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• to identify driving mechanisms for climate change
• external forcing and internal variability of the climate system
• to test models of the Earth system

• statistical analysis of instrumental and proxy data. 
• Practicals complement the lecture.



Climate Trends at different Timescales

Temperature of the last 150 years (instrumental data)
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?



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



Climate records from 
ice cores

Lake/permafrost
sediment records

Marine sediment
records

Earth System: a polar perspective

Ice drilling camp, 2009 Polarstern, marine sediments Lake/permafrost sediments



Deglaciation – Greenland ice core

Grootes et al. 2000

Climate Trends at different Timescales



Deglaciation



Atmospheric Gas Concentrations from Ice Cores

Time  (Thousands of Years Before Present)

400

EPICA 2008



Eccentricity



Orbital focing

• ~20.000, ~40.000, ~100.000 years
• 0.5, 1 year

• Geometry of the Sun-Earth configuration



Sunspots



The Challenge:  Sustainable Management and Energy

Human Population: 7 billions



Human Population: 7 billions

CO2 Increase:
Land cover: 22%
CO2-Emissions: 78%
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Spatio-Temporal Scales

Assumption: Spatial || temporal Scales



Insolation	(6k	minus	present)



Alkenone Records + Trends



Model SST at core locations



Model-Data Comparison (ECHO-G Model)



| seasonal range (Lohmann et al., 2013 CP) 

Model-Data Comparison SST Trends

Alkenone-Based  vs. Model



Modelled circulation changes in the Holocene
last 7000 years: Models & Data

Holocene temperature trend

Holocene cooling

Temperatures 30°-90°N

Recent  Future
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When do we reach the temperature level of 

6000 years before present (climate optimum)? 

5300 year old man 
Ötztaler Alpen 3210m H



Upscaling concept

Climate archives Climate variabiliy

Lohmann, 2007 

Examples: corals, ice cores





Statistics

Covariance (cross, auto)

g(D) = E (( x (t) - x ) ( y (t + D) – y ))
e.g. coral e.g. meteorol. data

Correlation (cross, auto)

rxy =                
measures the tendency of x (t) and y (t) to covary, between -1 and 1

g(D)
normalized

Spectrum (cross, auto)
(spectral density)

G(w) =S   g (D) e-2piD

D=-

measures variance

8
8

covariance is a measure of how much two random variables change together



Climate Modes from Proxy Data



GRL 2001

Climate Modes from Proxy Data
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Composite Map of SST [°C] and 925 hPa wind [m/s]         
for 1948 -1995, January - February  

mechanistic understanding



Greenland Traverse
AWI (1993-1995) 

- Shallow ice core (depths   
up to 150 m) 

- Mean accumulation rates  
vary between: 

and: 

Description: Schwager, AWI report, 2000

SNOW ACCUMULATION ICE CORE



PC1 – INTERANNUAL AND DECADAL
VARIATIONS

EOF1- MONOPOLAR STRUCTURE
POSSIBLE RELATED TO LARGE-SCALE

ATMOSPHERIC CIRCULATION

Rimbu, Lohmann, Grosfeld, GRL, 2007

Accumulation variability



A longitude is blocked if:

for at least one Δ

RELATIVE HIGH 
BLOCKING FREQUENCY:
EURO – ATLANTIC AND 

PACIFIC SECTORS

Z500 (NCEP\NCAR)-1948-2005 (57 winters)
TM index (Tibaldi and Molteni,1990)

Z500 (NCEP): 1948-2005 (57 winters)
TM index (Tibaldi and Molteni,1990)

Atmospheric Blocking

Euro-Atlantic  

sectors 

Pacific 



WATER VAPOR TRANSPORT

ENHANCED MOISTURE TRANSPORT
TOWARD GREENLAND DURING HIGH
BLOCKING ACTIVITY IN 20ºW - 20ºE

SECTOR



http://climexp.knmi.nl
1) Monthly climate indices (temp, precip, ...)

Calculate different regions on the world
(home town, Bremerhaven 53° N, 8° E)

2) Correlation with temperature, precipiation, SLP

3) Explain the teleconnections for different seasons

---

4) Modes of climate variability (global temperature)











....  Or select a position










