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The threshold is not where the 
boat goes over the edge, it is far 
up the river, when the people in 
the boat lose the option to get to 
the shore.
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an abrupt and discontinuous way.
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Systems Science: Basic Concepts
Emerging/Emergent Property: 
A property which a (complex) system has, but which the individual 
members do not have. 

The knowledge of the different types of emergence is 
essential for understanding complex systems

Neurons and brains: the properties of emotions and 
reasoning 
Ants: changing in behavior of colonies 
Cities: have many properties that individuals don’t 
have

Examples
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Resilience is the capacity of a social-ecological 
system to absorb or withstand perturbations and 
other stressors such that the system remains 
within the same regime, essentially maintaining its 
structure and functions. It describes the degree to 
which the system is capable of self-organization, 
learning and adaptation.  
          (Holling 1973, Gunderson & Holling 2002, Walker et al. 2004).
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Systems Science: Basic Concepts

Resilience is the capacity of a social-ecological 
system to absorb or withstand perturbations and 
other stressors such that the system remains 
within the same regime, essentially maintaining its 
structure and functions. It describes the degree to 
which the system is capable of self-organization, 
learning and adaptation.  
          (Holling 1973, Gunderson & Holling 2002, Walker et al. 2004).

Adaptive cycle Panarchy

The panarchy framework 
connects adaptive cycles in a 
nested hierarchy across spatial 
and temporal scales.
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A property of systems that increase in 
capability, resilience, or robustness as a result 
of stressors, shocks, volatility, noise, mistakes, 
faults, attacks, or failures.  
               Taleb (2012): Antifragile: Things that gain from Disorder
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Stability of Systems
• State Shift –a severe disturbance in which the 

system does not return to normal but instead results 
in significant changes in some of its state variables



Leaving the “Safe Operating Space”



A D. Barnosky et al. Nature 486, 52–58 (2012) doi:10.1038/nature11018

Drivers of a potential planetary-scale 
critical transition

brown color 
indicates ~ 40% of 
terrestrial ecosystems 
that have now been 
transformed to 
agricultural 
landscapes



A D. Barnosky et al. Nature 486, 52–58 (2012) doi:10.1038/nature11018

Quantifying land use as one method of 
anticipating a planetary state shift
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Extinction of 
mammals and 

birds

Extinction of 
insects

Loss of soil

Threshold of 2⁰C might determine the new state of the 
planet

Steffen	et	al.,	2018.	PNAS,	vol.	115,	no.	33
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The Earth’s Life-Support System

The importance of flows 
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 Phosphorus Cycle 



 Everything is about Flow - we have increased many flows
Earth is an “undiagnosed Patient”
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 Everything is about Flow - we have increased many flows
Earth is an “undiagnosed Patient”
Flows in the ELSS allow us to assess the “Health 
of the Planet” and to diagnose the “patient”

The Earth’s Life-Support System



The Earth’s Life-Support System

The importance of stocks and flows
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The Earth’s Life-Support System

The importance of regulating processes



Atmospheric absorption and scattering at different 
wavelengths of electromagnetic waves. The largest 
absorption band of carbon dioxide is not far from the 
maximum in the thermal emission from ground, and it 
partly closes the window of transparency of water; hence 
its major effect.

The Earth’s Life-Support System

https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Infrared
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The importance of concepts and language



Greenhouse
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Greenhouse Poolhouse
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Greenhouse Poolhouse

Volumetric heat capacity of water compared to air: 
About 3300 time higher
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Specific heat capacity:  
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Water has 4.23 times higher specific heat capacity.

The Earth’s Life-Support System



Density: 
Water: 1000 kg/m3  
Air:            1.275 kg/m3  

Water is about 785 times denser than air.

Specific heat capacity:  
Water: 4200 Jkg-1K-1  
Air:        993 Jkg-1K-1  

Water has 4.23 times higher specific heat capacity.

The Earth’s Life-Support System



Density: 
Water: 1000 kg/m3  
Air:            1.275 kg/m3  

Water is about 785 times denser than air.

Specific heat capacity:  
Water: 4200 Jkg-1K-1  
Air:        993 Jkg-1K-1  
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What are the  
Impacts of   
Climate Change?
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What are the  
Impacts of   
Climate Change?
... and there is more: 
- health 
- supply chains 
- mass extinction 
- water security 
- food security 
- migration 
- social unrest 
...

The Earth’s Life-Support System
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The Earth’s Life-Support System

Accepting knowledge gaps



The Earth’s Life-Support System



Importance of Time Scales
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Importance of Time Scales

Even if carbon emissions are reduced, the ocean is 
still set for centuries or more of warming, acidification, 

deoxygenation, and sea level rise.

The Earth’s Life-Support System



Physiology of  the Life-Support System: Flow

Hypoxic (dead) zones
Flows

Freshwater: 81% 
since 1970

Current extinction rates: 
     300 times background rate for birds 
80,000 times background rate for mammals   

The Earth’s Life-Support System



Davis et al., 2018
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The Earth’s Life-Support System

Importance of Ethics, Morality



“That the increase of population is 
necessarily limited by the means of 
subsistence, That population does invariably 
increase when the means of subsistence 
increase, and, That the superior power of 
population is repressed, and the actual 
population kept equal to the means of 
subsistence, by misery and vice.”  
                                     Malthus, 1798.

"Yet in all societies, even 
those that are most vicious, 
the tendency to a virtuous 
attachment is so strong that 
there is a constant effort 
towards an increase of 
population” Malthus, 1798.
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Importance of Risk Perception

Reducing risk: Expert advice and 
citizen action. Technology continues to 
outpace humanity’s capacity to control it, 
even as many citizens lose faith in the 
institutions upon which they must rely to 
make scientific innovation work for rather 
than against them. Expert advice is 
crucial if governments are to effectively 
deal with complex global threats. The 
Science and Security Board is extremely 
concerned about the willingness of 
governments around the world— 
including the incoming US administration
—to ignore or discount sound science 
and considered expertise during their 
decision-making processes.

The Earth’s Life-Support System



Importance of Risk Perception

https://clock.thebulletin.org

Reducing risk: Expert advice and 
citizen action. Technology continues to 
outpace humanity’s capacity to control it, 
even as many citizens lose faith in the 
institutions upon which they must rely to 
make scientific innovation work for rather 
than against them. Expert advice is 
crucial if governments are to effectively 
deal with complex global threats. The 
Science and Security Board is extremely 
concerned about the willingness of 
governments around the world— 
including the incoming US administration
—to ignore or discount sound science 
and considered expertise during their 
decision-making processes.

By KATIE REILLY Updated: January 25, 2018 10:29 AM ET 
The Bulletin of the Atomic Scientists moved the doomsday 
clock closer to midnight on Thursday morning, warning the 
world that it is as close to catastrophe in 2018 as it has ever 
been. 
Scientists cited growing nuclear threats, climate change and a 
lack of trust in political institutions as they set the doomsday 
clock at two minutes to midnight — 30 seconds closer than it 
was last year. 
“The world is not only more dangerous now than it was a year 
ago; it is as threatening as it has been since World War II,” 
Lawrence Krauss and Robert Rosner of the Bulletin of the 
Atomic Scientists wrote in a Washington Post column on 
Thursday, referencing President Trump’s repeated threats of 
war against North Korean leader Kim Jong Un, as well as his 
reversal of the Obama Administration’s efforts to stop climate 
change. 

Time, January 25, 2018 

The Earth’s Life-Support System

http://time.com/author/katie-reilly/
https://clock.thebulletin.org/
http://time.com/4650303/doomsday-clock-nuclear-war-donald-trump/
http://time.com/4650303/doomsday-clock-nuclear-war-donald-trump/
https://www.washingtonpost.com/opinions/were-as-close-to-doomsday-today-as-we-were-during-the-cold-war/2018/01/25/181ae8aa-0145-11e8-8acf-ad2991367d9d_story.html?utm_term=.a504b7a1cfd8
http://time.com/5085979/donald-trump-nuke-button-nuclear-north-korea/
http://time.com/5046539/trump-begging-for-nuclear-war/
http://time.com/5066682/global-climate-change-plan/
http://time.com/5066682/global-climate-change-plan/
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Atomic Scientists wrote in a Washington Post column on 
Thursday, referencing President Trump’s repeated threats of 
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Time, January 25, 2018 
https://vimeo.com
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Epistemology (part of philosophy): 
- develops a theory of knowledge 
- separate from science

Knowledge:  
- a “justified true belief” (Plato) - abbreviated as JTB 
- Bertram Russel: Identified problems with JTB and provided solutions 
- Gettier (1963): “Is justified true belief knowledge?” Showed counter examples 

Knowledge as justified true belief (JTB): 
A subject S knows that a proposition P is true if and only if: 
 1   P is true, and 
 2   S believes that P is true, and 
 3   S is justified in believing that P is true

Many think today that JTP is a necessary but not sufficient condition 
Need a fourth condition

https://en.wikipedia.org/wiki/If_and_only_if
https://en.wikipedia.org/wiki/Theory_of_justification


Jules-Plag, 2016

Creation of Knowledge



Epistemology (part of philosophy): 
- Empiricist 
- Rationalist

Jules-Plag, 2016

Creation of Knowledge



Epistemology (part of philosophy): 
- Empiricist 
- Rationalist

Ontology (part of philosophy): 
- studies the nature of things 
- mind dependent 
- mind independent

Jules-Plag, 2016

Creation of Knowledge



Epistemology (part of philosophy): 
- Empiricist 
- Rationalist

Ontology (part of philosophy): 
- studies the nature of things 
- mind dependent 
- mind independent

Mode of reasoning: 
- Deduction 
- Inductions

Jules-Plag, 2016

Creation of Knowledge



Epistemology (part of philosophy): 
- Empiricist 
- Rationalist

•Knowledge and truth are core concepts of our 
civilization 

•In a knowledge-based world, there is no place 
for “alternative facts” 

•In a “post-truth” world, there is no knowledge

Ontology (part of philosophy): 
- studies the nature of things 
- mind dependent 
- mind independent

Mode of reasoning: 
- Deduction 
- Inductions

Jules-Plag, 2016
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At all levels we always have the choice to: 
- mitigate (prevent) or  
- adapt (change, reorganize, manage),  
with rather different social, economic, and environmental consequences. 
Our language should be flexible enough to reflect these choices. For this class, we 
therefore define three terms:

1. Mitigation of Change: actions that limit and reduce changes/degradations 
in the Earth's life-support system.   

2. Mitigation of Impacts: actions that aim to protect against certain levels of 
impacts resulting from degradation of the Earth’s life-support system, 
including climate change and/or SLR. 

3. Adaptation: systemic transformations that increase our preparedness for a 
wide range of plausible futures and allow us to cope with changes if and 
when they happen. 
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Moss et al., 2013 
Published on November 8, 2013 in Science

There is an urgent need for “practice-
relevant adaptation science”

Sustainability and Adaptation Science

Key characteristics: 
-both fundamental and applied science 
-scientists & practitioners co-produce knowledge 
-coproduction is challenging 
-requires empirical evaluation



Moss et al., 2013 
Published on November 8, 2013 in Science
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Moss et al., 2013 
Published on November 8, 2013 in Science

Adaptation requires science that analyses 
decisions, identifies vulnerabilities, improves 

foresight, and develops options
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Moss et al., 2013 
Published on November 8, 2013 in Science

Adaptation Planning, Information Gaps, 
and the Need for Adaptation Science
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Moss et al., 2013 
Published on November 8, 2013 in Science

Identifying Vulnerabilities
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Moss et al., 2013 
Published on November 8, 2013 in Science

Understanding Decision Processes 
and Knowledge Requirements
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Improve Forsight About Climate 
Hazards and Other Stressors

Moss et al., 2013 
Published on November 8, 2013 in Science
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Identify Barriers, Broaden the Range of 
Adaptation Options, and Promote 

Learning

Moss et al., 2013 
Published on November 8, 2013 in Science
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Moss et al., 2013 
Published on November 8, 2013 in Science

Five Fields: 
- Assessing the hazards 
- Knowing the vulnerabilities 
- Having foresight 
- Understanding decision making 
- Developing options
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Five Fields of 
Adaptation Science: 
- Hazards 
- Vulnerabilities 
- Foresight 
- Decision making 
- Options

Questions to asked: 
- What system (ecosystem, species, community) are we 

looking at? Why is there a need for the system to adapt? 
What is the (wicked) problem? 

- What conceptual model represents the stocks, flows, and 
feedback loops of the system? 

- What are the hazards the system is exposed to? 
- What are the (intrinsic) vulnerabilities of the system? 
- Foresight and Goals: What are possible futures of the 

system?  What are the desired futures? 
- How are decisions made that impact the system and who 

is making/can make these decisions? Who is impacted by 
the decisions? 

- What options are there for interventions and how do these 
interventions impact the system’s future? 

- Recommendations for actions

Sustainability and Adaptation Science

Important: 
Identify the system 
and the challenge/
wicked problem



Mitigation and Adaptation Studies
Case Study

Introduction

- The challenge

- Why is it important?

- What is causing the problem?

- Who is trying to solve it?

Conceptual Model

- The wicked problem

- The underlying system 

- Stocks, flows, & feedbacks

- The decision space

System Science - Hazards

- What are the external threats?

- What are the internal threats?

- What are the probabilities of these 

hazards?

System Science - Vulnerabilities

- What vulnerabilities does the system 

have?

- What are the systems’s thresholds 

and tipping points?

Decision Making

- Who is impacted by the 

problem?

- Who can implement 

interventions?

- What is the decision framework?

Goal Knowledge - Desirable futures

- Foresight and the system’s spectrum 

of possible futures?

- What are the desirable futures and 

why are they desirable?

Transformation Knowledge

- What options are there for 

effective interventions?

- Which interventions can point the 

system towards the desired 
future?

Recommendations



Process:

February 8, 2019:                Selection of case study 
February 20, 2019:              Class is reserved for work on case study  
March 1, 2019:                    Draft outline and bibliography of the case study paper is due. 
March 29, 2019:                  Draft case study paper is due 
April 12:                                Final case study paper is due 
April 12, 15, 19, 23, 2019:    Presentations are due 
April 15, 17, 22, 24, 2019:    Case study presentations (12+3 minutes)
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Process:

February 8, 2019:                Selection of case study 
February 20, 2019:              Class is reserved for work on case study  
March 1, 2019:                    Draft outline and bibliography of the case study paper is due. 
March 29, 2019:                  Draft case study paper is due 
April 12:                                Final case study paper is due 
April 12, 15, 19, 23, 2019:    Presentations are due 
April 15, 17, 22, 24, 2019:    Case study presentations (12+3 minutes)

Do not hesitate to ask if you are uncertain about 
• the process, 
• the wicked problem you are addressing in your case study, 
• the research you need to do, 
• or the paper you are writing.
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