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Abstract

Extratropical cyclone characteristics over the North Atlantic and western 

Europe during the Last Glacial Maximum

Extratropical cyclones are a dominant feature of the mid-latitudes, as their 

passage is associated with strong winds, precipitation, and temperature changes. 

The statistics and characteristics of extratropical cyclones over the North Atlantic 

region exhibit some fundamental differences between Pre-Industrial (PI) and Last 

Glacial Maximum (LGM) climate conditions. Here, the statistics are analysed

based on results of a tracking algorithm applied to global PI and LGM climate 

simulations. During the LGM, both the number and the intensity of detected 

cyclones was higher compared to PI. In particular, increased cyclone track activity 

is detected close to the Laurentide ice sheet and over central Europe. To 

determine changes in cyclone characteristics, the top 30 extreme storm events 

for PI and LGM have been simulated with a regional climate model and high 

resolution (12.5 km grid spacing) over the eastern North Atlantic and Western 

Europe. Results show that LGM extreme cyclones were characterised by weaker 

precipitation, enhanced frontal temperature gradients, and stronger wind speeds 

than PI analogues. These results are in line with the view of a colder and drier 

Europe, characterised by little vegetation and affected by frequent dust storms, 

leading to reallocation and build-up of thick loess deposits in Europe.
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The results have been recently published

Pinto JG, Ludwig P (2020) Extratropical 

cyclones over the North Atlantic and western 

Europe during the Last Glacial Maximum and 

implications for proxy interpretation. Clim. 

Past, 16, 611–626, doi:10.5194/cp-16-611-

2020

https://www.clim-past.net/16/611/2020/
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Figure 1 (left): Cyclone track density (cyclone days per extended winter 

per (deg. lat.)2) (coloured) and 300 hPa wind speed (m s−1) (contours) 

based on MPI-ESM-P data for (a) PI, (b) LGM and (c) difference between 

LGM and PI. Areas with topography higher than 1000 m are shaded grey; 

ice sheet margins (b, c) are denoted by the thin stippled line; dashed 

black line in panel (c) denotes the margin of 40 % annual sea ice cover.

Figure 2: Histogram of cyclone intensity (Laplacian (Δ) MSLP) over the 

North Atlantic (35–70∘ N, 70∘ W–0). For intense cyclones (ΔP≥3), the y 

axis is adjusted (right panel).



J. G. Pinto and P. Ludwig   | IMK-TRO5

Key Figures

04.05.2020 Extratropical cyclone characteristics over the North Atlantic and western 

Europe during the Last Glacial Maximum

Figure 3: Composites of (a–

c) mean sea level pressure, 

(d–f) θE and (g–i) vertical

integrated water vapour (IWV) 

for PI, LGM and difference

LGM – PI at peak intensity. (a, 

b) absolute MSLP values

(lines; hPa), anomalies (hPa) 

from mean over displayed

area (coloured); (c) absolute 

MSLP values (lines; hPa) from

LGM, differences of the

anomalies between LGM and

PI in colours; (d, e) absolute 

θE values (lines; K) and

anomalies (K) from mean over

displayed area (coloured); 

(f) absolute θE values (lines; 

K) from LGM, differences of

the anomalies between LGM 

and PI in colours; (g, 

h) absolute IWV values (mm); 

(i) difference (mm) LGM – PI.
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Figure 4: as Fig. 3 but for 

hourly precipitation (mm) 

(a) PI, (b) LGM, (c) LGM – PI, 

(d–f) wind speed in 925 hPa

(m s−1) and (g–i) maximum 

near-surface wind gust (m s−1) 

at peak intensity.


