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Normally, you will submit the form towards the 
end of class/lab. But don’t forget …I will read all your submissions and 

comment if you “learned something” that is not fully 
correct or explain what you did not understand better. 

You can see the public parts of all forms.

You can pin something for the class that 
you want to emphasize here. I will use this also 

to make key points. 

You can ask the class something here; we 
may pick this up in class/lab.

In the exceptional case you can’t log in, 
you can submit the 4+4 Form as a word doc by 

email to me.
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Course Contents
Earth’s Life-Support System

Hazard: change in conditions that can cause damage

Societal goal: disaster risk reduction or governance

Natural or anthropogenic?

Humanity is embedded in, and interacts with, the Earth's life-support system 
(ELSS). The ELSS provides the basis for the welfare of all human and non-human 
communities, and these communities are adapted to prevailing conditions. 

Hazardous events can change these conditions and cause damage to the 
communities, with the impacts ranging from local, individual to global scale. 

For humans, reducing disasters caused by hazards is a goal and a necessity to 
improve sustainability of human communities. Disaster reduction, or better, Disaster Risk 
Governance (DRG), requires a thorough understanding of the hazards that can occur, the probability of them 
occurring, and the processes that can lead to disastrous impacts on human and non-human communities.

Although the class is titled “Natural hazards and disasters,” it needs to be emphasized that the distinction between 
natural and anthropogenic hazards is somewhat arbitrary. It would work if humans were in a spaceship and Earth was 
free of humans. The fact that humanity is an integral part of the ELSS and is modifying the ELSS at a very significant 
level leads to many hazards that seem to be “natural” but are actually to some extent caused or amplified by humans.
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Hazard definition
In the class, we define a hazard as a change of the system state that can lead to a 
reduction of the system's capability to function. A hazard can be a short event 
(e.g., an earthquake), a longer process (e.g., extinction), or a slow trend (e.g., 
sea level rise). 
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We distinguish:
• extraterrestrial hazards: asteroids, bolides, radiation events, and solar storms
• geo(logical) hazards: those that arise mainly from processes in the solid earth;
• hydro-meteorological hazards: those that are associated with processes in the 

    coupled hydrosphere-atmosphere system;
• biological hazards: pandemics, rodents, insects, algal-blooms, extinction;
• chemical hazards: changes in major flows of the ELSS leading to changes in 

the composition of atmosphere, ocean, soil, water (including pollution, acid 
rain, ocean acidification, change of greenhouse gases);

• technological hazards: accidents, mal-function, AI, nano-technology;
• social hazards: involuntary migration, unrest, racism, genocide, wars, 

imperialism, failed governance
• economic hazards: depressions, bubbles, speculations, peak-oil, etc.
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The class will introduce these hazards and discuss their direct and indirect 
relevance for human and non-human communities. Main focus will be on 
hazards with pre-dominantly non-human origin.
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Concept of Risk

Humans can modify non-human hazards
The boundary between hazards of non-human and human origin is blurred. Technological hazards can be triggered by 
non-technological hazards. Human activity can trigger hazards or change the spectrum of hazards in terms of 
frequency and magnitude. Human activity can also lead to the ELSS crossing thresholds and entering new states with 
significantly different characteristics and mal-adaptation. The interdependency of human and non-human hazards will 
be discussed in detail.
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community and its environment that are triggered by a hazardous 
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and developed, and the same hazardous event can lead to a wide 
range of disasters depending on the exposed community's 
preparedness and adaptation. Understanding the processes that 
link hazards and disasters is a prerequisite for DRG. The class will 
analyze these processes based on case studies.
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Hazards and disasters are linked 
through processes

Human decisions are informed by 
risk assessments

Disaster Risk Governance 

In the interaction with the ELSS, humans have to make choices 
about where to settle, how to develop communities and the built 
environment, how to meet the needs of human communities, and 
how to prepare for hazardous events. Many of these choices benefit 
from a risk-based decision-making. For many of the non-human 
hazards, we cannot change very much the PDF of the hazard, but 
we can impact vulnerability and exposure of human communities. 

The concept of DRG captures this. Risk associated with a specific 
hazard is defined as the product of hazard probability, vulnerability 
and value of the assets exposed to the hazard. The class will 
introduce the concept of DRG and apply to case studies.
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Disaster risk assessments are an important tool to guide community 
actions to reduce or govern the risk. However, public and 
governmental support for DRG depends on risk awareness, which is 
determined by individual, community, country and cultural biases. In 
modern societies, the media play an important role for the 
development of, as well as the biases in, risk awareness. The class 
will review a number of risk assessments and relate them to risk 
awareness. The role of the media in shaping risk awareness will be 
analyzed.
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Disaster risk assessments are an important tool to guide community 
actions to reduce or govern the risk. However, public and 
governmental support for DRG depends on risk awareness, which is 
determined by individual, community, country and cultural biases. In 
modern societies, the media play an important role for the 
development of, as well as the biases in, risk awareness. The class 
will review a number of risk assessments and relate them to risk 
awareness. The role of the media in shaping risk awareness will be 
analyzed.
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Disaster Risk Assessment

Disaster Risk Awareness

Role of Media
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What is sustainability?

The Earth’s Life-Support System and Sustainability

What systems are we referring to?  
We consider biological, social and economic systems, communities, including whatever technical support 

the community may have developed.	

Sustainability is an emerging characteristic of a dynamic system; it is not built into a system by design. 
• the ability to be maintained and function continuously 
• maintaining relationships within the system and to the system’s environment 
• to change if required

Sustainability is a neutral term, neither positive nor negative.  
For human communities embedded in a planetary life-support system, it needs to be connected 
to a value system.
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Earth: Our Life-Support System

 Everything is about Flow
Economy links us to the Life-Support System

Flows have accelerated in the last 200 years 
and are today 100 to several 1000 times  
larger than before

The Earth’s Life-Support System and Sustainability

A sustainable development is a 
development that “meets the needs of 
the present, while safe-guarding the 
Earth’s life-support system, on which the 
welfare of current and future 
generations [of human and non-human 
animals] depends.” Griggs et al., 2013
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Hazards, Vulnerabilities and Disasters

1:  a game of chance like craps played with two 
dice  

2:  a source of danger hazards on the roadway 

3a:  the effect of unpredictable and unanalyzable 
forces in determining events :  chance, risk 

• the hazards involved in owning your own 
business 

• men and women danced together, women 
danced together, men danced together, as 
hazard had brought them together — Charles 
Dickens

3b:  a chance event :  accident 
• looked like a fugitive, who had escaped from 

something in clothes caught up at hazard — 
Willa Cather 

4 obsolete :  stake 3a 

5:  a golf-course obstacle (such as a bunker or a 
pond)

https://www.merriam-webster.com/dictionary/chance
https://www.merriam-webster.com/dictionary/risk
https://www.merriam-webster.com/dictionary/accident
https://www.merriam-webster.com/dictionary/stake
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Definition:
A hazard is a change of the system state that can lead to system degradation and/
or a reduction of the system's capability to function.
We distinguish several types of hazards: 
 • extraterrestrial hazards: asteroids, bolides, radiation events, and solar storms 
 • geo(logical) hazards: those that arise mainly from processes in the solid earth; 
 • hydro-meteorological hazards: those that are associated with processes in the coupled 

hydrosphere-atmosphere system; 
 • biological hazards: pandemics, rodents, insects, algal-blooms, extinction; 
 • chemical hazards: changes in major flows of the ELSS leading to changes in the composition of 

atmosphere, ocean, soil, water (including pollution, acid rain, ocean acidification, change of heat-
trapping gases); 

 • technological hazards: accidents, mal-functioning, AI, nano-technology; 
 • social hazards: involuntary migration, unrest, racism, genocide, wars, imperialism, failed 

governance; 
 • economic hazards: depressions, bubbles, speculations, peak-oil, etc.
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Hazards, Vulnerabilities and Disasters

Definition of vulnerable
1: capable of being physically or emotionally 
wounded
2: open to attack or damage : assailable 
vulnerable to criticism
3: liable to increased penalties but entitled to 
increased bonuses after winning a game in 
contract bridge

https://www.merriam-webster.com/dictionary/assailable
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Hazards, Vulnerabilities and Disasters

Social vulnerability describes the extent to which a community could be affected by stress, 
change  or a hazard. Social vulnerability depends on the individual and community levels of 
access to resources to prepare for, cope with and recover from disasters. A large number of 
factors may contribute to social vulnerability including, but not limited to, gender, race, 
socioeconomic status, age, language, and access to information.

Definition:
Vulnerability is the inability of a system to withstand the effects of a hostile environment.



Definition:
A disaster is the loss of lives and property; often as the result of a hazardous event.

Hazardous event 

HAZARD

System processes 
triggered by the event 

VULNERABILITY

Loss of lives and property 
             

        DISASTER

Hazards, Vulnerabilities and Disasters

Concerning the extent of disaster, we follow Plag et al. (2015) and classify large event as: 
• Extinction Level Events are so devastating that more than a quarter of all life on Earth is killed 

and major species extinction takes place. 
• Global Catastrophes are events in which more than a quarter of the world’s human population 

dies and that place civilisation at serious risk. 
• Global Disasters are global scale events in which a few percent of the population dies. 
• Major Disasters are those exceeding $100 billion in damage and/or causing more than 10,000 

fatalities.



Natural Hazards and Disaster

Class 1: Introduction to the Course and Basic Concepts 
• Practicalities 
• Course Contents 
• The Earth’s Life-Support System and Sustainability 
• Hazards, Vulnerabilities, and Disasters 
• Concept of Risk 
• Thresholds 
• Resilience 
• Disasters and Sustainability



Natural Hazards and Disaster

Class 1: Introduction to the Course and Basic Concepts 
• Practicalities 
• Course Contents 
• The Earth’s Life-Support System and Sustainability 
• Hazards, Vulnerabilities, and Disasters 
• Concept of Risk 
• Thresholds 
• Resilience 
• Disasters and Sustainability



Concept of Risk



1:  possibility of loss or injury :  peril

2:  someone or something that creates or suggests a 
hazard  

3a:  the chance of loss or the perils to the subject 
matter of an insurance contract; also :  the degree 
of probability of such loss

3b:  a person or thing that is a specified hazard to an 
insurer

3c:  an insurance hazard from a specified cause or 
source war risk 

4:  the chance that an investment (such as a stock or 
commodity) will lose value

Concept of Risk

https://www.merriam-webster.com/dictionary/peril
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“In general, risk means the possibility of loss or injury. Risk is 
an event that, if it occurs, has unwanted consequences.” 

Pinto, Cesar Ariel; Garvey, Paul R.. Advanced Risk Analysis in 
Engineering Enterprise Systems (Statistics:  A Series of 
Textbooks and Monographs) (Page 1). CRC Press. Kindle 
Edition. 
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This is what we use in class: “Risk is the potential 
for consequences where something of value is at stake 

and where the outcome is uncertain”
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Measuring Risk: 

Definition:  
Risk is the potential for consequences where something of value is at stake and 
where the outcome is uncertain”

Plag and Jules-Plag, 2013

We need to know the “probability density function” for 
the hazard.
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Lenton & Schellnhuber (2007) Nature Reports Climate Change

Thresholds



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

Thresholds



Thresholds

Barnosky et al., 2012, Nature, 486.



Natural Hazards and Disaster

Class 1: Introduction to the Course and Basic Concepts 
• Practicalities 
• Course Contents 
• The Earth’s Life-Support System and Sustainability 
• Hazards, Vulnerabilities, and Disasters 
• Concept of Risk 
• Thresholds 
• Resilience 
• Disasters and Sustainability



Natural Hazards and Disaster

Class 1: Introduction to the Course and Basic Concepts 
• Practicalities 
• Course Contents 
• The Earth’s Life-Support System and Sustainability 
• Hazards, Vulnerabilities, and Disasters 
• Concept of Risk 
• Thresholds 
• Resilience 
• Disasters and Sustainability



“Resilience is the act of 
rebounding or springing back” 
(Oxford English Dictionary, 1973) 

Resilience



“Resilience is the act of 
rebounding or springing back” 
(Oxford English Dictionary, 1973) 

“Resilience is the capacity of a system to absorb disturbance 
and still retain its basic function and structure.” 
Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems and People in a Changing 
World.

Resilience



“Resilience is the act of 
rebounding or springing back” 
(Oxford English Dictionary, 1973) 

“Resilience is the capacity of a system to absorb disturbance 
and still retain its basic function and structure.” 
Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems and People in a Changing 
World.

Resilience

The Stockholm Resilience Centre (2015) explains that “resilience 
is the capacity of a system, be it an individual, a forest, a city or 
an economy, to deal with change and continue to develop. It is 
about how humans and nature can use shocks and 
disturbances like a financial crisis or climate change to spur 
renewal and innovative thinking.” 



“I want to reserve resilience to refer to the broader capability – how 
well can a system handle disruptions and variations that fall 
outside of the base mechanisms/model for being adaptive as 
defined in that system.” 
Hollnagel in Woods, Professor David D. Resilience Engineering: Concepts and Precepts (Kindle 
Locations 487-488). Ashgate Publishing Ltd. Kindle Edition. 
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“I want to reserve resilience to refer to the broader capability – how 
well can a system handle disruptions and variations that fall 
outside of the base mechanisms/model for being adaptive as 
defined in that system.” 
Hollnagel in Woods, Professor David D. Resilience Engineering: Concepts and Precepts (Kindle 
Locations 487-488). Ashgate Publishing Ltd. Kindle Edition. 

However, we would argue that we should extend the definition a little 
more broadly, in order to encompass also the ability to avert the 
disaster or major upset, using these same characteristics. 
Resilience then describes also the characteristic of managing the 
organisation’s activities to anticipate and circumvent threats to its 
existence and primary goals. This is shown in particular in an ability 
to manage severe pressures and conflicts between safety and the 
primary production or performance goals of the organisation. 
Hale & Heijer, in Woods, Professor David D. Resilience Engineering: Concepts and Precepts 
(Kindle Locations 728-732). Ashgate Publishing Ltd. Kindle Edition. 
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Thresholds (chapter 3) and the adaptive cycle metaphor are 
both central to resilience thinking. Adaptive cycles describe how 
many systems behave over time, and how resilience varies 
according to the phase where the system lies. Thresholds 
represent transitions between alternate regimes. While the two 
concepts can sometimes be related in the pattern of a particular 
system's dynamics, this not always the case. They are different 
models used for different purposes, and it is not always 
possible to equate the dynamics of a basin of attraction with the 
dynamics of an adaptive cycle. Where they do coincide, 
however, alternate regimes generally represent a new adaptive 
cycle, indicating that the system has new structures and 
feedbacks. 

Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems and People in a Changing 
World (Kindle Locations 1168-1170). Kindle Edition. 

Thresholds and Resilience Thinking

Resilience



Resilient systems bend under stress but do not break, so they 
are able to weather storms more effectively and recover more 
quickly. Adaptive systems are characterized by redundancy, 
diversity, efficiency, strength, interdependence, adaptability, and 
collaborativeness (Godschalk 2003). They are designed so that 
the failure of one part does not cause the whole system to 
collapse. 
Ayyub, Bilal M.. Sea Level Rise and Coastal Infrastructure: Prediction, Risks, and Solutions 
(Council on Disaster Risk Management (CDRM) Monograph) (Kindle Locations 
2359-2361). American Society of Civil Engineers. Kindle Edition. 
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http://stockholmresilience.org/download/18.10119fc11455d3c557d6928/1459560241272/SRC+Applying+Resilience+final.pdf
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