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Systems thinking
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Growing discussion of complex systems
policy – but it’s a new and emerging field
“complexity theory” means a “radical rethink” of public policy
- Editor of Journal on Policy and Complex Systems.

Agenda
1. Disconnect between systems thinking
and bioenergy analysis/policy
2. Insights from literature on system policy
3. Reflection: how applies to biofuel policy?
4. Preliminary takeaways for stakeholders

Complex adaptive systems
• Many interacting elements and agents,
responding/adapting to local information
• Macro patterns emerge from micro behavior
• May operate under conditions far from
equilibrium, driven by various feedback
loops, non-linearities, path dependencies
à Key themes of emergence, adaptation,
interaction, nonlinearities, co-evolution

Social-Ecological-Technical Systems (SETS)
• ‘Energy systems’ aren’t just technical – but
technical systems embedded in natural
systems governed by social systems
• Interactions among: technology,
infrastructure, environment, institutions,
markets, and human decision-making
(Michael Schoon)
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Technology choices affect the production function that influences relations
between users and the ecosystem. In turn, governance strategies for promoting
greater social-ecological systems resilience must consider technology choice, its
patterns of use, and its control.

Challenge: how do we
Figure 1: the exogenous driver and endogenous mediating roles of technology in
social-ecological
systems
model/analyze
this complexity?

Resilience
Alliance conceptualization of socio-ecological systems with
Source: http://www.resalliance.org/563.php (accessed 25/1/2008).
mediating
technology
(adapted offrom
Anderies
et al. 2004)
RA presentrole
this asof
their
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a social-ecological
system.
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(Bio)energy
analytics/modeling
often ends up just
focusing on the
technical system –
what’s technically
achievable,
abstracted from
human behavior or
environmental
feedbacks

Delucchi, Mark (2011).
Fig. 1 e Schematic representation of the effects of bioenergy policies on climate and climate impacts.

emissions from land-use change. Later in this paper I use the
LEM to provide illustrative estimates of CO2 emissions from
land-use change.

land-use model with dynamic, price-endogenous, supply and
demand functions, with land-supply treated explicitly, and
with yields determined as a function of endogenous param-

Policy analysis emphasizes
quantification & optimization
“Typically, the best policy is one that
optimizes some cost or utility function
for [a given] model … [Although this] is
so ubiquitous that it may seem
unavoidable, its justification is difficult
when applied to complex systems.”
Bankes (2002)

How do we merge systems thinking
and policy analysis?
• Socio-ecological system resilience
focus on collaborative natural resource
management (Ostrom, Anderies, Schoon)

• Socio-technical system transitions
emphasizes strategic niche management
(Geels, Kemp, Smith)

• Complexity economics and public policy
dialectic: developing analytical tools while also
grappling with inherent uncertainty (Arthur, Geyer)

“Complexity does not have a specific
final ‘answer’ to a particular policy,
economic, or social issue.”
“Adopting a complexity framework
enables us to interpret what goes on
… in a new way that recognizes the
limits of knowledge and prediction
and the consequent need to adjust
policymaking and actions
accordingly.”
Geyer and Rihani (2010)
Complexity and Public Policy

Theme: Adaptive Management
• Complex systems managed in decentralized/
multi-level/poly-centric regimes
• Attention to points of leverage in systems
• Emphasis on adaptation and learning
• Acknowledgement of uncertainty in dynamic
systems with emergent properties

Decentralized, poly-centric governance?
• Bioenergy policy does reasonably well!
• Multi-level: federal, state, local
• Multi-agency: environment, ag, energy
à Might benefit from more learning and
collaboration, but actually this is a strength
from a complex adaptive systems perspective

Niches and points of leverage?
• Major policies (RFS, LCFS) focus on the
‘convenient’ node in supply chains
• Assumes that signals will be sent … but
little attention to how they’re received
• Starting to see attention to the need for
complementary policies (e.g. infrastructure)
à Major weakness of dominant fuel policies

Adaptation and learning?
• Experimentation with many instruments: tax
credits, loan guarantees, crop assistance, R&D,
performance- and volume-standards, etc.
• But lock-in of initial policy design – hard to make
significant, constructive reforms
• Concern about the ‘California effect’ setting
precedent without critical evaluation
à We really need to work on building a repertoire of
complementary policies, with small-scale pilots, critical
evaluations, and updating

Grappling with uncertainty
and systems properties?
• ILUC is a half-step towards this – recognizes
market-mediated spillovers, but shoehorns
complex results into performance-based regs
• “Naively employing … the tools of complexity in
an unquestioning, unsophisticated way, without
concern for their limitations, is little better than
denying complexity” (Richardson 2007)

à Biofuels policy discourse is at the leading
edge of thinking through systems feedbacks. But
we do a terrible job at incorporating it into policy.

Stakeholder takeaways
Analysts and modelers
•
•

Keep up the systems
modeling, but cut the hubris
–> own up to limitations
Consider adding qualitative
interpretations to the best of
our qualitative models

Policy practitioners
•
•
•

Industry/NGOs
•
•

Help research and policy
•
community think about
points of leverage
Poly-centric framework
•
encourages self-organization

Distinguish between data
and modeling results
Develop robust, adaptive
strategies with portfolios of
complementary policies
Post-mortems of failed policy

Educators
Incorporate diverse issues
(tech, env, social, political)
into all disciplines
Radical adjustments to
public policy education

“Ultimately, education is the way
society replicates thinking … So in
the long term, social policy is, in
large part, shaped not in the halls
of Congress but in the classrooms
around the country where policy
makers, academics, and the
general public receive their
training.”
Colander and Kupers (2014)
Complexity and the Art of Public Policy

