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Class 5: Diagnosis, Prognosis and Therapy

Mitigation and Adaptation Studies

Conclusions: 
- During the Holocene, climate and sea level were exceptionally stable. 
- global disasters caused by geohazards, asteroids, solar storms, etc. were very 

limited and not at the upper end of the scale. 
- The Holocene was a “safe operating space for humanity.” 
- Civilization could develop despite many anthropogenic conflicts and disasters. 
- During the last hundred years, we have introduced rapid and large changes 
- The system is already now outside the “normal range” and in the dynamic 

transition into the Post-Holocene; we have increasing disequilibrium 
- There is a significant degradation of the Earth’s life-support system 
- Paradigm shifts may be required; for example, instead of “Growth is 

necessary” assume “Growth is an addiction we need to overcome.” 
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Plan for the rest of class: 
- Hazards (Extinction, Climate and Coastal, Public Health and Food-Water-

Energy Nexus, Ecosystem Services) 
- 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 7: Climate and Coastal Hazards
Contents: 
- From Class 5: Therapy 
- Climate Change and Sea Level Hazards 

     - Detecting Changes 
     - Assessing Knowledge 
     - Understanding the Processes and Causes 
     - Predicting Future Changes 
     - Having Foresight 
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What are the governments doing?

The Therapy: Life Style Changes 
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SDGs and the Agenda 2030 are intended as our “Road to Dignity,”  
and we are on this road together.

Instead of being technology and science-driven, the Earth observation and science 
communities need to be problem-driven and part of the process.
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Percentage of population living on less than $1 a day (2008-2009),  UN Human Development Index, 2008

Percentage of global 
population in extreme poverty
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Percentage of population undernourished
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Women carry out 70% of 
the global work hours 
but they only earn 10% of 
the global salary
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Women make major contributions to crop production. 
Women have the least access to the means for 
increasing yields and moving from subsistence crops 
to market-oriented production

Women carry out 70% of 
the global work hours 
but they only earn 10% of 
the global salary
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Mangroves
Agenda 2030: “The Road to Dignity”



Mangroves

About half of mangrove loss has occurred in the last 
50 years, mostly in the last two decades, due to: 
• shrimp farming 
• tourism 
• urbanization 
• agriculture expansion 
• roadways 
• marinas, and 
• other intrusive developments.
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Mangroves

About half of mangrove loss has occurred in the last 
50 years, mostly in the last two decades, due to: 
• shrimp farming 
• tourism 
• urbanization 
• agriculture expansion 
• roadways 
• marinas, and 
• other intrusive developments.

A Tragedy for our Oceans 
Continuing heavy loss of mangrove forests 
represents a real tragedy for our oceans and 
the extensive life-support systems mangroves 
engender.
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Mangroves link many of the SDGs …
Agenda 2030: “The Road to Dignity”
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Our task: enabling a transition to an 
economy for humanity: 
“An economy that meets our needs while 
safeguarding Earth’s life-support system,  
on which the welfare of current and future 
generations depends.”
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Our task: enabling a transition to an 
economy for humanity: 
“An economy that meets our needs while 
safeguarding Earth’s life-support system,  
on which the welfare of current and future 
generations depends.”

Enabling prosperity, security:  
 - without growth 
 - with more equality 

The Therapy: Life Style Changes 
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- desertification 
- ice and snow cover

Hazards:



Climate Change and Sea Level Hazards

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Hazards:



Climate Change and Sea Level Hazards

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:



Climate Change and Sea Level Hazards

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes? 
- How well can we predict future changes 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction



GRACE

Observing the Planet



Geodetic Monitoring of Sea Level

http://sealevel.colorado.edu/tidegauges.html
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Geodetic Monitoring of Sea Level

http://sealevel.colorado.edu/tidegauges.html

Tide Gauges

GRACE

Laser 

Radar 

Satellite Altimetry 

GNSS Reflections

Zufada & Zavorotny (2004)
Larson eta l. (2014)
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Sea surface height (not sea level):
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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

Observing the Planet



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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Elliott, 2015
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National Research Council in 2013: 
There is the potential for surprises and new extremes ...

Already happening: Disappearance of late-summer Arctic sea ice

Already happening: Increases in extinction threats

Rossman&Marash (2014)
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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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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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level rise 
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How worried should we be?

Accepted knowledge in 2000: 
Greenland: no significant contribution to sea 
level rise 
Antarctica: minor contribution 
Main contribution: steric changes
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Greenland: is contributing, is accelerating; 
increasing potential for a large contribution to 
sea level rise due to deep warm water around 
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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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