Understanding Ecological Self-Design through Network Environ Analysis and Design Theory

H. Jeff  Turk, Doctoral Student, University of Georgia, Biological and Agricultural Engineering, Athens, GA 

Major Professor: David K. Gattie PhD.

 jturk@gc.peachnet.edu

Ecological self-design is a commonly used expression to identify the observation that ecosystems over time self-regulate and optimize their organization and function. To date, the insight and understanding of this ability has been nebulous to the point of intractability. This can be attributed to the difficulties arising from understanding and quantifying the indirect effects of a connected system and partly because of the absence of application of an appropriate design theory.

 Network Environ Analysis is an environmental application of Leontief’s  input-output analysis. It uses a currency of matter or energy and it is a general analytical tool to study objects as part of a connected system. This ability to investigate and map ecosystems as individual compartments within a connected system is foundational to the understanding of the connectedness of nature.  Furthermore, the analysis allows effects to be parsed into direct and indirect quantities by the use of graph theory, thereby, increasing both the qualitative and quantitative understanding of the system.
Design implies organization and organization exists in various entities ranging from institutions, to electrical and mechanical products, to ecosystems. Design theory and the axioms of independence and information provide a scientific basis for the understanding of design organization through the structured mapping of uncoupled, coupled, and decoupled systems.
Upon investigation, intriguing commonalities between ecosystem description, analysis, and design theory are realized.  Among others, these similarities include environ coupling/design coupling, and ecosystem goal functions/design goals. Furthermore, and perhaps most compelling, it appears that a similar organizational mapping between ecosystem structure/ function and design structure/ function exists.
Consequently, the intent of this work is to highlight potential symmetries between the principles of design theory and environ theory through a discussion of traditional design principles within the framework of ecosystem self-organization. These potential symmetries are examined by quantitative techniques that describe and unify ecosystems as holistic units.
