
A Warranted Paradigmatic Shift 
from Imagined Resilience: 

Legitimization for Social-Ecological System Analysis in Natural Resource ManagementPaul Whelan – Geography 501 – Final – December 2nd, 2011A  highly  malleable  term  within  its  modern  academic  uses,  resilience  has  meant  many  things  to number of institutions and disciplines. The understandings,  hallmarks, and composition of resilient systems,  however,  have undergone significant  evolution since  the  term first  appeared in  Holling's (1973)  physics  of  ecology.  Environmental  and  societal  concerns  of  the  twenty-first  century  have resulted in new and critical investigations of the underpinnings this perspective and approach entails, elucidating entrenched agendas  that  rely heavily  on a series of  suppositions  about  anthropogenic interactions with natural systems. These a priori assumptions must be carefully scrutinized in order to understand how this ubiquitous term that houses implications for social architecture, promotion of sustainability, as well as ecosystem goods and services security has been constructed to produce its modern interpretation. At the nexus of political, societal and environmental issues, natural resource management provides a framework to discern how current models of resilience assume an imaginary space wherein the dualistic separation of people and nature produce perverse systems of stability, inflexibility and productivity. Marginalizing susceptible populations and diminishing the adaptability of ecosystems, stable-equilibrium resilience theory presents significant implications for the way in which the foundation of modern systems have been constructed, and more importantly prescriptions to realign current practices to a trajectory less susceptible to catastrophe. This investigation will first present (i) the context in which resilience was constructed and (ii) the increasing utility of  social resilience  research  to  assert  (iii)  the  viability  of  Social-Ecological  Systems  (SES)  analysis  as  a prescription to reshape current modes of natural resource management to work not in defiance of, but within the limitations of ecosystems._____________________________________________________________________________________________________________________
THE INCEPTION OF RESILIENCE THEORYOriginally championed by Holling (1973),  resilience came about in engineering and physics (emphasis on the latter) with applications in ecology, most important to this investigation being the theory and real  world applications of  classical  stability  analysis.  This  framework seeks out where stability occurs,  locations called domains of attraction that present the possibility for equilibrium and steady-state properties (See Figure 1). Implications on the ground are far-reaching, including but not limited to understandings of: diversity, ability to self-organize, system memory, hierarchal  structure,  feedbacks,  and non-linear  processes  (Cumming  et  al., 2003).  Early  perceptions  of  ecological systems  galvanized  the  view  that,  all other  factors  held  constant,  a  state  of homogeneous equilibrium on the land-scape is sought and, eventually, arrived at. Herein are implicit undertones that anthropogenic  activities  are  'external' influences  that  have  only  an  outside role  in  the  services  and  goods  pro-duction  of  ecosystems.  It  becomes apparent, then, that our role in guiding untamed and unmanaged systems to a 
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Figure 1: Derivation of a phase plane showing the changes in numbers of two 
populations; a representation of resilience history in physics (Holling, 1973).



more resilient future starts with stabilization. Although, observations have been made that command and control strategies, which situates human intervention as instrumental in the production of natural resources, tend to increase a system's vulnerability to catastrophic ecosystem change (Drever et al., 2006).  Minimizing  long-standing  regimes  of  natural  disturbance,  coupled  with  anthropogenic practices that homogenize the landscape appear, then, to produce the anathema of naturally occurring resiliency characteristics.  That the stable-equilibrium view of ecological resilience was maintained gave credence to its applicability,  one of the results being the supremacy of this lens to harvesting natural capital.  The persistence  and  maintenance  of  this  view  is  evident  in  silvicultural  and  agricultural  practices, cultivating  maximum  sustainable  yield  as  the  modus  operandi  for  decades  under  industrialized systems of production; the foundation and feasibility of which rests on the assumption that certainty and  controllability  are  high  (Peterson,  et  al.,  2003;  Folke,  2006).  Undermining  our  system   of agricultural production with: subsidies favoring monoculture, industrial scale operation, and fossil-fueled fertilizers and mechanisms, highlights how the stabilization of food dispersal has been propped up by social, political and economic understandings of resilience (Berardi, Green and Hammond, in press; Lin, 2011). The historical resonance of stable-equilibrium theory percolated into timberland extraction and  fisheries  reliance  as  well,  evident  in  present  silvicultural  practices  that  allow only anthropogenic  disturbance  and  hatcheries  that  produce  genetically-modified  species  that  are restricted from breeding with native populations (Drever et al., 2006; Marshall and Marshall, 2007). Imposing the early perceptions of resilience on modern systems has led to a dependence on factors that  remain  stable  only  when  the  underlying  economic  and  social  architectures  are  thought  to supersede environmental changes and variation; an assumption which has increasingly proven to be a precarious position (Berardi, Green and Hammond, in press).Founded in Holling's (1973) physics of ecological systems, the beginnings of resilience theory garnered application in a host of various fields, the artifacts of which can still be seen in the present to varying degrees. Giving rise to the notion of stabilization as a harbinger to resiliency, resistance to change and the strength to endure became essential elements to the management of natural resources (Merriam-Webster, 2011). Although the prevention of natural disturbances such as wildfire has spared many  of  our  timberlands  from  a  fate  in  cinders,  this  mechanism  to  stabilize  silviculture  has inadvertently caused a monumental build up of fuel in many forests that cause a fire outbreak to burn hotter,  faster,  and less predictably (Drever et  al.,  2006).  Critical  analysis,  however,  is  beginning to illuminate the fragility of the pillars these assumptions have been vaulted upon; apparently occult but overarching environmental conditions will be addressed in subsequent sections. Instead, the narrative will continue by first identifying social ramifications of variant interpretations of resilience, with an ensuing  discussion  on  the  utility  of  re-connecting  people  and  nature  via  social-ecological  system analysis.
RESILIENCE APPLICATIONS IN SOCIAL INVESTIGATIONSThe  application  of  resilience  theory  to  societal  understandings  has  resulted  in  a  unique perspective  of  both  how  vulnerable  to  change  different  populations  appear,  as  well  as  the heterogeneous distribution of consequences resulting from policy decisions (Marshall and Marshall, 2007).  Originally  imagined  as  a  separate  realm  from  natural  systems,  the  role  of  people  as externalities  has  led to  a  perception  which  downplays,  and  arguably  omits,  interdependence  and feedback  mechanisms  (Folke,  2006).  Relocating  humans  outside,  instead  of  within,  ecosystems emerged in a paradigm of ecology where human action, perhaps bettered defined as manipulation, was requisite to receiving ecosystem services and retrieving natural resources (Kuhn, 1996; Folke, 2006).  With  implications  for  both  methods  of  governance  and  survivability  of  marginalized populations, social resilience is a obligate complement to understanding the ecological resilience of natural resources.

Pg. 2



Recent studies, such as Folke's (2006) exploratory research (among others) are unveiling new understandings  of  social  processes,  such  as  knowledge-system  integration,  scenario  building, leadership, institutional and organizational inertia and change, and adaptive capacity by employing resilience  approach  emphases  of  non-linear  dynamics,  thresholds,  and  uncertainties.  It  has  been argued  that  placing  these  tenets  of  recent  resilience  understandings  at  the  center  of  planning decisions can be a highly effective methodology for mitigating environmental  solutions where the future is unpredictable and surprise is likely (Folke, 2006; Walker et al.,  2004; Adger et al.,  2005). Current understandings have little allowance for unexpected change, however more recent resilience thinking offers an incorporation and anticipation of disruption and irregularity, providing an adaptive model  for  transformative  systems.  For  example,  if  forecast  models  of  climate  change  from  the Intergovernmental Panel on Climate Change and the International Energy Agency are subscribed to, then an increasingly variable future for natural resources is imminent should business as usual energy consumption  and  land-use  change  continue  (Berstein  et  al.,  2007;  Inman,  2011;  respectively).  In addition,  substantiated  investigations  have  suggested  that  we  are  in  the  midst  of  the  6th mass extinction event as a result of habitat loss and biodiversity deficiency (Karieva and Marvier, 2003). A mounting  body  of  evidence  of  widespread  crises  are  becoming  self-evident  in  their  urgency  and importance,  and  investing  in  the  flexibility  and  adaptability  of  ecological  resilience  theory  may diminish the fear of uncertainty that, arguably, brought us to this precipice. The  ability  for  communities  to  cope  with  external  stresses  and  disturbances  is  not  a homogeneous  distribution,  and  populations  on  the  fringe  of  society  are  especially  vulnerable  to fluctuations in natural resource commodity markets (Adger, 2000). As coarse scale policies of national production reach fine scale spatialities of consumption, social institutions of behavior (i.e. rules that govern society) and more formal representations (i.e. members/constituents/stakeholders) become important esoteric realities that must be critically investigated. Deconstructing econo-centric agendas to reduce disproportionate impact on impoverished groups and therefore increasing sustainability of ecosystem goods and services can begin by developing a spatially explicit resilience barometer based on  Marshall  and  Marshall's  (2007)  four  categories:  perception  of  risk  associated  with  change, perception of the ability to plan/learn/organize, perception of ability to cope, and level of interest to change. In acknowledging the socio-economic and heterogeneous impacts of non-resilient resource management,  a realistic  assessment of  vulnerability  can be obtained in order to foster a  stronger ability to absorb environmental and societal variability; a hallmark of resiliency.If tenets of ecological and environmental resilience are to be implemented in hopes of staving off catastrophe and collapse of natural resource management regimes, socio-political and economic understandings must abandon the imagined reality  of  stable-equilibrium theory.  While  arguments have been made that myriad intentions and varying extensions are leading to increasingly diluted and ambiguous employment of resilience approaches (Brand and Jax, 2007), the notion that resilience is a collection of ideas to interpret complex systems alludes to a more interdisciplinary investigation that appears  more apt  to encompass  the  many caveats  of  environmental  crises  (Andries  et  al.,  2006). Planning for uncertainty and adaptive capacity will require a significant shift at all scales from current stable-state global modes of economic production and commodity markets as well as individual and community  level  reinterpretation  of  how  best  to  manage  resources.  As  the  rippling  effects  of 'stabilized'  ecosystems,  albeit  a  forest  or  grassland,  become  more  pronounced  in  societal  and environmental dimensions, decision-makers must address the fallacies of current production models to reevaluate the utility and long-term feasibility of  programs that work in stark contrast to their ecological  setting  (Drever  et  al.,  2006;  Lin,  2011).  Furthermore,  solutions  become  increasingly complex as change is typically episodic and discontinuous over spatial and temporal scales, meaning strategies  must  be  adaptive  because  scaling  up  does  not  necessarily  imply  aggregation;  that  is, transitioning  from  community  to  state  scales  does  not  imply  doing  more  of  the  same  at  higher intensity (Redman and Kinzig, 2003; Holling and Gunderson, 2002). Inexorably linked to ecological resilience, as it will be argued in the subsequent section, fostering the development of socio-political 
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and economic resilience is obligate if holistically resilient systems of resource management are to be constructed. 
LEGITIMIZATION OF SOCIAL-ECOLOGICAL SYSTEM ANALYSISIn  an  attempt  to  integrate  the  binary  of  people  and  nature,  SES  analysis  can  be  highly instructive to transition from traditional, stable-equilibrium resilience theory which situated humans as externalities, into interlinked, adaptive management practices (Walker et al.,  2002). Focusing on sustainability as a central tenet,  SES defines system resilience as the ability to maintain either (1) functionality  when perturbed or (2) the elements necessary to reorganize if  radical  change alters structure or function (Walker et al., 2002). According to Holling and Gunderson's (2002) theory on Panarchy, the tipping point between revolution and recovery is determined by the mechanisms of a system's  nested  hierarchy.  A  stabilizing  effect  is  observed  if  feedback  provides  distant  and  past memory to allow recovery following change, while destabilizing result occurs when scales become 'overconnected' or 'brittle,' resulting in the reverberation of small-scale transformations to large-scale calamities  (Redman  and  Kinzig,  2003;  Holling  and  Gunderson,  2002).  To  combat  undesirable destabilization, new models of resource management must embrace elements of uncertainty, such as: the understanding that key drivers like, climate change, are innately difficult to predict at multiple scales; human response to forecasting is reflexive (i.e. less severe predictions can loosen regulation); and the  unfortunate  reality  that  systems may change faster  than models  can be re-calibrated –  a particular  disadvantage  as  expeditious,  turbulent  transitions  are  often  when  forecasts  are  most needed (Walker  et  al.,  2002).  While  SES analysis  encompasses  a  number  of  important  aspects  of resilience theory, like any probabilistic model, it has assumptions and limitations.Risking  diluted  and  ambiguous  usage,  expanding the  breadth  of  resilience  to  too  many  intentions  with various  extensions  assuredly puts  conceptual  clarity  and practical relevance in jeopardy. Brand and Jax (2007) argue a valid warning that increasing vagueness and malleability of the term causes a loss of its specific meaning, as well as impeding the progress and maturity of resilience. Instead, a call is made to specify (limit) the objects that the concept can  apply  to,  decide  what  constitutes  resilience/non-resilience, and design an assessment method for degrees of resiliency (Brand and Jax, 2007). In addition, a recent SES analysis  deployed  for  empirical  and  quantitative measurement of resilience based on an indirect surrogate measure1 (likelihood  of  change  given  clear  and  specific conditions, assumptions, drivers, perturbations; See Figure 2)  to  predict  alternate  futures  and  scenarios  found  that long-term datasets may be obligate; a significant fallacy for many  elements  that  only  recently  have  been  recorded (Carpenter,  Westley  and  Turner,  2004;  Cumming  et  al., 2005).  However,  Redman and Kinzig (2003) suggest that the fundamental  attempt to explain the role and source of change in adaptive systems (especially transformative alterations) that underlies resilience may benefit from inclusion of sciences such as archeology and anthropology. Amongst other justifications, Redman and Kinzig (2003) petition that archeology and anthropology reveal the implications of long-term integration and perspective of SES relationships is an inclusion that would enrich the existing corpus of literature. Furthermore, Brand and Jax's (2007) strong critique of expanding the academic umbrella of resilience theory makes the 

1. While still a difficulty to accept under the existing structure of hypothetico-deductive science, utilizing surrogate analysis as a context 
dependent method may aid in determining thresholds instead of simply recognizing when they are crossed. This fluid mechanism for SES 
analysis can relate any one surrogate measure in dynamic, complex and multidimensional fashions (Carpenter, Westley and Turner, 2004) 
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Figure 2: In a number of cases, inmeasureabiliity leads 
to partial or indirect observation with the help of 

models. In order to be valid, the relationships 
between observations, surrogates and models must 

be transparent and explicitly (Carpenter, 2004)



concession that increased malleability strengthens communication between disciplines. While pitfalls do exist within SES analysis, admission of and accounting for varying margins of error and agendas can produce robust forecasts of natural resource resiliency at multiple spatial and temporal scales. Superimposing  the  SES  lens  on  natural  resource  management  can  produce  highly  effective methods to combat uncertainties, such as the implications of: climate change, a global condition that no natural  or  created system is  insulated from; and silviculture to preserve ecosystem goods and services (Berstein et al., 2007; Inman, 2011). An investigation into Canadian silviculture by Drever and others (2006) sought to evaluate the viability of Natural Disturbance Based Management (NDBM) as a means to reinstate pre-existing, resilient conditions. The basis for their hypothesis were three tenets, (1) biodiversity is important to long-term persistence, (2) natural disturbance generates structure and composition that is heterogeneous at multiple scales, and (3) traditional management produces more homogeneous landscapes that increase the likelihood of unexpected, catastrophic change as a result of constraints (Drever et al., 2006). Traditional harvest is fundamentally different from natural regimes and  has  been shown to  increase:  vulnerability  of  critical  systems,  stresses  from invasive  species, biodiversity  loss,  and  climate  change.  However,  adaptive  resource  management  that  debunks traditional  stability  and  focuses  on  sustainable  processes  can  lead  to  highly  resilient  systems. Additionally, a SES analysis on an agricultural landscape postulated that increased resilience could be possible through crop diversification (Lin,  2011).  An increased ability  to suppress pest  outbreaks, decreased ease  of  pathogen transmission,  and increased buffering for climatic  variability  were all benefits identified with this technique of resource management (Lin, 2011). Economic incentives and policy barriers were noted as hindrances to implementation, namely monocultural commodity crops and  biotechnological  strategies,  as  well  as  limited  dissemination  of  SES  resilience  knowledge  to farmers and perverse subsidy programs, respectively (Lin, 2011). When applied to natural resource management, SES analysis presents a powerful way to incorporate both societal and environmental requirements in hopes of developing trajectories that are directed toward sustainable practices.
CONCLUSIONSTrue  to  the  Kuhnian  form  (1996),  the  paradigmatic  shift  seen  in  resilience  theory  from traditional stabilization forces (beneficial to productivity and fixed capital) to models that promote natural regimes of management (incorporating biodiversity,  flexibility and opportunity) provides a scaffolding to develop adaptive solutions for natural resource management (Holling and Gunderson, 2002).  The  regime  of  imagined  resilience  inflated  by  artificial  stability  has  led to  systems  highly susceptible to climatic variation, invasive species, pathogen transmission, and catastrophic collapse resulting from too many constraining elements (Drever et al., 2006; Lin, 2011; Andries et al., 2006). Recognizing  the  inexorable  link  between  human  activities  and  environmental  conditions,  social-ecological  system  analysis  holds  promise  for  identifying  adaptive  solutions  to  natural  resource management complexities that both reinstate  sustainable, natural regimes as well as reducing the disproportionate  vulnerability  of  marginalized  populations  (Walker  et  al.,  2002;  Marshall  and Marshall,  2007;  Folke,  2006).  If  the  generation  and  flow of  ecosystem goods  and  services  are  to continue in perpetuity,  repositioning ecological  resilience models  of  sustainability to the center of socio-political and economic agendas in the form of SES analysis can prove both highly instructive and productive for resource management.
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