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Insolation 

= Longwave Radiation 

-  Reflected 

Climate results from an energy balance 



WWW.OZEAN-KLIMA.DE 

3 

Alexander von Humboldt, 1843 

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 
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IPCC 2007 

Rising CO2-Concentration  
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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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Effect of CO2-doubling: 
 

“climate sensitivity” 

 

Arrhenius 1896 (4-6 ºC) 

3 ± 1 ºC  

Climate Effect of CO2 

Anthropogenic emissions 

should have caused 0.7 to 

0.9 ºC warming to date 
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Global Temperature 

 

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

Broecker 1975 
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Pinatubo 
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Global Temperature Series 

 With effect of El Niño, Volcanos und solar activity removed 

Foster & Rahmstorf, ERL 2011 
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Solar Luminosity and Global Temperature 

 Amplitude of solar effect: ± 0.04 °C  
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1979 
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2007 
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Loss of Arctic Sea Ice Cover 

Grafik: Dirk Notz, MPI Hamburg 

September sea ice extent 

Observations  
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A2 

B1 

A1FI 
High Emissions 

Low Emissions 

The Next 100 Years 
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Computer-Animation: “Earth Simulator”, Japan 

  

Computeranimation: Earth Simulator, Japan 
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The decade 2001–2010 

was the warmest ever 

recorded. The decade was 

marked by numerous 

weather and climate 

extremes, unique in 

strength and impact. 

 

(WMO 2011) 
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Nature Climate Change, March 2012: 

 

17         Dim Coumou, Earth System 
Analysis   
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Increase in Number of Record-warm Months 
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GISS data 
(150.000 series) 

Stochastic 

Model 

Coumou et al, submitted 
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20 cm rise 

since 1880 

Sea Level Rise 
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Gauges: Church & White 2006 

Satellite: Anny Cazenave 
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Global Sea Level Rising Faster Than Expected 

Satellite 

Tide Gauges 
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Rate of SLR and Global Temperature 

Observed rate of 

sea level rise 

Dual model 

Data:  Church & White sea level with Chao reservoir correction 

 NASA GISS global mean temperature 

Vermeer & Rahmstorf (PNAS 2009) 

Simple model = 

global temperature 
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Semi-Empirical Projections 

Future sea level (rel. to 1990) based 

on IPCC AR4 global temperature projections 

 

Full range: 75 – 190 cm by 2100 

Vermeer & Rahmstorf (PNAS 2009) 
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2000 Years of Sea Level 

 

Kemp et al. PNAS 2011 
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Multi-Century Projections 
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Schaeffer et al. (Nature CC in press) 

Rate of Rise Sea Level 
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Jahr 

What Can We Do? 

Graph: Malte Meinshausen 
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Earth System Analysis 
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Cambridge University Press 2010 photo ©SR 

Thank you for your attention! 


