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ABSTRACT

Climate governance processes involve complex interactions be-
tween heterogeneous citizens, advocacy groups, media actors, and
political decision-makers. While agent-based models (ABMs) have
been widely used to study environmental policy and socio-ecological
systems, many existing approaches focus either on institutional dy-
namics or individual behavioural mechanisms in isolation. This pa-
per presents a modular multi-level agent-based architecture that in-
tegrates empirically grounded cognitive decision models with strate-
gic institutional behaviour within a unified simulation framework.
The architecture combines (i) motive-based individual decision-
making operationalised through the HUMAT and MOA frameworks,
(ii) socially embedded influence processes via demographic ho-
mophily networks, and (iii) institutional strategy modules for envi-
ronmental non-governmental organisations (NGOs), media agents,
and politicians. Political decisions emerge from the aggregation of
multiple signals, including expert input, public mobilisation, party
alignment, and media framing. The model is designed to be empiri-
cally calibrated through synthetic populations derived from survey
data and and institutional parameters informed through Living Lab
stakeholder engagement, and to support scenario-based exploration
of climate-relevant land-use governance processes. Rather than pre-
senting empirical results, this paper focuses on the architectural
design principles, modular structure, and integration logic of the
model. We discuss how this multi-layered approach contributes
to the modelling of democratic climate governance and outline
pathways for generalization and future validation.
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1 INTRODUCTION

Climate governance, particularly at the local and regional levels,
involves complex interactions among heterogeneous actors with di-
verging goals, values, and strategic incentives. Decisions regarding
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land use, infrastructure development, and environmental protec-
tion are shaped not only by formal institutional procedures but
also by citizen mobilisation, advocacy campaigns, media framing,
and political competition. These processes unfold dynamically over
time and are often characterized by feedback loops, contested legiti-
macy, and shifting public opinion. Recent research on social tipping
and climate transitions emphasizes the importance of understand-
ing how collective behavioural change and institutional dynamics
co-evolve in such systems [15].

A motivating example is democratic urban climate governance
in Vestland county, Norway, where infrastructure and land-use
proposals can create tensions between environmental protection,
economic development, mobility needs, and local political priorities.
These cases involve citizens, environmental NGOs, media actors,
planners, and elected representatives, whose interactions can shift
the political fate of a proposal over time. This provides a practical
setting for exploring how behavioural, social, and institutional
dynamics jointly shape climate-relevant governance outcomes.

Agent-based modelling (ABM) provides a suitable framework for
studying such systems, as it enables the representation of heteroge-
neous actors, bounded rationality, and decentralised interactions
within evolving socio-political environments [4]. Prior work has
applied ABMs to environmental governance, climate adaptation,
and socio-ecological transitions [1-3, 5, 12, 13, 18, 20]. However,
existing models often emphasise either institutional rule structures
or individual behavioural mechanisms, with comparatively fewer
approaches integrating empirically grounded cognitive decision
models and strategic institutional behaviour within a unified archi-
tectural framework.

In this paper, we present a modular multi-level agent-based ar-
chitecture for modelling democratic climate governance processes
centred on a land-use proposal lifecycle. The architecture integrates
three core layers: (1) a micro-level behavioural layer in which cit-
izens make decisions based on motive importance weights and
opportunity—ability constraints; (2) a meso-level social influence
layer capturing network-based conformity and information diffu-
sion; and (3) a macro-level institutional layer modelling strategic



environmental non-governmental organisations (NGOs), media
agents, and political decision-makers. Political outcomes emerge
from the structured aggregation of multiple signals, including ex-
pert assessments, public mobilisation, party alignment, and media
framing.

The primary contribution of this paper lies in its design and inte-
gration logic rather than in the presentation of empirical findings.
We describe how behavioural theory is operationalized compu-
tationally, how institutional strategies are represented, and how
these components interact through a proposal lifecycle governing
land-use decisions. The architecture is designed to be empirically
grounded through synthetic populations derived from survey data
while remaining modular and portable across cases. In its current
instantiation, the model has been developed and refined in collab-
oration with stakeholders from the Bergen Living Lab within the
Horizon Europe project PRO-CLIMATE. By articulating the design
principles and structural components of this framework, we aim
to contribute to the development of more integrated agent-based
approaches to modelling climate governance.

2 RELATED WORK

2.1 ABM:s of Climate and Environmental
Governance

As noted above, agent-based modelling has been widely applied to
the study of environmental governance, land-use dynamics, and
climate adaptation processes [8]. Such models have been used to ex-
plore resource management, policy compliance, energy transitions,
and socio-ecological feedbacks [15]. By representing heterogeneous
actors and decentralised interactions, ABMs enable the investiga-
tion of emergent outcomes arising from local decision-making and
institutional constraints.

In climate governance research, modelling efforts address both
institutional policy processes and collective behavioural dynamics,
often treating these dimensions separately [8, 15]. Some approaches
focus on rule-based interactions among institutional actors and
regulatory mechanisms, while others centre on collective action dy-
namics, norm diffusion, and transition processes in socio-technical
systems. Research on social tipping and climate transitions further
highlights the importance of understanding how citizen mobili-
sation, institutional responses, and normative shifts interact over
time [15]. More broadly, recent socio-ecological modelling work
emphasises the need to connect behavioural microfoundations with
governance and policy-level dynamics within cross-scale frame-
works [8].

2.2 Behavioural Microfoundations in ABMs

A parallel stream of research emphasizes behavioural realism and
cognitive microfoundations within agent-based systems [6, 9, 16].
Such models incorporate bounded rationality, value-based pref-
erences, social norms, learning processes, and network-mediated
influence. By modelling individual cognition and motivation explic-
itly, these approaches aim to capture heterogeneity in preferences
and decision strategies and to explain how individual-level dynam-
ics give rise to collective patterns.

While such models advance the representation of behavioural
processes, institutional actors are often simplified or treated as

exogenous constraints rather than as strategic agents embedded in
political decision processes. This separation between behavioural
microfoundations and institutional strategy can limit the capacity
of models to explore the co-evolution of public mobilisation and
formal governance outcomes.

2.3 Integrating Behavioural and Institutional
Dynamics

Recent work in socio-ecological modelling increasingly emphasises
the need to link behavioural microfoundations with institutional
and policy-level dynamics [8, 15]. Large-scale modelling efforts
further stress the importance of improved cross-scale coupling be-
tween individual decisions, collective processes, and macro-level
outcomes [7]. At the same time, methodological analyses of socio-
ecological ABMs identify the integration of human decision pro-
cesses with governance structures as a central and ongoing chal-
lenge [8].

In particular, recent analyses of socio-ecological ABMs identify
persistent challenges in integrating empirically grounded human
decision processes with governance and institutional dynamics
while maintaining transparency, modularity, and cross-scale co-
herence [8]. Addressing these challenges requires architectural ap-
proaches that explicitly structure interactions across micro-, meso-,
and macro-level components while maintaining empirical inter-
pretability.

The architecture presented in this paper is designed in response
to these integrative challenges. By combining motive-based de-
cision mechanisms, network-mediated influence processes, and
structured political signal aggregation within a unified simulation
environment, the model seeks to bridge behavioural and institu-
tional perspectives on democratic climate governance.

3 ARCHITECTURAL OVERVIEW

The purpose of the architecture is to model democratic climate
governance as a multi-layered system composed of interacting
behavioural, social, and institutional subsystems. The overall struc-
ture of the architecture and the information flows across levels are
illustrated in Figure 1. The central interaction artefact in the model
is a land-use development proposal. The proposal is introduced
during initialisation and is loaded together with pre-existing in-
stitutional evaluation signals (e.g., from urban planners and other
designated expert actors), which serve as structured inputs to the
subsequent political aggregation process. Actors embedded in the
system interact indirectly through this shared artefact and through
network-mediated influence processes.

At a high level, the architecture consists of four agent types: citi-
zens, environmental Non-Governmental Organizations (eNGOs),
media agents, and politicians. Citizens represent heterogeneous
members of the public whose decisions are shaped by motive impor-
tance weights and contextual opportunity—ability constraints. eN-
GOs act as strategic collective actors capable of mobilizing support
or opposition to development proposals. Media agents generate and
disseminate information signals that influence public perception.
Politicians aggregate multiple inputs—including expert assessments,
public mobilisation, party alignment, and media tone—into formal
decisions to accept, reject, or revise proposals.
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Figure 1: Multi-level agent-based architecture for democratic
climate governance.

These agents operate across three interconnected layers:

e Micro-level behavioural layer: Individual citizens evalu-
ate behavioral options based on motive satisfaction functions
and contextual constraints using HUMAT/MOA-derived mech-
anisms (see Section 4.3).

e Meso-level social influence layer: Citizens are embed-
ded in demographic homophily networks through which
conformity and information diffusion processes operate.

e Macro-level institutional layer: eNGOs and media agents
operate through structured processes that generate infor-
mation and mobilisation signals feeding into the political
aggregation mechanism.

As shown in Figure 1, interactions occur both vertically (mi-
cro—meso—macro coupling) and horizontally (e.g., media and eNGO
signal generation), with the land-use proposal acting as the central
interaction artefact.

3.1 Design Principles

The architecture is guided by four explicit design principles.
Multi-level integration. The model connects individual cog-

nitive mechanisms, network-mediated social influence, and insti-

tutional dynamics within a unified framework, enabling the study

of how public opinion, organized advocacy, media signals, and
political aggregation interact.

Empirical grounding. Citizen heterogeneity is initialized using
synthetic populations derived from survey data, enabling motive
importance weights, opportunity—ability constraints, and media
exposure profiles to reflect empirical distributions.

Modularity and transparency. Behavioural, social, and insti-
tutional components are implemented as separable modules with
clearly defined interfaces, supporting extension and substitution of
submodels.

Portability across cases. While the current instantiation is
calibrated to a specific empirical setting, its structure is not case-
dependent. The architecture is designed to support upscaling and
scenario testing without altering the underlying interaction logic.

3.2 Simulation Flow and Interaction Logic

After initialisation, the simulation proceeds in monthly time steps.
The sequence of processes depends on whether an eNGO is present.
If no eNGO exists, citizens may form one; if an eNGO exists, citi-
zens may decide to join it. When present, the eNGO may undertake
actions with selection and intensity modulated by its internal at-
tributes (see Section 6.1); cumulative action intensity contributes
to the pressure signal that later enters politician decision-making.

Each time step includes a media phase in which news may be
generated and disseminated through conventional and social me-
dia. Citizens receive news depending on their individual exposure
profiles, and exposure may update motive importance values (e.g.,
shifting the relative salience of environmental or economic con-
cerns depending on content).

The simulation typically runs for 12 time steps (one year). After
this period, politicians evaluate the proposal through a two-stage
process (external input aggregation followed by peer/party adjust-
ment) and produce a collective majority decision (accept, reject, or
revise), which formally terminates the simulation cycle.

The following sections describe each layer in greater detail, be-
ginning with the micro-level behavioural decision architecture.

4 MICRO-LEVEL BEHAVIOURAL LAYER:
HUMAT-MOA DECISION-MAKING

Citizen behaviour in the model is driven by an integrated HUMAT-
MOA decision framework, designed to represent psychologically
plausible choice while accounting for structural constraints and so-
cial influence. In the current instantiation, key motive importances
and opportunity/ability proxies are parameterised using survey-
response items, but the decision logic is model-agnostic and can be
re-parameterised for other contexts.

4.1 HUMAT: Motive-Based Choice

Following HUMAT [11, 14], each citizen i evaluates three behavioural
decision modules—(a) eNGO membership, (b) action protest par-
ticipation, and (c) disruptive protest participation—by comparing
expected total satisfaction for the available options within each
decision (act vs. not act). For each decision module k € %K, the
agent compares the available options o € O (e.g., act vs. not act) by
computing their expected total satisfaction. Each agent has a set of



motives m € M, grouped into (i) value motives (climate concern, na-
ture concern, and growth-first orientation), (ii) experiential motives
(perceived economic security), and (iii) social motives (conformity).
Each motive has an importance weight w; , € [0, 1] representing
how much that motive matters to agent i.

For each option o € Oy, the agent draws or computes a motive-
specific satisfaction s; , (0) and combines these into a total satisfac-
tion score:

$i(0) = D Wim - Sim(0). (1)
meM
The behavioural choice within decision module k is then defined
as:

0;; = arg grerai Si(0). (2)

Satisfaction components are static in structure but are modulated
by opportunities and abilities. The importance weights may be
dynamic (e.g., updated via network feedback or media exposure).
When multiple options yield similar total satisfaction, HUMAT
allows for additional tie-breaking through dissonance and heuristics
(see [14]).

4.2 MOA: Motivation, Opportunity, and Ability

To represent behavioural flexibility, HUMAT is extended with MOA
[17]. The key idea is that motivation alone may be insufficient for
action: opportunities (external enablers) and abilities (internal or
socially mediated capabilities) condition whether and how strongly
a given decision is experienced as satisfying.

Operationally, MOA enters as a modifier of satisfaction terms
for decisions that are theoretically aligned with a given motive.
For example, if joining an eNGO is defined as satisfying an envi-
ronmental value motive, then low opportunity (e.g., limited time
availability) or low ability (e.g., low political self-efficacy) can at-
tenuate the realised satisfaction from that decision. In the current
parameterisation, opportunity/ability modifiers are applied only
when the underlying motive—decision alignment is positive, i.e.,
they amplify (or fail to amplify) satisfaction rather than creating
motivation where none exists.

4.3 Decision Modules Implemented in the
Simulation

The behavioural layer implements three decision modules that
recur over time and jointly shape mobilisation dynamics: (i) form-
ing/joining an eNGO, (ii) participating in an action protest, and
(iii) participating in a disruptive action protest. All three modules
share the same core structure: for each decision module k, agents
compare the available options o € O (act vs. not act) using the
HUMAT satisfaction aggregation, then apply MOA constraints and
network-mediated social influence (Section 5) to update their stance
and behaviour over time.

4.3.1 Forming and Joining an Environmental NGO. If no eNGO
exists, citizens may initiate one; if an eNGO exists, citizens de-
cide whether to join. The decision is modelled as a binary choice
(join vs. not join) with motive importance weights mapped from
survey-response items in the current instantiation. For each motive,
satisfaction for joining and not joining is specified via distributions

whose means reflect the expected direction of alignment (e.g., envi-
ronmental concern increasing satisfaction from joining, perceived
economic insecurity decreasing it). The social motive of conformity
is computed endogenously from the agent’s network: letting P;
denote the proportion of i’s peers who have joined, conformity
satisfaction is represented as:
si,conf(jOin) =2P -1, si,conf(n()tj()in) =1-2P;. (3)
Opportunity and ability factors (e.g., time availability, perceived
system responsiveness, political self-efficacy, civic engagement) ad-
just satisfaction for joining when the corresponding value motives
are relevant. Additionally, eNGO presence conditions the availabil-
ity of the “join” option (i.e., joining is only possible if an eNGO
exists).

4.3.2  Participating in an Action Protest. Citizens also decide whether
to participate in an action protest. The action module uses the same

motive set as the eNGO module but with decision-specific satis-
faction distributions, reflecting differences between organisational

membership and episodic action. Participation further includes an

awareness constraint: if an agent is not aware that an action is tak-
ing place, the participation option is unavailable regardless of the

agent’s motivation. As in the eNGO module, conformity depends

on the proportion of peers who have participated.

4.3.3  Participating in a Disruptive Action Protest. Disruptive protest
is modelled as a distinct action type with higher perceived social and
personal costs. The module uses the same underlying motives and
MOA factors but adds two additional constraints. First, agents must
be aware that a disruptive protest is occurring. Second, eligibility is
restricted via an activist alignment filter derived from survey items
capturing attitudes toward disruptive climate activism. In the cur-
rent instantiation, respondents are classified into attitude categories
based on support and disapproval scores, and only the most aligned
category is eligible to receive MOA-based satisfaction modifiers for
disruptive participation. This mechanism represents the idea that
disruptive tactics are normatively acceptable and motivationally
viable only for a subset of citizens.

4.4 Summary

Together, these HUMAT-MOA modules provide a micro-level ac-
count of how heterogeneous citizens transition from inaction to
organised membership and various forms of mobilisation under
changing informational and social conditions. The next section
describes how network-mediated social influence and information
diffusion are implemented to connect individual decisions to emer-
gent collective dynamics.

5 MESO-LEVEL SOCIAL INFLUENCE LAYER

While the micro-level HUMAT-MOA framework specifies how indi-
vidual citizens evaluate behavioural options, mobilisation dynamics
depend on how citizens are embedded within social networks. The
meso-level layer models network-mediated social influence pro-
cesses that shape conformity, awareness, and (potentially) motive
salience over time.



5.1 Network Structure

Citizens are embedded in a static social network generated using
demographic homophily. Links are formed probabilistically based
on similarity across four socio-demographic attributes—age, gen-
der, education, and political orientation. This results in clustered
structures that approximate empirically observed patterns of so-
cial association. The resulting network is represented as a graph
G = (V,E), where V denotes the set of citizen agents and E the set
of undirected social ties.
Let N; denote the set of neighbours of agent i.

5.2 Conformity and Peer Exposure

The social motive of conformity is computed dynamically from the
observed behaviour of neighbours. For a given decision module k,
let P; . denote the proportion of i’s neighbours who have chosen the
active option (e.g., joining an eNGO or participating in a protest):
1 *
Puk = 77T D k(o] = act), o
Hjen;

where ¥(+) is the indicator function.

This proportion enters directly into the conformity satisfaction
term defined in Section 4.3. When peer participation increases, the
social satisfaction associated with acting increases correspondingly.
In this way, local clustering can generate reinforcement dynamics
and collective mobilisation cascades.

5.3 Awareness Diffusion

Participation in protest-based decisions requires awareness of the
event. Awareness spreads through two channels:

o Network transmission: Agents may become aware of an
action if they are members of the eNGO calling for partici-
pation.

e Media exposure: Awareness may also arise from exposure
to media signals (see Section 6.2).

If an agent is unaware of a protest event at time t, the active
participation option is unavailable in that time step. Awareness
therefore acts as a gating condition in the HUMAT evaluation
process.

5.4 Dynamic Updating of Motive Salience

In addition to behavioural diffusion, the model allows for updating
of motive importance weights in response to information signals
generated by media agents or eNGOs, conditional on individual
exposure. For example, repeated exposure to environmental framing
may increase the relative salience of environmental value motives.
Importantly, the model assumes that information exposure does
not decrease motive importance; it can only increase it.

Conditional on exposure, motive importance is updated using
an asymptotic logistic sensitivity function. For a motive m with
current importance w; ,, (t) € [0, 1], the update rule is:

Wim (£ +1) = Wim () + (1= wim(t)) o(wim(t)), (5)
where the sensitivity term is defined as:

1
1+ e k()

(©)

o(w) =

with k controlling the steepness of the response curve and 7
defining the importance level at which responsiveness is highest.

This functional form ensures three desirable behavioural prop-
erties. First, responsiveness is low when motive importance is very
low, reflecting limited receptivity. Second, responsiveness peaks
at moderate importance levels. Third, when importance is already
high, updating slows asymptotically, preventing overshooting and
modelling saturation effects.

Through repeated exposure over time, information signals can
therefore amplify existing concerns in a nonlinear and bounded
manner.

5.5 Summary

The meso-level layer operationalizes how local interaction struc-
tures transform individual decision rules into emergent collective
mobilisation patterns. Conformity effects, awareness diffusion, and
motive updating mechanisms jointly enable nonlinear participation
dynamics, including threshold effects and clustered cascades. The
next section describes how institutional actors operate at the macro
level and how political decisions aggregate signals from citizens,
experts, and media.

6 MACRO-LEVEL INSTITUTIONAL LAYER

6.1 Environmental NGOs: Strategic Mobilisation
Agents

Environmental NGOs (eNGOs) introduce organised advocacy and
strategic pressure into the governance process. In the model, eN-
GOs are autonomous agents capable of selecting among alternative
action repertoires, generating public signals, and exerting pressure
on political decision-makers. Their behaviour is structured but het-
erogeneous, reflecting differences in organisational capacity and
strategic orientation.

6.1.1 Action Repertoire. Drawing on comparative research on en-
vironmental advocacy, the full range of eNGO activities is opera-
tionalised into four action categories:

e Direct Actions: Institutional engagement strategies such
as lobbying, litigation, and formal consultation.

e Indirect Actions: Public awareness campaigns and media-
based outreach.

e Protest Actions: Conventional demonstrations and visible
public mobilisation.

¢ Disruptive Protest Actions: High-impact, norm-challenging
tactics such as blockades or symbolic disruption.

Each category represents a cluster of empirically observed strate-
gies, simplified into algorithmically tractable action types.

6.1.2 Organisational Attributes. Each eNGO is characterised by
five internal attributes:

e Resources R € [0, 1]: Financial and organisational capacity.
e Experience E > 0: Organisational maturity (years active).
Strategic Orientation S € [0, 1]: Degree of confrontational
vs. collaborative stance.

Cultural Trust T € [0, 1]: Confidence in institutional re-
sponsiveness and legitimacy.



o Political System Openness: Treated as open in the current
implementation.

These attributes condition which actions are eligible and how
strongly they influence the system.

6.1.3 Action Eligibility and Selection. Each action type is subject
to eligibility conditions based on organisational attributes. For ex-
ample:

e Direct Actions require high resources and institutional
trust.

o Protest Actions require moderate resources and are more
likely when strategic orientation is confrontational.

¢ Disruptive Actions require a strongly confrontational ori-
entation.

e Indirect Actions require only minimal resources for dis-
semination via social media, but higher resource levels for
access to conventional media channels (e.g., television, radio,
newspapers).

Eligibility does not imply execution. At each time step, eligible
actions are selected probabilistically, with probabilities scaled by
relevant organisational attributes (e.g., confrontational orientation
increases likelihood of protest selection).

6.1.4  Action Intensity. When an action is executed, it generates an
intensity score reflecting its influence on the political environment.
Intensity is computed as a weighted function of organisational
attributes and mobilisation size (for protest and disruptive protest
actions).

For institutional (direct) actions:

Tiirect = 10R + 8E + 5T. @)
For protest-based actions:
Iprotest =5R+5E+ 1OSP’ (8)

where S, denotes protest size (proportion of participating citizens).

These formulations reflect the assumption that institutional ca-
pacity drives direct engagement effectiveness, while visible partici-
pation size drives protest impact.

6.1.5 Cumulative Pressure and Diminishing Returns. Action effects
accumulate over time but exhibit diminishing marginal influence.
Let I; denote the intensity of an action at time ¢. Cumulative pres-
sure C; evolves according to a nonlinear accumulation function:

Ci+1 = Ct + vl exp(=3Cy), 9

where y controls scaling and § governs diminishing returns.

This mechanism captures saturation effects: repeated lobbying
or repeated protest actions yields progressively smaller marginal
impact. The cumulative pressure variable becomes one of the struc-
tured inputs into political decision-making (Section 6.3).

6.1.6 Indirect Actions as Information Signals. Indirect actions differ
structurally from institutional and protest-based actions. Rather
than generating direct political pressure, they produce information
signals that diffuse through media channels and affect citizen-level
motive salience.

When an indirect action is selected, the eNGO generates one
information item. Dissemination channels depend on organisational
resources:

¢ Social Media Dissemination: Available to all eNGOs with
minimal resources.

e Conventional Media Dissemination: Accessible only to
eNGOs exceeding a higher resource threshold, with proba-
bility of coverage increasing in R.

Citizen exposure depends on individual media consumption pro-
files. Agents who are members of the eNGO are assumed to receive
the signal deterministically. Non-member citizens receive the sig-
nal probabilistically based on their degree of exposure to social or
conventional media channels.

Upon exposure, motive importance weights are updated accord-
ing to the logistic updating rule defined in Section 5. Indirect ac-
tions therefore operate through a salience-amplification mechanism
rather than through cumulative pressure. Their systemic effect is
mediated via citizen behaviour, which may subsequently influence
protest size, conformity dynamics, and ultimately political aggrega-
tion.

6.1.7 Systemic Role. Through repeated action selection, intensity
generation, and cumulative pressure accumulation, eNGOs intro-
duce organised strategic behaviour into the governance system.
They influence citizens indirectly through mobilisation and infor-
mation signalling, and influence politicians directly via aggregated
pressure signals.

6.2 Media Agents: Information Framing and
Signal Generation

In addition to organised advocacy by eNGOs, the model includes
a media agent representing institutional news outlets (e.g., news-
papers, television, radio). The media agent operates continuously
and shapes the informational environment through stochastic news
generation and multi-channel dissemination. Unlike eNGOs, whose
actions are strategic and proposal-focused, the media agent pro-
vides background framing signals that modulate motive salience
across the population.

6.2.1 News Generation Process. At each time step, the media agent
generates a news item with probability p; (news frequency). When
a news item is generated, its directional framing is determined
stochastically:

e With probability p,, the news is framed as pro-environment.
e With probability 1 — p., the news is framed as pro-economic.

Each news item is disseminated via institutional media by default.
With probability ps, the same item is also shared through social
media channels. This structure reflects hybrid media ecosystems
in which mainstream content may be amplified through digital
platforms.

6.2.2  Directional Framing Effects. News framing affects which mo-
tives are amplified at the citizen level:

e Pro-environment news increases the importance of environ-
mental value motives (climate and nature concern).



e Pro-economic news increases the importance of experiential
(economic security) and value motives (growth-first orienta-
tion).

Upon exposure, motive importance weights are updated accord-
ing to the logistic updating rule defined in Section 5.

6.2.3 Heterogeneous Exposure Probabilities. As for the eNGO in-
formation signals, citizens differ in their likelihood of encountering
information signals from media agents. Each agent is assigned ex-
posure probabilities for institutional media and social media based
on self-reported media consumption profiles in the empirical data
used for parameterisation.

Institutional media exposure probability increases with the num-
ber of traditional news sources followed (television, radio, news-
papers). Social media exposure probability increases with reported
use of digital platforms and online sources. Agents with no reported
media engagement have a minimal baseline probability of exposure.

Formally, for a given channel ¢ € {institutional, social}, expo-
sure at time t is modelled as a Bernoulli trial with agent-specific
probability p; .. Only agents exposed to a given news item update
their motive importance weights.

6.2.4 Systemic Role. The media agent operates as an exogenous
but persistent framing mechanism within the governance system.
By modulating motive salience across the population, media signals
influence mobilisation decisions indirectly through the HUMAT-
MOA framework, and enter political aggregation through the media-
tone signal and its salience weighting rather than through a dedi-
cated cumulative-pressure stock variable.

6.3 Political Aggregation Mechanism

Politicians represent the final decision-makers in the governance
system. They evaluate the development proposal by aggregating
technical assessments, public signals, organised advocacy, media
framing, and internal political alignment. Rather than acting as
strict optimisers, politicians are modelled as boundedly rational
agents who balance electoral incentives, ideological commitments,
and organisational cohesion.

6.3.1 Two-Stage Decision Process. Political decision-making un-
folds in two sequential stages:

Stage 1: External Signal Aggregation. Each politician integrates
six inputs:
e Institutional Assessment (U): Technical evaluations from
planners and formal institutions.
e Societal Signal (S): Public mobilisation level.
o Media Tone (M): Aggregate directional framing of coverage.
e eNGO Pressure (D): Cumulative strategic pressure from
organised advocacy.
o Personal Stance (P): The politician’s predefined ideological
orientation.
e Party Stance (PP): Average ideological position of their
party.
Inputs are first transformed to reflect direction and intensity.
Institutional signals (U) are centered around neutrality and mod-
ulated by framing effects. Societal and media signals (S, M) are

log-ratio transformed and normalized via a tanh function to cap-
ture nonlinear majority effects. Directional inputs (D, P, PP) are
split into acceptance and rejection components.

Weight Modulation. Each input has a baseline weight. Weights
are adjusted by:
e Salience scaling (for society and media), reflecting issue
visibility.
e Strategic orientation multipliers, determined by whether
the politician is vote-seeking, policy-seeking, or office-seeking.
Adjusted weights are normalized to sum to one before aggrega-
tion.

Utility Calculation. Two utilities are computed:
Uaccept = Z W; - Xi,accepts (10)
i

Ureject = Z W; - Xi,rejectA (11)
i

A decisiveness threshold § determines the preliminary decision:
o Accept if Upccept > Ureject + 6,
® Reject if Ureject > Uaceept + 6,
o Otherwise request revision.

Stage 2: Peer and Party Adjustment. After computing a prelim-
inary decision, politicians may revise their stance through peer
comparison. Each politician evaluates the weighted support for
each decision option among peers, where influence is proportional
to party similarity.

For politician i, support for decision d is:

Support; = Z Sim(P;, P;), (12)
j#i,Dj=d
where similarity equals 1 for same-party peers and decreases
with ideological distance otherwise. The probability of maintaining
or switching position is proportional to peer support levels. This
mechanism captures intra-party negotiation and cohesion dynamics
while preserving stochastic heterogeneity.

6.3.2  Collective Outcome. After Stage 2 adjustments, the final out-
come is determined by majority vote among politicians. The option
receiving the highest number of votes (Accept, Reject, or Revision)
becomes the collective decision, concluding the simulation cycle.

7 EMPIRICAL INSTANTIATION,
CALIBRATION AND VALIDATION
STRATEGY

7.1 Case Context and Model Instantiation

To demonstrate empirical grounding and practical applicability, the
architecture has been instantiated in the context of democratic ur-
ban climate governance in Vestland county (Norway). The case con-
cerns infrastructure and land-use proposals that generate tensions
between environmental protection and economic development—an
archetypal governance dilemma involving citizens, advocacy or-
ganisations, media actors, planners, and elected officials.

The Vestland instantiation serves as a proof of concept for the
broader architecture. While the structural design of the model is



not case-dependent, parameters and agent attributes are calibrated
to reflect the empirical characteristics of this governance setting.
This ensures that the model operates within realistic demographic,
political, and informational conditions.

7.2 Calibration Strategy

Calibration has been conducted across the main subsystems of
the model. The synthetic citizen population was constructed using
data from the Norwegian Citizen Panel and the Norwegian Citizen
Survey, ensuring that demographic composition, motive impor-
tance distributions, and media exposure profiles reflect empirically
observed patterns. Politician agents were calibrated to the real com-
position of the relevant political body, including the number of
representatives and their party affiliations. Party stances on the
development-sustainability dimension and ideological similarity
indices were developed in collaboration with stakeholders in the
Bergen Living Lab, including local political and civil-society actors
with first-hand knowledge of the governance context. This Living
Lab engagement ensured that institutional parameters reflected
locally grounded interpretations rather than abstract assumptions.
eNGO attributes (e.g., resources, experience, strategic orientation)
were informed by empirical information obtained through stake-
holder engagement and case-specific knowledge. Media parameters
were calibrated using empirical data on the volume and tone of
news items related to the proposal.

This calibration is iterative rather than definitive. Parameter
values are treated as empirically informed anchors that will be
further refined through ongoing validation and sensitivity analysis.

7.3 Sensitivity Analysis

Sensitivity analysis is conducted in two stages. First, subsystem-
level sensitivity tests isolate individual components (eNGOs, politi-
cians, society) by manually varying their parameters while holding
others constant. This allows identification of parameter ranges that
meaningfully affect decision outcomes and clarifies the relative
influence of strategic orientation, mobilisation intensity, and public
sentiment. Second, full-model sensitivity analysis evaluates the inte-
grated system under dynamic interaction. Here, mobilisation, media
generation, motive updating, and political aggregation co-evolve
endogenously. This stage serves as a robustness assessment, testing
the stability of collective outcomes under plausible parameter vari-
ation. Preliminary subsystem-level analyses have been completed
for eNGOs and political aggregation, with full-system sensitivity
analysis underway.

7.4 Validation Approach

Validation combines quantitative comparison and qualitative plausi-
bility assessment. Where empirical data are available, model outputs
are compared to observed indicators such as:

e patterns of citizen mobilisation,
o voting behaviour of political representatives,
e media volume and framing.

In areas with limited data availability, validation relies on struc-
tured stakeholder engagement within the Bergen Living Lab, al-
lowing practitioners to assess behavioural plausibility, institutional

realism, and scenario relevance. This hybrid validation strategy re-
flects the complexity of governance systems, where not all relevant
mechanisms are directly observable. Uncertainties and potential
biases—particularly in areas of limited data—are explicitly docu-
mented and considered when interpreting model behaviour.

7.5 Reproducibility and Availability

The model has been developed within the Horizon Europe project
PRO-CLIMATE (grant number 101137967). The implementation is
publicly available in an open repository! and the full technical doc-
umentation is archived on Zenodo? . The model architecture also
builds on the earlier PRO-CLIMATE multi-agent computer model
deliverable [19]. Providing access to both code and documenta-
tion supports transparency, reproducibility, and future reuse of the
architecture in other governance contexts.

8 CONCLUSION AND OUTLOOK

This paper presented a multi-level agent-based architecture for
modelling democratic climate governance, integrating cognitive
decision-making, network-mediated social influence, strategic or-
ganisational behaviour, and institutional political aggregation within
a unified framework.

At the micro level, citizen behaviour is represented using a HU-
MAT-MOA decision structure that captures motive heterogeneity,
opportunity/ability constraints, and bounded rationality. At the
meso level, demographic homophily networks enable conformity
dynamics, awareness diffusion, and nonlinear updating of motive
salience. At the macro level, strategic eNGO action repertoires,
media signal generation, and weighted political aggregation mech-
anisms translate mobilisation and information signals into formal
collective decisions.

The core contribution of this work lies not in a single behavioural
mechanism, but in the architectural integration of these compo-
nents. By combining empirically grounded cognitive modelling
with strategic organisational behaviour and institutional decision
rules, the framework bridges gaps that often separate behavioural
and institutional modelling traditions.

As such, the model contributes to ongoing efforts within the
agent-based modelling community to develop architectures capa-
ble of representing complex socio-political systems in a transpar-
ent, modular, and empirically grounded manner. Future work may
further connect this architecture to LLM-powered social digital-
twinning platforms to support interactive scenario exploration,
stakeholder-facing experimentation, and more flexible interfaces
for climate governance simulations [10].
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