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Time: Tuesday 10-12
Sometimes shorter, but then with some exercises

1-2 going into the field -> plan
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Just for orientation



Climate Trends at different Timescales
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Human Population: 7 billions

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



Figure 1. CO2 annual emissions from fossil fuel use and cement manufacture, based on data of British 
Petroleum [4] concatenated with data of Boden et al. [5].
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Motivation: Observational Record
Temperature anomaly [°C]
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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



Temperature anomaly  60°-90°N

Sea Ice fraction change 60°-90°N

Sea Ice fraction change 50°-90°S
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Missing Information about Sea Ice
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The “Climate dilemma“

• The records of direct temperature measurements are short
and already fall in the phase of strong human influence.

• Instrumental data are sparce

• For the time before instrumental records, one has to rely on
information from proxy data and modeling.

The instrumental record: 

(thermometers, barometers, anemometers, oh my!)

http://www.ncdc.noaa.gov/img/climate/research/ghcn/ghcnv2.mean.gif
http://www.weather.gov/timeline

TOOL #1: FANCY WEATHER INSTRUMENTS
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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:reconstructions

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)
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EPICA 2008



Eccentricity



Orbital focing

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

• Geometry of the Sun-Earth configuration
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Marine temperature trends  (last 6000 years)
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Alkenone-based temperature trends

Annual mean sea surface temperature trends

Lohmann et al., 2013, CP 





Feedback etc.

https://paleodyn.uni-
bremen.de/study/climate2021_22.html
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