using a simplified model of the political and social system, and
focusing on mitigation, we explore the relationship between social and
political dynamics and its impact on climate policy support, aiming to
uncover ways to enhance said support for climate action. To do this, we
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try to understand what drives the formation of the beliefs that are
necessary for policy support by modifying the theory of planned
behaviour (Ajzen, 1991; Fishbein and Ajzen, 2010) and integrating it
with the literature on social network to investigate how social relations
among individuals and political representative impact the support of the
policy (Teodoro et al., 2021). We additionally integrate the literatures
on political economy for green transition (Besley and Persson, 2022) and
the one that studies the relationship between voting behaviour and
norms (Ulph and Ulph, 2021; Bond et al., 2012; Muchnik et al., 2013;
Levine and Mattozzi, 2020; Cole et al., 2022).

The paper builds on the theoretical literature on the political econ-
omy of environmental and climate change policies. Although this strand
of the literature recognises the endogenous relationship between policy
design and support for climate policy (Douenne and Fabre, 2020; Dou-
enne and Fabre, 2022; Maestre-Andrés et al., 2019; Drews and Van den
Bergh, 2016; Beiser-McGrath and Bernauer, 2019; Mattauch et al., 2020;
Besley and Persson, 2022; Noeldeke et al., 2022), it does not systemat-
ically study the coevolution of policy design and support, with few ex-
ceptions (Konc et al., 2021; Konc et al., 2021; Safarzyn Ska and Van Den
Bergh, 2022). To account for the social structure, the political dynamics,
and the coevolution of such policy design and support, we design an
agent-based model (ABM) in which a political and a social layer are
represented by a multiplex network (Boguna et al., 2004; Boccaletti
et al., 2014): a network that may contain multiple systems and where
there may exist various types of relationships among nodes (Teodoro
et al.,, 2021). Such network structure accounts for feedback effects
within and between the social and the political layers. We additionally
calibrate the ABM model with the results of a survey on citizens' atti-
tudes and support for climate policies in Spain, one of the EU's largest
greenhouse gas emitters.

Our main contribution is to shed light on the mechanisms behind the
heterogeneity of individuals' climate policy support and to provide new
evidence on how society understands and thinks about climate policies.
The article also contributes to the literature that delves into the intricate
process of citizen belief formation and perceptions and examines how
these factors influence the demand for environmental regulation within
political institutions (Douenne and Fabre, 2020; Carattini et al., 2017;
Heine and Black, 2019; Klenert et al., 2018; Douenne and Fabre, 2022;
Maestre-Andrés et al., 2019; Andre et al., 2021; Teodoro et al., 2021;
Ulph and Ulph, 2021; Bond et al., 2012; Levine and Mattozzi, 2020;
Drews and Van den Bergh, 2016; Cole et al., 2022; Ghesla et al., 2020). It
applies innovative research methodologies such as Agent Based Model
(ABM) which are better suited than representative models to capture the
complexity and nuances of the coevolution of the political system and
citizens' beliefs and perceptions. The literature on the use of Agent Based
Model (ABM) for policy design (Noeldeke et al., 2022) and policy
acceptability is starting to ramp up (Konc et al., 2021; Konc et al., 2021;
Safarzyn ska and Van Den Bergh, 202,219, Savin et al., 2022) and ABM
calibrated with survey represents a novel approach that enriches the
literature on policy acceptability. The article addresses three key
research questions: to what extent are public attitudes towards climate
policies affected by social norms and self-efficacy? Do social norms and
individual self-efficacy impair the efficacy of the policies? How do social
and political institutions coevolve?

Our results provide valuable insights into the dynamics of public
support for climate change mitigation policies. First, political leadership
plays a crucial role in driving public support: when politicians fail to
demonstrate interest and commitment in addressing climate change,
public support for climate policy diminishes. Second, peer influence,
specifically through individuals' reference groups, has a significant
impact in shaping attitudes towards climate change. While individual
factors like income play a role in the acceptance of mitigation policies,
the influence of peers within social networks can either amplify or
dampen the effect of these individual factors. This finding highlights the
importance of considering social dynamics and network effects when
designing communication strategies and policy interventions. Third,

Ecological Economics 217 (2024) 108084

policies that assume all individuals possess similar capabilities have less
impact than anticipated, showing the limitations of one-size-fits-all
policies. Our final insight stresses the significance of accounting for
regional variations in public support for climate change mitigation
policies within a country. Different regions with different income levels
may respond differently to specific policies, resulting in varying levels of
support or opposition to climate policies. Failure to consider these
regional differences can lead to polarisation and hinder the successful
implementation of national mitigation policies.

The article is structured as follows: Section 2 describes the concep-
tual framework. Section 3 introduces the model used. Section 4 presents
the key findings. Section 5 summarises and concludes.

2. Conceptual framework

The acceptance of climate policies is shaped, inter alia, by the
interplay between society that demands, accepts or opposes climate
policies and politicians that supply (or fail to supply) said policies.
Analysing the coevolution of socio-political dynamics as regards climate
policy availability, knowledge, impact, ability to act and policy accep-
tance is of paramount importance if we are to align climate action to the
goals of the Paris Agreement, whose aim is to strengthen the response to
climate change and avoid its worst impacts. A Paris-aligned response to
climate change requires an unprecedented change in production, con-
sumption and distribution processes that will not occur unless climate
policies are increasingly ambitious and are actively or (at least)
passively accepted by citizens. Hence, using a simplified agent- based
model of the social and political system, calibrated using the results of a
survey, we seek to: understand the extent to which public attitudes to-
wards climate policies that have asymmetric impacts on the population
are affected by social norms, perceived self-efficacy and place of resi-
dence; and uncover ways to strengthen public support for climate
change mitigation measures, bridging the climate attitude-behaviour
gap.

The analysis stems from the assumption that to find solutions to the
climate global dilemma a change of behaviour of all actors in society is
required. The literature on behavioural change typically faces many
challenges (Bandura, 1986; Ajzen, 1991). These challenges are ampli-
fied when climate change issues are being considered, because they
entail a variety of dimensions that are complex and controversial. The
literature on climate action shows that a stumbling block to behavioural
change is the gap between attitude and deliberated behaviour, such as
engaging in mitigation and adaptation strategies (Tjernstrom and Tie-
tenberg, 2008; Kallbekken et al., 2011; Kallbekken and Selen, 2011;
Carattini et al., 2017; Klenert et al., 2018). Such gap depends on both
structural barriers and individuals' ones that call for an extension of the
theory of planned behaviour (henceforth, TPB) (Ajzen, 1991; Fishbein
and Ajzen, 2010). In fact, even if the TPB models very well the barriers at
the individual level,' it makes strong assumptions about the nature and
the interactions of the three main factors (i.e., attitudes, subjective
norms, and perceived behavioural control) supporting intention to
perform a change of behaviour. Among the several limitations of the TPB
we consider the following two. First, it does not consider how envi-
ronmental or economic factors could influence some of the determinants
of a person’ intention to perform a behaviour. Second, TPB does not
consider whether the person has acquired the skills and resources to be
successful in performing the desired behaviour, or whether that access is

! The TPB postulates that behaviour is motivated by one's intention to
perform the behaviour. The intention is determined by three other factors: the
individual's attitude (beliefs and values about the outcome of the behaviour) and
subjective norms (beliefs about what other people think the person should do or
general social pressure). Intention is also determined by an individual's beliefs
about the presence of factors that may influence the performance of the
behaviour (perceived behavioural control).
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unequal. These limitations play a significant role in justifying people's
attitudes towards supporting climate action policies.

In fact, the interaction between the personal and structural (i.e.,
social, environmental, and economic) spheres gives rise to two biases:
the misperception of the economic effects of climate policies (Douenne
and Fabre, 2022) and of effectiveness and fairness effects (Maestre-
Andrés et al.,, 2019). A recent international survey from the OECD
(Dechezlepretre et al., 2022) affirms there are three key beliefs that are
major predictors of whether people support a given climate policy: i) its
perceived effectiveness in reducing emissions, ii) its perceived distri-
butional impacts on lower-income households, iii) its perceived impact
on people's own household. In the model we add those perceptions of the
income effect of the policies as a fourth element in the function
explaining the attitudes to support climate policy (see Fig. 1).

Yet, these perceptions or beliefs are not exogenous individual traits,
but they are the result of spillover effects from structural barriers to
individual ones. That is, income class and place of residence define a
person's understanding of what is perceived as fair and achievable.
Across income groups and places of residence, both the policy effec-
tiveness and individuals' perceived self-efficacy” are socially embedded
and often empirically wrong. Income and place of residence define
reference groups, that in turn, delimit individuals' exposure and access
to information related to green policies. In other words, heterogeneity in
expectations emerges at three different stages of belief formation: in-
formation selection, information acquisition, and information process-
ing. In this paper, we seek to unveil the drivers of the formation of beliefs
that are needed for policy acceptance, and the information mechanisms
supporting it. We assume that the three information mechanisms depend
on global information, i.e., information coming from the chosen policy,
and on local information, i.e., individuals' social reference groups. In-
dividuals talk to their neighbours, observe the behaviour, or the eco-
nomic circumstances, of no more than a sub-sample of the population,
and infer the entire distribution of behaviour and beliefs from that in-
formation. If agents do not fully account for the selection process
involved in the formation of the sample they observe, their inferences
will be systematically biased. Andre et al. (2021) show that American
citizens vastly underestimate the prevalence of climate-friendly behav-
iours and norms among their fellow citizens and this underestimation of
climate norms is of concern because it hampers individual willingness to
fight climate change.

Social norms

Self-efficacy

Perception
of the
income
effect

Attitude .
Intention

to support
green
policies

Fig. 1. Conceptual framework of Intention’ formation. Model explaining in-
dividual's intention of supporting green policies, based on an extension of the
theory of planned behaviour. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

2 In TPB self-efficacy is the perceived control over the behaviour (Ajzen,
2010; Bandura, 1997).
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To account for such biased inference, we assume that individuals'
support for green policies depends on their attitude towards the policy,
on the social norms governing their reference groups (Ulph and Ulph,
2021; Konc et al., 2021; Nyborg et al., 2006; Allcott and Mullainathan,
2010; Allcott, 2011; Allcott and Rogers, 2014; Bolsen et al., 2014;
Dasgupta et al., 2016; Nyborg et al., 2016; Allcott and Kessler, 2019;
Andor et al., 2020; Szekely et al., 2021), on their perceives behavioural
control (La Barbera and Ajzen, 2020; Fishbein and Ajzen, 2010; Ban-
dura, 1997; Ajzen, 1991) and on the perceived income effect of the
policy (as seen in Fig. 1). We assume that individuals' perception of self-
efficacy is the belief that they have material and cognitive capacity and
control to understand the consequences of the policy and implement the
new behaviour defined by the policy. We assume, moreover, that self-
efficacy depends on the reference income class as sustained by the
literature (Ghesla et al., 2020; Hertwig and Griine-Yanoff, 2017): i.e.,
that the higher the economic resources the higher the perception of self-
efficacy. Distinctively according to La Barbera and Ajzen (2020), we do
not study the interaction between social norms and self-efficacy on the
intention of supporting green policy. We test whether moving from the
assumption of homogeneous self-efficacy to one of heterogeneity in-
fluences the level of support and the type of green policy.

Teodoro et al. (2021) show that social ties can increase learning
about others' climate change perception, but it highlights that such
learning is dependent of the complexity and multidimensionality of the
ties. And those studies that employ social network analysis (SNA)
frameworks and tools should account for this complexity. Unlike Fish-
bein and Ajzen (2010) and Ajzen (1991) we model social norms
considering both their structural and functional aspects. The structural
aspect of social norms is represented by citizens' reference group (Bic-
chieri, 2005). Social networks are highly stratified by socioeconomic
class: people tend to befriend others with similar incomes. The existence
of reference group leads to the phenomenon of homophily, that is the
tendency of actors that share a specific similarity to interact more
closely, and hence to influence one another, compared to actors that do
not (McPherson et al., 2001; Boguna et al., 2004; Currarini et al., 2009):
i.e., high (low) income individuals are more likely to interact with each
other than with people outside of their income class. Biased perceptions
on the cost and benefit of mitigation policies not only exist as conse-
quences of reference groups based on income level but also due to their
place of residence, especially when regional inequality is high (Susskind
et al., 2022; Duarte et al., 2022). Hence, in our model individuals
interact locally according to their income class and their residential
area. As for the functional aspect, we integrate the literature that studies
the relationship between voting behaviour and norms (Ulph and Ulph,
2021; Bond et al., 2012; Muchnik et al., 2013; Levine and Mattozzi,
2020; Cole et al., 2022) and we include social norm as an ingredient that
shapes individuals' decision to support green policies, i.e., social norms
make the decision to support to be conditional to what individuals'
neighbours themselves support. It is important to study the two features
of social norms, i.e., the structural and functional ones, because they
concur in the creation of erroneous public perceptions of the effective-
ness of a policy and hence impair its acceptance (Ulph and Ulph, 2021;
Konc et al., 2021; Cole et al., 2022; Baranzini and Carattini, 2017; All6
and Loureiro, 2014; Greif and Kingston, 2011; Greif and Laitin, 2004;
North et al., 1990; Ostrom and Basurto, 2011; Drews and Van den Bergh,
2016; Luis et al., 2018; Teodoro et al., 2021).

At the same time, the relationship between social norms and policy
acceptance is not univocal. As showed by Benabou and Tirole (2011),
laws can also serve as a means of conveying information about social
values and norms, particularly in situations where there is uncertainty or
a misunderstanding about the prevailing social norm: the attitude-
behaviour gap associated with mitigation policy support falls into such
case. In a society in which political parties show interest in mitigation
policy or, in general, in their citizens' priorities, the general attitudes of
citizen towards mitigation policy (or any other policy) become positive,
while when political parties' agenda results far from the constituents'
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needs, their support for the agenda weakens (Murray and Rivers, 2015;
McCright et al., 2014; Stadelmann-Steffen, 2011).

Therefore, building on recent research that highlights the potentially
productive role of social norms in fostering climate action (Nyborg et al.,
2006; Allcott and Mullainathan, 2010; Allcott, 2011; Allcott and Rogers,
2014; Bolsen et al., 2014; Dasgupta et al., 2016; Nyborg et al., 2016;
Allcott and Kessler, 2019; Andor et al., 2020; Szekely et al., 2021), on
the literature of social cognitive theory (Bandura, 1997) and of planned
behaviour (Ajzen, 1991; Fishbein and Ajzen, 2010), and, lastly, on the
theory of multiplex networks (Boguna et al., 2004; Boccaletti et al.,
2014) we present an evolutionary model that uses the agent-based
methodology (ABM) to describe an artificial Spanish society account-
ing for different types of bounded-rational agents whose preferences for
mitigation policies span several domains, such as economic, social, po-
litical, and subjective ones.

In our model both citizens and political institutions interact. Citizens,
which are considered as consumers and voters, interact with each other
via a peer pressure mechanism, while the interaction between political
institution and citizens occurs on the one hand via political endorsement
(linking citizens to politicians) and on the other hand via accountability®
process (linking politicians to citizens). We test different policy sce-
narios, from regressive (e.g., carbon tax whose tax proceeds are ear-
marked to specific emission reduction projects) to progressive (e.g.,
carbon tax with a social cushion compensation scheme) ones in order to
study the effect that they have on agents' policy support (Baranzini and
Carattini, 2017; Drews and Van den Bergh, 2016; Heine and Black,
2019). Finally, we calibrate the model by using data from the Elcano
Royal Institute survey evaluating Spaniards' support for elements, in-
struments and institutions of a Climate Change and Energy Transition
Law (Fig. 2).

Within this framework, we address three key research questions: (1)
To what extent are public attitudes towards climate policies affected by
social norms and self-efficacy? (2) Do social norms and individual self-
efficacy impair the efficacy of the policies? (3) How do social and po-
litical institutions coevolve?

3. The model

We consider a population of agents interacting in a fixed social
network. The agents are of two types: citizens and elected representa-
tives that occupy seats on the regional parliaments. The agents are
located on a multiplex network having two layers that we call social and
political layers, see Fig. 3.

Citizens only belong to the social layer and political seats are located
on the political layer. A generic agent k has a set of neighbours or
connections 1} for each layer, I € {P,S}, (i.e., P = political and S = so-

cial). Hence the set of all connections within layers is formed by 1} =

(n]’.’ ,nis)7 where #f; is the set of connections between the seats in the

political layer, while 7 is the set of neighbours that citizens have on the
social layer.

We implement a model where both citizens and political institutions
interact. Citizens interact with each other via a peer pressure mecha-
nism, while the interaction between political institution and citizens
occurs on the one hand via political endorsement (linking citizens to
politicians) and on the other hand via an accountability process (linking
politicians to citizens). The tool that allows us to connect the two layers,
the political and the social one, is called a multiplex network (Boguna
et al., 2004; Boccaletti et al., 2014). Moreover, we implement a double

% Standard models of accountability predict that voters will lower their sup-
port for the incumbent political actor when (s)he underperforms with respect to
the needs and desires of its constituents and the policies are effective towards
the mitigation goals.
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dividend approach to mitigation policy that considers both environ-
mental and economic effects of the taxation but in a political economy
fashion (Kallbekken et al., 2011; Kallbekken and Selen, 2011; Cole
et al., 2022; Ghesla et al., 2020; Besley and Persson, 2022): that is, we
investigate whether different policies and their perceived effect on
population provide insights on public acceptance of mitigation policies.

3.1. Social layer

Agents in the social layers are endowed with an initial opinion about
the propensity to support a green policy, ¢;. We consider two compo-
nents of propensity: personal a;; € [0,1] and social @;;. The personal
green propensity represents the individual's socio-psychological factor,
climate change perception and policy perception. Where if a;; = 1,the
agents fully support the green policy proposed by the political layer,
whereas a;; = 0 means completely opposed to a green policy. The social
component of propensity, a;;, is based on social learning of the average
behaviour of the neighbours. Through a process of observation and
opinion dynamics agents learn about others' behaviour, internalising it
as a local social norm, and updating their a;;. Yet, peer pressure is not
the only mechanism through which agents update their behaviour. The
type of policy decided in the political layer influences «;; via the
perceived income effect generated by it. Furthermore, also the self-
efficacy influences a;;. Agents update their opinion according to the
following equation:

@G _ 7[(17‘7)ai,1+0‘ﬁ}7
S Qig+ Tpy [aim(l - ai.r) }ﬁp

during peer effect stage
during policy stage M
where y = [0.99, 0.999] is the natural degree of decay of the opinion if
not sustained by the presence of a policy; o;; € (0,1) measures agent's
sensitivity to peer pressure and (1 — o) is agents' adherence to their own
opinion. Note that if 6;; = 0then the agents exhibit standard fixed
preferences. If social interactions reinforce support for the green policy,
we say that said policy (e.g., a green tax) has a positive social multiplier.
rpy measures the perceived income effect generated by a specific policy
implemented according to the income class y; and f; measures agents'
self-efficacy. Agents' income class, y; = [H, MH, M, ML, L],4 are identified
according to the position that they have in the quartile distribution. It is
the variable used to create the interaction network. In the model we
allow agents to be affected by the policy in different ways according to
their income effect r,,, where p= policy and y= income class.

The distribution of @« among the agents follows a uniform distribu-
tion. The rationale behind the construction of alpha follows, partially,
Drews and Van den Bergh (2016) which reviews the factors influencing
public support for climate policies. The authors identify three major
factors: social — psychological factors affecting climate change percep-
tion, perception of climate policy and its design, and contextual factors.
We have revised the data from Real Instituto Elcano survey (Lazaro-
Touza et al., 2019) according to the three factors mentioned above. The
data set covers only two dimensions (i.e., the first and the third). Yet, the
main variables selected to build a belong mainly to the first factor, i.e.,
the social — psychological factors and climate change perception. In the
questionnaire such factor can be summarized with the following vari-
ables: first, the environmental worldview (i.e., measured by Dunlap
etal., 2000, New Ecological Paradigm, NEP), second the variable Beliefs
about the existence of climate change (i.e., beliefs about the existence
and the human causation of climate change), and third the self-assessed
Knowledge about climate change (i.e., self-rated knowledge). According
to the data the two previous variables are distributed uniformly among
the citizens of the survey, considering regional distribution, while in-
come distribution affects only the Knowledge variable (see Fig. S1 in the
supplementary figures). Regional distribution is one of the variables

4 H=High, MH = medium-high, M = medium, ML = medium-low, L = low
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Fig. 2. The Model Dynamics. The Social Layer is composed by the citizens distributed across regions and urban and rural areas. The interaction at the social level
occurs through a probabilistic function that associates a higher probability of interaction between a resident of an urban area might interact with people residing in
the same urban area or other regions' urban area, and a lower probability that the former resident might interact with people living in non-urban areas. For example:
the focal voter (the blue voter) resides in the urban area of region A but interacts with people from the same urban area and from the non-urban area of the same
region, as well as with people of other region's (e.g., B and C) urban area. Each region will support green or brown policies according to the propensity of their
population (e.g., region A has most green supporters). Such support determines the colour of the regional seats associated with that region; for example, the seats
associated with region A will be mainly green. The Political Layer is composed by the regional seats. The seats (or set of seats per region) decide, following a
probabilistic function based on majority rules, which policy will be implemented. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Social network layer

Citizen green propensity (o)
Peer influence strength (o)

Policy implementation

Political layer

Voting for green or brown policies

under self-efficacy () EE m E EE

AVVAVAAV|VAVVAVVAAVVA
VAA #xxe AA |A AVVVY

EE

VAVV|VAVV|VAVY
AAAV|V VAAV
VA AVVA
VAAV

AVVA

Seat supporting A
green policies
Seat supporting
brown policies

Electing seats

Fig. 3. The sketch of the model dynamics. The map of Spain (on the left) represents the social network layer in which citizen interactions within and across the 18
regions (on the right) take place. Within the social network layer, the dynamics of social learning and pressure take place. Citizens elect their respective regional
political seats. The political layer represents the number and the colour of seat per autonomous region. On this layer the seats vote for green or brown policy to be
adopted. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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considered in the set of contextual factors by Drews and Van den Bergh
(2016); but given that their relationship with the socio-psychological
factor is uniform, we have decided to keep them out of the construc-
tion of a but to give them a major role in the network structure.

Agents' self-efficacy perception, f;, € (0,1), is the belief that they
have material and cognitive capacity and control to understand the
consequences of the policy and implement the new behaviour defined by
the policy. Agents' self-efficacy will be implemented as follows:

€ (0,1), heterogeneous self — efficac
L g @

1, homogeneous self — efficacy

p =1 represents a population with full and equal self-efficacy
whereas a population with heterogeneous self-efficacy has p
decreasing as the income class decreases. f; represents another instance
of agents' inertia. Inertia emerges not only because of increasing returns
to conformity but also because of the way in which individual self-views
evolve. If most members of the population do not believe in their abil-
ities to change the status quo they are more likely to unquestionably
follow the standing behavioural rule. Then, citizens may counterbalance
the policy effect with their perception of self-efficacy. The two variables
selected to build g are: on the one hand, the Perception of being able to
consume less energy and, on the other hand, the Perception that by changing
consumption behaviour individuals can help climate change mitigation.
According to the data the two variables are, on average, very high for all
income classes and regional communities but, while the two perceptions
show independence from the regional community, their association with
income is not univocal (see Fig. S2 in the supplementary figures). Thus,
as suggested by the literature (Ghesla et al., 2020; Hertwig and Griine-
Yanoff, 2017), in the model we investigate what happens to the degree
of policy support, when we move from an assumption of homogeneity to
one of heterogeneity. Hence, we model two scenarios: the first scenario
represents  homogeneous for all income levels; the second scenario
shows a self-efficacy dependent on the income classes.

In summary, every citizen's decision to vote for green policy is linked
to four motivations: their attitudes regarding voting for a green policy,
their perception of the income effect of the policy, their susceptibility to
local descriptive norms, and their self-efficacy. On this social layer, two
different dynamics take place: the social learning dynamics and the seat
election. The seats are assigned through probabilistic rule per commu-
nity. At the community level, we compute the a, of the community and
we associate the number of seats. E.g., if Andalusia, from the simulated
data, has an average a. = 0.4, hence the 40% of its seats (7 out of 18
seats), on average, will be green-friendly.

3.2. Political layer

The population of the political layer belongs to the 17 Spanish
communities and the two autonomous cities of Ceuta and Melilla; its size
per community is calibrated according to the actual regional distribution
(i.e., each community has a total number of seats in its parliament but
the colour of the seats changes according to Araujo, 2011). Each seat s is
based on the community political views a, and is characterized by a
binary political view a; € |G, B] that will determine the choice of the
policy (either green, G, or brown, B), and the number of voters (i.e.
links) n;, (that depends on the number of people sharing the same po-
litical view). We refrain from using political party affiliation in defining
the seat because as reported in the analysis from Sociedad Espanola de
Ornitologias, SEO (2018) the main political parties in Spain do not differ
in terms of supporting a climate law for Spain. The parties differ how-
ever in their climate policy instruments of choice and in the design of
policy pathways towards green transitioning: a government-centred
pathway represented by the left-wing party (i.e., PSOE), a market-
centred pathway represented by the right-wing party (i.e., PP) and a
grassroots pathway represented by left-wing populism (i.e., Unidas
Podemos). There are for sure other political parties in Spain with
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interesting energy worldviews to analyse, but it could be argued that the
selected ones are overall representative of the energy transition policy
space (Caldés et al., 2019). In the model, we indirectly account for po-
litical parties by proposing five different scenarios of policy that repre-
sent and extend the three policy pathways mentioned before.

Within the political layer, two main dynamics occur: policy decision
and implementation. The policy decision dynamics is based on seat
competition which is related to the number of links connected to each
seat, e.g., if @s = 20%, which means that the 20% of the total seats are
Green, the green policy will be adopted 20% of the time on average.
Even though this dynamic could seem very simple, it still bears impor-
tant features for the goal of the model. In fact, the model does not aim at
studying the best characteristics or the evolution of political parties'
coalition for the design of green policy. It rather pursues the goal of
showing that policy design is highly connected to strong (or weak)
support from citizens. Usually, the literature separates the political and
social layers in the analysis of policy support and design or considers one
of the two layers exogenous and given. Here instead we model the
feedback across levels by connecting them endogenously and by giving a
more complex representation. In the policy implementation dynamics,
the seats decide the income effects of the policy, r,,. In fact, each policy
(whether green or brown), when implemented, has a different income
effect on population (it is biased towards the green policy effect):

>0,
=1 o,

where y is the vector for the income class and p = [G, B] the two policies.
For each income class the policy will have an effect, for example, rg, =
[90%; 75%; 50%; 25%; 10%)] is a Green policy that has a decreasing
positive effect on all the classes and a null effect on the low income class;
this is an example of a highly regressive policy. Through this step we are
modelling the trust mechanism (or accountability process): the politi-
cians decide over a specific policy that will be the signal of trust to send
back to their constituents. A government is considered accountable
when both the political process meets the needs and desires of its con-
stituents, and when the policies are effective in delivering mitigation
goals. Once the policy is decided its effects will affect citizens' opinion
for the next time step (a reverse trust mechanism) as shown in the eq. (1)
of the evolution of a.

if Green policy is adopted

if Brown policy is adopted 3

3.3. Policy scenarios

Regarding climate change there are large asymmetries between
those whose behaviour needs to change the most and those who suffer
the most if a change does not occur. Environmental taxes are usually
perceived as regressive (Maestre-Andrés et al., 2019; Dechezlepretre
et al., 2022; Alvarez, 2019; IMF, 2019; Estrada and Santabarbara, 2021)
as they are considered to produce higher negative externalities for
middle and low-income classes, regardless of their market or
government-based nature.

In this paper we analyse market-based policies, and different policy
scenarios are presented and studied. The different scenarios are repre-
sented by different values in r;, ,which represent different effects for each
income class. We model the different scenarios as follows:

A uniform intervention is a policy that has the same effects on all the
income class regardless their capacity to absorb the externalities of the
policy. Example of uniform policy would be a carbon tax whose proceeds
are delved to general Government revenue or to reduce deficit, or to a
lump sum redistributive tool. All the income classes are impacted with
the same levy and the proceeds will be applied, randomly, to all their
needs.

Uniform green policy : r,, = [50%; 50%; 50%; 50%; 50%]

A regressive intervention is a policy that produces larger costs (or
minimum gains) on low-income classes. An example of such policy could
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be a carbon tax in which the tax proceeds are earmarked to specific
emission reduction projects such as direct public investment in low-
carbon technologies and infrastructure and subsidies and price gua-
rantees to make low-carbon energy sources more abundant and cheaper,
and R&D subsidies to spur innovation; a reduction to corporate income
tax; transfers to firms that are particularly affected or tax cuts for firms.

Regressive green policy : r,, = [90%; 75%; 50%; 25%; 10%)

A progressive policy is an intervention in which compensation to the
poor or most needy people is designed. With this policy the high-income
classes receive less gain than the rest of the population. An illustration of
such policy could be a carbon tax with compensation via social cush-
ioning, or equal pre-capital rebate to all taxpayers. Other examples
could be carbon tax associated with payment for those whose electricity
bill is a relatively higher percentage of income conditional upon
improving adaptation of the house.

Progressive green policy := r,, = [10%;25%; 50%; 75%; 90%)]

The bimodal policy affects positively both the lowest and the highest
classes. It aims to help society to transition towards a carbon free
economy by making the low-carbon option technologically and
commercially available, via R&D subsidies to spur innovation, applying
tax cuts to firms that are particularly affected, along with subsidies to
promote the deployment of the low carbon option (e.g. renewables),
while increasing fairness via a social cushion or lump sum transfer. This
type of policy tries to reduce the negative social impact but not at the
expense of macro variables like competitiveness.

Bimodal green policy : r,, = [80%;40%; 10%; 40%; 80%]

The middle-class carbon tax policy affects positively the middle class.
It aims at spending more on reform for reforming the labour market like
a payroll tax cut or a social security contribution that could reduce la-
bour costs and increase employment, and in turn, raise the household
income.

Middle class green policy : r,,, = [20%; 60%; 90%; 60%; 20%)

A summary of the main variables of the model is shown in Table 1.

3.4. Network structure

The social network layer includes 10,000 nodes, representing citi-
zens from the 18 regions of Spain divided into five different social in-
come classes. The political layer includes 200 nodes, representing the
seats from the 18 regional governments. The distributions of citizens and
seats we have implemented in the model are reported in Table 2. The
links between citizens are created using the stochastic block network
model (Holland et al., 1983) tuning connection probabilities between
citizens to have an average individual node degree of about 4, as

Table 1
Table of the Model's Parameter.
Parameter Values Definition
1o €0,1] Green propensity
2.4 €(0,1] Self-efficacy
3.0 €(0,1) Peer-pressure
4. 1py >0 Income policy effect
5. N, 10000 Citizens' population size
6. N 200 Seats' numerosity
7.Yi [H,MH,M, ML, L] Agent's income class
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suggested by the literature (Hu and Wang, 2009)°. As we model the
emergence of norms, we are interested in physical social networks (i.e., a
neighborhood, workplace network or friendship network). Many
empirical social networks of these types exhibit two common charac-
teristics (Amaral et al., 2000; Jin et al., 2001; Handcock et al., 2017): (i)
high clustering, meaning that there is a high probability for two peers of
an agent to be connected, and (ii) low average path length, meaning that
any two agents are connected through a low number of links. A sto-
chastic block model has both characteristics. In the stochastic block
model we implemented it is more likely to interact with citizens
belonging to the same social income class and region. This is the way we
implement homophily® (high likelihood of imitating the strategies of
agents similar to oneself) and reference groups that are the structural
aspect of social norms. For example, if agents i and j are from Madrid and
they are both rich, their interaction is more likely to occur than the one
with agent k that is neither from Madrid nor rich. The motivation behind
such specification is to represent how social norms are formed via local
interactions. Agents' preferences for a specific policy depend on their
learning about what other people in their neighborhood do or say. Local
interactions allow people to see the world, forge their opinion and, in
turn, modulate both their preferences regarding policy support and their
assessment of policy effectiveness. We decided to report results having a
relatively low average degree, i.e., 4, since opinion dynamics, such as
that related to peer pressure about political opinions, happens among
few strong connections between peers. The network structure is static.
However, a new network structure having similar characteristics is
created at the beginning of each new simulation.

3.5. Simulation parameters

The initial input data come from a survey designed by the Elcano
Royal Institute that has collected information on 1000 Spanish adults
(>18 years old) through interviews conducted over the phone. The data
come from stratified sampling by Autonomous Communities, applying
sex and age quotas proportional to the distribution of the population in
Spain, proportional to the distribution of the population in each of the
strata. The distribution of agents in the social layer per community
follows the Spanish demographical data while income class distributions
follow the survey data from Elcano. The distribution of seats, per com-
munity, follows the political data from Araujo (2011), while the colour
distribution, per community, depends on the survey data. The original
number of seats is 1258. In the model it is normalized to 200 seats.
Simulations were run with 10,000 individuals and 200 political seats.
Different scenarios were considered to analyse the role of different
policies and their interaction with income classes and different levels of
redistribution of the revenue from a carbon tax. The strength of social
influence (¢) determines how the propensity of agents, a;, react to
changes in propensity in their social network. To study the role of peer
pressure or social norms on the evolution of a and on the stability of a
green policy we focused on four values of o: 6 = 0 (absence of peer
pressure), o = 0.25 (low peer pressure), 6 = 0.5 (strong peer pressure),
o =1 (extreme peer pressure). For the social layer, we generated undi-
rected networks of 10,000 agents with approximately 20,000 links,
which results in a mean degree of 4 (Hu and Wang, 2009). The analysis
unfolds as follows. First, we run six policy scenarios (one for no green

5 The degree of an agent is its number of peers in the network. A mean degree
of 4 implies a very low social network density in line with empirical estimates
by, e.g., Hu and Wang (2009) and a very sparse social interactions matrix.

6 The idea behind the concept of homophily is that people's personal net-
works are homogeneous regarding many sociodemographic, behavioural, and
intrapersonal characteristics. Homophily is the mechanism through which
people make sense of the surrounding social worlds. Homophily creates a
cognitive window that has powerful implications on people's information
collection and access, on their attitudes and the interactions they experience.
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Table 2
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Calibration Table. In the last five columns we report the number of nodes by region and social income class we implemented in the model. These numbers follow the
percentages (%) per income class from the data of the survey carried out by the Royal Elcano Institute. The number of citizens per region is proportional to the actual
population of Spain in 2022 (see column Population 2022). On the other hand, the number of seats is fixed to 200 and their distribution by region is proportional to the
actual number of seats (see column Seats 2022) in the 18 governments of the autonomous communities and cities.

Region (2022) Seats Population Model Model Elcano H HM M ML L H HM M ML L
(2022) (2022) seats citizens %) (%) %) ) (%)

1 Andalucia 109 8,379,248 17 1794 170 2 11 27 34 24 52 200 496 612 432
2 Aragon 67 1,307,984 11 280 25 4 16 48 16 16 11 44 134 44 44
3 Asturias 45 1,028,135 7 220 19 10 21 21 15 31 23 46 46 34 69
4 Baleares 59 1,128,139 9 241 21 9 28 14 33 14 2 69 34 80 34
5  Canarias 70 2,126,779 11 455 34 0 5 29 38 26 0 26 133 174 120
6  Cantabria 35 580,067 6 124 12 0 16 33 16 33 0 20 41 20 41
7 Castila- 33 2,025,510 5 433 52 0 13 25 38 23 0 58 108 166 100

Mancha
8  Castillaleon 81 2,407,650 13 515 62 3 4 24 43 24 16 24 124 224 124
9  Catalunya 135 7,596,131 21 1626 163 6 19 31 34 9 99 309 508 558 149
10 Valencia 99 4,959,243 16 1061 108 4 10 24 37 24 49 108 255 393 255
11  Extremadura 65 1,072,059 10 229 19 0 0 36 36 26 0 0 84 84 60
12 Galicia 75 2,700,970 12 578 55 3 10 25 34 25 21 63 147 199 147
13 Rioja 33 315,371 5 67 6 0 0 0 50 50 0 0 0 33 33
14  Madrid 132 6,576,009 21 1408 138 4 19 33 23 18 61 275 469 336 265
15 Murcia 45 1,477,946 7 316 27 0 14 22 37 25 0 46 70 117 82
16  Navarra 50 647,219 8 138 13 0 15 53 30 0 0 21 74 42 0
17 Vasco 75 2,198,657 12 470 44 11 11 31 27 18 53 53 149 128 85
18  CeutaMelila 50 171,452 8 36 3 33 33 0 0 33 12 12 0 0 12

TOTAL 1258 46,698,569 200 10,000 971 5 14 26 30 23 423 1381 2880 3253 2060

policy, and the five green policy scenarios) with full self-efficacy, (i.e,
when g = 1). We compare, for a specific policy, the consequence of peer
effect on the global evolution of agents' support for green policies.
Second, we compare the six policy scenarios and their support by
looking at different revenue distribution strategies. The support for
specific policies is driven by both income effects linked to each specific
policy and peer effects. At the same time, we study how the design and
support for each policy influence the final number of green seats.
Finally, we show the effect of self-efficacy on the overall system evolu-
tion. The model has been developed by relying on the agent-based
approach (Epstein, 2012; Farmer and Foley, 2009), because it allows
to fully consider the heterogeneity of our consumer/worker agents, their
boundedly rational updating behaviour, and the complex interactions
among the networks that compose the artificial economy under inves-
tigation, without imposing any analytical restriction, as the traditional
approach to economics requires (Fontana, 2010; D'Orazio, 2019; Sti-
glitz, 2018).

We report average results over 100 runs for each combination of
parameters. Replications of identical policy combinations generally
varied only slightly — due to stochasticity — underpinning high robust-
ness of the results. The considered time span for the simulations is 1000
steps, for a total of 10 seat elections. We begin the simulation with the
election of political seats, which are re-elected every ten implemented
policies. Between the implementation of each policy 10 peer influence
steps are implemented. The code can be found at https://doi.org/10.
5281/zenodo0.6780132.

4. Results

In what follows we consider five different policy scenarios plus a
baseline scenario where no green policy is implemented: uniform (same
effects on all the income classes), regressive (larger costs on low-income
classes), progressive (larger costs on high-income classes), bimodal
(affects positively both the lowest and the highest classes) and middle
(affects positively the middle class).

Fig. 4 represents the six scenarios that explain why the evolution of
people's support for mitigation policy needs to be studied through
models that consider both economic incentives and peer influence. We
report the average level of green propensity among citizens (green bars
for the five social income classes: red bar for the population average)

together with the average number of green seats at the end of the
simulation (blue bar).

4.1. The feedback effect between political engagement and voters'
acceptance

Fig. 4a shows the effect that a brown policy alone (e.g., subsidising
fossil fuels) has on the evolution of people's green propensity. Whenever
the political network does not show any interest in promoting mitigation
policy, the strength of green propensity dissipates, at any level of peer
pressure, and the political green seats practically disappear in all sim-
ulations. In other words, what we observe is a coevolution of social and
political institutions. Even if all the citizens were motivated to change
and were aware that such change is necessary, no one would act alone
(Olson, 1965; Ostrom, 2000) unless enforced by a legal power that
functions as a catalyst (Székely et al., 2018; Lipari and Andrighetto,
2021). If, instead, the political layer starts showing an interest in miti-
gation policy - from Fig. 4b to Fig. 4f - the evolution of a« and the number
of seats sustaining the green policy start to rise.

4.2. Social norms, income effect and inequality

Figs. 4b to 4f also show how much the peer effect modulates the
income effect. Whenever the peer effect is null, the response to the
policy is driven only by the individual propensity and the income effect
relative to the policy. Our results show that when peer pressure, via
social learning, increases its weight, then the single income effect starts
to lose its power and the social effect increases the average propensity
non-linearly. In most of the scenarios, the peer effect already has an
impact for a low level of peer pressure (i.e., 0 = 0.25). In scenarios
presented in Fig. 4c, d, and e, the highest average propensity to support a
green policy is reached when ¢ = 0.25 while it slightly decreases for
higher levels of peer effect.

Indeed, the fact that agents share information, and interact, and by
this interaction, they form common knowledge that has an impact on the
evolution and level of final green propensity. For uniform policy, see
Fig. 4(b), for different levels of peer pressure, the average green pro-
pensity oscillates around 0.6, with slightly higher levels when peer effect
is mild or strong. For the rest of the panels, the highest level of final
green propensity is achieved for a low level of peer pressure.
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Fig. 4. The effect of green policies and peer influence on citizens' green propensity, «, and on the number of green seats. Each panel represents the final average level
of a and the final number of green seats for each policy implementation and for different degree of peer influence. When ¢ = 0 peer pressure is absent, for ¢ = 0.25
agents are exposed to low peer pressure, when ¢ = 0.5 pressure from neighbours is mild, and when ¢ = 1 neighbours' influence is pervasive. Averages and standard
errors are reported. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Finally, people's attitudes towards mitigation policy are negatively
affected by inequality and in accordance with the literature, see (Kall-
bekken and Selen, 2011; Brannlund and Persson, 2012; Carattini et al.,
2017), the scenarios that received more support (i.e. the acceptance rate
is higher) were those in which the distribution of revenue is either
uniform or progressive towards the poorer or more vulnerable members
of society (i.e. scenarios with a green policy aimed at reducing the im-
pacts on the middle-income and lower income classes). On the other
hand, it is also interesting to note how the peer effect modulates the
income effect when progressive and middle class green policies are
implemented. The two policies are designed to meet the needs of low-
and middle-income classes, according to the fair and needy principles of
redistributing the revenues. Hence, high-income classes are impacted
less positively than the others, and indeed the green propensity a of such
classes is very small when agents are not exposed to peer pressure. Yet,
when the peer effect kicks in the a for the high-income classes also
increases.

4.3. Effect of self-efficacy

In our model self-efficacy g is introduced during the policy stage.
When a new policy is implemented, that is the time in which people need
to change their behaviour and update their beliefs about their capability
to act. If their capability to act is scant (i.e., self-efficacy tends to zero)
the acceptance of the green policy will fall. This is the result that we see
in Fig. 5 when we compare the effect of all the policies in a population
with full and equal self-efficacy efficacy (5 = 1), see Fig. 5 (a), against a

population with heterogeneous self-efficacy (f decreases as the income
class decreases), see Fig. 5 (b). Fig. 5(a) shows the evolution of « in all
the policies when self-efficacy is the same for the entire population, as
results reported in Fig. 4. We can see that the type of policy affects both
the initial level and the evolution of individual's support for green so-
lutions. Hence, the across policy analysis shows that highly progressive
policies (i.e., policies that support low-income classes) and the uniform
ones (i.e. policies that impact equally all income classes) start off with a
higher initial @ and are more able to maintain that higher support across
income classes. Furthermore, the effect of peer pressure across the policy
is different. For middle and progressive policies, a very low level of peer
pressure (i.e. 6 = 0.1) is needed to boost acceptance; for uniform policy
the impact of peer pressure is not determinant in modulating the level of
acceptance as well as in the no-green policy scenario; finally, in the
bimodal and regressive scenarios peer pressure must be higher (i.e. ¢ =
0.3) to increase acceptance of green policies.

Fig. 5b shows the evolution of the green propensity a in all the
policies when self-efficacy is heterogeneous across income classes.
Heterogeneity in f is modelled taking into consideration that as we go
down the social ladder, from high-income to low-income classes, the
competences of individuals decrease. This assumption is motivated by
the tendency observed in the empirical results reported in Fig. S2b of the
supplementary figures. The effect of heterogeneous self-efficacy does
not have an impact on the ordering of policies, i.e., middle and pro-
gressive green policies are still higher than their more regressive coun-
terparts, but the initial level of a and subsequently its evolution are,
across all policies, lower than the scenario in which g is full across
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Fig. 5. Effect of self-efficacy on green propensity for all policies and peer influence. The figure shows the evolution of green propensity for each policy scenario, at
different levels of o, in the two cases where self-efficacy is considered the same for all income classes (a) and where f is decreasing as the income classes decreases (b).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

income classes. In Fig. 5b the effect of regressive and bimodal policies is
that green propensity drops even further. Moreover, there are differ-
ences between the two figures also among regressive and uniform pol-
icies. First, the middle and progressive policies in Fig. 5b start with
almost the same initial level of a, while in Fig. 5a it is not the case. As the
peer pressure increases, the sudden increase of «, in both policies, seems
to be larger when g is heterogeneous than when it is homogeneous.
Second, the gap between the two more regressive policies and the uni-
form policy is larger when g is heterogeneous. This result is very
important because if a uniform policy is designed on the assumption that
all agents have the same capabilities and that its impact is not very
different from the efficacy of regressive or middle policies, the efficacy
of the uniform policy is overestimated with respect to the real scenario
in which g is heterogeneous. The final level of a with no peer pressure
(6 = 0) undergoes a drop in all the three policies (uniform, middle and
progressive). More specifically for the middle and regressive policies the
drop is of about 0.2 points. But, in the case of the uniform policy, the

reduction is even higher (the drop is of >0.4 points). Hence, the
assumption of a homogeneous self-efficacy, that assumes people would
understand perfectly all the features of a policy, would lead to wrong
estimations of final acceptance.

4.4. Regional effect

The analysis now focuses on understanding how regions can be
effectively incorporated into the decision-making process driving
climate policy. The discussion on the implementation of national miti-
gation policies cannot be done without also considering the regional
differences within a country. Whenever we zoom in on regional analysis,
what was valid at the national level could change. After all, income
inequalities, social norms and green propensity exist not only at national
level but also at a regional level and the reaction of individuals is
mediated by their regional institutions and capabilities. Fig. 6 shows the
regional differences under three main policies (regressive, middle, and
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Fig. 6. Regional green propensity variation for three main policy scenarios (i.e., regressive, middle, and progressive green policy). The regional green propensity variation is
computed as the normalized difference between the average regional green propensity, ac, and the average national green propensity. Positive variations are colour
coded with green while negative variations are in brown. Peer pressure (c) was set at 0.25, but similar results were obtained for other values. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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progressive policies) and ¢ = 0.25. We report the normalized relative
differences between the final green propensities per community and the
national average green propensity. As one can see, the latter is not
uniformly distributed across communities since some of them react more
positively to specific policies than others. If the policy effect is more
homogeneous across the communities, the final Spanish map displays a
great portion of light grey areas. If the policy effect is heterogeneous
across communities, then we can observe polarized scenarios.

As it happens for the individual income classes the regions which are,
on average, poorer are those most negatively impacted by the regressive
policy and, consequently, their final level of green propensity tends to be
lower (e.g. Extremadura is the most impacted region in negative terms,
with a —14,3% versus the average national level), while regressive
policies benefit the regions that are richer (e.g. northern-eastern regions
are greener than the others). Once we apply a more progressive policy,
we can see the transitions towards maps that are greener in poorer re-
gions. The comparison between middle and progressive policies shows
further insights. We can observe that, given a similarly high level of
national average green propensity around 73.6%, the two scenarios are
polarized in opposite ways: richer communities (such as Navarra, Ara-
gon and Cataluna) are above the national average when a middle green
policy is implemented while the reverse scenario is observed for a pro-
gressive policy.

5. Discussion

The agent-based simulations show that the representation of
decision-making in the model strongly influences the predicted exis-
tence and the acceptance rates of green policies. In what follows we
present four channels through which the acceptance might be swayed.
We start by presenting the role played by the political level in steering
acceptance according to the intensity of green engagement of its rep-
resentatives. Then, we move to address the roles played by individuals'
income, cognitive abilities, and social preferences in the acceptance of a
policy. Finally, we present the importance of having a regional repre-
sentation of the acceptance along with the national one to single out
possible bottlenecks in the development of a policy that, in turn, would
reduce its efficacy.

5.1. Political engagement matters

Our first result underscores the crucial role of political leadership in
driving public support for climate change mitigation policies. When
politicians fail to show interest and commitment to addressing climate
change, public support for the issue diminishes at any level of peer
pressure, and the political green seats disappear. If, instead, the political
layer starts showing an interest in mitigation policy the evolution of
citizens' green propensity and the number of seats sustaining the green
policy start to rise. This first result shows the importance of approaching
the issue of cooperating in climate policy from the perspective of the
coevolution of political and social networks (Greif and Kingston, 2011;
Greif and Laitin, 2004). This result is in accordance with the literature
stating that their countries' attitude drives policymakers' action. The
higher the request for green policy, the higher the support for green seats
and, in turn, the stronger the green propensity (Murray and Rivers,
2015).

This first result suggests that regulations are necessary tools to sus-
tain citizens' propensity, but acceptability of the policy depends on how
the regulation is designed. This highlights the need for proactive
engagement (Luis et al., 2018) and advocacy from political leaders to
mobilise public opinion and galvanise support for effective climate
policies. International experience has shown the importance of sys-
tematic stakeholder engagement, at both national (Luis et al., 2018) and
regional level (see Lennox et al., 2011 for a two case studies in New
Zealand), for successful adaptation policies (Palermo and Hernandez,
2020 for a case study in various municipalities in Malaysia) and
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mitigation policies (Ferreira et al., 2022 for a case study in Portugal).
Stakeholder engagement is considered an efficient tool to design
sounding policies that reflect the need and expectation of the constitu-
ents. The importance of participation by all actors is emphasized
throughout the 2030 Agenda’ (United Nations, 2015): the engagement
is so powerful that take a considerable attention in the achievement of
SDG 13 (i.e., Climate Action). Stakeholder engagement serves two ob-
jectives: firstly, increasing the accountability of the policy cycle (i.e.,
designing policies for the needs and desires of the constituents, fostering
trust between citizen and policymakers), and secondly, helping citizens
to attain agency over the global climate dilemma.

An example of the first objective is offered by Ferreira et al. (2022)
which explores whether in Portugal stakeholders' choices align with
priority interventions, proposed solutions and expected benefits: the
results shows that stakeholders can make decisions that lead to a
coherent mitigation policy designed for sustainable cities. Yet, stake-
holder engagement in long-term sustainable development works best if
itis organised as a continuous process rather than being conducted on an
ad hoc basis or through unrelated one-off engagement exercises at
different points of the policy cycle. A structured process enables stake-
holders as well as governments to plan ahead, to assemble evidence,
reports and other material to make well-researched contributions at the
appropriate time in the policy cycle. Moreover, stakeholder engagement
works better if the voices heard are representative of the regional dif-
ferences within the country to avoid that polarisation could hinder the
successful implementation of national mitigation policies.

On the second objective, Ojala (2022) shows how collective climate
change action can lead to constructive hope, i.e., hope that strengthens
goal setting and decarbonization pathways. The paper shows how top-
down intervention like the use optimistic messages may increase
climate hope, but with varying success. Intervention focused on
solution-oriented individual and collective actions is more effective than
general progress messages. Action can lead to increased hope: engaged
individuals often report feeling more hopeful, knowing they are not
alone in addressing climate change. Stakeholder participation sessions
allow citizens to activate such actionable hope at the point of performing
prefigurative practice, where individuals become role models for sus-
tainable living.

5.2. The role of peer influence and income effect on policy acceptance

As regulation coordinates actions, peer pressure coordinates in-
tentions thanks to the effect of creating common knowledge. While in-
dividual factors like income play a role, the influence of peers within
social networks can either amplify or dampen the effect of these indi-
vidual factors.

Listening to peers and incorporating others' opinions in the evolution
of their own opinion is a sign that social consensus is building up and,
hence, social norms start influencing people's green propensity. These
results are supported by the previous literature (Nyborg et al., 2006;
Allcott, 2011; Bolsen et al., 2014; Allcott and Kessler, 2019; Andor et al.,
2020; Szekely et al., 2021; All6 and Loureiro, 2014; Van der Linden
et al., 2015). Moreover, whenever the population is strongly oriented
towards green policy, their voices influence their voting choice (i.e., the
number of green seats increases) and shape the support for climate
change policy measures among policymakers themselves (Nilsson et al.,
2004). In Fig. 4, the consequence of social learning and income effect on
the final number of green seats is evident for uniform, middle and pro-
gressive policies (higher for the latter two), which results in a higher
number of final green seats with respect to their regressive counterparts.
This is somewhat a different result from the one in Konc et al. (2022),

7 The Preamble highlights “a spirit of strengthened global solidarity, focused
in particular on the needs of the poorest and most vulnerable and with the
participation of all countries, all stakeholders and all people.”
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where social influence is expressed in terms of similarity of political
ideology and where the social network has a free scale topology where
wealthier citizens tend to be more central and influential in the social
networks with harsh consequences on the support of progressive pol-
icies. The two different results highlight the importance of network
structure in the evolution of policy support. Moreover, they highlight
the necessity of producing more studies that aim at calibrating the
network of connections of individuals.

Moreover, peer pressure has an increasing impact on the citizens'
income classes not only when a policy is benefiting them. Such an in-
crease could be determined by the homophily measure we have imple-
mented. In our model, homophily represents the reference groups of
each agent: rich citizens have a higher probability to meet other rich
ones than poorer although all income classes are connected among each
other. Hence, as soon as we allow peer pressure ¢ to increase, rich cit-
izens will be also influenced by poorer ones and, by social learning
dynamics, the high-income classes convince themselves that progressive
and middle green policies benefit society, even if the policies imply
higher costs (or lower benefit) for them. Then, the support for more
progressive policies, that would be economically subpar for higher in-
come classes, could be an expression of other motivations that in this
paper we cannot assess, like, the warm-glow effect or preference for
equity or fair distribution of the costs (Maestre-Andreés et al., 2019), or
fairness perceptions of environmental green policy. Even though the
reasons behind such an increase are beyond the scope of this paper,
successful green policy design would benefit from capitalising on these
results and adding complementary instruments, like community
engagement or citizen assemblies (Luis et al., 2018; Teodoro et al.,
2021), which, by using information transmission and network structure,
would increase citizens' support for mitigation policies. This finding
highlights the importance of considering social dynamics and network
effects when designing communication strategies and policy in-
terventions. From a policy intervention, the findings highlight, on the
one hand, the importance of having a clear understanding of the social
network in which people are embedded, and on the other hand, com-
plementary policy interventions need to be designed to increase social
interactions when homophily is present. For example, when reference
groups and social networks are highly stratified by socioeconomic class
(i.e. people tend to befriend others with similar incomes), and such
structure creates biased information towards the acceptance of mitiga-
tion policy, exposing people to a larger pool of people by means of public
consultation could break the vicious cycle biased perception on miti-
gation policy.

5.3. Effective policy is tailored to heterogeneous populations

The assumption of a homogeneous self-efficacy, that assumes people
would perfectly understand all the features of a policy, would induce an
overestimation of the final acceptance level.

The cause of such difference in « is due to the self-efficacy effect:
even though the choice of policy addresses the severity of the economic
impact that a green policy creates, people's limited competence to un-
derstand (and their perceived lack of capacity to respond to) the policy
impairs their capacity to take advantage of it and reduces their support
(Kallbekken et al., 2011). When facing the decision of how to change
their behaviour, low-income classes would abide more often by
curtailment policy (e.g., turning off lights, driving less) rather than
engage in more complex green decisions like investment in energy ef-
ficiency improvements or taking advantage of tax or financial benefits.
Thus, the efficacy of the set of policy instruments associated with middle
and progressive green policy decreases and so does the general in-
dividual's acceptance rate. Results like those depicted in Fig. 5b are
consistent with the literature on boosting policy which targets compe-
tencies and capabilities rather than immediate behaviour. Hence, to
increase the acceptance and efficacy of the already cited policies, the
policymakers might consider designing complementary interventions
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aimed at increasing f by fostering existing competencies or developing
new ones, such as financial and energy literacy, and enhancing delib-
erative capabilities (Hertwig and Griine-Yanoff, 2017).

Thus, policies that assume all individuals possess similar capabilities
have less impact than anticipated. Instead, policies tailored to the spe-
cific needs and characteristics of a heterogeneous population, particu-
larly in terms of income disparities, are more effective. By
acknowledging and addressing these differences, policymakers can
develop targeted interventions that resonate with diverse segments of
the population. Moreover, to increase the acceptance and the efficacy of
the policies, policy complementary interventions, aimed at increasing
self-efficacy, are necessary. In this research, we investigated the role of
self-efficacy biased according to income class. However, as for future
work, we intend to further study the distribution of self-efficacy at a
regional level to identify other sources of potential heterogeneity that
could affect the acceptance of the policy. Furthermore, whenever the
population is strongly oriented towards green policy, their voices in-
fluence their voting choice (i.e., the number of green seats increases) and
shape the support for climate change policy measures among policy-
makers themselves (i.e. increasing the probability of designing a green
policy).

5.4. Regional heterogeneity affects acceptance

Accounting for regional variations in public support for climate
change mitigation policies within a country is of paramount importance.
One relevant parameter of the model is the homophily measure of in-
dividuals that creates their social network. In the model, each agent
interacts with the others not only based on income level but also based
on community residency. The association between individuals allows
them to have, with a certain probability, connections with other agents
outside their income class and community of residence, hence the
display of such interaction allows an agent living in Madrid to discuss
green policy with an agent living in Andalusia. Such interaction in-
fluences the evolution of the green propensity, not only at the national
level and at the income class level, but it can also be measured at a
regional/local level. Bearing in mind also that such intermediate level
gives the policymaker a deeper understanding of impacts and an addi-
tional tool for analysis at the time of national and regional policy design.
These results are a strong indication that also regional heterogeneity is a
source of paramount information. Climate change is a global phenom-
enon with local impact. The fight against climate change cannot be won
at the expense of some regions and policymakers need a deeper under-
standing of impacts when designing national and regional policies. Ac-
cording to the OECD report (Matsumoto et al., 2019) the lack of
horizontal (e.g., different methods of gathering data on greenhouse gas
emissions) and vertical (e.g., lack of subnational authority in energy
supply, or limited access to green finance) coordination between na-
tional and subnational government reduces the possibility of the latter to
reach their full mitigation potential. To solve this policy misalignment
between national and subnational governments, the policymakers need
to strengthen the coordination at the national and local levels by
developing and implementing plans, policy tools, or localised reporting
and monitoring frameworks.

Thus, policymakers must adopt a nuanced approach that considers
regional contexts and engages with local stakeholders to ensure broader
public acceptance and cooperation. Even though in this study we assess
the effect of national policy on the regions, an interesting extension of
the model should consider also regional-oriented policy. Said extension
could highlight our last results that show that regional inequalities, as
well as regional polarisation of social norms (for green or brown pol-
icies) are sources of information that should be accounted for and
addressed when policies are designed.
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6. Conclusions

The challenge posed by climate change calls for policymaking that
looks at both the demand and the supply sides of mitigation through/
with a deeper understanding of the determinants and the dynamics of
policy support. In the literature on climate change modelling, the socio-
political processes which determine climate policy are treated as exog-
enous. Our main theoretical contribution is identifying the relevant
feedback processes between social and political levels, that are present
in a vast and interdisciplinary literature, and connecting them in a
stylised model of the social and political system aimed at understanding
how to achieve higher support for climate change mitigation policies.
Our findings help enhance current understanding of the complexities of
public opinion and provide valuable guidance for policymakers aiming
to foster widespread support for climate change mitigation initiatives.
Our policy contributions to practitioners and policymakers are twofold.
On the one hand, the support for climate change mitigation actions
depends on the coevolution of regulation, market-oriented policies, and
social contexts. On the other hand, policy acceptance requires an un-
derstanding of the role that individual and regional heterogeneity play.
For this reason, the design of environmental and climate policies should
account for both aspects.

To reach those results, we applied our framework to green policy
analysis and developed a model of political support of climate mitigation
policy with socially embedded agents. The simulations demonstrate that
the assumed representation for voters' decision-making significantly
impacts predicted acceptance rates. Their acceptance of the policy is a
function of four individual variables: individuals' intrinsic preferences
for green policies, peer influence arising from their social network, their
perceived self-efficacy, and the income effect of the policy. In this
setting, policy acceptance and voting decisions are affected directly by
the income effect and indirectly by the influence of peers. Another
important element for acceptance is political engagement.

Our first result underscores the importance of modelling the feed-
back effects existing between political engagement and voters' support
for the policy. Political leadership plays a critical role in garnering
public support for climate change mitigation policies. If politicians fail
to show interest and commitment in addressing climate change, public
support wanes and the political representation supporting environ-
mental policies diminishes.

Our second result reveals the importance of peer influence and net-
works. While individual factors such as income have an influence, the
power of peers within social networks can enhance or diminish the
impact of these individual factors. When the weight of peer pressure
increases, via social learning through individuals' reference groups, the
single-income effect starts to lose its grip and the social effect increases
the average propensity to accept green policies non-linearly.

Third, the simulation highlights the limitations of one-size-fits-all
approaches to climate policy. Generally, the results highlight the
importance of choosing an adequate approach to represent voters'
decision-making in models as a prerequisite for reliable policy recom-
mendations. Inappropriate representation of voters' decision making can
lead to over or under estimation of acceptance rates, which can mislead
policymakers and even prevent them from providing the needed sup-
port. Assuming people have the same self-efficacy would lead to wrong
estimations of policy acceptance. Finally, the effect of regional analysis
shows that the national level of green propensity to accept green policies
offers the policymaker only a partial representation of reality. It is
crucial to acknowledge that different communities may respond differ-
ently to specific policies, resulting in varying levels of support or op-
position to mitigation policies. Failure to consider these regional
differences can lead to polarisation and hinder the successful imple-
mentation of national mitigation policies. Policies that on average seem
optimal could have a reverse effect when observed at the regional level.

These results offer possible avenues for future research in three di-
mensions: the decision making, policy-type, and multiplex network
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dimensions. The decision-making dimension seems the most promising,
with several possible model extensions. First, currently the initial alpha
is uniformly distributed between 0 and 1. What happens if its distribu-
tion is more polarized on average or with respect to income and regions?
High polarisation of initial acceptance could reduce the impact of social
influence and the optimal level of ¢ could be higher than we found (i.e.,
the exposure to others' opinions should be larger). Related to the pre-
vious assumption, such polarisation is more likely to happen when social
influence plays a strong role in preferences' formation. Further analysis
could also be done on sigma, which now is the same for the entire
population. If social learning intensity is wider, i.e., people's interaction
goes beyond their geography or income class via participatory in-
struments, then they are exposed to a higher diversity of opinions and
ideas and such exposure could increase the green propensity. On the
contrary, if social learning occurs in a niche, i.e., people interact only
with their neighbours, opinions become polarized preventing the
emergence of a coordinated action for voting green. A third extension
could collect primary data on ¢ by asking citizens to elicit both their
social network and the degree of interaction with it. Regarding the
policy-type dimension, this model could be adapted to assess the
acceptability of adaptation policies. As regards the multiplex network
dimension, an interesting extension would be to add an intermediate
level representing either the companies or sub-national institutions.

Additional information

Accession codes. The simulation code and results to generate the
figures can be found at: https://doi.org/10.5281/zenodo.6780132.
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