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complex problems requires evolution in the approaches of law
and governance.125

Indeed, the Kyoto Protocol and its failure to catalyze
effective climate governance now seem to support Ruhl’s
conclusion.126 The emphasis on a legalistic and top-down treaty
structure to address climate change—the overarching goal of
UNFCCC negotiations for nearly twenty years and expressed
most clearly in the Kyoto Protocol and its quantifiable
emissions reduction commitmentst2’—reflected on the
international level the core problem with domestic
environmental law that led Ruhl to call for “a truly radical
transformation of environmental law.”128 The core argument
expressed by Ruhl and an increasing number of other
environmental law scholars is that most of environmental law
reflects a “reductionist, linear, predictivist mentality” and
associated governance approach that fits poorly with the
complex environmental systems that they regulate.2® Building

125. E.g., Craig Anthony (Tony) Arnold, Fourth-Generation Environmental
Law: Integrationist and Multimodal, 35 WM. & MARY ENVTL. L. & POL'Y REV.
771, 798 (2011) (suggesting that the complexity of environmental problems led
to evolutionary changes in U.S. environmental regulation).

126. See Boyd, supra note 14, at 548-50 (discussing the Kyoto Protocol’s
top-down, global approach, its failure to implement effective climate
governance, and the need for a complex system to address climate change).

127. See id. at 548 (explaining that “the conviction that there can and
should be a blueprint for comprehensive climate governance, manifest most
prominently in the Kyoto architecture and in the efforts to negotiate a
successor treaty” led to many of the disappointments and failures of the
climate regime).

128. Ruhl, Thinking, supra note 9, at 941-42. Although most of his
analysis focuses on domestic environmental law, Ruhl suggests that the
transformation of environmental law should embrace an overall goal of global
sustainable development, with decision-making processes based upon adaptive
management principles, and the use of biodiversity preservation as a
performance metric. Id. at 942. It is impossible to know what the international
climate change regime would look like today if it had embraced Ruhl’s
suggestions, of course, but the focus on a top-down treaty with quantifiable
emissions reductions as the primary goal seems about as contrary to those
suggestions as anything in U.S. domestic environmental law.

129. Id. at 940 (characterizing environmental law as “mired in a
reductionist, linear, predictivist mentality”); see also Robin Kundis Craig,
Learning to Think About Complex Environmental Systems in Environmental
and Natural Resource Law and Legal Scholarship: A Twenty-Year
Retrospective, 24 FORDHAM ENVTL. L. REV. 87, 101-02 (2013) (“While scholars
may accept the new realities of complexity theory, much of environmental and
natural resources law remain based in paradigms of complicatedness,
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on that critique of environmental law, Parts III and IV of this
Article suggest that mitigation efforts may be improved by
applying a similar analysis to the overlapping social, ecological,
and technical systems affecting global energy policy, which can
be accurately conceptualized as a single large complex system
(“the global energy system”) that is the core subject of climate
change mitigation regulation.

Complex systems theory offers a perspective and a mode of
analysis that is radically different than many of the
assumptions underlying the law generally and environmental
law in particular. The most familiar manifestation of this
arises in debate over the need for flexibility in the face of
uncertainty, contrasted with the value of certainty and finality
in legal rules and legally significant decisions.130 A further
exposition of complexity theory concepts may elucidate the
value of rethinking pre-existing legal approaches to complex
issues such as climate change.

Complexity theory originated in the physical sciences in
the early to middle twentieth century and, with some
modification, became particularly important in ecological
science by the 1990s.131 By the dawn of the twenty-first
century, the concept of “socio-ecological systems” (SESs) had
developed as a useful way of understanding the interactions of
human social systems with natural environmental systems.
The majority of literature on SESs examines relatively small
scales, such as forest or wetland ecosystems.!32 However, there

predictability, and stationarity—always a bad fit to ecological reality, and an
increasingly problematic mismatch in a climate change era.”).

130. One interesting example highlighting the challenges of this tension
was the attempt to transform forest management under the George W. Bush
administration, which adopted the language of adaptive management—long
called for by environmentalists—in an attempt to remove the firm regulatory
requirements that limit logging in national forests. Andrew Long, Auditing for
Sustainable Forest Management: The Role of Science, 31 COLUM. J. ENVTL. L.
1, 5 (2006).

131. See Ruhl, Complexity Theory, supra note 9, at 857 n.9.

132. See, e.g., Ruhl, Thinking, supra note 9, at 948-49 (using the example
of a single tree as a complex-adaptive system); cf. Ahjond S. Garmestani et al.,
Panarchy, Adaptive Management and Governance: Policy Options for Building
Resilience, 87 NEB. L. REV. 1036, 1041 (2009) (“Scale is the critical variable in
monitoring and therefore policy associated with linked socio-ecological
systems. Cumulative impacts have the capacity to ‘scale up’ in terms of their
effect. As an illustration, large scale destruction and degradation of wetlands,
and the ecological services associated with those wetlands, has occurred
primarily as a result of innumerable, small conversions of wetlands for
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is also a growing body of work that examines the relevance of
the SES perspective for global-scale change.33 In 2002, Lance
Gunderson and C.S. Holling published an edited volume
articulating a theory of “panarchy” as an “integrative theory to
help us understand the changes occurring globally,” which are
“economic, ecological, social, and evolutionary.”!3¢ Panarchy
theory illustrates, among other things, the multiscale and
overlapping nature of SESs.135

Beginning with Ruhl’s work in the 1990s, a number of
environmental law scholars have explored how complexity-
based theories may be valuable to environmental law, although
significant analytical work remains to clarify its implications
for governance, and few of these theoretical explorations have
been tested through policy implementation, especially at large
scales.136 Indeed, scholars who have written extensively on the
importance of incorporating the insights of complexity theories
note explicitly that it is a difficult task for which we have very
limited guidance.137 Yet complexity theory can provide an

agricultural and urban development—a tyranny of many small decisions.”
(footnote omitted)).

133. See, e.g., Boyd, supra note 14, at 478-79 (discussing the use of these
models to simulate “the oceans, the cryosphere, the biosphere, and human
activities”).

134. C.S. Holling, Lance H. Gunderson & Donald Ludwig, In Quest of a
Theory  of  Adaptive  Change, in  PANARCHY: UNDERSTANDING
TRANSFORMATIONS IN HUMAN AND NATURAL SYSTEMS 3, 5 (Lance H.
Gunderson & C.S. Holling eds., 2002).

135. Garmestani et al., supra note 132, at 1037 (“Unlike the top-down
control envisioned in traditional hierarchies, connectivity between adaptive
cycles in a panarchy can be from levels above or below. In a hierarchy, lower-
level patterns and processes are dominated by higher levels in the hierarchy.
Panarchy differs from this characterization of nesting, with respect to complex
systems, in that conditions can arise that trigger ‘bottom-up’ (i.e., cross-scale
cascading) change in the system. This model of socio-ecological systems more
accurately captures the ‘surprise’ or uncertainty inherent in such systems.
Further, levels in a panarchy are not static states, but rather adaptive cycles
that are interconnected to other adaptive cycles in the panarchy.”).

136. Andreas Duit et al., Governance, Complexity, and Resilience, 20
GLOBAL ENVTL. CHANGE 363, 365-67 (2010); see also Craig, supra note 129, at
102 (“Complexity theory and resilience thinking offer the brightest hope for
the future of environmental and natural resources law and policy in this
climate change era, and so we should all hope that they continue to inspire
transformative scholarship.”).

137. E.g., J.B. Ruhl, Panarchy and the Law, ECOLOGY & SOC’Y, Sept. 2012,
at 2, 4, available at http://www.ecologyandsociety.org/voll7/iss3/art31/ES-
2012-5109.pdf (observing that “translating and operationalizing panarchy
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alternative way of examining large social systems and their
interaction with natural systems in order to yield policy
insights that better account for the uncertainty often found in
environmental challenges, as well as the uncertainties of the
political and social systems within which law is created to
address these challenges.138

Complex systems are not merely “complicated” systems,
which involve many independent variables.139 Complex systems
are systems in which the components exhibit dependencies
such that the system as a whole has properties that “emerge”
and cannot be explained as the sum of the constituent parts.!40
Further, these systems demonstrate nonlinearity, meaning
that they cannot be predicted with proportional
mathematics.14! In applications that are most relevant to
environmental law, a key feature of nonlinearity is its
unpredictability, which is related to complex systems’ self-
organizing characteristics and the potential for small
perturbations in the system to produce large and even
transformational changes.!42 This latter potential reflects the
extreme sensitivity of complex systems in their current or
starting states, as well as path dependency dynamics.!43 It also

theory into law will be a very difficult undertaking,” but nonetheless warning
that lawyers should “not underestimate the need to make that move”).

138. Daniel A. Farber, Probabilities Behaving Badly: Complexity Theory
and Environmental Uncertainty, 37 U.C. DAVIS L. REV. 145, 172-73 (2003);
Ruhl, supra note 131, at 892-93, 905, 913. For a creative and well-developed
example of using complexity theory concepts to reimagine a complex
environmental issue area, see Jim Chen, Webs of Life: Biodiversity
Conservation as a Species of Information Policy, 89 IOWA L. REV. 495, 502
(2004) (taking the unique approach of describing environmental law as an
“information platform”).

139. Craig, supra note 129, at 88 (“Complexity scientists generally
distinguish complex systems from complicated systems.”).

140. See JOHN H. HOLLAND, EMERGENCE: FROM CHAOS TO ORDER 121-22
(1998) (discussing the limitations of only looking at the “average” behavior of
each part of a complex system); see also Craig, supra note 129, at 88-91
(listing several distinguishing properties of complex systems).

141. Ruhl, supra note 131, at 854 (“[T]he interaction of law and society can
be modeled using the characteristics of dissipative, nonlinear dynamical
systems; that is, when conceived as a unified system, the interaction of law
and society evolves in an unfolding nonreversible manner that is not based on
components with directly proportional relationships capable of being graphed
as a straight line.” (footnote omitted)).

142. See id. at 875-80 (discussing chaos and its impact on complexity
theory).

143. Id.
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reflects the impossibility of fully calculating the effects of an
intervention affecting even small components of any system in
which the components are interdependent. Any change to one
component will cause changes to the others, which then cause a
new set of changes to occur, and so on in a dynamic and
continual process that constitutes the trajectory of the
system.144 In relatively rare instances, very minor (even
immeasurable) changes to a small component can produce
extremely large consequences for the system as a whole,!45 but
more often, systemic change is a process of accretion and
reaction over time and may be understandable, but not fully
predictable.146

Key concepts related to change in complex systems are
frequently discussed in terms of “resilience,” “adaptability,” and
“transformation.”4?7 The use of these terms is not consistent
throughout all types of complex systems literature, nor is it
entirely consistent within subsets of the literature.148
Nonetheless, each of the terms has meaning across systems
contexts. In the “resilience thinking” literature, which is among
the strands of complexity theory that has exerted the most
influence on recent environmental law scholarship,149
“resilience” is defined as the capacity of a socio-ecological
system to change yet remain within the thresholds that define

144. See David G. Post & David R. Johnson, “Chaos Prevailing on Every
Continent”: Towards a New Theory of Decentralized Decision-Making in
Complex Systems, 73 CHI.-KENT L. REV. 1055, 1060-73 (1998) (providing an
exceptionally clear discussion of this concept by use of a garden metaphor).

145. This extreme situation is an example of “power laws,” which are not
common even in systems, but provide a very clear illustration of how different
systems operations can be from traditional probability and common
expectations of cause and effect. Farber, supra note 138, at 153—54.

146. Id. at 153.

147. Cf. Carl Folke et al., Resilience Thinking: Integrating Resilience,
Adaptability and Transformability, ECOLOGY & SOC’Y, Dec. 2010, at 20, 20,
available at http://www.ecologyandsociety.org/vol15/iss4/art20/ES-2010-
3610.pdf (describing resilience, adaptability, and transformability as three
central aspects of complex systems). Folke et al. use the term
“transformability” to express an element of the concept discussed here and
elsewhere as “transformation.” Id.

148. See id. at 20, 22 (noting “confusion” that results from publications
using these terms in multiple ways; additionally, the author provides a
glossary to clarify the definition of key terms).

149. See Robin K. Craig & Melinda H. Benson, Replacing Sustainability, 46
AKRON L. REV. 841, 868 (2013).
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its trajectory.!®0 Although several possible “system states” may
exist inside the thresholds within which a resilient system
tends to remain, systems are resilient when they respond to
external or internal forces through change (perhaps even to
other system states within the thresholds) without being
pushed into a fundamentally different trajectory or
fundamentally new system.15! “Adaptability” is the system’s
ability to respond to such forces—its ability to change—which
underlies its resilience because such responsive changes allow
the system to avoid being fundamentally altered by the forces
affecting it.152 On the other hand, “transformation” refers to a
fundamental reorganization of a system into a new system with
a different trajectory.!®3 This occurs when forces exceed the
adaptive capacity of the system and thus overwhelm its ability
to maintain resilience.154

Other formulations of the transformation concept are also
important to note, however, and generally refer to less radical
changes. Thus, transformation can be understood as a change
in the system state (without necessarily exceeding fundamental
limits), as exemplified by changing a pasture managed for
raising sheep to one that is managed for goats.155 The concept
of “resilience” warrants some additional attention because not
only has it been used to express different concepts, but also
because at least two different types of resilience have been

150. Folke et al., supra note 147, at 21; see C.S. Holling, Resilience and
Stability of Ecological Systems, 4 ANN. REV. ECOLOGY & SYSTEMATICS 1 (1973)
(introducing the concept of resilience).

151. See Craig & Benson, supra note 149, at 863 (describing system states
in the context of resilience theory). One relevant application of this concept at
a global scale is the idea that variations between ice and non-ice ages within
the Holocene represent changes in the system state of the planet, but not a
fundamental transformation, and that the Anthropocene concept expresses
the potential for fundamental transformation of these systems. See Will
Steffen et al., The Anthropocene: From Global Change to Planetary
Stewardship, 40 AMBIO 739, 755-56 (2011).

152. Folke et al., supra note 147, at 21 (“Adaptability captures the capacity
of a SES to learn, combine experience and knowledge, adjust its responses to
changing external drivers and internal processes, and continue developing
within the current stability domain or basin of attraction.” (citation omitted)).

153. Id. at 22-23.

154. Seeid.

155. Brian Walker et al., A Handful of Heuristics and Some Propositions
for Understanding Resilience in Social-Ecological Systems, ECOLOGY & SOC’Y,
June 2006, at 13, 21, available at http://www.ecologyandsociety.org/
volll/iss1/art13/.
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widely recognized. The definition suggested above reflects
“ecological resilience,” which refers to “resistance” or the ability
to absorb disturbance without fundamental alteration of the
system.1%6 The concept of “engineering resilience,” however, is
distinct and refers to the ability to “recover” or return to a
“steady state” of equilibrium.157

Complex systems theory focuses on the interactions among
components of a system, whether the system is ecological,
social, or another type (including socio-ecological and socio-
technical).15® The theory tends to highlight the potential for
relatively small-scale adjustments to a component or an
interaction of components to create a ripple effect that can
ultimately lead to large-scale changes of the system as a
whole.1%9 This reflects the overlapping and nested nature of
many systems.160 For example, smaller scale systems may
undergo transformation in ways that serve to enhance the
adaptability and resilience of larger-scale systems in response
to significant forces driving change.6! The state of the system
at one point in time generally defines the potential pathways
through which changes may take effect and reverberate,
although these can be very difficult or impossible to identify, let
alone predict, because of the extremely high number of
potential interactions and configurations within complex
systems.162 In this way, complex systems theory accounts for
the uncertainty and unpredictability of complex systems and
offers an explanation, although not one that offers concrete and

156. J.B. Ruhl, General Design Principles for Resilience and Adaptive
Capacity in Legal Systems: With Applications to Climate Change Adaptation,
89 N.C. L. REV. 1373, 1376-77 (2011) (discussing the differences between
ecological and engineering resilience concepts).

157. Id. at 1377 (describing the effect on the movement of a ball at the
bottom of a tall, narrow vase (a metaphor for engineering resilience) compared
to the effect on the movement of a ball in a wide but shallower bowl (a
metaphor for ecological resilience) to illustrate the difference between the
types of resilience).

158. See C.S. Holling, Understanding the Complexity of Economic,
Ecological, and Social Systems, 4 ECOSYSTEMS 390, 390 (2001).

159. See Folke et al., supra note 147, at 20-21.

160. See id.

161. Seeid. at 24.

162. See, e.g., Craig, supra note 129, at 92 (“One of the important lessons
for environmental and natural resources law from complexity science is that
uncertainty and unpredictability are inherent limitations on the legal system’s
ability to perfectly control and regulate its subjects . .. .”).
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specific predictions, of how and why alterations to the
components of a system can produce change effects ranging
from nearly imperceptible to transformation of the system as a
whole.163 Although this type of nonlinear process is not fully
predictable, it may create opportunities to adjust components of
a system in order to initiate a sequence of interactions that
produce large-scale changes in trajectory, even where direct
system-wide change would be practically impossible. When
complexity analysis is applied to socio-ecological systems, it
generally results in policy insights that are very different from
the traditional (linear and reductionist, in most cases)
approach to an issue.'64 Climate change mitigation is no
different from many other issues in this respect.

ITI. RECONCEPTUALIZING THE MITIGATION
CHALLENGE AS A COMPLEX SYSTEMS PROBLEM

Over the last fifteen to twenty years, environmental
scholars began to recognize the value of complex systems
theory for environmental policy analysis and design.165
Somewhat ironically, this approach has gained the most
traction in the context of climate change adaptation, but has
received almost no attention in the context of climate change
mitigation governance.l66 Yet, the high level of global GHG
emissions, particularly since the middle of the twentieth
century, can easily be understood as an emergent property of a

163. See id. at 88-89, 102 (defining complex systems and advocating the
use of complexity theory). See generally Farber, supra note 138, at 172—-73
(arguing that power laws—where the possibility of a freak outcome weighs
heavily in the analysis—apply to environmental issues, and that complexity
theory can help explain such freak outcomes and suggest possible ways to
handle them).

164. Among the first articles to make this point in legal scholarship was
Ruhl, Complexity Theory, supra note 9; see also Craig, supra note 129, at 91—
93 (proposing the application of complexity science to transform
environmental law to a dynamic governance system capable of adapting to
change and uncertainty with reference to socio-ecological systems).

165. See Craig, supra note 129, at 100-01 (“Are we to the point where the
complexity of ecosystems and socio-ecological systems is accepted as a given by
environmental and natural resources law scholars? Probably.”).

166. Cf. Outka, supra note 4, at 168486 (discussing the complexity of the
legal system and climate change as barriers to effective climate change
regulation).
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global energy system.167 This Part begins to explore whether
examining the mitigation challenge as a complex systems
problem, by conceiving of fossil energy dominance and related
GHG emissions as undesirable emergent properties of a
complex “global energy system,” can provide useful policy
insights.

If energy policy can accurately be understood as a complex
global energy system, policy analysis may be made more
fruitful by accounting for the complex systems properties it
possesses.168 Attention to the dynamic and nonlinear processes
of complex systems, sensitivity to system state and path
dependency, and the potential for relatively small alterations to
provoke the emergence of major systemic state changes at a
very large scale provide ways of thinking about the global
energy system that are likely to yield policy recommendations
very different from the incremental and legalistic efforts that
have characterized most of environmental law, in the United
States and internationally, and which have repeatedly failed to
produce significant climate change mitigation.169

It would be hard to imagine a global system that is less
likely than the global energy system to respond to the types of
reductionist processes and methods that have come to
characterize nearly all of environmental law at both domestic
and international levels.170 Thus, if global energy governance
holds out hope for climate change mitigation—and with the

167. See, e.g., Felder, supra note 9, at 89 (describing the global energy
system as “a complex, large-scale, integrated, open, and socio-technical
(CLIOS) system”); see also JOSEPH M. SUSSMAN, THE “CLIOS PROCESS:” A
USER’S GUIDE (2007), available at http://ocw.mit.edu/courses/engineering-
systems-division/esd-04j-frameworks-and-models-in-engineering-systems-
engineering-system-design-spring-2007/readings/clios_process.pdf (discussing
the CLIOS systems, which is a concept that grows from engineering
literature).

168. See Felder, supra note 9, at 105.

169. See id. at 104-05.

170. Id. at 93 (“Coincident with the needs of policymakers to reevaluate
global climate change mitigation policy, the importance of a multi-disciplinary
approach to solving intractable social problems has long been recognized.
These problems consist of intertwined technological and social complexities
that cannot be adequately addressed by a reductionist scientific approach.”
(footnote omitted)); see Goldthau & Sovacool, supra note 98, at 232 (“As we
shall argue in this article, energy is, among all policy fields exhibiting
externalities of a global scale, by far the most complex, path dependent, and
embedded one.”); see also Sovacool & Florini, supra note 106, at 252-56
(discussing the challenges of energy governance).
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near collapse of UNFCCC process focused primarily on
traditional environmental law approaches, it may be the only
hope—proposals need to account for the extremely messy
governance structure and the multiple layers of social and
economic issues that characterize energy policy.l"t More
importantly, to be effective, such proposals should account for
the interaction of the diverse and diffuse components of energy
policy. It is the interactions of these components that are most
relevant to demonstrate the existence of a complex global
energy system because it is through this interaction that the
system produces emergent properties.!’? Chief among the
emergent properties is the dominance of fossil-fuel-based
technologies.'” The longstanding dominance of these
technologies is an example of what technology literature often
describes as technological “lock-in,” but which will be more
familiar to environmental law scholars as a form of
resilience.1’ One way of thinking about climate change, then,

171. See, e.g., Carlarne, supra note 14, at 3 (emphasizing the need to move
on from our current global climate governance system and pursue “a web of
multi-level, multi-scale systems” to accommodate the complex economic,
social, and political issues presented by climate change); Sovacool & Florini,
supra note 106, at 260-63 (discussing potentially promising approaches to
reforming global energy governance).

172. See, e.g., Sovacool & Florini, supra note 106, at 252 (listing examples
of the “disparate topics” that global energy regulators are tasked with
addressing); see also Donald T. Hornstein, Complexity Theory, Adaptation, and
Administrative Law, 54 DUKE L.J. 913, 920 (2005) (“When mechanisms of self-
assembly lead to properties of a system that are not shared by its constituent
parts, these properties are called emergent.”).

173. See Davies, supra note 4, at 481 (“Energy regulation in the United
States clearly ‘favors large-scale, high-technology, capital-intensive,
integrated, and centralized producers of energy from fossil fuels.” (quoting
Joseph P. Tomain, The Dominant Model of United States Energy Policy, 61 U.
CoLo. L. REV. 355, 375 (1990))); see also IEA FACTSHEET, supra note 3, at 1
(stating that fossil fuels accounted for 81% of the global energy supply in
2012).

174. See Duit et al., supra note 136, at 365—67 (applying the concept of
resilience to governance issues). See generally Sovacool, supra note 76, at
4504-12 (examining the economic, political, and behavioral impediments of
implementing renewable energy systems which in turn support the continued
dominance of fossil fuels). One may fairly question whether the resilience of
the global energy system in a state of fossil fuel dominance is ecological
resilience or engineering resilience. Arguably, events such as the 1970s oil
crisis suggest that the system tends to “bounce back” rather than absorb
shocks and, thus, can be understood as exhibiting engineering resilience
rather than ecological resilience. See supra notes 156-57 and accompanying
text.
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is to view fossil fuel dominance as a particularly important
emergent property of the global energy system, one which has
become so dominant that it threatens the stability of other
systems interacting with the energy system—most notably, the
climate system.

A. THE GLOBAL ENERGY SYSTEM AS A COMPLEX SYSTEM

In his 1997 article calling for a transformation of
environmental law, J.B. Ruhl encouraged creation of an
environmental law system that enables “complex adaptive
system forces to take hold and flourish,”175 a theme which has
been echoed with increasing frequency in recent years. Of
course, basing a regulatory strategy on complex-systems forces
presupposes that one is working with a complex system. So,
how does one determine whether a large-scale system such as
the global energy system is indeed a complex system? In
assessing the objects of environmental regulation, Ruhl
1dentifies the following general properties of complex adaptive
systems: aggregation, nonlinearity, flows, diversity, and self-
criticality.176 In discussing complexity theory as a descriptive
tool for administrative law, Donald Hornstein identifies
emergence from self-assembly, sensitivity to initial conditions,
and nonlinearity as indicative of a complex system.l77 In a
recent article analyzing international environmental law as a
complex adaptive system, the authors point to related processes
of nonlinearity, emergence, and self-organization.1’® One could
also examine the literature from other disciplines, particularly
literature which explores differences between natural and
human systems in terms of complexity and adaptive

175. Ruhl, Thinking, supra note 9, at 942; see also id. at 941-42
(suggesting that the transformation should embrace an overall goal of global
sustainable development, with decision-making processes based upon adaptive
management principles, and the use of biodiversity preservation as a
performance metric).

176. Id. at 943-53. See generally J.B. Ruhl & Harold J. Ruhl, Jr., The
Arrow of the Law in Modern Administrative States: Using Complexity Theory
to Reveal the Diminishing Returns and Increasing Risks the Burgeoning of
Law Poses to Society, 30 U.C. DAVIS L. REV. 405 (1997) (discussing similar
properties of complex adaptive systems).

177. Hornstein, supra note 172, at 913, 916.

178. Rakhyun E. Kim & Brendan Mackey, International Environmental
Law as a Complex Adaptive System, 14 INT'L ENVTL. AGREEMENTS 5, 7-8
(2014).
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characteristics,!”™ which may have value in future efforts to
define precise reform actions aimed at mitigating climate
change through the global energy system. It is also important
to recognize that complexity theory includes concepts related to
the “attractors” of systems.180 Attractors can be “strange” and
complex, but can also be more stable, fixed or cyclical, and some
mix of these attractors is at play in most systems, leading to
their adaptability on what has been called the “edge of
chaos.”181 For present purposes, however, a general recognition
of complex systems properties is sufficient to illustrate that the
global energy system acts as a complex system. Thus, I suggest
that the global energy system can be understood as a complex
system through two clusters of related characteristics: (1) self-
organization and emergence, reflecting what Ruhl describes as
“aggregation;”182 and (2) nonlinearity through flows based on a
sensitivity to initial conditions, reflecting both the concept of
path dependency and the potential for small changes to effect
large systemic effects that may, on relatively rare occasions,
even lead to fundamental transformation of the system (such
transformation is often referred to as “catastrophe”).183
Moreover, the multiscalar and overlapping legal, sectoral, and
physical systems composing the global energy system illustrate
that it has characteristics of a panarchy.'® Many of these
features are illustrated in the discussion above, but are made
somewhat more explicit through a brief analysis below.

179. See, e.g., Holling, supra note 158, at 401 (stating that human systems
exhibit three unique features: “foresight, communication, and technology”).

180. See Ruhl & Ruhl, supra note 176, at 419 n.27 (“An attractor is simply
a model representation of the potential long term behavior of the system, a
useful concept for exploring different kinds of long-term behavior. The
attractor is not a force of attraction or a goal-oriented presence in the system,
but simply depicts where the system is headed based on the rules of motion in
the system.” (citation omitted)).

181. Seeid. at 418-23.

182. Ruhl, Thinking, supra note 9, at 945.

183. See, e.g., Ruhl & Ruhl, supra note 176, at 421 (“This is known as
catastrophe behavior.”).

184. See Ruhl, supra note 156, at 1383 (“Resilience theory does not posit
that a system as complex as law is entirely either a vase or a saucer; rather, it
is more a set of landscapes over which we find engineering and ecological
resilience strategies mixing in different blends to form topographies of various
contours depending on where in the system we look. Some resilience theorists
refer to this multiscalar complex of topographies as a ‘panarchy.” (footnote
omitted)).
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The global energy system exhibits self-organization and
emergence, meaning that through interactions of its
components, the system itself produces properties that cannot
be explained through analysis of individual components or as
the imposition of an external actor.!85 This type of behavior is
apparent in many features of the global energy system,
including the market structure that leads to pricing and price
fluctuation but also in more fundamental aspects such as the
dominance of fossil fuels throughout the system.18 The role of
interaction in creating emergent properties is apparent in
several features of energy policy highlighted in Part I, supra.
The following two processes that created and reinforce fossil
fuel dominance in global energy policy suggest an interactive
process: (1) the tightly coupled national political and financial
reinforcement of fossil fuel dominance, to the point that
hundreds of billions of dollars in annual subsidies support
fossil fuel dominance; and (2) control of these resources has
exhibited an undeniable influence on the shape of overarching
global political power relationships (including, but not limited
to, empowering oil-rich nations) in ways that were
unpredictable, leading to strong international political
reinforcement of fossil fuel use and expansion, thus acting to
preserve their dominance of fossil fuel energy throughout the
globe.187

In addition, the global energy system reached its current
state through a long series of events that bear the mark of
nonlinearity and which provoke changes through flows,
primarily of oil and money.!88 The technology of the global
energy system, for example, includes some of the most
surprising and important inventions and discoveries dating
back to the Industrial Revolution.!8® From before the
development of electricity through well after the price shocks of
the 1970s, the history of the global energy system is
punctuated with events that resulted from a confluence of
circumstances and created significant leaps forward in the
potential for society to meet its material needs and desires,

185. See, e.g., Kim & Mackey, supra note 178, at 7-8.

186. See id.; supra notes 37-38 and accompanying text.

187. See supra Part 1.D. These examples are meant to illustrate the type of
processes at play, not to provide an exhaustive survey.

188. See, e.g., Sovacool, supra note 76, at 4506—09.

189. See Kim & Mackey, supra note 178, at 9.
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which then established a new technological status quo that
established the parameters of potential future social and
technological paths.19 Although tracing the threads that have
shaped the current system is beyond the scope of this Article, it
is notable that features of the energy system are often cited as
examples of nonlinear systems behavior.191

Although the core premise of this Article requires
understanding the global energy system as a complex system,
this Article does not take a position on whether it is useful to
think of the global energy system as a complex adaptive
system. There is room for argument about what, specifically,
makes a complex system adaptive.192 Certainly, the resilience
of the system and its apparent balance between order and
chaos suggest adaptive qualities.193 However, other hallmarks
of adaptability, such as diversity, which Ruhl describes as “the
signature of complex adaptive systems,”9¢ may be lacking in
the global energy system. Indeed, one could argue that it is the
lack of diversity represented by the dominance of fossil fuel
technologies that prompts the desire to catalyze transformation
of the system away from its current state. Thus, to some extent,
the degree to which the global energy system is viewed as
adaptable may depend on the way in which one defines the
system. Viewed narrowly, in terms of the path upon which it
has thus far developed, one might wish to emphasize the non-
adaptive characteristics of the system because it is precisely
those features that should be targeted in transformation efforts
(a theme often repeated in the socio-technical literature
discussed below). However, viewed broadly, in terms of the
system’s ability to support social goals and meet human needs,
one can understand the system’s potential for adaptation as a

190. Cf. Schipper, supra note 13, at 87 tbl.1 (summarizing the “historical
framing of climate change debate and adaptation thinking” from the 1960s
onward).

191. E.g., Ruhl & Ruhl, supra note 176, at 444-45 (discussing the
apparently random events, including discovery of oil in Texas and the
resulting low cost of gasoline, leading to the rise of the automobile in the early
twentieth century). See generally Felder, supra note 9 (analyzing the global
energy system as a complex system in greater detail).

192. E.g., Kim & Mackey, supra note 178, at 8 (“[Complex adaptive
systems] are special cases of complex systems, although the line between them
and complex systems is not clear.”).

193. See Ruhl, Thinking, supra note 9, at 947.

194. Id. at 948-49.
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prerequisite to advocating for change. The goal of
transformation, after all, is not to destabilize the provision of
energy, but merely to change the current state of the system
through which such energy is produced and supplied.!9 In this
sense, the goal of climate change mitigation efforts is to alter
the path upon which the system has, in a self-organizing way,
established itself, and to do so in a manner that averts the
types of devastating social consequences (such as those
discussed in models of extreme climate change or in predictions
of peak oil and subsequently dwindling supply) that appear
likely to force the system onto another path at some point in
the future in order to avoid collapse. In this sense, climate
change mitigation may be understood as an effort to speed a
process of change that is likely to occur anyway and, by doing
so, avoid the most severe consequences of the status quo.

B. THE GLOBAL ENERGY SYSTEM, CLIMATE CHANGE, AND
SOCIO-TECHNICAL SYSTEMS

Most environmental law literature that considers
complexity theory focuses on its application to natural systems
with desirable characteristics, and, by extension, to a system of
law designed to promote environmental quality by preventing
undesirable transformation of environmental systems.196 Thus,
this literature generally discusses resilience and adaptation as
desirable qualities—things to be nurtured in environmental
systems and fostered in legal systems that aim to promote
environmental quality.’” While there is recognition that
undesirable characteristics or features of a system may be
resilient, this possibility is rarely discussed in any depth by
environmental law literature, especially as it relates to social
(rather than ecological) systems.198 However, attention to the

195. Cf. Folke, supra note 147, at 23 (“[T]ransformability has been defined
as ‘the capacity to create a fundamentally new system when ecological,
economic, or social structures make the existing system untenable.” (citation
omitted)).

196. See, e.g., Ruhl, Thinking, supra note 9, at 941-42.

197. E.g., Craig & Benson, supra note 149, at 844 (arguing that “resilience”
should replace “sustainability” as a policy goal of environmental law).

198. E.g., id. (noting the possibility of resilience in undesirable components
without discussing application of the concept of negative resilience to social
systems); see also Mary J. Angelo, Stumbling Toward Success: A Story of
Adaptive Law and Ecological Resilience, 87 NEB. L. REV. 950, 1000 (2009)
(observing that resilience of ecosystems in undesirable system states may
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resilience of undesirable features may have value to
environmental law at various scales. For example, at the
ecosystem scale it may prove useful for addressing issues such
as invasive species. It may also be valuable in understanding
undesirable characteristics of global social systems, such as the
dominance of fossil fuels in the global energy system and the
emergence of climate change. Of course, even high resilience
can give way, producing transformation. Although discussions
of resilience of undesirable system components rarely receive
attention in environmental law literature (and even in
ecologically oriented systems literature), another area of
literature based on complexity theory has transformation to
displace resilient undesirable system components as a primary
focus. This literature analyzes “socio-technical systems” by
drawing on a complex systems understanding of social forces
and technological forces.199

Benjamin Sovacool recently noted that “one of the most
salient characteristics of modern industrial systems such as
telephones and power networks is the degree to which they are
not salient for most people, most of the time.”200 For many
people, existing technological systems are taken as a given,
which obscures their contingent nature.20! Attention to the
socio-technical context of technology, including the interacting
social and technical sources of technological constraints, makes
explicit the processes and systemic forces that define current

require management actions to achieve more desirable states). But see Ruhl,
supra note 156, 1381-84 (discussing resilience in the context of the legal
system as normatively neutral, noting examples of resilience in undesirable
elements such as slavery, and observing that transformation is desirable in
some instances).

199. Cf. Stephen M. McCauley & Jennie C. Stephens, Green Energy
Clusters and Socio-technical Transitions: Analysis of a Sustainable Energy
Cluster for Regional Economic Development in Central Massachusetts, USA, 7
SUSTAINABILITY SCI. 213, 213-14 (2012) (“The transformation of complex
socio-technical systems, and particularly the shift from a fossil fuel-based
energy system to one reliant on renewable energy sources, involves a
significant re-shaping of regional, place-based infrastructures, economic
systems, and social practices.”). See generally THOMAS P. HUGHES, NETWORKS
OF POWER: ELECTRIFICATION IN WESTERN SOCIETY, 1880-1930 (1983)
(providing a background for establishing socio-technical theory).

200. Sovacool, supra note 76, at 4502 (citing Paul N. Edwards,
Infrastructure and Modernity: Force, Time, and Social Organization in the
History of Sociotechnical Systems, in MODERNITY AND TECHNOLOGY 185-226
(Thomas J. Misa et al. eds., 2003)).

201. See id. at 4502—03.
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limits and thereby draws attention to the horizon of
technological possibility.202 In environmental law discussions,
which often focus on risk and harm prevention, the significant
potential for law and policy to affect socio-technical systems in
ways that expand this horizon can easily be lost.

The goals of socio-technical systems research include not
only to understand the interaction of social and technological
systems as a general matter, but also to develop an operational
understanding of the relevant processes in order to enable
intentional transformation of highly resilient and undesirable
aspects of socio-technical systems.203 The dominance of fossil
fuel-based technologies in energy systems is among the
primary examples of a resilient undesirable characteristic of
socio-technical systems. As one article notes, socio-technical
literature often differs from SES literature in that “where
existing regimes are judged to be unsustainable, for instance,
in energy ... socio-technical resilience is an undesirable
property,” and the goal of systemic analysis is to stimulate
“radical regime change.”204 Thus, in the language of systems
theory more generally, much socio-technical research aims to
identify potential pathways for transformation of systems with
highly resilient and highly undesirable properties.205
Conceptualizing fossil energy’s dominant place in the energy
system and the climate change resulting therefrom in this way
may provide a fresh perspective on the law and policy questions
confronting efforts to address climate change, suggesting that
law and policy scholars may draw value from greater attention
to socio-technical systems literature.

Most significantly, the concept of “negative resilience” and
conceptualizing mitigation as a goal related to transformation
of the energy system may prove crucial to developing more
effective governance intervention strategies to promote
mitigation. As the projections of the IEA and others suggest,

202. See id. at 4503.

203. Adrian Smith & Andy Stirling, The Politics of Social-Ecological
Resilience and Sustainable Socio-technical Transitions, ECOLOGY & SOCY,
Mar. 2010, at 11, 14, available at http://www.ecologyandsociety.org/
vol15/iss1/art1l (“The aim of socio-technical research is thus usually focused
on explaining and overcoming this negative resilience.” (citation omitted)).

204. Id.

205. See id; Walker et al., supra note 155, at 21 (“Transformation involves
changing the state space of the system and the scales of the panarchy.”).
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there is a very real risk that the dominance of fossil fuels in the
global energy system will become even more entrenched and
pronounced over the coming decades.206 As the preceding Parts
explained, there are social (including political and economic)
reasons for this, and these are reinforced by current
technological  limitations. Thus, a  context-sensitive
understanding of the obstacles facing legal and political
responses to climate change may be a prerequisite to designing
and implementing an effective legal and political mitigation
strategy. This strategy must also include attention to the socio-
technical system that is a part of the global SES in which
climate change has emerged as a severe threat. In other words,
greater attention to the process of technological change in
society will likely lead to more effective proposals for legal
reform.207

Although legal literature recognizes that the barriers to
technological change represent one of the fundamental
differences between the success of the Montreal Protocol and
the failure of the Kyoto Protocol, analyses of the issue rarely
dig beyond well-known considerations such as the role of
economic incentives and the potential for law to operate as a
technology forcing mechanism.208 The socio-technical literature
may thus provide an element—in-depth analysis of the
interaction between social forces and technical aspects of
technological change—that is both essential to addressing
climate change and vastly underrepresented in environmental
law literature. For example, fossil fuel-based electricity
generation presents a paradigmatic example of “strongly
embedded, self-reinforcing systems” and has received
significant attention in socio-technical research.209 Recent
socio-technical work examining the context for a renewable
energy transition in the United States includes an assessment
of barriers to renewable electricity?!® and of the emergence of

206. E.g., IEA FACTSHEET, supra note 3, at 1 (predicting that fossil fuels
will remain the dominant source of energy through at least 2035).

207. Cf. Ruhl & Ruhl, supra note 176, at 444-52 (describing the use of
technological change as an analogous context for analyzing the law as a
complex system).

208. See generally Sunstein, supra note 76 (demonstrating that the
importance of technological considerations is apparent throughout the
literature that has compared the Montreal Protocol and the Kyoto Protocol).

209. Smith & Stirling, supra note 203, at 13.

210. Sovacool, supra note 76.
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small-scale clusters of renewable power within communities.21!
Similar research in the United Kingdom provides insights into
the role of public perception and reception in a shift from
centralized fossil energy and associated policy structures to
more  heterogeneous and diffuse renewable energy
alternatives.2'2 Work of this nature holds significant promise
for enabling law and policy scholars to better understand the
context in which an effective climate change response must
operate and, thus, may inform the development of both legal
analysis that Dbetter accounts for existing extra-legal
constraints and concrete policy proposals that have a greater
chance of achieving desired results.

The input of law and policy scholars may also prove to be a
welcome compliment to existing efforts of socio-technical
systems analysis. Much of the socio-technical literature
explores how multiscale technological change relates to
economic and other social forces without addressing key
questions of law and policy design necessary for applying such
insights in a way that can catalyze transformation of the
energy system.213 Indeed, some early work attempting to draw
on socio-technical theory to facilitate clean energy technology
was sharply criticized for relatively simplistic and mechanistic
treatment of governance processes.2'4 As the field has grown, it

211. McCauley & Stephens, supra note 199.

212. E.g., C. Nolden, The Governance of Innovation Diffusion—A Socio-
technical Analysis of Energy Policy, 33 EPJ WEB CONFERENCES, art. 01012, at
4-6 (2012), available at http://www.epj-conferences.org/articles/epjconf/abs/
2012/15/epjconf_e2c¢2012_01012/epjconf_e2¢2012_01012.html (evaluating the
United Kingdom’s focus in renewable energy such as offshore wind and solar
PV).

213. See Smith & Stirling, supra note 203, at 18-19 (discussing the
political (and, implicitly, legal) questions left open by socio-technical systems
literature relevant to sustainability and clean energy). See generally FRANK
W. GEELS, TECHNOLOGICAL TRANSITIONS AND SYSTEM INNOVATIONS: A CO-
EVOLUTIONARY AND SOCIO-TECHNICAL ANALYSIS 103-245 (2005) (providing
complexity-based analysis of three major technological changes in the
eighteenth, nineteenth, and twentieth centuries, along with general
conclusions).

214. E.g., Smith & Stirling, supra note 203, at 17 (“[C]ritical political
dynamics challenge straightforward managerial understandings of transition
management.” (citation omitted)); see also Audley Genus & Anne-Marie Coles,
Rethinking the Multi-level Perspective of Technological Transitions, 37 RES.
PoL’Y 1436, 1444 (2008) (“An aspect of this is to consider how, the extent to
which, and in what circumstances state organisations and other interested or
affected actors affect the diffusion of technology through society.”).



1102 MINN. J. L. SCI. & TECH. [Vol. 15:2

has come to provide not only insights into the barriers to
technological transition, but also increasingly well-developed
models of technological change?!5 and a range of relevant case
studies that may assist in understanding the conditions
through which transition to clean energy technology can
occur.216 Such models and case studies can be seen as offering
key information and analytical frameworks for understanding
the catalytic role that law can play in technological change on
multiple scales, even if much of the current literature lacks
sophisticated attention to legal and political analysis to inform
reform strategies. In some respects, the insights of socio-
technical literature hold a potential value for designing more
effective legal tools to achieve mitigation that is similar to what
SESs literature offers for adaptation. It may, therefore, offer a
particularly relevant and helpful source for environmental law
scholars seeking to understand alternatives to the failed
approach of the Kyoto Protocol and efforts toward
comprehensive U.S. climate change legislation.

IV. FROM COMPLEXITY THEORY TO EFFECTIVE
IMPLEMENTATION: GOVERNING THE GLOBAL ENERGY
SYSTEM FOR CLIMATE CHANGE MITIGATION

As others have recognized, incorporating concepts from
complex systems theory into law and governance presents a
significant challenge.2l” The high level of abstraction common

215. E.g., Adrian Smith et al., The Governance of Sustainable Socio-
technical Transitions, 34 RES. POL’Y 1491, 1491-92 (2005) (developing a model
based on articulation of selection pressures and availability of resources that
create an adaptive capacity for regime transition).

216. E.g., Halina S. Brown & Philip J. Vergragt, Bounded Socio-technical
Experiments as Agents of Systemic Change: The Case of a Zero-Energy
Residential Building, 75 TECHNOLOGICAL FORECASTING & SOC. CHANGE 107,
127-28 (2008) (describing the use of small-scale projects to create social
receptivity to technological change); Daphne Ngar-yin Mah et al., Governing
the Transition of Socio-technical Systems: A Case Study of the Development of
Smart Grids in Korea, 45 ENERGY POL’Y 133 (2012); Jennie C. Stephens &
Scott Jiusto, Assessing Innovation in Emerging Energy Technologies: Socio-
technical Dynamics of Carbon Capture and Storage (CCS) and Enhanced
Geothermal Systems (EGS) in the USA, 38 ENERGY POL’Y 2020 (2010); Rob
Wall & Tracey Crosbie, Potential for Reducing Electricity Demand for Lighting
in Households: An Exploratory Socio-technical Study, 37 ENERGY POL’Y 1021
(2009).

217. See, e.g., supra text accompanying notes 175-78.
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in complexity theory2!8 can make the task appear particularly
daunting. While the research-related suggestions articulated
above are likely to improve knowledge and enhance the ability
to create effective interventions into the global energy
system,219 the urgency and immense stakes of climate change
make it particularly important that progress toward a more
effective approach moves from theory to practice as quickly as
possible.220 To that end, this Part explores some of the key
attributes of reform suggested by viewing climate change as an
emergent property of the global energy system.

Energy-related legal reforms aimed at operationalizing
complexity theory may be aided by recognition that law itself
can be understood as a complex system, which operates within
the context of a broader complex governance system, which
forms a component of the global energy system, itself a part of
broader socio-ecological and socio-technical systems.221
Likewise, climate change represents alteration of the climate
system, which can be understood as a complex system
operating as a component of a broader “Earth system,” which
can also be understood to include the raw materials from which
energy is generated (including, but not limited to, fossil fuels).
This very broad description of the relevant interacting systems
reflects the concept of “panarchy,” which describes dynamic
processes within and across scales.??2 It serves to illustrate the
multiple forces operating in and around the emergence of
climate change,?23 which results most directly, of course, from
the buildup of GHGs in the atmosphere—a byproduct of the
current energy system that affects the climate system in ways
that have been increasingly recognized and described by
scientists for over a century.22¢ Among other reasons, keeping

218. See supra Part I1.

219. See supra Part I11.B.

220. See generally PARRY ET AL., supra note 43 (discussing predicted
climate change impact scenarios).

221. As J.B. Ruhl suggests, “we must think of environmental law as a
complex adaptive system” in order to address complex environmental issues.
Ruhl, Thinking, supra note 9, at 980.

222. E.g., Holling, supra note 158, at 397-98, 401.

223. See supra Part II.

224. E.g., The Carbon Dioxide Greenhouse Effect, The Discovery of Global
Warming, AM. INST. PHYSICS, http://www.aip.org/history/climate/co2.htm (last
visited Feb. 28, 2014) (describing the history of the science behind climate
change).
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this broad perspective in mind when developing approaches to
mitigation can be helpful because it reminds us that the most
analytically simple approach to a specific problem may not be
the most desirable course of action and that we will likely fail
to achieve desired results if we fail to appreciate the context in
which legal reform efforts must operate. In the case of climate
change, the most analytically simple approach is probably
direct reduction of GHG emissions through specific targets (the
Kyoto Protocol’s goal), and repeated failures to successfully
implement this approach suggest that more contextually-
sensitive alternative approaches are necessary to obtain the
desired result. Complex systems analysis offers a way of
thinking that is highly sensitive to context.

It may also prove useful to briefly consider whether
“ecosystem” or “economy,” as discussed above,225 provides a
better perspective for governance in this instance. Although the
goals of climate change regulation are undoubtedly relevant to
(and perhaps only comprehensible in terms of) the broad
planetary housekeeping implied by an ecosystem perspective,
efforts to impose environmental law controls through the
UNFCCC are efforts to inject an exogenous element into the
many interacting social and physical systems that create
climate change. On the other hand, employing a more
“economic” focus on energy governance reforms seeks to
promote changes to a human-imposed ordering (the energy
system) that interacts with broader ecosystem forces, and the
likelihood of prompting ripple effects throughout the human-
created energy system may be more readily assessed. Focusing
on energy governance rather than environmental harm may
thus help to understand the components subject to potential
policy action, as well as their interconnection with other
components of the system. Rather than imposing an alternative
framing of the issue (environmental harm), reforms that
conceptualize the energy system as a human-imposed ordering
of social and economic concerns may have the benefit of
focusing on modifications to existing arrangements within the
system that are most relevant to directing human behavior
(such as the relationship of various political interests in the

225. See supra text accompanying notes 52—-54.
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energy system to other politically important interests that may
affect the ability to secure legal reforms).226

With these broad points in mind, the remainder of this
Part suggests that reforms may be most helpful to catalyzing
energy system transformation if they focus on: (1) framing
goals to secure political support; (2) reforming structural
arrangements to support technological transformation; and (3)
promoting interaction—among components of the energy
system and with components of related systems—that produces
beneficial effects for the communities involved while tending to
encourage transformation of the global energy system as a
whole. These elements of reform are discussed briefly below.

A. SIMPLE COMPLEXITY: POLITICAL AND IMPLEMENTATION
CONSIDERATIONS

Situating law and governance in systems terms—as
components of overlapping systems that operate across
multiple geographic and jurisdictional scales while intersecting
with various other policy spaces—highlights the need to remain
mindful of the interaction of each element of the governance
system with other governance system components and with
components of other systems. In a sense, it provides an
appropriately humble position from which to observe the global
political interaction that ultimately determines whether
governance regimes are created and reformed. Thus, it may be
that complexity theory appropriately “inculcates a sense of
uncertainty” in global political analysis.227 Policy proposals
drawn from complexity theory, which try to account for and
manage uncertainty, also tend to be relatively complex.228 For
example, the authors of the introduction to a special issue of
the journal Global Environmental Change on governing
complex SESs suggest that existing literature firmly supports

226. Cf. supra Part 1.D.3 (discussing the issues related to energy
governance and geopolitics).

227. Neil E. Harrison, Complex Systems and the Practice of World Politics,
in COMPLEXITY IN WORLD POLITICS: CONCEPTS AND METHODS OF A NEW
PARADIGM 183, 193 (Neil E. Harrison ed., 2006) (“[The complexity] paradigm
can increase our understanding of the complexity of world politics and reduce
the probability of surprising events.”).

228. For an example of a policy proposal to manage uncertainty, see
Alejandro E. Camacho, Adapting Governance to Climate Change: Managing
Uncertainty Through a Learning Infrastructure, 59 EMORY L.J. 1, 64-76
(2009).
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the notion that “in order to govern processes of complex change,
complexity in the external world must be matched by
complexity in the governance system.”229 They point to concepts
such as polycentric governance and adaptive governance, as
well as literature on network governance and other relatively
flexible approaches, as evidence of the concept’s broad
acceptance among scholars.230

Although both governance and political processes may be
accurately described by complexity analysis, success in politics
(domestically and, ultimately, globally) also requires gaining
widespread public support, particularly for the creation or
reform of mechanisms aimed at addressing controversial topics
like climate change.23! In part, the ability to gain favorable
public opinion depends upon the information costs (or mental
effort) required to understand the issues at stake and the
proposals for which support is sought, as well as their
alignment with existing political arrangements.232 Following
the principle of least effort, the human mind very often
operates like a reductionist machine that simplifies
information to reduce the effort of understanding it.233
Although it is certainly possible for people to grapple with
complexity, many seem to avoid it whenever possible.234 In the
context of climate policy, for example, social science evidence
suggests that people apply heuristic processing and align their
views with political elites rather than incur the information
costs (or apply the mental effort) to understand the scientific

229. Duit et al., supra note 136, at 365.

230. Id. at 365—67 (describing various articles on the issue).

231. E.g.,, Cynthia R. Rugeley & dJohn D. Gerlach, Understanding
Environmental Public Opinion by Dimension: How Heuristic Processing
Mitigates High Information Costs on Complex Issues, 40 POL. & POL’Y 444,
445-46 (2012) (collecting literature on public opinion in the political process).

232. Id. at 463.

233. DANIEL KAHNEMAN, THINKING, FAST AND SLOW 38 (2011) (observing
that people “normally avoid mental overload by dividing our tasks into
multiple easy steps” and “conduct [their] mental lives by the law of least
effort”).

234. Id. at 45 (“[M]any people . . .. apparently find cognitive effort at least
mildly unpleasant and avoid it as much as possible.”). The bio-psychological
reasons for this appear to have an evolutionary origin. Id. at 35 (discussing
the positive emotional state triggered by cognitive ease as an evolutionarily
important biological signal). Although outside the scope of this Article, it is
interesting to consider how this perspective may help in understanding why
law and policy have historically been so reductionist.
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information necessary for an informed opinion.235 Therefore,
reforming energy policy on the basis of insights derived from
complexity theory will require presenting such proposals in
terms that are either readily accessible to the public or, more
likely, capable of gaining support from influential leaders.
Achieving such support on the global level, outside the context
of a pre-existing issue regime, poses a substantial obstacle that
will likely require context-specific analysis in order to achieve
concrete reforms in specific places or sectors.236 Although a full
discussion is outside of the scope of this Article, consideration
of key elements of a global approach can be identified and
briefly discussed. The first aspect of a global approach is the
identification of relatively clear goals that can guide reform
efforts and gain political support.

B. GOAL OF REFORM: CATALYZING TECHNOLOGICAL
TRANSFORMATION

The core purpose of reform as envisioned by this Article is
to reduce GHG emissions, and thereby mitigate climate change,
by dislodging the dominant place of fossil-fuel-dependent
technologies in the global energy system.23”7 The more rapidly,
decisively, and completely this transformation can occur
(without harmful social destabilization), the better. If one looks
at energy policy in traditional environmental or international
law terms (i.e., as the subject of traditional political science and
international relations analysis), the challenge may seem
overwhelming.238 From any perspective, it is daunting. But
complexity offers a lens through which rapid wholesale
transformation of the GHG-belching engines that drove the
Industrial Revolution into low-GHG clean tech for the

235. Cf. Rugeley & Gerlach, supra note 231, at 448-49 (“[IIn an effort to
mitigate [] information costs, citizens look to their political affiliations and
the media when forming public opinions on climate change.”). This type of
psychological simplification may also offer some explanation for why
environmental governance remains so reductionist and fragmented despite
the rising chorus of scientific and scholarly voices advocating adoption of
approaches that are better suited to environmental systems. See supra note
213 and accompanying text.

236. See supra Part 1.C.

237. Clearly, this goal is likely to incite opposition from fossil fuel interests,
see, e.g., Am. Petroleum Inst. v. Envtl. Prot. Agency, 706 F.3d 474, 476 (2013),
which simply enhances the need for public support.

238. See supra Part 1.D.



1108 MINN. J. L. SCI. & TECH. [Vol. 15:2

information age becomes possible, but by no means certain, in a
way that appears inconceivable through a continuation of the
UNFCCC or other harm-focused approaches.239 In other areas
of environmental law, focusing squarely on the environmental
harm as a basis for reforms has frequently created a dynamic
in which legal regimes arise as reactions to a specific crisis that
triggers public and political responses.240 Following that course
in the climate context, as UNFCCC negotiations and much of
U.S. political discourse seems to be doing, may mean that
major social and economic disruption—perhaps even
catastrophe in the complex systems sense—will be required
before any meaningful legal response to climate change arises
on the global scale. A complexity perspective targeted toward
the global energy system offers a real alternative mode of
analysis that may reveal pathways to transformation that
averts the type of crises that have driven past environmental
law creation. Yet, by its very mnature, the details of
transformation in a complex system cannot be fully predicted
or planned in advance. Whatever dream there might have been
for a grand global environmental regime implementing a plan
that charts a course to a future of universal environmental
sustainability is over and it should not be resurrected in the
guise of complexity. Instead, with an appreciation of context in
mind, the specific goals of reform should be formulated through
a broad and flexible approach to focus on promoting changes on
relatively small scales in ways that hold a potential to begin a
larger process of transformation.

The path toward energy system reform that complexity
suggests 1s far messier than an efficient and centralized
multilateral environmental regime modeled on the Montreal
Protocol (although it does not prevent the formation of
Montreal-like regimes where the conditions are right for them

239. See supra Part 1.

240. See, e.g., William L. Andreen, The Evolution of Water Pollution
Control in the United States—State, Local, and Federal Efforts, 1789-1972:
Part I, 22 STAN. ENVTL. L.J. 145, 151 (2003) (observing that legislation and
other progress in protection of water quality “has often been driven by some
sort of crisis or series of events that thrusts an issue to the forefront of
political attention,” which results in “reactive decision-making” that may be
“short-sighted, geared to the political necessity of addressing a single, highly
charged issue”).
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to flourish).24! Instead, complexity theory suggests that
whatever hope remains for mitigating climate change at or
near the 2° target discussed in the UNFCCC context242 and by
the IPCC243 will only be achieved, if at all, through actions that
accrete and trigger reactions, expanding in a nonlinear fashion
similar to the dynamics that have created widespread concern
over catastrophic climate change impacts beyond certain
“tipping points.”244 The question for policymakers seeking to
employ complexity insights must be framed in terms of
measures that can set in motion and maintain systemic forces
that will result in technological transformation through
systems dynamics.245> In other words, while environmental law
has sought to prevent systemic change through restraints on
the inputs into physical or ecological systems, the goal of rapid
technological transformation will only be realized through
changes to the energy system components in ways that unleash
systemic change forces in the global energy system.

241. In fact, it has been argued that the evolution of the Montreal Protocol
reflects complex adaptive systems properties. Matthew J. Hoffmann, Beyond
Regime Theory: Complex Adaptation and the Ozone Regime, in COMPLEXITY IN
WORLD POLITICS: CONCEPTS AND METHODS OF A NEW PARADIGM 95, 108-11
(Neil E. Harrison ed., 2006). “Messy” is used here in the sense that J.B. Ruhl
describes in Thinking of Environmental Law as a Complex Adaptive System.
Ruhl, Thinking, supra note 9, at 983 (describing environmental law reform as
“local, state, and federal structures [combining] their ‘genes,” engag[ing] in the
political equivalent of sex, and mak[ing] the environmental law governance
system messy in the complex adaptive systems sense”).

242. The Cancun Agreements, UNFCCC, http://cancun.unfccc.int/cancun-
agreements/significance-of-the-key-agreements-reached-at-cancun/ (last
visited Feb. 28, 2014).

243. Peter Frumhoff, 2° C or Not 2° C: Insights from the Latest IPCC
Climate Report, UNION CONCERNED SCIENTISTS (Sept. 27, 2013),
http://blog.ucsusa.org/2-c-or-not-2-c-insights-from-the-latest-ipcc-climate-
report-255.

244. For a discussion of “tipping points” and climate change, see Robert
Sanders, Report Warns of Climate Change “Tipping Points” Within Our
Lifetime, UC BERKLEY NEWS CENTER (Dec. 3, 2013), http:/
newscenter.berkeley.edu/2013/12/03/report-warns-of-climate-change-tipping-
points-within-our-lifetime/.

245. E.g., Farber, supra note 138, at 152-53 (discussing the more unusual
situation of power laws, wherein “immeasurable variations in the current
state of affairs can lead over time to arbitrarily large divergences in eventual
outcomes”); Ruhl, Thinking, supra note 9, at 952 (describing the process by
which relatively small changes in the governance status quo may reverberate
through the system in ways that, over time, lead to a massive change or even
a transformation of the system).
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The concept of governance changes designed to promote
systemic change forces leading to a desirable outcome in partly
social systems has no apparent analogue in practice and has
just begun to appear in the literature.246 The approach is
discussed as “applied forward reasoning” in a recent article by
Levin et al.,, which begins to establish a framework for
examining specific situations based on a “reverse” application
of what is known about path dependency.24” The authors
suggest that exploring potential pathways through a sort of
reverse path dependency logic may enable some assessment of
the likelihood that particular policy changes will lead to
desirable, large-scale systemic transformation.248 Developing
applied forward reasoning or other in-depth analysis to identify
specific measures that can support the type of transformation
envisioned here may significantly reduce the uncertainty of
efforts to promote transformation of the global energy system,
bringing the goal more clearly within reach.

Two general policy targets help to clarify the types of
actions likely to advance the broader goal of dislodging fossil
energy’s dominance: technological innovation and technological
diffusion. These can be employed like a “rule of thumb,” such
that they offer a direction in which policy reforms can attempt
to move. Thus, taking actions that facilitate technological
innovation in as many contexts and potentially viable forms as
possible increases the chances of opening up the technological
horizon of possibility and achieving significant technological
breakthroughs. For example, promoting small-scale clean
energy projects around the globe through development aid and
policies of investment institutions serves to establish
“laboratories” for experimentation to address the technical
challenges of clean energy.249 Secondly, institutional
arrangements and legal rules that affect technological diffusion

246. It must be said, however, that J.B. Ruhl’s work in the late 1990s
strongly suggests such an approach and, in that sense as well as others, serves
as a forerunner of most of the other literature and conceptual developments
discussed in this Article. E.g., Ruhl, Thinking, supra note 9, at 952.

247. Kelly Levin et al., Overcoming the Tragedy of Super Wicked Problems:
Constraining Our Future Selves to Ameliorate Global Climate Change, 45
PoL’y Scr1. 123, 130-38 (2012).

248. Id. at 138-47.

249. Cf. New State Ice Co. v. Liebmann, 285 U.S. 262, 311 (1932)
(Brandeis, J., dissenting) (discussing “laboratories” for experimentation in the
context of states).
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(such as intellectual property rights laws) can be examined
with an eye toward revision that will pave the way for rapid
diffusion of significant technological advances. As Oran Young
suggested in the context of environmental institutions analysis:
“There is much to be said, under the circumstances, for
thinking systemically about institutional options in advance, so
that well-crafted options are available when crises open up
windows of opportunity for the introduction of substantial
institutional changes.”250 The same principle applies to
technological transformation and the mitigation challenge. If
circumstances, such as a price spike in fossil fuels, correspond
with technological change sufficiently to enable large-scale
change, it will be crucial to have governance arrangements in
place that can facilitate rapid and effective diffusion of
alternative technologies in order to maximize the opportunities
created. These goals suggest the need for attention to
governance relationships that, while perhaps far looser than
traditional environmental law regimes, can create an over-
arching structure to facilitate movement toward a significantly
lower GHG energy system.

C. POLYCENTRIC GOVERNANCE RELATIONSHIPS

Polycentric governance literature, particularly when
understood as an application of complexity concepts to
governance,?5! suggests that challenges as complex and global
as climate change will require multiple layers of governance
that are designed to promote flexible experimentation and
cooperative learning, in line with the goals discussed above.252
The multiscalar nature of energy governance, as it currently
exists, could become an asset by incorporating elements from
both top-down systems and bottom-up efforts to allow small-

250. Oran R. Young, Institutional Dynamics: Resilience, Vulnerability and
Adaptation in Environmental and Resource Regimes, 20 GLOBAL ENVTL.
CHANGE 378, 384 (2010).

251. Although polycentric governance literature is not usually explicitly
tied to complexity concepts, the similarities are striking, particularly with
regard to self-organization and the apparent design of polycentric governance
structures to promote emergence through the interaction of various
authorities within a larger governance arrangement. Consider, for example,
the climate change governance strategy articulated in Ostrom, supra note 17,
at 551.

252. See supra text accompanying notes 249-50.
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scale experimentation and facilitate global learning.253 In
practical terms, this means enlisting “higher” scales of
governance (e.g., international) to facilitate finance for specific
clean energy projects and, equally important, to collect and
transmit lessons learned from them to future projects.
Moreover, it offers an opportunity to create guidance at the
global or international level that can promote energy system
improvements by fostering innovative and semi-autonomous
efforts at smaller-scales, perhaps through aligning funding
conditions with the global social and environmental priorities
that can promote multi-issue initiatives, including the goal of
technological innovation that may begin to trigger broader
changes in the system as experience accumulates.25¢ To be
effective, such arrangements will need to occur in a context
that creates trust among participants and enables productive
interaction, such as information sharing and technology
diffusion.255

D. LINKAGES AND INCENTIVES

Coordination of efforts across multiple scales throughout
the planet is not likely to simply self-organize for reasons
similar to those that have stalled UNFCCC efforts to fail. Chief
among these is the lack of incentives for many actors to accept
short-term individualized costs solely to promote a widely
shared future benefit.256 Accordingly, promoting innovation,

253.  See Underdal, supra note 123, at 389-92 (noting different models for
collective action); see also Osofsky, supra note 2, at 241 (arguing that
addressing climate change policy requires resolution of “regulatory problems
that intersect with every level of government, from the most local to the most
global”).

254. In a similar vein, Sovacool suggests that polycentric approaches to
governance, which he describes as “so complex that there is no
guarantee . . . [of] optimal forms of governance,” “can offer an equitable,
inclusive, informative, accountable, protective, and adaptable framework” for
addressing the panoply of social and environmental challenges involved in
governing the global energy system. Benjamin K. Sovacool, An International
Comparison of Four Polycentric Approaches to Climate and Energy
Governance, 39 ENERGY POL’Y 3832, 3842 (2011).

255.  See generally Elinor Ostrom, A Polycentric Approach for Coping with
Climate Change 38-39 (World Bank Policy Research, Working Paper No.
5095, 2009), available at http://www.iadb.org/intal/intalcdi/pe/2009/04268.pdf
(recommending a multilevel approach to achieve emissions reduction).

256. Cf. supra note 17 and accompanying text (noting the traditional
theories used to solve collective-action problems).
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especially diffusion of technology, will likely depend heavily
upon the creation of appropriate incentives through financing
and, importantly, linkage with other significant social priorities
in particular geographic areas. The highly interconnected
nature of many issues related to energy creates an opportunity
to promote local priorities while also advancing global climate
change goals. Moreover, these considerations strongly caution
against a “single-minded” pursuit of one objective (such as
mitigation) to the exclusion or detriment of others (such as
biodiversity  preservation or well-being of affected
communities). These concepts have been discussed, to some
degree, in international environmental law literature,
especially work related to mitigation in the land use and
forestry sectors that advocates consideration of multiple issues
in the design of programs and reform of legal rules.

Many current REDD+ efforts in the forestry context have
begun to explore incorporation of climate, biodiversity, and
human development goals into holistic efforts.257 This is in
stark contrast to many of the existing incentives of investment
into developing countries for the purposes of meeting rising
demand,258 as well as many of the international environmental
law regimes.?5® Understanding the multiple interacting
components of the global energy system can provide practical
guidance by highlighting the value of considering the multiple
forces that define a particular context. Clean energy projects
that are integrated with other priorities in specific contexts,
such as national or local agricultural or livelihood concerns,
may produce more robust results.

The Brazilian transition to ethanol in the 1970s—80s
illustrates this point and could serve as a model of sorts for

257. For a related analysis in the context of forestry emissions, see Long,
supra note 34, at 163 (“[These approaches] would overcome the fragmentation
and persistent divisions that have plagued prior efforts to address key
environmental issues . ...”). For a discussion in the biodiversity context, see
generally Arnold, supra note 125, at 798 (describing the characteristics of
complex environmental problems and suggesting that they “demand that
environmental law and policy become increasingly integrationist and
multimodal”); see also Andrew Long, Developing Linkages to Preserve
Biodiversity, 21 Y.B. INT'L ENVTL. L. 41, 58-66 (2011).

258. Florini & Sovacool, supra note 68, at 66 (“[Flunding on energy
continues to support traditional centralized fossil fuel plants.”).

259. Long, supra note 257, at 42-43 (discussing fragmentation of
international environmental law).
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similar efforts on smaller scales.260 In Bangladesh, attention to
local livelihood needs and development of innovative financing
has enabled a broadly successful nonprofit effort to promote
small-scale renewable technologies that have significantly
reduced deforestation and provided direct health benefits to the
local population.26! Conceiving of the mitigation challenge as a
problem of reducing fossil fuel dominance in the global energy
system, with appropriate attention to the multiplicity of
interacting components to that system, supports developing
internationally applicable incentives for projects of this type
and, of equal importance, of developing the learning
infrastructure to allow them to be replicated and, where
possible, scaled-up.

V. CONCLUSION

Thinking about energy as a complex system from which
fossil fuel dominance and climate change emerge provides an
analytical and policy-relevant framework for exploring
pathways toward transforming that system. The linkage of
issues and scales of authority, highlighted briefly above, are
but two examples of how this might be operationalized.262
Literature since the 2009 UNFCCC negotiations in
Copenhagen is beginning to explore alternatives to top-down
binding international environmental agreements for catalyzing
successful mitigation, but it has yet to coalesce around an
analytical framework that can foster synergy and the
development of a cohesive body of work identifying and testing
viable options that are likely to produce solid policy
recommendations. A perspective on climate change informed by
an understanding of the global energy system as a complex
system has the potential to provide such a framework.

Further exploring the potential for an interdisciplinary
perspective on energy as a complex system may provide the

260. See Sovacool, supra note 254, at 3837—38 (discussing benefits of the
transition for workers and for soil productivity).

261. Id. at 3838-39.

262. Another possibility for affecting systemic forces is the reduction of
fossil fuel subsidies (or introduction of taxes or other pricing mechanisms) to
reduce the market distortions supporting fossil fuel dominance, which may
become more politically feasible as technological development reduces the cost
of alternatives. Roberta F. Mann & Mona L. Hymel, Moonshine to Motorfuel:
Tax Incentives for Fuel Ethanol, 19 DUKE ENVTL. L. & POL’Y F. 43, 79 (2008).
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analytical framework needed to accelerate the learning process
by uniting the somewhat disparate strands of thought that
have emerged since the “dream of Rio,” characterized by an
unjustified faith in global top-down environmentalism, came to
a crashing halt at the end of 2009. A complexity perspective on
energy as the source of climate change may unite many of the
developing approaches, which include work exploring near-
term approaches to climate change mitigation,263 detailed
analysis of particular aspects of the mitigation challenge if
developed outside of a unifying top-down structure,264 and
analytical expositions of polycentric governance theories in
climate-relevant ways.265 Viewed as a body of literature
addressing facets of a global complex systems challenge, such
work can be understood to contain the seeds of an approach
that is sufficiently salient to garner political support while also
probing for effective tools that will engage the multiple
interacting threads of social, ecological, and technical
components that affect the energy system across scales in order
to produce an overall shift that achieves climate stabilization.
There is much work to be done if we hope to bring about
the kind of transformation of the global energy system
necessary to reduce GHG emissions significantly and rapidly
enough to avoid drastic climate change impacts. A complexity
perspective strikes an appropriate balance between resigning
the global population to the massive suffering and
destabilization that climate change may bring, as a narrow
focus on developed country adaptation would do, and the
unwarranted faith in top-down global governance that much of
the previous decade’s climate change analysis exhibited. In this
sense, a complexity perspective on climate change urges a form
of governance reflecting the nature of adaptive systems
situated on the edge of chaos—advocating enough order to
avert disaster, while imbuing reform with the long-term
catalytic vision necessary to bring about the emergence of that
which is desirable, but remains uncertain and unpredictable.

263. E.g., Richard B. Stewart et al., Building Blocks for Global Climate
Protection, 32 STAN. ENVTL. L.J. 341, 343-44 (2013).

264. E.g., Boyd, supra note 13, at 471-72.

265. E.g., Elinor Ostrom, Nested Externalities and Polycentric Institutions:
Must We Wait for Global Solutions to Climate Change Before Taking Actions
at Other Scales?, 49 ECON. THEORY 353, 355 (2010); Sovacool, supra note 254,
at 3835—40.
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