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DYNAMICS OF MULTI-COMPONENT NATURAL SYSTEMS:

Managing sustainability of natural resources

Prepared by Victor G. Mossotti

Statement of Problem

The issue of sustainability of natural resources is gaining importance within the U.S. Federal and state governments (U.S. Nat. Sci. and Tech. Council report: NSTC,2004). Within the context of sustainability, it is generally recognized that natural resources are linked through a web of processes that control the vitality of ecosystems −including human− over a wide range-of-scale. 
The management of sustainability involves a significant element of prediction. It is self-evident that it is critically important for land managers to understand the effect of a management decision on the dynamics of a system in which the system components are tightly linked. Thus, the issue of sustainability is virtually synonymous with the science of coupled multi-component systems, a field of study otherwise recognized as complex systems science (CxS).
The first significant finding of Cx science, and possibly the finding that launched the modern study of CxS 40 years ago, was the discovery of the phenomena termed “deterministic chaos.” CxS showed that under certain conditions, complex systems naturally evolve to a critical state where a small change in input to the system can result in significant changes in system dynamics. Under conditions of sensitive dependence, Cx systems are unpredictable, utterly (c.f., Butterfly Effect). It follows that the central problem of sustainability-management is that of understanding the dynamics of coupled multi-component systems so as to avoid unintended consequences for a given management decision. 
Objectives

This proposal is for the creation of a complex systems group that would be structured to serve all disciplines and that will be funded, as needed, by programs from all disciplines in the USGS. The group might be structured along the lines of the Geophysics Unit in Menlo Park (GUMP) that is currently administratively in Western Earth Surface Processes team. The complex systems unit, which would consist of a cadre of complex systems scientists with different sub-specialties, would take on projects that cut across many teams. The general objective would be to advance our understanding of the dynamics of multi-component systems controlling the particular set of  resources under study, and to provide a framework for supporting policy development and decision making for resource discovery and management.
Work Strategy

Analysis problems that could be addressed by the CxS Unit: * Scaling properties of geologic features for mineral assessment; * Fractal Porosity; * Fractal fracturing and fault structures; * Ore and petroleum reserves assessments; * Fractal geologic contacts;  * Disease clusters; * Self-affine multi-fractals for terraine classification; * Fsractal seismic signals; * Fractal dynamics of earth quakes; * Fractal ocean floor topography; * Energy transfers from fractal energy fields to fractal physical units; * Modeling of stratigraphic units; * Rock weathering; * Crystal growth; * Fluid percolation; * Diffusion-limited aggregation; *Ground water reservoir simulations; * Sediment winnowing, bed load, and transport; * Brain function; * Political structures and dynamics, * Marketing dynamics; * Military dynamics; * Social dynamics; * Economic structures and dynamics; * Natural hazard dynamics.

Partnerships

Land managers and agencies 
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