
Climate System II - Exercise 2: Glacial climate
(1) Thickness of the LGM ice sheet 
Reconstructions indicate that sea level was lower by 108m during the Last Glacial Maximum and that the 
surface of the ice sheets was larger (45 million km2 as against modern surface area of 15 million km2). 

Calculate the thickness of the LGM ice sheet (assume an equal thickness everywhere). 
(use the following values: Earth’s radius rE = 6371 km; Earth surface area: AE = 70% covered by water) 

(2) Change of 𝛿18O in glacial oceans 

The LGM ice sheets had an average isotopic composition of 𝛿18O = -30‰.  All water of these ice sheets 
has been evaporated from the ocean. 

Calculate the LGM change of 𝛿18O in the ocean due to the build up of the ice sheets. 
(use the following values: modern 𝛿18Oocean = 0‰) 

(3) Change of LGM solar radiation, temperature and precipitation pattern 
In the files PI.nc and LGM.nc (NetCDF format) you find mean monthly values of surface temperature, 
total precipitation and incoming solar radiation (top of atmosphere) for both the pre-industrial (PI) and 
LGM climate. 

(i) Plot a Hovmöller diagram (x-axis: month of year; y-axis: latitudes) of the mean latitudinal incoming 
solar radiation for the PI and LGM climate. Compare both plots and discuss the results.  
(ii) Plot maps of mean annual LGM-PI temperature and precipitation change. Compare the LGM 
changes of both variables with the change in incoming solar radiation. Discuss the different results. 
(Plotting of NetCDF files can be done with the programme Panoply (https://www.giss.nasa.gov/tools/panoply/), Python Cartopy 
(https://scitools.org.uk/cartopy/) or any other programme of your choice.)

https://www.giss.nasa.gov/tools/panoply/
https://scitools.org.uk/cartopy/
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Figure 7. (a) Background pattern: simulated global pattern of annual mean surface temperature (T2m) changes between the LGM and
PI climate. Pollen-based reconstructed temperature changes by Bartlein et al. (2011) are shown as coloured symbols. (b) Comparison of
reconstructed temperature changes shown in panel (a) vs. the simulated LGM-PI cooling at the sample locations. The black line represents
the 1 : 1 line indicating a perfect model fit. (c) Simulated global pattern of annual mean precipitation changes between the LGM and PI
climate. (d) Comparison of reconstructed precipitation changes shown in panel (b) vs. the simulated LGM-PI change at the sample locations.
The black line represents the 1 : 1 line indicating a perfect model fit.

livat and Jouzel (1979), should be revised and refined. This
finding is in agreement with recent studies by Steen-Larsen
et al. (2014b, a, 2015), which reveal substantial deviations
of the simulated dex signal in water vapour in Greenland,
Bermuda, and Iceland, by several atmosphere GCMs as com-
pared to laser-based spectroscopy measurements of isotopes
in water vapour.

4.2 Changes in the Last Glacial Maximum

4.2.1 Land surface temperature and precipitation
changes

Due to the prescribed changed glacial ice sheet configuration,
changed orbital parameters, and changed greenhouse gas
concentrations, the simulated LGM climate in glacier-free
terrestrial areas is on average �5.9 �C colder than the mod-
elled PI climate. Most regions show a rather uniform cooling
in the range of �4 to �8 �C (Fig. 7a). Exceptionally cold re-
gions are mostly adjacent to the prescribed Laurentide and
Fennoscandian ice sheet, e.g. part of central North America
and central Europe. Another region of exceptional cooling is
a large part of Siberia, with a cooling of down to �15 �C.
The only region with a distinct above-average warming is lo-

cated in Alaska. This region most likely warmed during the
LGM due to the increased distance to sea ice-covered Arctic
Ocean regions, caused by the glacial sea-level drop of ap-
prox. 120m. Our results are in overall agreement with the
ensemble-mean LGM changes in temperature by the fully
coupled climate simulations performed within the PMIP2
and CMIP5/PMIP3 projects (not shown; Braconnot et al.,
2007; Harrison et al., 2014). These simulations also indi-
cate for the LGM a maximum cooling of surface temperature
over the ice sheets of about �30� and an average cooling of
glacier-free land surfaces of between �2 and �5 �C, except
for a colder-than-average Siberian region.
For a comparison with proxy data, we compare our model

results to the LGM continental temperature and precipitation
reconstruction by Bartlein et al. (2011). This reconstruction
is mainly based on subfossil pollen and plant macrofossil
data. For the 81 sites contained in the temperature data set
of Bartlein et al. (2011), the simulated annual mean LGM
temperature change is in 24 cases (24 cases) more than 2 �C
warmer (colder) than the reconstructed temperature change
(Fig. 7b). While the model–data deviations of LGMwarming
anomalies range between +0 and +20 �C, the anomalies of
LGM cooling are underestimated by down to �15 �C. Sev-
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