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                    Abstract
Understanding the complex, dynamic, and non-linear relationships between human activities, the environment and the evolution of the climate is pivotal for policy design and requires appropriate tools. Despite the existence of different attempts to link the economy (or parts of it) to the evolution of the climate, results have often been disappointing and criticized. In this paper, we discuss the use of agent-based modeling for climate policy integrated assessment. First, we identify the main limitations of current mainstream models and stress how framing the problem from a complex system perspective might help, in particular when extreme climate conditions are at stake and general equilibrium effects are questionable. Second, we present two agent-based models that serve as prototypes for the analysis of coupled climate, energy, and macroeconomic dynamics. We argue that such models constitute examples of a promising approach for the integrated assessment of climate change and economic dynamics. They allow a bottom-up representation of climate damages and their cross-sectoral percolation, naturally embed distributional issues, and traditionally account for the role of finance in sustaining economic development and shaping the dynamics of energy transitions. All these issues are at the fore-front of the research in integrated assessment. Finally, we provide a careful discussion of testable policy exercises, modeling limitations, and open challenges for this stream of research. Notwithstanding great potential, there is a long way-to-go for agent-based models to catch-up with the richness of many existing integrated assessment models and overcome their major problems. This should encourage research in the area.
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                    Notes
	Here, we refer to standard integrated assessment models as those used in the economics literature and pioneered by Nordhaus (1992). These models are mainly concerned with cost-benefit assessments. Differently, main models surveyed within the IPCC reports, despite being mostly CGE based, are employed to project socio-economic conditions under different scenarios and to assess different mitigation pathways. See Clarke et al. (2009) for an overview of these models, Emmerling et al. (2016) for a recent and detailed example, and Kriegler et al. (2015) for a policy application and multi-model comparison.


	ABM have limitations as well. In particular, they are rather difficult to parameterize and validate. In addition, they are computationally intensive and they are prone to over-complexity that could make it difficult for modelers to understand agents’ response and models’ results. They also require more robust statistical validation tools, although important steps have recently been made (see, e.g., Fagiolo et al. 2017; Lamperti 2017a, b; Guerini and Moneta 2017; Cirillo and Gallegati 2012).


	For example, in Dell et al. (2012), temperature shocks do not seem to affect developed economies over the available sample period of 50 years.


	Despite having been often misunderstood, the results of World3 simulations are still partially valid today. See Pasqualino et al. (2015) for a recent recalibration of World3.


	Recent works have started to address the lack of flexibility of SD models to represent micro-level behavior by introducing sectors characterized by a representative agent with a specific behavioral function, see, e.g., Monasterolo and Raberto (2018). A blossoming literature on hybrid SD-ABM is exemplified by Monasterolo et al. (2014).


	Indeed, IAMs lack an explicit representation of climate change risks to the different types of business and financial actors, and do not include a financial sector. Therefore, these models are not fit for analyzing how climate change affects macroeconomic and financial stability, nor the effects on systemic risk formation and wealth concentration, which are highly relevant topics in the climate-finance arena (see, e.g., Carney 2016; Monasterolo et al. 2016).


	Such conclusions have later been obtained in a general equilibrium model by Acemoglu et al. (2012). See also Lamperti et al. (2015), where this policy mix is contrasted with a regulatory policy intervention.


	Much research remains to be done on the financing of low-carbon transition. Different types of green fiscal (carbon tax, tax relief, and breaks on investment in renewables) and targeted monetary policies (green bonds and quantitative easing) are simulated in the Eirin model (Monasterolo and Raberto 2018), which combines SD and ABM features. The structure of the relationships among financial institutions might also be crucial for the stability of the whole system in the face of climate change. Battiston et al. (2017) use a macro-network stress testing model (Battiston et al. 2012; Bardoscia et al. 2015) and find that the direct exposure to fossil fuel and energy-intensive sectors, while limited overall, is relevant for investment funds, which in turn are highly connected with the banking system.


	On the contrary, Okuyama and Santos (2014) discuss and devote a special issue of Economic Systems Research to combine the treatment of climate-related disasters within standard input-output or computable general equilibrium models. The interested reader might also want to look at Guha-Sapir and Santos (2013) and Kousky (2014) for a critical discussion of impact-assessment and modeling practices in the context of natural disasters.


	As explained in Haas and Jaeger (2005), LAGOM is a Swedish word denoting a sense of balance and harmony, perhaps akin to the Chinese “Tao.” This inspired the authors when choosing a name for their model.


	See, e.g. http://data.worldbank.org/ for relevant data in this respect.


	Information on RICE and references to the first versions of DICE can be found in Nordhaus and Yang (1996).


	Other contributions belonging to the so-called K + S family include Dosi et al. (2015, 2017) and Dosi et al. (2016).


	Labor productivity is defined as the output per labor unit employed, energy efficiency measures the output per unit of energy, and environmental friendliness captures the amount of C02 emissions for each energy unit used in the production process.


	On the importance of climate shocks for short-run dynamics, see Rogoff (2016).


	The interested reader might also want to have a look at Dosi et al. (2016), where the properties of the K + S model family, to which DSK belongs, are detailed.


	In particular, the model has been calibrated through an indirect calibration exercise (Windrum et al. 2007). The model is able to track the historical evolution of the world economy with respect to a variety of measures, including output growth rates, unemployment levels, emissions growth rates, and final energy consumption.


	See World Bank, WDI: http://wdi.worldbank.org/table/2.5.


	The 20% target is informative in Europe due to the so called 20-20-20 strategy.


	The carbon cycle feedback exert a relatively greater effect when the state variables in the climate box move away from the assumed pre-industrial equilibrium, while their effects becomes less important (relatively to the same change in the state variables) when climate change becomes aggressive. Given the uncertainties surrounding, the behavior of the carbon cycle under extreme conditions our modeling effort might underestimate the effects of the assumed feedback.


	To the best of the authors’ knowledge, Tol (1997) provides the only IAM allowing for sector-specific climate damages, but it does not allow for agent specific shocks and does not explain how sectoral damages emerge (e.g., productivity loss, efficiency loss, capital stock loss). There are also different models with regionally heterogeneous damages (Nordhaus and Yang 1996; Bosetti et al. 2006; Anthoff and Tol 2009), but they resort to region-specific damage or welfare functions.


	The interest reader may find a systematic comparison of different modeling approaches to integrated assessment within the supplementary online materials.


	See also the data provided by the NASA’s Socio Economic Data and Applications Center (http://sedac.ciesin.columbia.edu/theme/hazards/data/sets/browse) and by the University of South Carolina’s SHELDUS initiative (http://hvri.geog.sc.edu/SHELDUS/).
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