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My background … 

• BSc in science (geology & chemistry) and MA in development studies, 
BTh(Hons) in theology, PhD in development economics at Monash University.

• Worked with World Vision (WV Australia & WV International) for 16 years –
responsible for WVI’s relations with WTO, OECD & UNCTAD from 2000-2003 
& climate policy from 2007-2009.

• Witnessed constant, often bitter debates in WTO, UN, World Bank etc over 
trade policy, globalisation, sustainability, climate change & effects on 
developing countries

• Was a Research Fellow at Monash University & Lecturer in the Masters of 
International & Community Development program at Deakin University. 

• Senior Economist at the Australian Conservation Foundation 2013

• Now Director of Epektasis. 
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Understanding the 
nature of the systems 
we are dealing with will 
not guarantee success, 
but failing to do so 
almost always 
guarantees failure –

unless we’re very lucky.

Why care about complex systems?

Dörner, D., (1996) The Logic of Failure: Recognizing and 
Avoiding Error in Complex Situations, trans. Kimber, R. 
and Kimber, R.; Basic Books, New York, 222 pp.



System boundaries: E.g. Net growth
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System boundaries: 
E.g. What is ‘economic development’



Nonlinearity

➢ Linear systems: 
• Responses are proportional to forces and effects proportional to causes 

• Problems can be broken down into pieces & each piece analysed separately 
(ceteris paribus! Latin: ‘holding all else equal’)

• Separate answers can be recombined to give answer to original problem

• The whole is exactly equivalent to the sum of the parts (a.k.a. resultant)

• If A → X & B → Y then A + B → X + Y

➢ Nonlinear systems:
• Relationships can’t simply be taken apart and examined separately – there’s no 

‘independent variable’

• “Nonlinear” is like classifying most animals as “non-elephants” – disguises 
huge variety

• Nonlinear feedbacks – changes in output not necessarily proportional to input

• If A → X & B → Y then A + B may → Z    & Z ≠ X + Y



Linear vs. Nonlinear Systems
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With nonlinear systems, 

nothing much seems to be 

happening and then it’s all 

on and may be too late to 

do anything about it. 



0

20

40

60

80

100

120

140

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12

D
o

u
b

li
n

g
 t

im
e

 (
y

e
a

rs
)

Growth rate (% per year)

Doubling Time as a Function of Growth Rate

Doubling times

➢ Rule of 70: Doubling time = 70/Growth rate. 

➢ So China’s economy will double in size in in 10 years at 7% growth per year. 



Source: Garnaut, R., (2008) The Garnaut Climate Change Review: Final Report, Cambridge University Press, Melbourne, xlv + 616 pp.

Lags & thresholds



Tipping points

➢ Thresholds, tipping points & phase changes: Points beyond which 
the system begins to behave very differently from previously. They are
characteristic of nonlinear systems and can sneak up on us.

➢ Eg. China & India both reaching point 
where enough people rich enough to 
want cars, air conditioning & refrigeration. 
Massive energy implications .

Lenton, T.M., et al.(2008) "Tipping Elements in the Earth's 

Climate System", Proceedings of the National Academy of 

Sciences of the United States of America, Vol. 105, No. 6, 12 

February, pp. 1786-1793; p. 1792.



Nonlinearity: Temps & Crop Yields

Source:  Schlenker, W. and Roberts, M.J., (2009) "Nonlinear Temperature Effects Indicate Severe Damages to U.S. Crop Yields Under Climate 
Change", Proceedings of the National Academy of Sciences, Vol. 106, No. 37, 15 September, pp. 15594-15598. 

“We find that yields increase with temperature up to 29° C for corn, 30° C for soybeans, 
and 32° C for cotton but that temperatures above these thresholds are very harmful. ... 
Holding current growing regions fixed, area-weighted average yields are predicted to 
decrease by 30–46% before the end of the century under the slowest (B1) warming 
scenario and decrease by 63–82% under the most rapid warming scenario (A1FI) .



Thresholds matter: 
What is a ‘toxin’ or ‘pollutant’?



Network vulnerabilities

Albert, R., Jeong, H. and Barabási, A.-

L., (2000) "Error and Attack Tolerance 

of Complex Networks", Nature, Vol. 

406, No. 6794, 27 July, pp. 378-382. 

➢ Network structure heavily 
influences vulnerability to 
attack or error.  
Eg. New York, 14 Aug 2003



Adaptive Agents - Resilience
➢ Resilience always context/system specific – resilient with respect to 
what? Nothing is absolutely resilient. (Eg. tree in the wind)

➢ The goal is long-run, dynamic efficiency - not merely allocative 
efficiency optimised for current system state (the overwhelming 
emphasis of neoclassical economics)

➢ Resilience requires: 
• Adaptability
• Flexibility
• Redundancy (resources & network structures critical)
• Capacity to evolve into different kind of system or to relocate
• Systems perspective & expertise to discern when to resist, adapt, move or 

evolve. (Eg. “creative destruction” in economic development)  



System momentum

➢ System momentum:
Can carry us beyond a 
critical threshold well 
after we’ve tried to stop.
Eg. WW I? Climate 
change? 

21 October 1895, La 

Gare Montparnasse, 

Paris



Source: UNEP, (2009) Climate 
in Peril: A Popular Guide to 
the Latest IPCC Reports, 
GRID-Arendal & SMI Books: 
Arendal, Norway & United 
Nations Environment 
Program: Nairobi, Kenya, p. 
23.

Feedback effects: E.g. Climate



Fat tails: Changing structure of probability

➢ Normal probability distributions

➢ Fat tailed probability distributions

http://complexity.orconhosting.net.nz/fattail.html

“Everything seemed just fine, 
and the money rolled in. 
Until one day a 20 foot man 
appeared. An underlying 
price changes by an amount 
which is effectively ruled out 
by the assumption of 
normality.”

Paul Ormerod (2010) "The Current Crisis and 

the Culpability of Macroeconomic Theory", 

Twenty-First Century Society, Vol. 5, No. 1, 

February, pp. 5-18. 

http://www.paulormerod.com/pdf/

accsoct09%20br.pdf

PDF = Probability distribution function. 

Area under each curve = 1



Emergence

➢ Emergence: System properties or behaviours that emerge at higher levels which 
cannot be explained simply as the sum of individual components  - “More is 
different”

• Local rules of interaction lead to higher-level regularities or structures that 
could not be deduced simply from examining the individual components or 
taking the system apart. 

• Eg. The ‘invisible hand’, ‘business confidence’, ‘financial panic’, attitudes to 
climate change. Not just about individuals but about what opinions are 
deemed ‘sensible’, rather than ‘scaremongering’ or ‘radical’.

• When speaking of higher level properties, ‘emergent’ contrasts with 
‘resultant’ – where macro-properties are simply the sum of individual 
components. 
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Science Denial



Logical fallacies

https://yourlogicalfallacyis.com/



Anecdotes are not data

https://yourlogicalfallacyis.com/





Example: Rising sea-levels: The Australian vs. the CSIRO

Source: 
http://www.cmar.csiro.au/sealevel/sl_hist_last_decades.html



Appeal to authority (use with care!)

https://yourlogicalfallacyis.com/

Appeal to authority can be a 
useful heuristic. What matters 
is how authority is derived. 
Are there good reasons for 
believing the authority knows 
what they are talking about?  
E.g. Exhaustive (and 
exhausting!) IPCC process to 
distil and synthesise climate 
science. Approval by fossil fuel-
dependent governments 
ensures 'Summaries for 
policymakers' are solid. 



Our tendency to disbelieve 
what we don’t understand

https://yourlogicalfallacyis.com/



Know nothing

Kruger, J. and Dunning, D., 

(1999) "Unskilled and Unaware 

of It: How Difficulties in 

Recognizing One's Own 

Incompetence Lead to Inflated 

Self-Assessments", Journal of 

Personality and Social 

Psychology, Vol. 77, No. 6, pp. 

1121-1134. 

https://www.math.ucdavis.edu/

~suh/metacognition.pdf



No, your opinion is (probably) not as valid as that of an expert



Example: CO2 is natural - how can it be a pollutant? 

➢ A: Whether something is natural or not is irrelevant. It all 
depends on its concentration and effects on the system

• Manure is natural.  Some on your fields is good. Neck deep isn’t. 

• A fraction of a drop of nerve agent VX (less than 10 milligrams) will kill you 
stone dead (0.000014% of 70kg body weight,  compared with atmospheric CO2

concentration 400 parts per million or 0.04%).

• CO2 is only one (the most important) of around 60 greenhouse gases 

“Carbon-dioxide: They call 
it pollution. We call it life.” 
- Competitive Enterprise Institute TV ad.

http://www.youtube.com/watch?v=7sGKvDNdJNA

http://www.youtube.com/watch?v=7sGKvDNdJNA


The truth is probably 
somewhere in the middle?

https://yourlogicalfallacyis.com/



Anchoring determines what is considered ‘extreme’



Dismissing an argument because of 
where it comes from

https://yourlogicalfallacyis.com/

‘Genetic’ as in 
‘Genesis’, the 
origin of 
something, 
not ‘genetics’. 



Confirmation bias



Cherry picking

https://yourlogicalfallacyis.com/



Cherry-picking data



Cognitive dissonance

“It is difficult to get a man to 
understand something when his 
salary depends upon his not 
understanding it.”

~ Upton Sinclair
What are you are unable to let yourself understand?
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The sustainability problem

We’ve crossed some 
boundaries already

Source:  Steffen, W., et 
al. (2015) "Planetary 
Boundaries: Guiding 
Human Development 
on a Changing Planet", 
Science, Vol. 347, No. 
6223, 13 February, pp. 
736 & 1259855-1-10. 
http://www.sciencemag
.org/content/347/6223/
1259855.abstract.



Source:  http://en.wikipedia.org/wiki/File:All_palaeotemps.png

No historical precedent for 100 year projection
(Composite from various studies)

http://en.wikipedia.org/wiki/File:All_palaeotemps.png


Where are we heading currently?

../../../../Globea1fi.avi


Source:  http://www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719

1.   2°C
Most conservative estimate of ‘dangerous’ climate change

2.  565 Gigatonnes
Amount of CO2 that can be released into atmosphere by 2050 to still 
have ‘reasonable’ (80%) chance of staying under 2°C. At current 
rate, we will use up this budget entirely by 2028.

3. 2,795 Gigatonnes
Amount of CO2 that would be released by combustion of current
fossil fuel reserves. Value: $27 trillion

“We have five times as 
much oil and coal and 
gas on the books as 
climate scientists think 
is safe to burn. We'd 
have to keep 80 
percent of those 
reserves locked away 
underground to avoid 
that fate.”

Three numbers

http://www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719


Source:  Carbon Tracker (2012) Unburnable Carbon: Are the World’s Financial Markets Carrying a Carbon Bubble? 
http://www.carbontracker.org/wp-content/uploads/downloads/2011/07/Unburnable-Carbon-Full-rev2.pdf

Carbon budget vs. fossil fuel reserves



Source: IEA, (2009) World Energy Outlook 2009, International Energy Agency, Paris, p. 172.

The task



Source: United States Government, (2013) "Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact 
Analysis - Under Executive Order 12866",  Washington DC, Interagency Working Group on Social Cost of Carbon, May,  21 pp. 
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_of_carbon_for_ria_2013_update.pdf

The Social Cost of Carbon: U.S. Government



Damage vs. Coal prices

Source: OCE, (2015) "Resources and Energy Quarterly",  Canberra, 
Office of the Chief Economist, Department of Industry & Science, 
Australian Government, June Quarter,  76 pp. 
http://www.industry.gov.au/Office-of-the-Chief-
Economist/Publications/Documents/req/REQ-June15.pdf ; pp.24, & 28.

Global damage per tonne of coal burnt 
(US Govt, in 2015 A$)

Discount rate: Damage:
5% A$46
3% A$147
2% A$224
3%(95th pctile) A$421

Source: United States Government, (2013) "Technical Support 

Document: Technical Update of the Social Cost of Carbon for Regulatory 
Impact Analysis - Under Executive Order 12866",  Washington DC, 
Interagency Working Group on Social Cost of Carbon, May,  21 pp; p. 18.
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_
of_carbon_for_ria_2013_update.pdf



Global Damage from Australian Coal

Australia’s black coal exports in FY2014-15 were 387 
million tonnes (Mt). Combustion will release around 
923 Mt CO2-equivalent. (Germany’s CO2 emissions in 
2012 were just 818 Mt). Based on conservative US 
Government estimates, our current coal exports are 
causing between A$16 billion and A$152 billion of 
damage globally each year (in 2015 dollars) for 
revenues of only $37.3 billion (profits are much less). 

This damage is not included in the coal 
export price.

Sources: http://theconversation.com/expanding-coal-exports-is-bad-news-for-australia-and-the-world-17937
OCE, (2015) "Resources and Energy Quarterly",  Canberra, Office of the Chief Economist, Department of Industry & Science, Australian 
Government, June Quarter,  76 pp. http://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/req/REQ-June15.pdf
United States Government, (2013) "Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis -
Under Executive Order 12866",  Washington DC, Interagency Working Group on Social Cost of Carbon, May,  21 pp; p. 18.
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_of_carbon_for_ria_2013_update.pdf
UNFCCC Emissions data: http://unfccc.int/ghg_data/ghg_data_unfccc/time_series_annex_i/items/3844.php

http://theconversation.com/expanding-coal-exports-is-bad-news-for-australia-and-the-world-17937
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_of_carbon_for_ria_2013_update.pdf
http://unfccc.int/ghg_data/ghg_data_unfccc/time_series_annex_i/items/3844.php


Damage estimates are very conservative

http://personal.lse.ac.uk/sternn/128NHS.pdf



Incentives for disproving link between 
greenhouse gases and climate change

Climate scientists: 
• Nobel Prize

• Lasting fame

• Thanks of a grateful world

• Huge research grants

Fossil-fuel intensive industries:
• Hundreds of billions of $ in future 

revenues

• Higher asset values & stock prices

• Increased ability to attract 
talented staff

• Improved brand image

Conclusion?
• VERY strong incentives for 

climate scientists to disprove 
link. Still hasn’t happened.

• VERY strong incentives for 
fossil-fuel intensive industries 
to try to disprove or create 
doubt about link. 

What have we seen?
Source: http://nobelprize.org/educational/nobelprize_info/



1990 Liberal Campaign Pledge

➢ Liberal leader John Hewson took the same policy to the 1993 election

Source: Guy Pearse, http://www.crikey.com.au/2007/11/16/what-turned-the-liberal-party-off-climate-change-action/



Backlash



Results?

➢ Right-wings of conservative parties & some media in Australia & US sided with those 
denying link – See eg:  http://scienceblogs.com/deltoid/the_war_on_science/

➢ The field of constructive engagement on solutions has been vacated to the centre & 
the left of politics. 

➢ A time bomb of opposition to good science was smuggled into conservative / 
libertarian politics. At some point it will blow up in their faces. Should be of major 
concern to thoughtful conservatives. 

➢ Now too: Opposition to sound economics! Virtually ALL economists say market-based 
approach is best. ALP in favour of market-based mechanism while Coalition introduces 
government regulated, expensive, bureaucratic ‘direct action’. Bizarre situation.

➢ Conservatives are in the process of losing entire generations of potential supporters:  
as they face the consequences of climate change in future, they will remember. 

http://scienceblogs.com/deltoid/the_war_on_science/


Who will you trust?
➢ Strong statements affirming the reality of human contribution to climate change have 

been released by the National Academies of Science of:  Australia, Belgium, Brazil, Canada, 
the Caribbean, China, France, Germany, India, Indonesia, Ireland, Italy, Japan, Malaysia, 
Mexico, New Zealand, Russia, South Africa, Sweden, the US and UK. 

➢ Scientists are specialists. Would you ask a GP to do your heart surgery?

➢ “They laughed at Galileo. They laughed at Newton. But they also laughed at Bozo the 
Clown.” (Carl Sagan)

➢When asked “Do you think human activity is a 
significant contributing factor in changing mean global 
temperatures?” 97% of scientists with more than 50% 
of published research papers on climate change said 
‘Yes’. 

Doran, P.T. and Zimmerman, M.K., (2009) "Examining the Scientific 

Consensus on Climate Change", EOS: Transactions of the American 

Geophysical Union, Vol. 90, No. 3, 20 January, pp. 22-23.

http://tigger.uic.edu/~pdoran/012009_Doran_final.pdf

➢Where are the published models that say 
‘No problem’? None have survived scrutiny.

http://tigger.uic.edu/~pdoran/012009_Doran_final.pdf


Source: Hughes, L. and Steffen, W., 

(2015) "Climate Change 2015: 

Growing Risks, Critical Choices",  

Sydney, Climate Council of Australia, 

August,  p. 66. 

http://www.climatecouncil.org.au/cli

mate-change-2015-growing-risks-

critical-choices

Rich country 
pledges 2015



Source: 
http://www.treehugger.com/renewable-
energy/striking-chart-showing-solar-
power-will-take-over-world.html

Renewable energy 
costs have 

plummeted

Source: http://www.renewable-energysources.com/

Renewables are now comparable or 
within striking range of fossil fuel 
sources even without pricing the 
damage caused by CO2 emissions 
from fossil fuels.



‘Responsible’ vs. ‘Extreme’

➢ Acceptable framing of debate in public discourse (emergence of ‘acceptable’ framing)

➢ Can’t say whether a response is ‘responsible’ & ‘measured’ as opposed to ‘extreme’ & 
‘reckless’ without considering the scale of the threat.

• eg. response to invasion fleet? Is failure to mobilise ‘measured & responsible’ or 
reckless?

➢Who are the ‘extremists’?

• Those arguing we should consider making a fraction of the effort of the WWII 
generation to avert an irreversible global catastrophe?  OR

• Those content to flip a coin to see how we go with more than 2°C warming? (450 ppm 
CO2-eq path gives about 50% chance of staying under 2°C)   OR

• Those happy to do nothing and chance the luck of their grandchildren with whatever 
the opposite of an ice-age looks like, with 4 … 7°C?



Dangerous extremism!

Source: Commonwealth of Australia, (2015) "Preventing 
Violent Extremism and Radicalisation in Australia",  
Canberra, Attorney-General's Department, p. 11. 
https://www.livingsafetogether.gov.au/informationadvice/
Documents/preventing-violent-extremism-and-
radicalisation-in-australia.pdf



Dangerous extremism?

Martin Luther King Jr.

Source: Someone very clever on the interwebs. 
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Our spiritual 
worldview 
affects our 

understanding 
of our place on 

Earth



Seeing other animals 
and ecosystems as 
'sacred' carries 
radical ethical 
implications. 



Poetry 
vs 

prose



Sacred Activism

http://www.meetup.com/sacred-activism-melbourne/

• Understands the role of worldviews and 
spiritual evolution

• Seeks transformation, not simply to become 
the majority

• Understands that at root, the sustainability 
crisis is a crisis of spirituality and meaning-
making

• Speaks not just in prose, but poetry, song, 
music, art, action - the languages of the heart

• Beyond ‘enlightened self-interest’
• Spiritual practice for personal transformation 

and sustenance

https://www.epektasis.com.au/sacred-activism/



Stages of psycho-spiritual development

• Ken Wilber's 
scheme is on the 
left axis

• They’re just models 
- LOTS of scope for 
debate.

• Recognise that 
communications, 
policies, strategies, 
etc need to take 
account of different 
personality types 
and stages of 
psycho-spiritual 
development.

Source: http://joinintegrallife.com/what-is-integral/



xxxx


