
p. 1

Cascades and Transitions 
in Human-Environment Interactions

Jürgen Scheffran

Research Group Climate Change and Security
Institute for Geography, KlimaCampus, University of Hamburg

Email: juergen.scheffran@zmaw.de
Web: www.clisec-hamburg.de

Fourth Sustainability Revolution and Sustainable Peace

Joint Workshop of UNAM-CRIM and AFES-PRESS 

Yautepec, Morelos, Mexico, 10 – 13 September 2012

mailto:juergen.scheffran@zmaw.de
http://www.clisec-hamburg.de


p. 2

Questions on the sustainability transition

From where do we leave?

Where do we want move in the transition?

How do we get there?

What do we need to do for the transition?

Where will we end if we don‘t move?

Who are we?

Are we going to change ourselve in the transition?
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Lines of conflict and cooperation

Human sphere and natural sphere

Individuals and the group/collective

We and the other
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A scientific discourse on complexity...
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A scientific discourse on complexity...
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What is complexity?

Complex: „made up of parts; difficult to understand of explain“ (Advanced 
Learners Dictionary)

•Parts: elements/units of a system

•Made-up: Composition of elements to a whole

•Understand: model representation

•Explain: system reconstruction

Complexity is the minimal length (size) of a system description (model) that 
reproduces the essential system qualities in an appropriate language.

Albert Einstein: „As simple as possible but not more simple“
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Complexity and stability

Increasing complexity  more potential instability?

Why do complex systems exist?: biological organisms, 
ecosystems, societies, networks, technical systems, ...

Evolutionary selection: Unstable systems disappear, 
stable systems remain

Adaptation and learning improves stability

Evolution towards increasing complexity and stability by 
natural selection

 Intentional action, control and innovation in social 
evolution
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On-going transformations in the human sphere
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Global growth patterns of the human sphere
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Example: The East-West conflict
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Strategic Defense 
vs.  Nuclear 

Disarmament

Free the world of nuclear weapons
What Gorbachev offers if Reagan gives up SDI
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Samples

Scheffran 1989

Chaos in the nuclear arms race
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Security bifurcation diagram
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http://www.dailymail.co.uk/news/worldnews/article-1225929/And-Berlin-Wall-comes-tumbling---again.html
http://msnbcmedia1.msn.com/j/MSNBC/Components/Photo/_new/g-cvr-091109-berlin-wall-120p.grid-6x3.jpg

http://www.dailymail.co.uk/news/worldnews/article-1225929/And-Berlin-Wall-comes-tumbling---again.html
http://msnbcmedia1.msn.com/j/MSNBC/Components/Photo/_new/g-cvr-091109-berlin-wall-120p.grid-6x3.jpg
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Transition towards nuclear disarmament
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2008 economic crisis

http://www.myfinancetimes.com/2008/10/lehman-brothers-accelerates-cascading.html

http://www.myfinancetimes.com/2008/10/lehm
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Price cascading effect

http://dangerousintersection.org/wp-content/uploads/2008/05/energy-domino-effect.jpg

http://dangerousintersection.org/wp-content/uploads/2008/05/energy-domino-effect.jpg
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Is there a link between riots and the price of food? 

http://www.technologyreview.com/blog/arxiv/27083/ Death tolls in parentheses

http://www.technologyreview.com/blog/arxiv/27083/
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Domino effect in North Africa
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Development of global mean temperature

WBGU 2009
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Tipping elements in the climate system
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Possible global emission paths for the 2oC goal

Source: modified from WBGU 2009

To keep the 2 degree temperature goal with 67% probability, the world should 
not emit more than 750 billion tons CO2 by 2050 into the atmosphere.
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Theoretical trajectories of per-capita emissions of selected 
countries under the WBGU budget approach

Source: WBGU 2009
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Framework of climate-society interaction
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Adaptive carbon control under uncertainty
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Transition functions
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Conflict or cooperation:
How will human beings and societies respond?

Climate change

Risk avoidance
Stabilization
Cooperation

Action
window

Security risks
Instabilities
Conflicts
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Cascading conflicts and cooperative transitions 
in climate change
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Damped interaction
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Escalating interaction beyond tipping point
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Interactions between climate and society:
Human-society impacts on the climate system
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Security

Natural
Resources

Societal
Stability
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What is guiding human action?

Values and goals: What do we want?

Capabilities and means: What can we do?

Behavioral attitudes, opinions, priorities and rules: Which 
paths do we follow?

Natural and social environmental conditions: In which 
systems do we act?
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The action triangle
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Human action cycle

Capabilities
Efforts

Action
Paths

Values
Goals

Decision and adaptation rules

Benefit-cost-risk assessment

Priorities Impacts

Observation 

Systems

Evaluation



p. 39

Human action cycle

Climate change 
and resource scarcity

Technological and
Institutional Innovation
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Integrated decision-making on energy options
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Resource Distribution
Interactions
Pathways

Risk     
Utility

Human
needs

- +

Conservation Equity Cooperation
Negotiation

Efficiency
Risk reduction

Sufficiency

E • d  • p •(v-r)=V*

Balance between natural resources and human needs

V=X  •  d • p • (v – r) = V*
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Greenhous 
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Intensity

G/E
x xx

Factors of greenhouse gas emissions:
The Kaya Equation

=

G = (G/E) * (E/W) * (W/P) * P  = g * e * w * P

G is global greenhouse gas emissions from human sources (e.g. 
CO2)
P is global population
W is world wealth (GDP)
E is global primary energy consumption 

w = (W/P) is global per-capita wealth (labor productivity)
e=(E/W) is the energy intensity of world wealth (GDP)
g=(G/E) is the carbon intensity of energy.

Yoichi Kaya, 1993, Environment, Energy, and Economy: strategies for sustainability 
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Energy mix
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Adaptive vs. optimal control

Damage-induced optimal control Adaptive control
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Carbon Intensity vs. Accumulated Emissions
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Climate change: Are we all in one boat?
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Micro-macro and multi-level decision-making
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Social and cultural adaptation among 
multiple actors
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Human inter-action cycle
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The complexity of conflict in Darfur

Graphics in: Science, July 24, 2009Adapted from: Scheffran, Modeling Climate-Induced Instabilities and Conflicts
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Spiral of violence in Darfur, Sudan
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Adaptation options of pastoralists, farmers and government in Morocco

Source: Schilling/Freier/Hertig/Scheffran 2012
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Network formation processes

Government Business Science Civil
Society Population
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Strategies for Preventing 
Climate Risks and Conflicts
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Landscape of climate impact dimensions
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Human capability, livelihood, 
resilience and security

Capability is associated with ‘capital’ used to create goods & services 
(natural, physical, financial, human, social, political, cultural capital)

Amartya Sen’s capability approach: true development requires every 
person’s access to real freedoms, which people have to achieve 
prioritized outcomes (functionings and capabilities)

Livelihood “comprises the capabilities, assets […] and activities 
required for a means of living: a livelihood is sustainable which can 
cope with and recover from stresses and shocks, maintain or enhance 
its capabilities and assets” (Chambers & Conway 1991)

Resilience: Capacity to resist shocks and surprises and, if damaged, 
to rebuild. Resilient communities will be able to cope with stress and 
retain its qualitative structure in a dynamic and flexible way that 
preserves, rebuilds, or transforms their livelihood.

Human security relates to “the well-being of individuals, including both 
freedom from fear and freedom from wants. As a concept, human 
security refers not only to security from physical violence, but also to 
food security, livelihood security, environmental security, health 
security and energy security”.(O’Brien & Leichenko 2007:3). 
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Elements of sustainable development

Sustainable development: Satisfy the needs of today's 
generations without endangering the needs of future 
generations. 

 Combines two goals:

Preservation of the natural life-preserving basis of social 
systems

Development: unfolding the possibilities and abilities of 
social systems 

Instead of destroying boundaries through the growth of 
material and energetic goods, a development into a multi-
dimensional space of values ensures the preservation of 
natural conditions and boundaries.
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Elements of peace

With accord to the human rights, that are supposed to warrant 
the basic rights of the individual for its preservation of existence 
and development, peace is determined by (according to Ernst-
Otto Czempiel):

``1.  preservation of the existence of the individual based on 
diminishing violence.

2.  contiguous development of existence of the individual based 
on increasingly equal distribution of developmental chances''

Preservation and development (unfolding) are therefore not only 
essential categories of sustainable development but also of 
peace.  While sustainability links the development of the 
individual to the preservation of the environment, the 
preservation of existence of the individual becomes the basic 
condition for its development in times of peace.  Equally is 
human existence unthinkable without a development that leads 
to the self-realisation of the individual.  
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Transition to sustainable peace

„Concepts of peace and sustainable development are 
closely interconnected in both the positive and negative 
senses. The crucial question of the next decades will be, 
whether it will be possible to evade the vicious circle of 
environmental destruction, underdevelopment and 
violence. 

How can the transition be made from a world that is out of 
order to a peaceful and sustaining world without destructive 
turbulences? 

It is obvious that enormous requirements will be raised to 
the social systems and the conflict regulating systems of 
humanity.“(Scheffran 1996)
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Peace

Sustainability Development
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Peace and sustainable development:
From the positive to the negative coupling

Was kann eine verantwortliche, interdisziplinäre, humane, sozial und ökologisch 
zukunftsverträgliche Wissenschaft dazu beitragen?
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World at the crossroads:
Towards sustainable peace?
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How will we act and interact 
in the sustainability transition?


