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Webpages 1 a selection

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

A Realclimate 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/

A OpenlLearnClimate Change course:
http://openlearn.open.ac.uk/mod/oucontent/view.php?id=397952
Different courses of the COMETFProgramme

http://www.meted.ucar.edu/broadcastmet/climate/print.htm
(registration necessary)

A Explaining 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/
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Natural Forcing of the climate system

Mean Annual Global Insolation
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1,370 Watts reach the top of Earthos a
surface area of 1 m? facing the Sun during daytime = solar constant 5
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Natural Greenhouse Effect (+33 K)

H,O

CG,

CH,
Tropos-
pheric O;

N,O

2.6 %

0.0408 % =
ca. 408 ppm,
(in 2019)

1.8 ppm,
0.034 ppm,

0.32 ppm,

361 70 %

9126 %

4i 9 %

317 %

a

4

%

Very stable molecule, phase changes
(thermal equilibrium), short
residence time (10 days)

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

Residence time: 12 years

Highly effective,
Residence time: hours to days

Residence time: 100 years

Concentrations of CGO,, O3, N,O and CH, from http://cdiac.ornl.gov/pns/current_ghg.html



Greenhouse Warming Potential (GWP)

CG,

CH,

N,O
CFC

(Chlorofluoro-
carbon)

Tetrafluoro-
ethane

SF6 (Sulfur

hexafluoride)

N F3 (Nitrogen
trifluoride

fossil fuel and biomass burning, cement production

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

Soil microbiota, N-fertilizers, biomass burning

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

Cooling agent

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

Production of semiconductors, solar cells and liquid
crystal displays
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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
CGQO, 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 41 6 K for CO, doubling

1 9 3 ODOdssussion of the relation between observed climate
warming and CO, increases in the scientific literature due to
Industrialisation

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

1960s First simulations with atmospheric models show temperature

Increase of 21 4 K for CO, doubling .



Atmospheric and Oceanic Drivers A Climate

Surplus

Surplus Heat Energy Transferred
By Atmosphere And Oceans
To Higher Latitudes

- Net Shortwave
- Net Longwave
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www.eoearth.org/article/Energy_balance _of Earth




Hadley and Walker Circulation

Typical Walker circulation pattern
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rst.gsfc.nasa.gov/Sectl4/Sectl4 1c.html http://www.bom.gov.au/lam/climate/levelthree/analclim/
elnino.htm
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Oceans

http://sos.noaa.gov/download/dataset_table.html

Atmosphere

rst.gsfc.nasa.gov/Sectl4/Sectl4_1c.html
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Earthodos annual gl obal me a

Reflected Solar Incoming Outgoing

Radiation Solar Longwave

107 Wm?? Radiation Radiation
342 Wm*?

Reflected by Clouds,

Aerosol and
Atmospheric Emitted by
Gases Atmosphere 165

Window

Absorbed by Greenhouse
67 Atmosphere Gases

324
Back
Radiation

IPCC 2007,FAQ 1.1, Figure 1
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Role of oceans in the climate system

Basics

Meridional Overturning
Circulation (MOC)

Primary effects of ocean
biogeochemistry on
physical climate




Oceans

A Only ocean surface
(maximal 200 m)

Is well mixed by
wind and waves

A Active air and heat
transfer with
atmosphere

A Stable thermal
stratification below
this surface layer

A Ocean currents are
driven by density

VISIBLE
RADIATION

Infrared

transter 1 0 Ml e BRRR \ Radistion
U e TR
\~D )) L
T — . > Ty N\ Evaporation
23— CAAS

Internal
Wave
Radiation

http://sos.noaa.gov/download/dataset_table.html

differences (temperature and salt content)

A Slow, but steady heat transport (quite independent from seasons)
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Ocean circulation |

Wind-induced currents
C Wave generation
b Frictional stress
b Ekman Spiral
- Surface current (3):

A Deviate 45° from wind
direction,

A Speed: 1 to 4 % of wind speed

b Ekman transport

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

- Integration of all flow over Ekman
layer

de.wikipedia.org/wiki/Datei:Ekman_spirale.svg
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Ocean circulation Il

Langmuir circulation
b Alternating upwelling + downwelling

b Importance:
- Distribution of gases, heat, kinetic energy, microorganisms etc..

http://homepages.cae.wisc.edu/~chinwu/CEE514
Coastal_Engineering/2001_Students_Web/Dave_
Calkins/Main.html
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Upwelling and downwelling |

A Significant vertical movement of ocean water

In coastal areas (restricted to continental shelf at large)

A Induced by combination of persistent winds, EarthEs rotation +
restrictions on lateral water movement (~ shorelines, shallow bottoms)

Coastal cold water upwelling

Wind blows
parallel to coast

A Coastal upwelling

GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman http://oceanmotion.org/html/background/u 18
http://Aww.sonoma.ed u/users/f/freidel/global/372lec2images.htm pwelling-and-downwelling.htm



Upwelling and downwelling |

In open ocean

b Where winds cause surface waters to
diverge or to converge

b E.g. upwelling along equator
A Influence sea-surface temperature and
biological productivity

Northern Southern
trade winds trade winds

- & D
> W
Warm surface water / ‘o&) Wﬂ

B Equatorial upwelling

GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman
http://www.sonoma.edu/users/f/freidel/global/372lec2images.htm

E <
Ekman transport  Surface wind

5 0
North Equator
© 2005 Amarican Meteorological Sockty

http://oceanmotion.org/html/background/upwelling-
and-downwelling.htm

South
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Surface ocean currents

A Circulate in clockwise direction north of equator
A Division between warm (red) and cold (blue) currents
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Gyres, eddies and pools |

Gyres (spiral ocean currents)

b Created by circular wind Mid-latitude L
patterns at ocean” s southwesterly ater driven

i southeastward

surface

b Intensity of main gyres
Interrelated through

global atmospheric- East

oceanic

teleconnections \ /
b Gyres inhibit meridional Water d,we\\\

flow of water between northwestward Tropical

by winds northeasterly
trade winds

hemispheres

GLOBAL CLIMATE CHANGE: IMAGES, Chapter 2, Ruddiman
http://www.sonoma.edu/users/f/freidel/global/372lec2images.htm
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Gyres, eddies and pools Il
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b Five major gyres

b Smaller ones at poles, one around Antarctica
22



Gyres, eddies
and pools Il

AShort—Iasting, smaller
currents often spin off

_gyres
A Strong current velocities

can lead to turbulence,
|nStab|I|ty IN ﬂOW or Suface Currents, NLOM Analysis 8 Jan to 8 Mar 2006

meandering N F o R TS FLIL T BRI

A Warm-core eddies/pools

b On poleward side of a
current

b Move erratically in the
general direction of the
original current

40°N -

A Cold-core eddies/pools > ‘/ >
b Form on equatorial side
b Move against the current

Naval Oceangraphic Office 23
http:/Mww. meted.ucar.edu/oceans/curre nts/print.htm



