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Overview

Society’s response to climate change is a global, collective decision-making problem unprecedented in scale and complexity. To inform the policy process, scientists have spent the last thirty years developing integrated assessment models (IAMs) that combine the salient features of natural and social scientific theory into linked abstract representations of economic, societal, and environmental systems (Ackerman et al. 2009). These large-scale models have provided important insights, however IAMs often fall short in supporting real-world policy formulation (Schneider and Lane 2005, Weyant et al. 2006).  One reason is that, for the sake of analytical tractability, most IAMs adopt a top-down, aggregated approach to decision-making (Ackerman et al. 2009). The world is assumed to be managed by a small collection of utility-maximizing central planners. These planners are assumed to know the likelihood of all possible states of the future, have infinite cognitive ability, and be perfectly rational. Conditional on these assumptions, the model can then be used to compute the policy response to climate change that theoretically maximizes expected global or regional welfare.

In reality, any effective climate policy is likely to be the result of a vast number of non-rational responses to constraints and incentives at multiple levels.  Formally analyzing the role of a non-trivial number of stakeholders in shaping climate policy has been elusive because the inherent heterogeneity precludes tractable analysis by traditional models (Earnest 2008).  An alternative approach is represented by agent-based modeling, which employs the concept of discrete actors, each possessing a set of defining characteristics and behavioral rules. These agents reside in an environment with multiple other agents and interact according to specified protocols of communication and decision making.  Rather than focusing on equilibrium or rational choice outcomes, agent-based models are primarily concerned with the evolution of large-scale properties that naturally ‘emerge’ from a system of heterogeneous, boundedly rational agents (Lempert 2002).
We have been developing a multi-level, agent-based model that simulates both international negotiation and the domestic dynamics of the economy, energy, and climate change.  Here, we describe the structure, purpose, and early results of the domestic model.
Methods

Our domestic-level model is patterned after the family of evolutionary economic models recently developed by Dosi et al (2010).  The first step of our effort has been to expand Dosi’s primarily economic treatment to include energy and climate change considerations. This incorporates the micro-dynamics of energy technology innovation, interactions between low-level energy suppliers and consumers, and the effects of energy policy measures in uncertain economic conditions – all features that are novel relative to most aggregate energy sector models such as MESSAGE (Messner and Schrattenholzer 2000) and IMAGE (De Vries et al. 2002).
Rather than claiming predictive precision, the objective of our model is to support robust decision-making by serving as a policy and scenario discovery tool.  In the first capacity, policy formation is endogenous to the model and allows for investigation of the co-evolution of policy formation and system structure (Faber and Frenken 2009). This allows one to ask questions such as, “What are the likely enhancing or retarding factors for minimizing climate damages?”  This mode is especially useful for testing robustness to structural uncertainties, such as the heuristics used in specifying agent decision rules.  In the second capacity, as a scenario discovery tool, the model allows one to engage in fully integrated scenario creation for exogenously supplied policies, as outlined by Bryant and Lempert (2010).  A question such as, “What are the conditions under which a policy performs poorly?”  A particularly useful aspect of the scenario discovery mode is that policy solutions from other modeling frameworks can be used as inputs, allowing for testing policy robustness.
Results

Model results include time paths of key energy, economic, and climate indicators under selected tax, regulatory, and incentive structures.  By illuminating the span of future outcomes with respect to key system drivers, we expect these trajectories to reduce decision-makers’ overconfidence, identify potential policy levers, and provide insight into the robustness of policy actions.  Such scenario generation and analysis has become an important part of the IPCC’s assessment process (Moss et al. 2010).  A micro-scale approach such as ours has the significant advantage of allowing the detailed scenario storylines to be fully integrated into the quantification of outcomes.
Conclusions

Our challenge is to build an agent-based model that has the same desirable attributes as the current collection of IAMs, but does not require the strong simplifying assumptions concerning the micro-foundations of economic growth and agent cognitive ability.  As with all other agent-based models, meeting this challenge will require balancing the level of agent heterogeneity and detail such that dynamics are adequately simulated without unnecessary model complexity.  We are still working through these issues but are encouraged by our early progress.
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