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With thanks to



The title of my talk is timely.
Systems thinking is increasing  in 

influence

• Ecological systems
• Financial systems
• International relations
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Financial regulation
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World politics
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International relations
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Outline of talk:
Grand challenges of systems theory

• Robustness and resilience to critical transitions
• Scaling from the microscopic to the macroscopic
• Dealing with problems of the Commons
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The central problem facing societies is 
achieving a sustainable future

http://www.sustainablecherryhill.org/



Sustainability means many things to 
many people

• Financial markets and  economic security
• Energy and other natural resources
• Biological and cultural diversity
• Ecosystem services

• What sustains them?

www.serconline.org



Ecosystems and the Biosphere are 
Complex Adaptive Systems

Heterogeneous collections of individual units 
(agents) that interact locally, and evolve 
based on the outcomes of those interactions.

Courtesy of Claudio Carere / StarFLAG EU FP6 project



So too are the socio-economic 
systems with which they are 

interlinked

http://www.anunico.ec/anuncio-de/salud_y_belleza



Stock markets crash…as collective 
consequence of individual actions



There may be critical biosphere 
thresholds



And we better do something about that
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Many..but not all.. such transitions have 
characteristic early warning signals

• Critical slowing down
• Increasing variance
• Increasing autocorrelation
• Flickering between states

Bardy, B.; Oullier, O.; Bootsma, R. J.; Stoffregen, 
T. A.;J. Exp. Psych. Vol 28(3):499-514.



When do these work?
Avoid excessive claims

18



Caution is needed…mechanisms need 
to be identified

http://en.wikipedia.org/wiki/Ren%C3%A9 Thom
http://en.wikipedia.org/wiki/Catastrophe_theory



Challenges of systems theory

• Robustness and resilience to critical transitions
• Scaling from the microscopic to the macroscopic
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Sustainability must focus on macroscopic 
features, while recognizing that control of those 

rests at lower levels of organization

www.pitt.edu/~jdnorton



Characteristic regularities in 
macroscopic patterns exist in all 

ecosystems

www.yale.edu/yibs

www.csiro.au

www.bio.unc.edu

These sustain ecosystem services



Individual-based models relate the 
small-scale to the large scale

Iain Couzin/BBC



Forest growth models can scale from 
individual to ecosystem

( Pacala, Botkin, Shugart, others)
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Deutschman, DH, SA Levin, 
C Devine and LA Buttel. 
1997. Science 277:1688.

Drew W. Purves, Jeremy W. Lichstein, 
Stephen W. Pacala 2007 PLOSOne



Vegetation models have been successful in explaining 
global patterns, though not individual species  

abundances

http://www fs fed us/pnw/mdr/mapMAPSS



And similar approaches can examine 
collective decision-making

26Science, 2011



Reduced dimensional descriptions 
will be essential for robustness of 

conclusions

• Hydrodynamic limits
• Moment closure
• Other approaches to aggregation
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There are limits to predictability:
Bistability characterizes global distributions

Systems models can inform the potential for critical transitions

Staver et al. 2011 (Ecology and Science)



Carla Staver Fire is driving the flip



• Responses to changes in rainfall 
status will be rapid, threshold 
transitions

• Changes will not be linear or easy 
to reverseModified very slightly from Scheffer et al. 2003, Nature

Precipitation

Precipitation

Staver et al. 2011 (Ecology) and Staver & Levin (Amer.Natur.)



Scheffer et al. 2003

Such phenomena are widespread



Challenges of systems theory

• Robustness and resilience to critical transitions
• Scaling from the microscopic to the macroscopic
• Dealing with problems of the Commons
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Public goods problems are widespread in 
socio-economic and ecological contexts

→
Patrick Semansky/AP

http://www.cancerresearchu
k.org/

http://www.flickr.com/photos/sossaheluk/2701299788/in/photostream/


William Forster Lloyd (1832) 
The Tragedy of the Commons

Aelbert_Cuyp



The Commons solution (Hardin, Ostrom)

“Mutual coercion, mutually agreed upon”
http://www.physics.ohio-state.edu/~wilkins

http://www.guardian.co.uk



Fairness norms can provide "mutual 
coercion, mutually agreed upon"

with Alessandro Tavoni and Maja Schlüter

http://geo.coop/node/654



Lessons learned

• Such challenges involve coordination games
• Achieving cooperation may depend upon getting 

above a threshold number of cooperators
• Modular structure can provide building blocks for 

broader agreements, especially at the international 
scale
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Avinash Dixit-Simon Levin
Prosociality and multiple groups



Ostrom: Climate change





www.princeton.edu http://www.cienciahoje.pthttps://pt.linkedin.com

Climatic Change



Club approach

• Cooperators C (pay base +mitigation)
• Members M (pay base)
• Outsiders O (pay nothing)
• Nations can belong to multiple consortia
• This increases the collective public good

Member

Outsider

Cooperator



Summary so far:

• Collective action can be effective if it includes 
enforcement

• Prosociality is an important contributor to the 
maintenance of public goods and common pool 
resources

• How are collective decisions made?



Voting theory and models of collective action
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Science 2011



Theoretically and empirically, 
unopinionated individuals are crucial to 

nature of  consensus

http://motherjones.com/kevin-drum



Without them, groups may split apart
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Couzin et al.



Attitudinal shifts affect action on issues 
like climate change

• In human societies as in animal groups, there may be 
few leaders and many followers

• Sudden shifts in attitudes given momentum by large 
numbers of followers

• Environmental action must take such potential 
volatility into account



Conclusion:
Ecological systems and socio-economic systems 

alike are complex adaptive systems
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http://www.latinamericanstudies.org/maya



Systems Challenges

• Develop a statistical mechanics of ecological 
communities, socio-economic systems and of the 
biosphere and its coupling with human systems.

• Model the emergence of pattern, on multiple scales
• Develop indicators of impending critical transitions

between states.
• Find pathways to governance in multi-scale Commons.



Where better than IIASA to address 
these challenges?

50
www.iiasa.ac.at
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