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Abstract:

Agent-based models have been extensively used for simulating land-use dynamics. Land-use patterns are produced from a complex set of interacting socioeconomic and biophysical processes that lead to a suite of complex characteristics, including self-organization, bifurcation, path dependence, and adaptation; land-use systems are complex adaptive spatial systems. Agent-based simulations of complex adaptive spatial systems present unique challenges for model validation and evaluation because cause-effect relations often emerge from these characteristics. In this paper, we present a provenance-aware agent-based modeling framework designed to explicitly capture system state and transitions trajectories, and to elicit rules that explain how and why models of complex systems produce particular results of interest. This design is based on spatiotemporal graphs wherein states are represented as nodes and transitions as edges. Analysis of the resulting structure helps researchers understand the provenance of spatiotemporal patterns manifested in model results and offers insight into such issues as equifinality and multifinality. An agent-based model of rangeland management is used as a case study to investigate the utility of the provenance-aware framework in supporting the capture and analysis of complex phenomena in land-use systems. In this model, agents make decisions about land management (e.g., ranch, sell, develop) and collectively interact to set development and conservation policy. Experimental results indicate that the provenance-aware framework provides support for explicitly representing the pattern-process interactions of land use phenomena and, thus, enhances the understanding of dynamics in complex adaptive spatial systems.

