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Definition of Complex Adaptive Systems 

This paper needs a small  "warning to reader" label. It is filled with the new jargon of complexity science. But you do not need to understand every term at the outset to start the journey into understanding complexity.

Complex adaptive systems are ubiquitous. Stock markets, human bodies, forest ecosystems, manufacturing businesses, immune systems and hospitals are all examples of CAS. What is a complex adaptive system (CAS)? The three words in the name are each significant in the definition. 'Complex' implies diversity - a great number of connections between a wide variety of elements. 'Adaptive' suggests the capacity to alter or change - the ability to learn from experience. A 'system' is a set of connected or interdependent things. The 'things' in a CAS are independent agents. An agent may be a person, a molecule, a species, or an organization among many others. These agents act based on local knowledge and conditions. Their individual moves are not controlled by a central body, master neuron or CEO. A CAS has a densely connected web of interacting agents each operating from their own schema or local knowledge. In human systems, schemata are the mental models which an individual uses to make sense of their world.

Some of the paradoxes of complexity
Complexity science is highly paradoxical. As you study the world through a complexity lens you will be continually confronted with 'both-and' rather than 'either-or' thinking. The paradoxes of complexity are that both sides of many apparent contradictions are true.

The first of these paradoxes is that the systemic nature of a CAS implies interdependence yet each of the elements which are interdependent are able to act independently. Interdependence and independence co-exist.

Another paradox in complexity is that simple patterns of interaction can create huge numbers of potential outcomes. Simplicity leads to complexity.  CAS operate in a context that is frequently unpredictable; not merely unknown but unknowable. Yet it is the agents' propensity to predict based on schema of local conditions that allow them to act in an apparently coherent manner.

Complexity science is the study of living systems but living systems die.  As a metaphor associated with life, it needs to encompass all aspects of the life cycle. Death is part of this cycle. The traditional management literature's depiction of the life cycle begins at birth and ends at decline. Complexity also includes the study of death and renewal.

From Lifecycle to Ecocycle:
Renewal via “Destruction” and Encouraging Diversity for Sustainability
	The basic idea:


The evolution and sustainability of complex adaptive systems includes the natural and necessary processes of destruction and renewal. The ecocycle framework invites leaders to think about what they need to deliberately destroy or stop doing to facilitate the renewal of their work. 

Drawing from biological systems, the ecocycle also suggests a need for a "healthy" organization or system to have parts (or aspects) of the organization in every phase of the ecocycle. Diversity in the phases of ecocycle is crucial for the sustainability of a complex adaptive system.

	

	
	
	Potential context for use:
· To identify things that you should stop doing in order to support the renewal of the work 

· To recognize when you are complicit in perpetuating the very things you know need to be stopped 

· To redirect energy and reallocate resources to activities that support renewal and change.

· To determine the skills and attributes needed for a management team, board of directors or project team.

· As a contingency framework, to determine which techniques or approaches are needed for different phases of work.

· To encourage diversity in the stages of the ecocycle by recognizing that healthy organizations or systems exhibit all phases of renewal, birth, maturity and destruction.



	
	
	Description:
The lifecycle model of organizations has proven useful to understand the growth and maturity of industries and organizations. It has been called the S curve in business schools. It depicts the birth, growth and maturity or a business or industry.
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However, the S curve has failed to address other aspects of living systems: their death and conception, in other words the phases of destruction and renewal. The model is silent on these aspects of a true life cycle. The ecocycle extends the lifecycle concept to incorporate these dimensions. The evolution and sustainability of complex adaptive systems includes the natural and necessary roles of destruction and renewal. The paradox is that renewal and long term viability requires destruction. 

The ecocycle concept is used in biology and depicted as an infinity loop. In this case, the S curve of the business school life cycle model is complemented by a reverse S curve. It is the reverse S curve, shown below with the dotted line, that represents the death and conception of living systems. In our depiction of the model, we call these stages creative destruction and renewal. The importance of the infinity loop is that it shows there is not beginning or end. The stages are all connected to each other. Hence renewal and destruction are part of an ongoing process.
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Being an infinity cycle, there is no obvious start or end to the cycle. Let us begin our examination of the stages at the beginning of the traditional S curve. We will begin each phase by using the biological example of a forest and then look at the analogous phase in human organizations.

	
	
	The lower left-hand quadrant is the birth and early stage of life phase. This may be an open patch in a forest. This state is characterized by a wide variety of species all competing for the resources. There is usually not one dominant species. There are a lot of births in this stage, however, many of the new births do not reach maturity. 

In human organizations, this is the early "entrepreneurial" phase of an industry or organization. This is a period of high energy, lots of new ideas and trial and error learning. Resources are spread over a variety of projects or activities.
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In the forest, after a while the open space becomes crowded, competition starts to require efficiency. Fewer species are supported as the resources become consolidated or conserved in a few trees that begin to dominate the space. This maturity or conservation phase is the upper right hand quadrant on the ecocycle.

In human organizations, traveling up the S curve from the lower left-hand quadrant to the upper right hand quadrant has been the mainstay of business wisdom for the past 50 years. Strategic planning, budgeting and most control systems are designed for this process of consolidation and improving efficiency. Streamlining operations and allocating resources with more predictable returns is good management as you move through this phase.
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	We now move to the reverse S curve as we move to the lower right hand quadrant. This is the phase of creative destruction or in our forest analogy: the forest fire. The system is not fully destroyed. But this is not obvious to the naked eye. The burning of the trees and dead wood releases nutrients and genetic material into the soil to create the conditions for new growth. 

In human organizations, the creative destruction phase may require dismantling systems and structures that have become too rigid, have too little variety and are not responsive to the current needs of the community (or market). An additional level of difficulty in human organizations is the consciousness of the participants who may cling to the old ways because they were the keys to success as they moved up the S curve. This can be a very disturbing, unsettling time for organizations as assumptions need to be exposed and re-examined in light of changing needs and environments. However, the creative aspect of the creative destruction phase also indicates the potential for this to be a period of high innovation and new insights.
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The quadrant in the upper left completes the reverse S curve and the ecocycle. This is the mobilization and renewal phase. In a forest, this is the phase after the fire where open spaces have now been created. The soil is rich with nutrients and the number of possibilities of how these nutrients will be recombined is very great. It is rich with potential but it is not at all clear what combinations will be most successful. 

	
	
	In organizational terms, this is a phase where the needs of the organization are not about increasing efficiency or even effectiveness. Instead, this is a stage of creating connections, mobilizing resources and skills to create the next generation of effective (and eventually efficient) goods and services. 
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	As the brief descriptions above show, the role of the manager and of the leader change radically when moving up the S curve as opposed to travelling the reverse S curve. The lessons from complexity science are highly relevant to traveling the reverse S curve.

Looking at a forest analogy, we learn several things about the ecocycle. First, a healthy forest exhibits patch dynamics. In other words, a healthy forest has all parts of the ecocycle in evidence. Some parts of the forest are dense with mature trees. Other parts are open patches in which life is not obvious to the naked eye. A healthy forest will have areas of new growth with many species. Finally, there are parts of the forest which are in periods of destruction perhaps through a fire, flood or disease. 

Patch dynamics are healthy for forests. Yet they look untidy and a bit disorganized. From an aerial view, the unbroken blanket of mature trees may be more aesthetically appealing, but history has shown that a forest in this state is brittle and can be completely devastated by, for example, a fire. Here is the paradox. The forest needs occasional fires (or other forms of creative destruction) to renew itself. However, a massive fire can actually damage not only the trees but also the soil. What this paper is advocating is not a "scorched earth" policy of wanton destruction. Rather fires or their equivalent in organizations, can be beneficial if they break down the structures without damaging the soil. 
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	With no firebreaks in the forest, there is nothing to stop the path of destruction caused by a fire. Fire fighters discovered this in the late 1970s and have since changed strategies. Rather than putting out all fires, they look for situations where they can let a fire burn. They also deliberately set fires at times. Fire serves as a powerful form of creative destruction in forests. It burns away the dead wood; it replaces the soil with needed nutrients and sets the context for the creation of new generations of growth or even new species. A forest needs to have patchiness to it to ensure its long-term viability.

The ecocycle uses the concept of creative destruction and crisis to explain the necessary destruction of forms and structures periodically to maintain the long-term viability of the overall system. The word crisis is derived from the Greek krinein meaning to sift. In the ecocycle model, we think about crises as opportunities to sift so that the unnecessary forms and structures are removed to enable the substance to be renewed and continue to evolve.

What does this mean for organizations or human systems? Forms and structures that no longer support the "work" or the mission of an organization or system need to be destroyed in a manner that does not destroy the substance. It is a "substance over form" distinction. Forms and structures are necessary to enable the work to be accomplished but they are not the essence of the work. 
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