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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  

  Year AD   
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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 - Data 1880-2012 

(deviation from mean over 1951-1980) 

El Niño 

Pinatubo 

La Niña 
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Global Temperature 

 With effect of El Niño, volcanos und solar activity removed 

Foster & Rahmstorf, ERL 2011 
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Global Temperature und Solar Activity 
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Global Temperature during the Holocene 

 

Marcott et al., Science 2013 
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1979 
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2007 2012 
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Grafik: Dirk Notz, MPI Hamburg Grafik: Dirk Notz, MPI Hamburg 

Loss of Arctic Sea Ice Cover 

September sea ice extent 

Observations  
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Future Global Temperature 

Emissions 
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Computer-Animation: “Earth Simulator”, Japan 

  

Computeranimation: Earth Simulator, Japan 

The Next 100 Years 
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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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2000 Years of Sea Level 

 

Kemp et al. PNAS 2011 
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Latest Gobal Sea Level Projections 

 

Global Sea Level Rise Scenarios for the  

United States National Climate Assessment, NOAA (2012) 
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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: 

 

19         Dim Coumou, Earth System 
Analysis   
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Some unprecedented extremes since 2000 

 

20 

World Bank Report 2012 
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Heat Waves 
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  Heat Stress 

Kältestress 

leicht 

extreme 

high 

moderate 

slight 

mäßig 

hoch 
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Mortality and heat stress (8. August 2003, 13 UTC) 

15,000 

 † 

7,000 

† 

4,000 

 † 

2,000 

 † 2,000 

 † 

4,000 

 † 
1,500 

 † Mortality data: Earth Policy Institute 

Heat Stress: Deutscher Wetterdienst 

Summer 2003:  

greatest natural desaster 

in Europe  

 

ca. 70.000 fatalities 

© 2007 Geo Risks Research, Munich Re  
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Heat Waves  

Distribution of European 

summer temperatures 

AD 1500 - 2010 

Source: Barriopedro et al. 2011 

Alex Aminev, Reuters  

Hottest summers in 

Europe since 1500 AD: 

2010 

2003 

2002 

2006 

2007 
(Barriopedro et al. Science 2011) 
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Observed increase in monthly heat records 
 Based on 150.000 time series starting in the year 1880 

Source: Coumou et al. (2013) 

Heat Waves  
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Future increase in record hot months 
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data 
(150.000 series) 

stochastic 

model 
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Increasing heat extremes 
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Hansen et al. 2012 
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Changes in Precipitation 

 

EEA 2008 

Observations: trend 1961-2006 

Model simulation 

Southern Europe 

Is drying out 
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Forest fires in Greece, August 2007 
Source: spiegel.de 
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Australian bush fires – February 2009 

 Unprecedented Heat wave  

 “Black Saturday” bush fires (worst on record) cost 173 
lives and destroyed over 3,500 building  
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Heat Raises Fire Risk 

Australian Bush Fires February 2009: Sydney Morning Herald, 9.2.2009 



WWW.OZEAN-KLIMA.DE 

Extreme rainfall: Elbe flooding 2002 

 Aug 2002: highest daily rainfall ever recorded in Germany  

 Damages of ~$3 billion in Czech Republic, >$9 billion in Germany. 

 Elbe river reached highest level since records began in 1275  

Dresden 

Elbe 
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Flooding in Britain in 2007 

 May to July by far wettest in England and Wales since 1766  

Areas affected by flooding  

 Widespread crop damage 

 Financial Damage: £3 billion 
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Unprecedented Rainfall in Pakistan 2010 

 Pakistan flooding 

 Rainfall records caused the 
worst flooding in history  

 Approximately one-fifth of 
Pakistan's total land area was 
underwater  

 Affected about 20 million 
people, death toll of close to 
2,000  
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             WMO-Statement 11. August 2010:  

            “Unprecedented sequence of extreme weather events” 

“The sequence of current events matches IPCC projections of more frequent 

and more intense extreme weather events due to global warming.”  
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Unprecedented Extreme Rainfall Australia 2011 

 Record rainfall causing 
flooding of large parts of 
Queensland, incl Brisbane  

 Link to record high sea surface 
temperatures? 

 Exceptional blip in global sea 
level! 
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Tropical cyclones 

 Strongest cyclones are increasing globally 
 1 ºC warming corresponds to 30% increase in number of severe (cat. 4 & 5) storms 

Elsner et al. Nature 2008 

Global 
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Unprecedented Atlantic hurricane season 2004 

 28 tropical storms (previous record 21), 15 reached hurricane 
strength (previous record: 12),  4 reached the max. category 5 
(previous record: 2) 

 hurricane Wilma, strongest ever recorded in the North Atlantic  

 First ever hurricane in the South Atlantic  

Wilma 
New Orleans 
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Atlantic hurricane power  

 

37 Data: Kerry Emanuel, graph Coumou & Rahmstorf 2012 

Hurricane power 

SST tropical Atlantic 

Global temperature 
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New York storm surges 

 Today: once in 100 years 

 After 1 m rise: once in 3 years     

Rosenzweig and Solecki (2001) 
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Sandy 

 Sea-level rise 
made storm 
surge worse 

 Warm SST tends 
to sustain and 
strengthen storm 

 Evaporation due 
to warm SST 
enhances 
precipitation 
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A connection of sea ice and pressure patterns? 

Petoukhov & Semenov JGR 2010 

Simulation with ECHAM5 model 

850 mb height response to reduce sea ice 

Jaiser et al. Tellus 2012  (OND) 

Correlation of sea ice extent and  500 mb height 

ERA reanalysis data vs HadISST sea ice 

Francis & Vavrus GRL 2012 

Comparing pressure patterns 2000-2010 

vs 1970-1999 in NCAR-NCEP reanalysis 

Liu et al. PNAS 2012 

Linear regression winter sea level 

pressure vs NSIDC sea ice extent 

Less sea ice     

► high pressure 

anomaly over 

high-latitude 

North Atlantic 
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The unusual track of Sandy 

unusual 

left turn 

anomalous 

high pressure over 

high-latitude North 

Atlantic blocks Sandy 
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Thank you for your attention! 


