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Climate Trends at different Timescales

Temperature of the last 150 years (instrumental data)

Hadley Centre, UK 2000

Global temperature



Temperature of the last 1000 years

Mann et al., GRL 1999

Climate Trends at different Timescales



Compilation of Mann, 2002

Temperature of the last 1000 years

„Hockey Stick“





Proxy Data

• Indirect data, often qualitative
• Long time series from archives
• Information beyond the instrumental record



Lorenz and Lohmann 2004

Climate Trends at different Timescales

Holocene: Temperature proxy for the last 7000 years

wintersummer

Lorenz & Lohmann 2004



Deglaciation – Greenland ice core

Grootes et al. 2000

Climate Trends at different Timescales



CO2
 

and temperature
Pre-industrial



Atmospheric Gas Concentrations from Ice Cores

Time  (Thousands of Years Before Present)

380



Global mean temperatures
Warmest 12 years:

1998,2005,2003,2002,2004,2006, 
2001,1997,1995,1999,1990,2000



Observations: Temperature trend since 1901

How is this related to past changes?



The big ice sheets

Greenland gains mass in 
the interior, but loses 
more at the margins

Antarctic ice sheet loses 
mass mostly through 
increased glacier flow



Climate Change: 
Observations & Models

1911

mountain glaciers (Morteratsch)

2001

Detection Understanding



Economic
 

damage: 
European windstorms

 
during

 
winter

Economic damage: €1.9 billion per year,  
insurance losses: €1.4 billion per year 
(1990-1998). 

Second highest cause of global natural 
catastrophe insurance loss after U.S. 
hurricanes. 
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formation
 

in the
 

North 
Atlantic



Temperature of the last 150 years (instrumental data)

Hadley Centre, UK 2000

Global temperature

warmwarm



# Hurricans: 
Decadal

 
Oscilations

 
plus trend





Modelling
Circulation Models

Cartesian Grid GCM



Grid resolution











• 2nd
• Forcings



Solar –  Orbital focing

• 20000, 40000, 100000 years
• 0.5, 1 year

• Geometry of the Sun-Earth configuration



Northern Hemisphere Summer

Boreal Summer

Annual Cycle



Northern Hemisphere Summer

Boreal Summer

We have summerThey 
have 
winter

Annual Cycle



Fixed axis of Earth rotation

Annual Cycle



Precession & Eccentricity
Present Orbital Configuration:

Winter Solstice close to the 
position of Perihelion



Example for Milankovitch forcing

winter summer

insolation 
anomaly 
form today

The Eemian climate (the last interglacial, 124 000 years)

Jan–Feb-Mar-Apr-May-Jun-Jul-Aug-Sep-Oct-Nov-Dec



Eccentricity



Precession of the 
axis of the earth
Year:













Sunspots
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