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Climate Trends at different Timescales

Temperature of the last 150 years (instrumental data)

Anthropogenic
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Human Population: 7 billions

CO2 Increase:
Land cover: 22%
CO2-Emissions: 78%



Human Population: 7 billions



Motivation: Observational Record
Temperature anomaly [°C]

1

Uncertainty largely due to missing
information at high latitudes

Temperature Anomaly 1930
White areas: not enough data



Motivation: Observational Record
Temperature anomaly [°C]

1

Uncertainty largely due to missing
information at high latitudes

Temperature Anomaly 1930
White areas: not enough data

Climate variability beyond the instrumental record:
Decadal, centennial, millennial
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Thermometer-measurement
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Deglaciation – Greenland ice core

Grootes et al. 2000

Climate Trends at different Timescales
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Shallow 
ice cores



Rimbu and Lohmann 2009

Atmospheric Blocking Circulation
Greenland Shallow Ice Core Positions Variability of Accumulation Rate 



Rimbu and Lohmann 2009

Atmospheric Blocking Circulation

Synoptic Scale Blocking Situation

Greenland Shallow Ice Core Positions Variability of Accumulation Rate 

Blocking Frequency for 1948-1992



WATER VAPOR TRANSPORT

Enhanced moisture transport 
during high blocking activity



minimum value of daily
minimum temperature (TNn)



Upscaling concept

Climate archives Climate variabiliy

Lohmann, 2007 

Ice cores

sediments

corals

Decadal
mode





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
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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



Exercise teleconnections
using http://climexp.knmi.nl

1) Monthly climate indices (temp, precip, ...)
a) Select one pre-defined index
b) Correlation with temperature, precipiation, SLP
c) Explain the teleconnections for different seasons

2) Climate Index
a) Calculate different regions on the world
(home town, Bremen has 53°N, 8° E)
b) Correlation with temperature, precipiation, SLP



Exercise teleconnections and extremes
using http://climexp.knmi.nl

1) Monthly climate indices (temp, precip, ...)
a) Select one pre-defined index
b) Correlation with temperature, precipiation, SLP, 
c) Explain the teleconnections for different seasons

Nino3.4, PDO, NAO
Drought
Ground frost days







....  Or select a position



Past climates help us to understand the climate system as a whole

To elaborate processes (first and second order)

Test hypotheses by scenarios and comparing model results to data

Interpretation of proxy data: Seasonal to syonptic signatures
Bring the current climate into a long-term context, extremes

Climate variability across time scales


