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1 Introduction

The present abstract proposes the use of Agent-Based Complex Systems (ABCS)
to model the impact of policy decisions on Climate Change. ABCS is a powerful
and innovative technique of representation capable of modelling and analysing
the behaviour of the key actors in climate policy as well as the consequences of
their decisions.

1.1 Background

Climate Change poses a problem that should be tackled taking into considera-
tion the interaction between science and policy. Meanwhile scientists’ expecta-
tions about the emergence of the problem [7], the scope, the duration and its
plausible consequences are not completely defined. This is because the processes
involved in climate are not totally understood and the level of uncertainty is
remarkable. Based on these premises policy-makers try to design a series of
measures to mitigate causes and adapt societies to these possible scenarios.
However the mechanism, the speed and the priority in which this political and
social process should be developed is, in fact, an unknown factor.

Globalisation is a political convergence process where the power of decision
of each state is gradually less significant. This lack of autonomy determined by
structural constraints entails a general tendency where most policies converge
to one global policy. This is a crucial fact to understand the driving forces that
play a role in the creation of the policies.

The formulation of regulations can be based on two main goals:

• Social or ideational: responding to preferences like: social benefits,
voters, interest groups...
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• Economic: based on economic models like DICE [6] in which the problem
is defined as a cost-benefit trade-off and is reduced to a monetary problem.
Currently there exists a clear dominance of economic versus ideational
points of view. However, this approach by itself can be considered flawed
for analysing the problem of Climate Change [5]

The study of how these two goals can be combined and what consequences
result from this selection can shed light on how policies should be developed in
the future and hence identify the effects for climate.

Individually climate and how policies are designed, involve an enormous
level of complexity. If an observer tries to contemplate and understand how
both systems are influenced by each other it is highly important to analyse the
role of human beings. In order to understand the development of legislations
and agreements and in which way they influence and are influenced by Climate
Change, I propose the creation of a model coupling social and environmental
areas.

Agent-based models (ABM) and Cellular Automata (CA) have been used to
understand the interconnections, interdependences and feedbacks among a set
of individual entities. The capability of representing human decision-making
to achieve a determined goal and the emergence of new properties in a spatial
and temporal changing environment, make it a good model for our purpose.
ABM has been used in multiple disciplines, concretely in ecology [1, 2] and
social sciences [3] and the application of these techniques are increasingly more
common.

Nevertheless the underlying characteristics of a climate and policy decision-
making system requires dealing with a large quantity of different patterns and
behaviours. Cellular Automata has the drawback that it can deal with only one
pattern. The consequence of this is that an individual pattern is not rich enough
to describe the behaviour of a complex system. It is therefore compulsory to
search for a way of representing a higher level of complexity, taking into account
the problem that is: the more representation capability, the more complexity in
structure and computation.

2 The Proposed Model

I propose to increase the representational power of ABM-CA using Agent-Based
Complex Systems (ABCS) & Pattern-Oriented Modelling POM [4]. Both tech-
niques constitute a more powerful and comprehensive point of departure. Taking
observed patterns in nature as a starting point[8], the created model should be
capable of mimicking the internal organisation of the system.
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Instead of representing all the knowledge in a unique physical layer the
system will be made up of a set of layers. Each layer represents a different
area of interest and can interactuate with other layers in order to reproduce
complex phenomena. These layers could cover:

• Geography: the physical division of countries with characteristics like pop-
ulation, level of development...

• Economy: The boundaries among countries are more and more fuzzy due
to globalisation. Countries tend to group and behave according to a com-
mon set of rules given by treatments, agreements.

• Each region can have different areas of influence according to possible
factors like language, history, political regime, religion...

• Ecology: climate, biodiversity, ecology concern....

Each heterogeneous agent has associated a set of characteristics according
to the different layers where it is located. Each level can show independent
or grouped behaviour that can be conditioned by the characteristics of other
layers. Its goal can be subdivided into different parts according to these layers
and could be modified by other agents according to its level of autonomous be-
haviour. In turn, its decisions can have different levels of repercussion in other
agents with respect to its area of influence.

2.1 Potential Benefits

With the outcomes gathered from the agents in form of CO2 emissions, the
system will be able to evaluate future climatic responses studying the scenarios
constructed by the IPCC [7]. Scenarios are defined by a range of greenhouse
gas thresholds in the atmosphere. If our model concludes that in 10 years the
increment of CO2 will give rise to a 1.8 degree growth in temperature, then
we are in the scenario called B1 and the IPCC can give us information about
what are the most plausible consequences for the environment. With these data
the system can correct its behaviour relaxing or strengthening the regulations
in order to control the future effects of Climate Change. With this exchange
of information the system will trace the steps for possible future scenarios.
Exploring different suitable paths can help us to understand the essence of the
interconnection between these two systems.
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2.2 Methodology

Reality cannot be totally formalised. The key goal of modelling is to find the
appropriate level of aggregation that allows us to synthesize an effective solution.
Each additional degree of freedom represents a remarkable increment in the
efforts to structure and understand the model.

The designed architecture allows us to start from a coarse model that repre-
sents a simple pattern observed in nature and studies possible mechanisms that
give rise to these patterns. Each layer will be treated independently in a pre-
liminary phase as an independent component of the model. By an incremental
approach the model is refined and rechecked for each pattern included. When
a layer’s definition process finishes, an interconnection phase will be carried out
by the inclusion in the model of patterns that interconnect more than one layer.
Deciding the layers involved we can expand the model until achieving the com-
plexity desired.

Attributes determine the decision-making behaviour of agents along with
their strategies and goals. The application of reinforcement learning or genetic
algorithms techniques will be used to measure closeness between actions and
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goals and minimise this distance.

2.3 Testing

This phase will be accomplished from two points of view:

• Sensitivity and error analysis. This will be carried out by the analysis of
simple and hierarchical relationships between input and output parameters
of the model.

• Exploring the model structure by performing a set of comparative exper-
iments about realistic and unrealistic scenarios from the past, focusing in
the way that the outcomes are determined by the assumptions considered
and how the model is simplified and refined.
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