
During the Holocene, climate and sea level were exceptionally stable
The Holocene was a “safe operating space for humanity”

Key Points

During the last hundred years, humanity has introduced rapid and large changes  
The system is outside the “normal range” and in the dynamic transition into the Post-
Holocene; we have increasing disequilibrium

Baseline

Syndrome

Diagnosis
Easy access to seemingly unlimited energy allowed humans to accelerate flows in the 
Earth’s life-support system and sustain rapid population growth and increasing demands
Humans are the “Anthropogenic Cataclysmic Virus” (ACV) in the Earth’s life-support system
Prognosis
We are heading rapidly into a very different system state (thresholds; Post-Holocene)
Our knowledge is changing rapidly; there is room for surprises; foresight is needed
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Plan for the rest of class: 
- Hazards (Extinction, Ecosystem Services, Climate and Coastal, Public Health 

and Food-Water-Energy Nexus) 
- Vulnerabilities (Environment, Built Environment, Economy, Inequality, Injustice) 
- Foresight (understanding uncertainty, Decision blocks) 
- Decision making (human nature, facing threats) 
- Developing options (avoiding adaptation, changing paradigms, mitigating 

degradation; economy and governance)
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Class 15: Knowing the Hazards: Climate Hazards, Public Health, 
Food-Water-Energy Nexus

Mitigation and Adaptation Studies

Contents: 
- Some Definitions 
- Climate Change and Sea Level Hazards 

     - Observing the Planet 
     - Detecting Changes 
     - Assessing Knowledge 
     - Understanding the Processes and Causes 
     - Predicting Future Changes 
     - Having Foresight  
- Public Health 
- Food-Water-Energy Nexus
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Hazardous event System processes 
triggered by the event

Loss of lives and property 
             

        Disaster

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.
Vulnerability is the inability of a system to withstand the effects of a hostile 
environment or hazardous events.
Social vulnerability is the extent to which a community could be affected by stress, 
change  or a hazard.

Important: Risk Concept
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Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment.

Risk Insurance:   Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets
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Engineering: Risk = Event Rate * Vulnerability * Consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment.

Social vulnerability:
The extent to which a community 
could be affected by stress, change  
or a hazard.

Risk Insurance:   Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets

Disasters, Hazards, Vulnerability, Risks

Plag and Jules-Plag, 2013

Socio-Economic: Risk = Event Probability * Vulnerability * Consequences 
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• How likely is it that one or more hazards exceeding a certain magnitude 

occur in a given time interval? 
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Risk = hazard probability x vulnerability x value of exposed assets
How can we measure risk?

Knowing the probability density function of a hazard

Risk-related question: 
• How likely is it that a hazard of a certain magnitude occurs? 
• How likely is it that one or more hazards exceeding a certain magnitude 

occur in a given time interval? 
• How likely is it that a certain quantity exceeds a certain level?
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Other potential X-Events (see, e.g., John Casti, 2012): 
• Solar Storms: could take out major parts of the power grids  
• Pandemics: Black Death killed 30-60% of the population in impacted areas 
• Despots: Genghis Khan eliminated 11.1% of global population 
• Loss of Internet: Could have extreme societal and economic consequences 
• ...

Knowing the Hazards
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Disaster Risk 
Reduction 

and 
Resilience

Knowing the Hazards
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Knowing the Hazards

Is climate change the 
most extreme hazard?
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Sea surface height (not sea level):
Sea surface 
height

minus  
3.2 mm/yr

steric height

1993-2010

Meyssignac and Cazenave, 2012

Wiggles of 1-2 cm over 
several years

Regional differences of more 
than 30 cm over 20 years
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INTERGOVERNMENTAL PANEL ON climate change

 

The Intergovernmental Panel on Climate Change (IPCC) is the leading international body for the assessment 
of climate change. It was established by the United Nations Environment Programme (UNEP) and the World 

Meteorological Organization (WMO) to provide an authoritative international assessment of the scientific 
aspects of climate change, based on the most recent scientific, technical and socio-economic information 
published worldwide. The IPCC’s periodic assessments of the causes, impacts and possible response strategies 
to climate change are the most comprehensive and up-to-date reports available on the subject, and form the 
standard reference for all concerned with climate change in academia, government and industry worldwide. This 
Synthesis Report is the fourth element of the IPCC Fifth Assessment Report, Climate Change 2013/2014. More than  
800 international experts assessed climate change in this Fifth Assessment Report. The three Working Group 
contributions are available from the Cambridge University Press:
 
Climate Change 2013 – The Physical Science Basis 
Contribution of Working Group I  to the Fifth Assessment Report of the IPCC
(ISBN 9781107661820 paperback; ISBN 9781107057999 hardback) 

Climate Change 2014 – Impacts, Adaptation, and Vulnerability         
Contribution of Working Group II to the Fifth Assessment Report of the IPCC
(Part A: ISBN 9781107641655 paperback; ISBN 9781107058071 hardback)
(Part B: ISBN 9781107683860 paperback; ISBN 9781107058163 hardback)

Climate Change 2014 – Mitigation of Climate Change                   
Contribution of Working Group III to the Fifth Assessment Report of the IPCC
(ISBN 9781107654815 paperback; ISBN 9781107058217 hardback) 

Climate Change 2014 – Synthesis Report is based on the assessments carried out by the three Working Groups of 
the IPCC and written by a dedicated Core Writing Team of authors. It provides an integrated assessment of climate 
change and addresses the following topics: 
• Observed changes and their causes
• Future climate changes, risks and impacts 
• Future pathways for adaptation, mitigation and sustainable development
• Adaptation and mitigation
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Detecting Changes

Tornadoes are touching down in clusters 
more often than 50 years ago, a new 

study reports. On some days, more than 
30 twisters strike the United States.
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Already happening: Disappearance of late-summer Arctic sea ice

Already happening: Increases in extinction threats

Rossman&Marash (2014)
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There is the potential for surprises and new extremes ...

May 12, 2014: A large section of the mighty West 
Antarctic ice sheet has begun falling apart ... That’s enough ice to raise 

global sea level by more than 15 ft. (4.6 m)

May 18, 2014: The glaciers of Greenland are likely to retreat 
faster and further inland than anticipated ....

May 28, 2014: During that time, the 
sea level on a global basis rose about 50 feet in just 

350 years

August 29, 2015: “The critical question thus becomes: Is 
Greenland likely to lose even more ice than it’s currently losing per 

year — and could Antarctica do the same?”
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National Research Council in 2013: 
There is the potential for surprises and new extremes ...

May 12, 2014: A large section of the mighty West 
Antarctic ice sheet has begun falling apart ... That’s enough ice to raise 

global sea level by more than 15 ft. (4.6 m)

May 18, 2014: The glaciers of Greenland are likely to retreat 
faster and further inland than anticipated ....

May 28, 2014: During that time, the 
sea level on a global basis rose about 50 feet in just 

350 years

August 29, 2015: “The critical question thus becomes: Is 
Greenland likely to lose even more ice than it’s currently losing per 

year — and could Antarctica do the same?”Hansen et al., 2015: “… Evidence … that 2oC global warming is 
highly dangerous.”
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http://www.dailykos.com/story/2017/2/20/1635162/-NASA-defies-Trump-s-doubts-on-climate-science-Identifies-new-path-for-Greenland-meltwater-to-Ocean

http://www.dailykos.com/story/2017/2/20/1635162/-NASA-defies-Trump-s-doubts-on-climate-science-Identifies-new-path-for-Greenland-meltwater-to-Ocean


Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Example sea level riseHow solid is our knowledge?
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Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m
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4.5 m

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m

West Antarctic

Example sea level riseHow solid is our knowledge?

6.0 m Greenland

Contribution to 
Global Sea Level
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800 Years?

4.5 m

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m

West Antarctic

Example sea level riseHow solid is our knowledge?

6.0 m Greenland

Contribution to 
Global Sea Level
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800 Years?

4.5 m

100 Years?

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m

West Antarctic

Example sea level riseHow solid is our knowledge?

6.0 m Greenland

Contribution to 
Global Sea Level
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800 Years?

4.5 m

100 Years?

How worried should we be?

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m

West Antarctic

Example sea level riseHow solid is our knowledge?

6.0 m Greenland

Contribution to 
Global Sea Level
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800 Years?

4.5 m

100 Years?

How worried should we be?

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes

Knowledge in 2016: 
Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
Greenland and impact of changes in atmospheric 
circulation. 
Antarctica: West Antarctic ice sheet (WAIS) will 
contribute 4.5 m

West Antarctic

Example sea level riseHow solid is our knowledge?

6.0 m Greenland

Contribution to 
Global Sea Level What should we be worried about?
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IPCC, 2013
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Note: No accelerated contribution from 
Greenland and Antarctic ice sheets 
considered

IPCC, 2013
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Note: No accelerated contribution from 
Greenland and Antarctic ice sheets 
considered

IPCC, 2013 Modified from Church et al. (2010)
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Note: No accelerated contribution from 
Greenland and Antarctic ice sheets 
considered

IPCC, 2013 Modified from Church et al. (2010)
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Question: What is the 
probability density function 
for sea level change per 
century?
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Hansen et al. (2008)
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Hansen et al. (2008) Plag and Jules-Plag (2013)

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the 
probability density function 
for sea level change per 
century?
Look at paleo-data …
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Hansen et al. (2008) Plag and Jules-Plag (2013)

Scientifically, we cannot 
exclude a large, rapid global 
sea level rise with large 
spatial variability in local sea 
level rise.

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the 
probability density function 
for sea level change per 
century?
Look at paleo-data …
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Hansen et al. (2008) Plag and Jules-Plag (2013)

Scientifically, we cannot 
exclude a large, rapid global 
sea level rise with large 
spatial variability in local sea 
level rise.

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the 
probability density function 
for sea level change per 
century?
Look at paleo-data …

Large sea level variability is a system characteristics, not a new phenomenon, not a problem 
- just not known to modern civilization

Sea Level Change

-6.3 m 6.3 m

-0.9oC 4.5oC
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https://www.theguardian.com/environment/2017/feb/12/humans-causing-climate-to-change-170-times-faster-than-natural-forces?CMP=share_btn_tw

https://www.theguardian.com/environment/2017/feb/12/humans-causing-climate-to-change-170-times-faster-than-natural-forces?CMP=share_btn_tw
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