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Webpages ïa selection

Áhttp://www.ipcc.ch/ (access to IPCC reports and data)

ÁRealclimate: Climate Science from Climate Scientists 
http://www.realclimate.org/index.php/archives/2007/05/start -here/
http://www.hamburger -bildungsserver.de/index.phtml?site=themen.klima
series of lectures on climate change aspects: 
http://www.hiye.org.uk/climatechange/

ÁOpenLearnClimate Change course: 
http://openlearn.open.ac.uk/mod/oucontent/view.php?id=397952
Different courses of the COMET-Programme
http://www.meted.ucar.edu/broadcastmet/climate/print.htm
(registration necessary)

ÁExplaining climate change science & rebutting global warming 
misinformation: http://www.skepticalscience.com/
Information on abrupt climate change:
http://www.nap.edu/openbook.php?record_id=10136&page=R1
Platform on climate change adaptation studies in Europe
http://climate -adapt.eea.europa.eu/

Áé 
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1. Climate System ïDrivers

4http:// www.climatescience.gov/Library/stratplan2003/final/graphics/images/SciStratFig2 -5.jpg



Natural Forcing of the climate system

1,370 Watts reach the top of Earthôs atmosphere each second on a 
surface area of 1 m2 facing the Sun during daytime  = solar constant 5



Earthós transmission spectrum

Pallé et al. 2009 Nature

care4environment.org/about.html

6



Natural Greenhouse Effect (+33 K)

Molecule Concentration
Share in 

natural GH 
effect

Comments

H2O 2.6 % 36ï70 %
Very stable molecule, phase changes 
(thermal equilibrium), short 
residence time (10 days)

CO2

0.0408 % = 
ca. 408 ppmv

(in 2019)
9ï26 %

Very stable molecule, part of carbon 
cycle; Residence time: 10 a 
(biological cycles) up to more than 
100 a (burning of fossil fuels)

CH4 1.8 ppmv 4ï9 % Residence time: 12 years

Tropos-
pheric O3

0.034 ppmv 3ï7 %
Highly effective, 
Residence time: hours to days

N2O 0.32 ppmv å 4 % Residence time: 100 years
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Concentrations of CO2, O3, N2O and CH4 from http://cdiac.ornl.gov/pns/current_ghg.html



Greenhouse Warming Potential (GWP)

Gas Sources GWP 
(100 yrs)

CO2 fossil fuel and biomass burning, cement production 1

CH4

Rice cultivation, cattle breeding, sewage treatment 
plants, waste deposits, coal mining, natural gas and 
oil production

25

N2O Soil microbiota, N-fertilizers, biomass burning 298

CFC 
(Chlorofluoro-
carbon)

Group of different compounds; gas in aerosol cans, 
cooling agent, filling gas in foams (prohibited in 
Germany since 1995)

up to 
14,400

Tetrafluoro-
ethane

Cooling agent 1,430

SF6 (Sulfur 

hexafluoride) 

Protection gas in technical magnesium production, 
insolation gas in high voltage switchboards

22,800

NF3 (Nitrogen 

trifluoride

Production of semiconductors, solar cells and liquid 
crystal displays

17,200
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Historic view on greenhouse gases

1824 Jean-Baptiste Fourier describes how atmospheric trace gases 
warm the climate

1863 John Tyndall reported the importance of water vapour and 
CO2 for the greenhouse effect of the atmosphere

1896 Svante Arrhenius estimated the natural greenhouse effect 
(+30 K); calculated an average temperature increase of the 
atmosphere by 4ï6 K for CO2 doubling

1930ôsDiscussion of the relation between observed climate 
warming and CO2 increases in the scientific literature due to 
industrialisation 

1957/58 Evidence for rising atmospheric CO2 concentrations, 
attribution of Carbon to fossil fuels (isotopic analyses)

1960s First simulations with atmospheric models show temperature 
increase of 2ï4 K for CO2 doubling
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Atmospheric and Oceanic Drivers Ą Climate

www.eoearth.org/article/Energy_balance_of_Earth



Hadley and Walker Circulation

rst.gsfc.nasa.gov/Sect14/Sect14_1c.html 
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http://www.bom.gov.au/lam/climate/levelthree/analclim/
elnino.htm



Oceans Atmosphere

http://sos.noaa.gov/download/dataset_table.html
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rst.gsfc.nasa.gov/Sect14/Sect14_1c.html 



Earthôs annual global mean energy balance 
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IPCC 2007, FAQ 1.1, Figure 1



Role of oceans in the climate system

ÁBasics

ÁMeridional Overturning 

Circulation (MOC)

ÁPrimary effects of ocean 
biogeochemistry on 

physical climate
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Oceans

ÁOnly ocean surface 
(maximal 200 m) 

is well mixed by 
wind and waves

Ą Active air and heat 

transfer with 
atmosphere

ÁStable thermal 
stratification below 
this surface layer

ÁOcean currents are
driven by density 

differences (temperature and salt content)

ÁSlow, but steady heat transport (quite independent from seasons)

http://sos.noaa.gov/download/dataset_table.html
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Ocean circulation I

Wind-induced currents 

Č Wave generation

ƀFrictional stress

ƀEkman Spiral

-Surface current (3): 

ÅDeviate 45° from wind 
direction, 

ÅSpeed: 1 to 4 % of wind speed

ƀEkman transport

-90° net transport of surface layer 
(depth to which wind penetrates)

-Integration of all flow over Ekman 
layer

16de.wikipedia.org/wiki/Datei:Ekman_spirale.svg



Ocean circulation II

Langmuir circulation

ƀAlternating upwelling + downwelling 

ƀ Importance: 

-Distribution of gases, heat, kinetic energy, microorganisms etc..
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http://homepages.cae.wisc.edu/~chinwu/CEE514_

Coastal_Engineering/2001_Students_Web/Dave_
Calkins/Main.html



Upwelling and downwelling I

Ą Significant vertical movement of ocean water
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GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman 

http://www.sonoma.edu/users/f/freidel/global/372lec2images.htm

Coastal cold water upwelling

http://oceanmotion.org/html/background/u

pwelling-and-downwelling.htm

In coastal areas (restricted to continental shelf at large)
ÅInduced by combination of persistent winds, EarthËs rotation + 

restrictions on lateral water movement (~ shorelines, shallow bottoms)



In open ocean 

ƀWhere winds cause surface waters to 
diverge or to converge

ƀ E.g., upwelling along equator 

Ą Influence sea-surface temperature and 

biological productivity

Upwelling and downwelling II
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GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman 

http://www.sonoma.edu/users/f/freidel/global/372lec2images.htm

http://oceanmotion.org/html/background/upwelling-

and-downwelling.htm



Surface ocean currents  

20https://fretzreview.wikispaces.com/Ocean+Currents+-+Surface

ÁCirculate in clockwise direction north of equator 

ÁDivision between warm (red) and cold (blue) currents



Gyres, eddies and pools I

ƀCreated by circular wind 
patterns at ocean´ s 
surface

ƀ Intensity of main gyres 
interrelated through 
global atmospheric-
oceanic 
teleconnections

ƀGyres inhibit meridional 
flow of water between 
hemispheres
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GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman 

http://www.sonoma.edu/users/f/freidel/global/372lec2images.htm

Gyres (spiral ocean currents)



Gyres, eddies and pools II
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rst.gsfc.nasa.gov/Sect14/Sect14_1a.html

ƀFive major gyres

ƀSmaller ones at poles, one around Antarctica 



Gyres, eddies 
and pools III 

ÁShort-lasting, smaller 
currents often spin off 
gyres

ÁStrong current velocities 
can lead to turbulence, 
instability in flow or 
meandering

ÁWarm-core eddies/pools

ƀOn poleward side of a 
current

ƀMove erratically in the 
general direction of the 
original current

ÁCold-core eddies/pools

ƀForm on equatorial side

ƀMove against the current
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http://www.meted.ucar.edu/oceans/currents/print.htm


