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Lecture 3: Overview 

 

Episode 1: Basic facts about global warming 

 

Episode 2: Impacts of climate change and mitigation 

 

Episode 3: Interview 
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Learning Outcomes 

 

1. Understand the fundamental role played by the Earth‟s energy budget in 

setting the global average temperature, and understand how this energy 

budget works. 

2. Understand how global temperature has increased over the last hundred years 

and which change in the Earth‟s energy budget has driven that. 

3. Understand how future changes in greenhouse gas concentration will affect 

global temperatures. 
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• Earth‟s energy balance 

• The rise of CO2 concentration 

• Global temperature 

• Loss of glaciers and sea ice 

• Scenarios of future warming 

 

Content 
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Climate results from an energy balance 
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Earth‟s Energy Budget 

Source: IPCC 2007 
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Orbital Cycles 

400 0 300 200 100 

Source: after Petit et al. 1999 

Millennia before present 
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Orbital Cycles 

Source: Ganopolski et al. 2010 
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Rising CO2-Concentration  
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Source: IPCC 2007 
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 Acidification due to CO2 is a 

threat to marine ecosystems 

Plankton 

Coral Reefs 

Oceans Are Getting More Acidic 
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A Historic Reminder 

Man changes climate „by cutting forests [...] 

and by emitting large amounts of steam and 

gas at the centers of industry"  

Alexander von Humboldt, 1844 

Source: Von Humboldt 1844 

Portrait by François Gérard 

Background: NASA 
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A Historic Reminder 

Man changes climate „by cutting forests [...] 

and by emitting large amounts of steam and 

gas at the centers of industry"  

„The atmosphere admits of the entrance of solar heat, but checks 

its exit; and the result is a tendency to accumulate heat at the 

surface of the planet.“ 

John Tyndall, 1859 

Alexander von Humboldt, 1844 

Source: Tyndall 1859 
Portrait by K. Ensikat 
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Effect of CO2-doubling: 
 

“climate sensitivity” 

 

Arrhenius 1896 (4-6 ºC) 

3 ± 1 ºC  

Climate Effect of CO2 

Source: Arrhenius 1896 

Portrait by K. Ensikat 
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Effect of CO2-doubling: 
 

“climate sensitivity” 

 

Arrhenius 1896 (4-6 ºC) 

3 ± 1 ºC  

Climate Effect of CO2 

Source: Arrhenius 1896 

Anthropogenic emissions 

should have caused 0.7 to 

0.9 ºC warming to date 

Portrait by K. Ensikat 
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Global Temperature 
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Data Source: Goddard Institute for Space Studies 

NASA GISS Data 1880-2011 
(deviation from mean 1951-1980) 
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Global Temperature 

NASA GISS Data 1880-2011 
(deviation from mean 1951-1980) 
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Data Source: Goddard Institute for Space Studies 
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Global Temperature 

El Niño 

NASA GISS Data 1880-2011 
(deviation from mean 1951-1980) 
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Data Source: Goddard Institute for Space Studies 
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Global Temperature 

NASA GISS Data 1880-2011 
(deviation from mean 1951-1980) 

Pinatubo 
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Data Source: Goddard Institute for Space Studies 
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Source: Foster and 

Rahmstorf, 2011 

 

Global Temperature 

With effect of El Niño, Volcanos und solar activity removed 
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Global Temperature 

Source: Rahmstorf et al., submitted 



www.va-bne.de • World in Transition: A Social Contract for Sustainability 
Lecture 3: Climate Change • Episode 1 • Prof. Dr. Rahmstorf 

The Sun and Global Temperature 

Amplitude of solar effect: ± 0.04 °C  
 

Source: Claus Fröhlich, World Radiation Center, Davos 
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Foto: S. Rahmstorf 

Loss of Mountain Glaciers 
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Foto: S. Rahmstorf 

Loss of Mountain Glaciers 
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1979 

Source: NASA 

Loss of Arctic Sea Ice 
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2007 

Source: NASA 

Loss of Arctic Sea Ice 
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Loss of Arctic Sea Ice Cover 

Graph: Dirk Notz, MPI Hamburg 

September sea ice extent 

Observations  
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K. Ensikat 

Range of 

models 
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A2 

B1 

A1FI 
High Emissions 

Low Emissions 

The Next 100 Years 

Scenarios: IPCC 2007 

Past data: Mann et al. 2008 
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30 

Computer-Animation: “Earth Simulator”, Japan 

  

Computeranimation: Earth Simulator, Japan 

The Next 100 Years 
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Exercises for self study 

 
 1. Have a close look at the slide showing Earth„s Energy Budget and 

understand how the budget adds up at the top of the atmosphere, 

within the atmosphere and at the Earth„s surface. 

 

2. What role does the greenhouse effect play for the climate on Venus? 

 

3. CO2 is not the only greenhouse gas. Have a look at Fig. SPM.2  of the 

Summary of the IPCC 4th Assessment report: 

(http://www.ipcc.ch/publications_and_data/ar4/wg1/en/spm.html). 

Understand the contributions of different factors in driving modern 

climate change. 

 

 

 

 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/spm.html
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Exercises for Self Study 

 
 

4. In addition to changes in the Earth„s radiation balance, internal 

variability (El Niño – Southern Oscillation being the most prominent 

one) can also affect surface climate to some extent by accessing heat 

stored in the oceans. If global surface temperatures warm up due to 

heat released from the ocean, do you expect the ocean overall to 

warm or cool? How does that compare to what happens in modern 

global warming? 

 

5. A little history: have a look at early scientific papers predicting 

greenhouse warming: Sawyer (Nature 1972) and Broecker (Science 

1975). To what extent did they correctly predict what has happened 

since then? 

 

6. When researching climate change issues on the internet, what criteria 

would you use to distinguish sound scientific information from the 

many agenda-driven „climate sceptics“ websites? 
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The illustrations by K. Ensikat are from the book: Wolken, Wind & Wetter, by Stefan Rahmstorf, DVA (2011)  

Basic reading: 

• Archer, D, Rahmstorf, S (2010) The Climate Crisis. Cambridge University Press. 

• WBGU (2011) World in Transition: A Social Contract for Sustainability, chapter 1. Berlin. www.wbgu.de 

Sources used: 

• Arrhenius S (1896) On the influence of carbonic acid in the air upon the temperature of the ground. The London, Edinburgh and Dublin 

Philosophical Magazine and Journal of Science 5:237-276 

• Foster G, Rahmstorf S (2011) Global temperature evolution 1979–2010 Environmental Research Letters 6:044022. doi:10.1088/1748-
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• Ganopolski A, Calov R, Claussen M (2010) Simulation of the last glacial cycle with a coupled climate ice-sheet model of intermediate 
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