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"Government officials and other decision makers increasingly encounter a daunting class of problems that involve systems composed of very large numbers of diverse interacting parts.  These systems are prone to surprising, large-scale, seemingly uncontrollable, behaviours. These traits are the hallmarks of what scientists call complex systems.”  
OECD Global Science Forum

It has been clear for decades that public administration theories and practices are inadequate to the task of understanding, predicting or influencing the increasingly complex governance systems. It is also clear that the complexity sciences have been developed and applied productively in the natural and social sciences – so much so that many observers and stakeholders – including the OECD quoted above - have recognized an opportunity in the application of complexity sciences to the most daunting problems associated with contemporary governance. 
During the 1960’s and early 1970’s several important observations were made that paved the way for the integration of a complexity focus into mainstream public administration and contemporary governance studies, such as Herbert Simon’s work in the 1960’s (e.g. 1962 in the Proceedings of the American Philosophical Society, and his 1969 book) in which it was demonstrated how limited human cognition could bring forth considerably complex organizations. Rittel and Webber’s introduction of the concept of “wicked problems” (1973) brought the notion of complexity to the fore at the junctures of planning and policy. Arguably, their assertion that public policy and planning problems often defy definitive definitions and solutions codified a simmering concern regarding the limits of rational thought and decision making earlier raised by Herbert Simon and Charles Lindblom (1959). Wicked problems suggest that policy problems and solutions are characterized by nonlinear, seemingly chaotic dynamics (Meek, 2010).  
Also during this time Harlen Cleveland recognized that the field of public administration needed to readjust its focus from looking at the administration of governments to the administration of governance processes (1972).  While, examining the complexity of metropolitan governance arrangements, Vincent Ostrom, Charles Tiebout and Robert Warren first posited the notion “poly-centric” governance involving actors from multiple sectors, geographic jurisdiction and social scale in 1961. 
Another significant observation on the complexity of public administration came from Pressman and Wildavsky’s policy implementation study (1973). They recognized that generic policy programs fail to deliver because such programs are unable to cope with the specific contingencies and path dependencies of certain decisions. Thus a certain policy program may work in one area, but fail in another area. Furthermore, their study pointed at the fact that each implementation requires a string of decisions that appear to be the best choices in given circumstances, but turn out to be suboptimal overall.  LaPorte (1975) recognized that the tendency towards increasingly complex organized social systems had significant consequences for politics and policy, both in the level of interdependence between actors and the number and intensity and 'disturbing surprises' encountered by citizens and policy-makers 
Research by Gerrits & Marks (2015) shows that there is growing interest in deploying the complexity sciences to analyze issues of public administration, public policy and public management. In the 21st Century an increasing number of scholars have sought additional explanatory power in the concepts and tools associated with the complexity sciences. 


Figure x: Number of publications where concepts and tools from the complexity sciences have been applied to issues in public administration, public policy and public management by year, absolute numbers. Source: Gerrits & Marks (2015). 

The recognition that wicked problems persist across, and are to be resolved within poly-centric governance arrangements, and that policies are a deeply contingent phenomenon serves as the foundation for contemporary applications of theories of complexity to the study of contemporary governance. 
This chapter traces important foundations that contributed to our understanding of complexity, network and systems theories in addressing wicked and persistent problems.  In so doing, we emphasize important tasks of integrating complexity theory with governance research, the focus on systems levels of governance, and the development of complexity-friendly methods in this developing field of research.

Complexity as theory 

Complexity emerged out of the study of some of the more wicked problems facing the natural sciences. For example, problems associated with weather predictions inspired Edward Lorenz’s work on “strange attractors” that grew out of his study of the earth’s atmosphere during the 1950s and 1960s. Complexity theory also has roots within the field of computer science, pioneered by the research of John Holland. Holland was chiefly concerned with the emergence of complex adaptive systems, defining them as “systems that have a large number of components, often called agents, that interact and adapt or learn” (2006, p.1).  Complexity attempts to capture the dynamic, adaptive and emergent properties of a system. Time and variability of different “agent” behaviors combine, comingle and sometimes compete to fuel adaptation and emergence.  
A complex adaptive system (CAS) is defined as, “… one whose component parts interact with sufficient intricacy that they cannot be predicted by standard linear equations; so many variables are at work in the system that its overall behavior can only be understood as an emergent consequence of the holistic sum of all the myriad behaviors embedded within….” (Levy, 1993, p.34).  CAS is marked by several features:
· Path dependency: outcomes predicated on “the result of certain combinations of activities that take place over time” (Pierson, 2004, p.34).  Prigogine defines path dependency as: “the tendency for systems to lock into a particular set of behaviours and/or outcomes early on in their lifecycle due to conditions in the environment and/or the nature of the agents and their early interactions. 
· Emergence: “well-formulated aggregate behavior arises from localized, individual behavior.  Moreover, such aggregate patterns should be immune to reasonable variations in the individual behavior” (Miller and Page, 2007, p.46). In other words: there is a non-linear relationship between individual action and the structure at the system’s level. 
· Adaptation: the changes made by agents in response to the actions of other participants, environmental conditions or emergent systems characteristics and is generally conceived of as a feature of goal--seeking behaviour of agents in a complex adaptive system (Kauffman 1993, Holland 1995)
· Self-organisation:  the ability of systems to emerge spontaneously from the interaction of agents following their own ‘local’ rules and responding to feedback from other agents and their environment (Kauffman 1993, 1995). “A defining feature of complexity is that self-organization is a natural consequence of interactions between simple agents (Anderson 1999: 222)”.
Complexity theory has been most often applied to the study of collective behavior (such as mob and swarm behaviors) and nonlinear dynamics found in time series analysis and ordinary differential equations. Complexity theory also embraces the processes of (co)evolution and adaptation from evolutionary biology (cf. Ehrlich & Raven, 1964) as evidenced in some of the organizational development and artificial intelligence literatures. Time as a crucial element in explaining the development and outcomes of the policy process and the way policy systems evolve. Time can be treated as a variable or as a contextual factor that defines path-dependency (cf. Pierson, 2000) and time-irreversibility (Prigogine, 1997). 
These concepts cited above are being applied to a wide array of disciplines including the natural science, computer sciences, and the social sciences at large. Complexity theory has also been used to inform the application of game theory such as the iterated prisoner’s dilemma, and multi-criteria analysis, system theory (anchored in such features as feedback loops and homeostasis), and network theory.   
The work of Louise Comfort in identifying emergent properties in dynamic environments is noteworthy (Comfort 1994).  Her work, along with those of others, have highlighted important management practices that emerge in extreme conditions of crisis (Comfort and Kapucu 2006) and the role of leadership in preparing for extreme events (Comfort, Boin and Demchak 2010). Charles Perrow’s work on normal accidents (1984) falls into the same category. The work of Innes and Booher (1999) highlights how complex adaptive systems (CAS) can be utilized as a framework for consensus building and collaboration in highly contested arenas.
CAS have been found to persist within natural, biological and social systems (Wilson, 2002).  This allows for a translation of metaphors between these domains.  The most common translational metaphor is one where social systems are equated with biological ones. Consider Thompson’s description of CAS as a feature of evolutionary biology.  He describes them as:

“[…] multistranded clumped networks that form a kind of non-linear (rhizome-like) organizational structure, containing different relational principles of connectivity and heterogeneity, are always ‘pregnant’ with the possibility of breakdown and breakup, leading to new trajectories and transformations in a self-organizing framework that overcomes the twin obstacles presented by ‘necessary evolutionary advance’ and ‘path-dependency” (Thompson, 2003, p.11).

Those who are interested in applying complexity theory and science to the study of governance are drawn to consider the relationship between the kinds of social systems that comprise contemporary governance arrangements. Although space precludes an in-depth examination of these links here, we do suggest that the consideration of governance arrangements through a CAS lens allows for the deeper understanding of multi-agent, multi-scale governance arrangements as extensions of human being’s biological foundations.  For a deeper exploration of this theme we refer to E.O. Wilson’s theory of “consilience” (1998).  
The mechanism of self-organization within CAS brings forth the emergence of new structures. Emergence within CAS has long been documented within the social sciences as social movements and revolutions on the macro scale, reforms and new trends at the meso-scale, and the creation of new social ties at the micro scale. Social systems have been said to be more complex than biological systems (Beckage et al., 2013; Wilson, 1998). This “hyper complexity” of social systems (cf. Rescher, 1998) persists because social systems are comprised of human beings who are imbued with agency—e.g. they have a free will, or at least a freer will than other biological organisms. This ability of human beings to make autonomous decisions regarding how they interact with their environments, makes social systems stochastic or imbues them with an added element of randomness not present in biological systems.    
	The nested qualities of social systems also add to their stochastic nature, as most clearly seen in the composition of individual people forming groups, with groups forming organizations, with organizations forming wider networks with other organizations.  Beyond studies of federal systems and micro/macro dynamics, this arrangement of social organization is not widely discussed within the social sciences, save in terms of macro and micro levels of social organization in the social sciences (Collins, 1988), and most recently in the literature integrating complexity theory in public administration and policy (Morcol, 2012).
The potential randomness of social systems is moderated, in part, through the capacity of humans to create institutional forms that outlast and transcend any individual human beings.  In other words, social systems are more than a series of interactions between humans and between humans and their environment. In addition to “the whole being more than the sum of its parts,” wholes can form institutions that persist well beyond the lifetime of any one individual or groups of individuals, as attested to in the continuity of religious, governmental, and other corporate entries.
In complex adaptive social systems, institutions, and in particular institutional rules (Ostrom, 1990), provide a level of stability and predictability to social systems.  The public administration and management fields have studied this stability in such areas as “bureaucratic inertia,” and more widely in the literature on institutionalism (Peters, 2005).  The relationship between institutionalism and governance has been firmly established while the relationship between emergent structures and governance is still a work in progress. 

Governance arrangements as complex adaptive systems

The social functions most often associated with “governance” pertain to the pursuit and execution of public policy goals.  As the chapters in this handbook can attest, these functions extend across all facets of the policy process and involve actors from the public, nonprofit and for profit sectors. 
	Contemporary governance arrangements have been described as operating based on a few simple rules that can lead to complex systemic properties. R.A.W. Rhodes (1997) was the first to define some of the simple rules inherent to contemporary governance arrangements, arguing that the self-organizing features of contemporary governance may be predicated on three basic characteristics:
1. Interdependence between organizations. Governance is broader than government, covering non-state actors.
2. Continuing interactions between network members, caused by the need to exchange resources and negotiate shared purposes.
3. Game-like interactions, rooted in trust and regulated by the rules of the game negotiated and agreed upon by network participants (Rhodes and Murray, 2007; Koliba, Meek and Zia, 2010, p.182).
The simple rules of governance put forth by Rhodes and later picked up by others studying governance are predicated on the assumption that contemporary governance arrangements take the form of networks.  
Governance is a decidedly systems-level construct (Koliba, Meek, and Zia, 2010).  A “governor” is a regulating component part of a complicated mechanism designed to regulate the speed of the gears within a machine.  In this context, to govern is to guide, steer and shape the operating functions of some whole, be it a machine or an entire society.  When interpreted as a systems construct, governance takes on a cybernetic quality. Within social systems, governance is undertaken through complex networks of individuals, groups, organizations, and institutions.  We believe it possible to isolate those key individuals, groups, organizations and institutional rule structures that influence the overall direction of a whole governance network. To accomplish this, we need to explore how network and systems constructs are the essential ingredients to describe governance arrangements as a complex adaptive system (cf. Koliba et al., 2010; Gerrits, 2012).


Describing governance arrangements as networks and systems

Network analysis has been a staple of social science research for many decades. Anthropologist Alfred Radcliffe-Brown was the first to make the case that any observation of social phenomena needs to be anchored in, “the patterns of behavior to which individuals and groups conform in their dealings with one another” (1940, p.228).  Network concepts have a long and rich history of being used to study organizational form and the diffusion of information across social structures. Social network analysis may be traced to the early Hawthorn experiments of 1924 to 1932, marking the first use of “network configurations to analyze social behavior…” (Berry et al., 2004, p.540). Social network analysis has been used to study the diffusion of knowledge, beginning with Coleman, Katz and Mentzel’s study of information diffusion in physician networks (1977).  Stanley Milgram’s “small world” research is often cited as an important breakthrough in social network analysis, demonstrating the “six degrees of separation” that exist between any two people.  Over the last few decades, the progress of social network analysis has benefited from advances in statistical methods and computer programs in much the same way as system dynamics modeling has (Wasserman and Faust, 1994).
The application of social network analysis explicitly to the study of governance can be traced back to Heclo’s study of issue networks (1978), Sabatier and colleagues’ advancement of advocacy coalition theory (2007; Sabatier and Jenkins-Smith, 1993), and the more recent discussions of policy and governance networks (Koliba, Meek and Zia, 2010).  
	The nature of networks and their governance characteristics are discussed in more detail elsewhere in this volume, but we would summarize the general view that a governance network may be defined as: a relatively stable pattern of coordinated actions and resource exchanges; involving policy actors crossing different social scales, drawn from the public, private or nonprofit sectors and across geographic levels; who interact through a variety of competitive, command and control, cooperative, and negotiated arrangements; for purposes anchored in one or more facets of the policy stream (Koliba, Meek & Zia, 2010. p.14).  
There is an obvious link between network theories and systems theories that have been around for a long time. For example, general systems theory has its origins dating back to the 1920s (von Bertalanffy, 1950; 1968). Early system dynamics frameworks were used to describe biological and a little later mechanical systems. These theories became more readily applied to social systems beginning in the 1960s (Boulding, 1956; Simon, 1966). The public administration field adopted system dynamics constructs in various iterations of public budgeting reforms (Schick, 1966) and policy analysis (Dror, 1967; Etzioni, 1967, Quade, 1972). A little later, system dynamic frameworks began to be applied to explain organizational dynamics.  Organizational theorists like Simon (1966), Perrow (1967), Katz and Kahn (1978), Ackoff (1980), Mintzberg (1983), Scott (1987), and Weick (1976) began to explain organizational behavior in terms of stocks and flows, the transmission of authority and power, and the relationship between an organization and its external environment. “Systems thinking” became popularized in the late 1980s and 1990s with Peter Senge’s work (1990) and Flood’s response (1999).   
The building blocks of a dynamic system are the stocks and flows of resources, and the translation of one form of resource into another. The most typical example of this can be found in the utilization of financial resources to undertake an action, which, in turn leads to tangible results: projects, programs, tasks completed, etc.  In this sense, money is inputted into the system, and usually nonmonetary results (for example children educated, clients served, waterways cleaned, material goods provided) are outputted.  The drivers that support these dynamics can be described in terms of feedback loops. These feedback loops are, themselves, driven by the structural and functional relationship that exists between two or more social actors in a network.
To this day the organizational sciences apply system dynamics frameworks to describe how organizations work and use these descriptions to undertake strategic planning (Richardson, 1991). The popularity of the “logic model,” predicated on charting the relationship between inputs, processes, outputs and outcomes is now widely used in program and performance evaluation contexts (Poister, 2003).  Viewing governance through a systems lens can provides the opportunity to understand how performance measures and management provides feedback, and presumably, govern more effectively (Koliba, 2013).  
	One of the chief contributions of system dynamics frameworks in the application of complexity theory to governance concerns the relationship between the concepts of governance and feedback. Building on Baumgartner and Jones’ notion of punctuated equilibrium (1993) and application of systems theory to public policy, we may view feedback occurring within a governance network in several ways.  As found in classical theories of interest group liberalism and theories of regulatory capture (Peltzman, 1976), it is very clear that contemporary governance practices are undertaken through extensive feedback between interest groups and the governments, nonprofits and businesses of interest to them. Along this vein, citizen participation is a foundational objective of democratic governance forms that may also be understood in terms of feedback loops.  The role of policy tools in shaping feedback has also been asserted (Pierson, 1993; Koliba, Meek, Zia, 2010; Gerrits, 2012). Other forms of systems level feedback in governance networks involve the range of tasks and practices taken on by elected officials and public administrators, and the use of performance measures to steer and evaluate the success of governance networks.
We argue here that capturing the behavior of complex adaptive governance networks ultimately requires the integration of both system dynamics and network architecture. Whole systems are comprised of networks of social agents that are bound together and influenced by agent characteristics, ties between agents, feedback loops unfolding between individual social agents and institutional rules. Classic social network analysis captures network structures at one point in time, but cannot easily account for the drivers that shape this structure, nor can it predict how the structure may change over time as of yet.[footnoteRef:1]  Likewise, system dynamic models may provide some explanation for how components of a system relate and influence one another, but they can struggle to capture the material practices and relationships that lead to collective action.   [1:  There are, of course very important exceptions to this.  Social networks may exhibit certain scale free qualities that are readily predictable.  ] 


“Complexity-friendly” governance theories

There is a debate within the literature regarding the extent to which there is one overarching “complexity theory of governance” to be developed (Morcol, 2012; Gerrits, 2012; Koliba and Zia, 2013).  Although we do not reject outright the ability for a theory of governance complexity to emerge, we tend to take a theoretically and methodologically pluralistic approach to applying complexity theory to governance studies.  
A challenge for theory development concerns the ‘unit(s) of analysis’ to which complexity theory can be applied. This issue largely comes down to the setting of the boundary between the system and its environment (which may include other related or even encompassing systems) – an issue that has bedevilled systems analysts from the early beginnings. Clearly the question of boundaries is not solely one for public administration systems theorists. But it is one that, left unanswered, will undermine any effort at systems-related theory development. One thing we do know, though, is that boundaries are constantly shifting and our theoretical framework must provide the conceptual categories that facilitate analysis of not only the boundaries as they are understood by stakeholders, but also of how those boundaries are defined and re-defined over time.
Although we have laid out some of the basic premises of complexity theory and related network and systems theory concepts, we are more comfortable talking about suites of “complexity-friendly” theories (Koliba and Zia, 2013). In this fashion, some of the core theories driving complexity science focus on matters of self-organization and emergence, nonlinearity, and evolution and co-evolution. However, we also believe that many of the theories found in the contemporary governance studies literature are complexity-friendly.  Complexity-friendly theories of governance will:
· Avoid simple reductionism, addressing the holistic properties of complex systems; 
· Accommodate the emergence of new structures and functions; 
· Accommodate the existence of feedback, stocks & flows, inputs and outputs; 
· Accommodate self-organization as a driver for the system; 
· Allow for dynamic interactions that lack unambiguous cause and effect relationships; and 
· Accommodate time and path dependencies. (Koliba and Zia, 2013)
Several complexity-friendly theories that are very common within the governance studies literature include the IAD Framework originating from Elinor Ostrom and her colleagues (1990; 2006); the Advocacy Coalition Framework (ACF) of Sabatier and his colleagues (1993); policy subsystem and punctuated equilibrium theory (Baumgartner and Jones, 1993); policy streams theory of Kingdon (1984), policy and governance network analysis (Koliba, Meek and Zia, 2010), Pierson’s theory of path dependency in public policy (2000), and policy diffusion theory (Berry et al., 1993).  To capture the game-like interactions that fuel governance processes and practices, the growing body of literature applying game theory to economic, social psychological and managerial settings is important. The links between game theory and complexity theory has a long history, anchored in the work of Herbert Simon (see our discussion above) and later Robert Axelrod (e.g. Axelrod and Cohen, 1999).  Contingency theory (Donaldson, 2001), configuration theory (Scharpf, 1978), structuration theory (Giddens, 1983) and many other theories common to the policy, organizational and political sciences may be considered complexity-friendly theories.
The extent to which these theories compliment or contradict each other is a matter that deserves greater examination.  Using some of the more advanced research and modeling methods discussed in the next section, both theory-testing and theory-tuning may be undertaken. By drawing on individual complexity-friendly theories or combining them into computational models researchers and modelers by treating governance networks as complex adaptive systems it is possible to identify the high leverage points in the system that allow for the effective steering or guidance.  

	
Research Methodologies for complex adaptive governance systems and networks

	The methodological terrain of complexity science is rich, despite the tendency, particularly in the United States, to equate complexity science modes of inquiry with highly quantitative, computationally rich analysis. The natural and biological science community has relied very heavily on equating complexity with computational power. That complexity theory emerged during the same time that computer science was born is not a coincidence.  The capacity to find patterns across large numbers of observations requires the use of advanced techniques. Yet, distilling the full complexity of social interaction into simplified decision heuristics, state charts and other models designed to capture networked and systems-level dynamics runs the risk of missing out on the contextual complexity of different situations. Across the social sciences, a diverse array of methods have been employed to capture social complexity. The methodological pluralism adopted by complexity researchers in public administration and policy studies fields, thus, is appropriate for the study of complex governance networks.  Before briefly discussing the range of methods that are employed to study the complexity of contemporary governance arrangements, we want to highlight a few methodological considerations.
The need to capture spatial and temporality variance is highlighted by the tension between case-specificity and higher resolution approaches that encompass larger n-studies that look for recurring patterns. The risk with case specificity is that not much can be explained outside of a particular case, while the risk of higher resolution, large-n studies is that a more general overview leaves out the finely-grained details that are so important in complexity. Ultimately, accommodating complexity in studies of governance networks necessitates that this divide be negotiated.  
The need to balance the desire for prediction against the heightened levels of uncertainty associated with studies of complex systems. Researchers and modelers must consider the extent to which CAS approaches to governance provides predictive power, i.e. the question of whether research on complexity allows for prediction, and whether prediction is even possible given the inherent uncertainty within complex systems. 
	The research toolkit for the social sciences is extensive and many of its tools have been deployed within the realm of public administration and policy studies. The chief question becomes, when does a method qualify as being complexity-friendly? Arguably, the same criteria to gauge a theory’s complexity-friendliness (see previous section) are relevant to selecting suitable methodologies. Based on these criteria, a number of complexity-friendly methods can be named: 
· Single thick descriptive case study: Good at describing contextual complexity, but limited in capacity to generalize.
· Comparative case studies: Good at describing contextual complexity; can lead to building deeper pattern recognition across embedded cases; effectiveness contingent upon the use of a robust comparative framework; still limited capacity to generalize.
· Concept mapping and visualization: Good for articulating complexity in a simplified manner; can be constructed using robust data collected through other means; limited capacity for generalization.
· System dynamics modeling: Good at capturing feedback loops and stocks and flows; data hungry; can be a challenge to capture emergence.
· Network analysis: Good at representing governance relations as nodes and ties; provides a consistent way to describe and compare network properties; limited capacity to capture dynamic and emergent properties although improving through Dynamic Network Analysis; as of now, difficult to render generalization.
· Qualitative comparative analysis: Good for studying the contingency of phenomena and allows building representations of real complex systems; only as sound as the conceptual framework backing it up.
· Process analysis, which contains a variety of similar sub-tools such as phasic analysis, event time series analysis: Good for studying the dynamics through time instead of serial statics; still constrained by linear representation.
· Agent-based modeling: Good for tracing the roots of complexity and emergence to simple rules of behavior creating that emergent complexity; allows for bottom-up behavior; easy to nest agents inside of one another; data hungry; difficult to calibrate. 
· Structural equation modeling: Good for combining qualitative and quantitative data in exploring competing models of complex systems; only as effective as the conceptual models underlying it.
· Neural network modeling: Good for understanding how social systems learn and evolve; data hungry; computationally very complex.
· Machine learning: Good for developing novel theory; expanded capacity for pattern recognition; computationally very complex.
· Experimental design: Good for understanding how “simple rules” govern behavior; relatively easy to construct experiments; only good at understanding the behaviors of discrete elements of a wider complex system.

Increasingly, researchers are deploying these methods simultaneously to investigate governance complexity. A mixed-methods approach also allows for method triangulation to bridge the gap between contextual specificity and generalizability. 
The deployment of these research and modeling methods can be used to tune, test and generate new theories of governance. Despite the inherent dance with uncertainty inevitably found in studies of complexity, these methods may be used to assess and, in some cases, predict how complex governance networks will perform and under what conditions. Presumably, coupling complexity-friendly theories with complexity-friendly methods may also be of service to those actively engaged in the art and science of governing. Rhodes et al (2011) make a strong case in their conclusion to this effect and this is a topic that to which we now turn.

Harnessing complexity for good governance?

Can the application of complexity science and theory to the study of contemporary governance arrangements aid in the bringing about good governance? Two of the leading social complexity scientists, Robert Axelrod and Michael Cohen, have addressed the potential of such efforts to facilitate learning in order to harness of complexity.  In their classic book Harnessing Complexity: Organizational Implications of the Science Frontier; they describe this process as, 

… deliberately changing the structure of a system in order to increase some measure of performance, and to do so by exploiting an understanding that the system itself is complex.  Putting it more simply, the idea is to use our knowledge of complexity to do better.  To harness complexity typically means living with it, and even taking advantage of it, rather than trying to ignore or eliminate it (Axelrod and Cohen, 1999, p. 9).

The value of the complexity sciences to those actively engaged in processes of governing must be considered.  At the heart of this concern lies the question: What is the relationship between complexity-driven governance research and knowledge creation for the field? What is the benefit to practitioners, individually and organisationally? 
Rhodes et al (2011), in their detailed study of 12 public management cases in Ireland, recognise that the practicing public manager is faced with an increasingly difficult challenge of governing in a constantly shifting environment. “This complexity challenges the professional to engage in prior and real-time analysis that is not always central to the traditional process methods and assumptions of either the classical bureaucratic model or the rational-analytic, rational choice models that underpin much of the new public management tradition (p. 205)”.   In particular, they directed attention to the core dynamic properties of CAS identified in the case studies: path-dependency, adaptation, emergence and bifurcation. For example, and in relation to path-dependency, the authors observed:

A clear message from the research is that ignoring history is likely to be a recipe for ineffective action, or even disaster. As public service systems become more diversified in the numbers and kinds of agents involved, this is a matter of concern. In a more networked world, many of the agents are highly specialized and have little interest in, or capacity to understand, the path-dependencies that set the initial conditions. That some of the agents should undertake to understand the path-dependencies is vital, and this seems to fall to core agents in policy-making and implementation roles.
	 
An additional question to arise from the question of whether it is possible to harness complexity concerns the matter of how best to communicate complexity concepts to and among practitioners? Is the language adopted by the academic community suitable for promotion and use of the concepts in action by practitioners? 
We believe it possible to “harness complexity” by having researchers and 
modellers work with practitioners to develop a “situational awareness” (Endsley, 1995; Vennix, 1996) of the governance complexity around them. Situational awareness hinged on “on a combination of systems thinking, the acquisition and filtering of information, and the application of descriptive patterning that may only be developed through extensive experience built up over time” (Endsley, 1995; Koliba, Meek and Zia, 2010, p. 212).  Situational awareness, “is the perception of the elements in the environment within a volume of time and space, the comprehension of their meaning, [and] the projection of their status in the near future” (Endsley, 1995). Situational awareness will lead to a heightened attention to appropriate critical cues, expectancies regarding future states of the situation, and the tie between situation awareness and typical actions (Endsley, 1995, p.34).  We believe that the construction of models and studies of polycentric governance arrangement in collaboration with practitioners holds great promise for the use of research, theory and modeling to support the development of practitioner situational awareness (Koliba, Zia and Lee, 2011).



Conclusion

	Understanding, modeling and ultimately guiding complex governance network and systems presents us with one of the most important and challenging endeavors of our time. The persistence of wicked problems and the increasingly diffused and cross-sector and cross-jurisdictional nature of governance arrangements will only be exacerbated over the next several decades. We argued that complexity theory and science has the potential to ensure that effective governance arrangements are in place to enable that democratic feedback and effective management practices to be pursued.
	To achieve effective practices, this chapter has highlighted three areas of opportunities to achieve effective governance arrangements and effective management practices. First, the integration of complexity theory and scientific modes of inquiry to the field of governance studies is a critical step toward understanding and harnessing the complexity of governance arrangements. Viewing governance through a complexity lens opens up the terrain of governance studies to new, trans-disciplinary possibilities. 
Second, we have asserted that governance is a decidedly systems-level construct. Both networks and systems lenses serve as important foundations on which to apply complexity theory and science to the study of governance arrangements. We have noted the inherent hyper complexity of all social systems, and given particular credence to the intricate dance occurring between individuals, groups of individuals, organizations and networks of organizations. We have noted that social systems, and especially governance systems, are shaped by the prevailing institutions and their institutional rules structures.
	Finally, turning our attention to the relationship between the complexity sciences and other theories in the governance studies field, we noted that a large and growing suite of complexity-friendly theories exist to be used to understand governance complexity.  We further demonstrated that there exists a robust suite of complexity-friendly methods, suggesting that mixed methods can be used to overcome what amounts to be a scoping problem: the need to acknowledge context while looking for generalizable patterns.  We concluded by considering how a complexity lens can be used by practitioners to inform practice, pointing to the concept of situational awareness as a guide.
	We believe these three areas are valuable for future studies of complexity, networks and governance.
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