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ÅExtratropical storms

ÅStrong winds, extreme ǿŀǾŜǎΣ ǎǘƻǊƳ ǎǳǊƎŜΣ ƘŜŀǾȅ ǊŀƛƴŦŀƭƭΣΧ

ÅWind, wave and flood damage; evacuating platforms; disruption 
ǘƻ ƻǇŜǊŀǘƛƻƴǎΣ ŜǘŎΧ

Extratropical storms



1. Have we observed any changes in extratropical storms?

2. How might storms respond to climate change?

3. Future research
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Global climate change

Global average temperature anomalies (1850-2016) 
Source: Met Office www.hadobs.org



Early 20th century and 1980s -1990s were stormy periods in 
Europe

Is storminess changing?

Some datasets show an 
increase in winter 
storminess in NW Europe 
since 1900 but trends are 
small compared to 
variability

Krueger et al. (2013): Low-pass 
filtered timeseriesof 95th percentile 
European geostrophicwinds from 
station data (blue) and 20CR 
reanalysis (black) 



1. Have we observed any changes in extratropical storms?

2. How might storms respond to climate change?

Å Are climate models fit for purpose?

Å If so, what do they say about the climate change?

3. Future research

Outline



Hodges (1995) cyclone 
tracking algorithm 
using 6-hourly 850hPa 
vorticity

Courtesy of Tim Woollings

Characterising Extratropical Storms

The high-frequency model output required to track cyclones in 
ƳǳƭǘƛǇƭŜ ŎƭƛƳŀǘŜ ƳƻŘŜƭǎ ǿŀǎƴΩǘ ŀǾŀƛƭŀōƭŜ ƛƴ нллу



CMIP5 model biases 

Zappa et al.2013a,J. Climate

DJF CMIP5 historical model 
mean biases against ERA-

Interim from 22 CMIP5 models

DJF ERA-Interim wintertime 
cyclone track density (1990-2009)
(Tracks per month in a 5o radius) 



CMIP5 model biases 

Zappa et al.2013a,J. Climate

DJF CMIP5 historical model 
mean biases against ERA-

Interim from 22 CMIP5 models

The latitude of the North 
Atlantic storm track agreed 

with ERA-Interim in 4 models 

DJF ERA-Interim wintertime 
cyclone track density (1990-2009)
(Tracks per month in a 5o radius) 



DJF CMIP5 present day model biases 
against ERA-Interim: Cyclone Track 

density

DJF CMIP5 present day model biases 
against ERA-Interim for 4 models with 

smallest biases

CMIP5 models with smallest biases 

Zappa et al.2013a, J. Climate



What impact will climate change have on extratropical 
storms?

Why do we have storms anyhow?

Climate change and storms


