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1. Why do hazards cluster? 
 
2. How well do models capture the 
clustering seen in historical reanalysis 
tracks?  
 
3. How is clustering projected to change 
by the CMIP5 models?  
 
4. Can we understand and detect these  
changes? 
 



Dates  Notable windstorms 
13-19 Dec 2013  4 Nordic storms:  Hilde, Oskari, Ivar, Zaki  
 
5 Dec 2013  Windstorm Xaver (loss E763m) 
 
17 Dec 2013  12 major windstorms that included  
– 20 Feb 2014  Dirk (23 Dec 2013; loss E420m) and  
                    Tini (12 Feb 2014; loss E286m) 
Source: www.perils.org/web/news/event-loss.html  
 

Many of the storms also caused a lot of precipitation over 
Europe leading to some notable flood events: 
 UK floods 23 Dec 2013 – 8 Jan 2014 led to losses of 

£426m (source: ABI); 
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Example: European storms in winter 2013/14 

Source: Huntingford et al. Nature Clim Change 2014. 

 



Why do hazards cluster? 
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A. Natural variability 
e.g. Homogeneous Poisson process:  
Variance of counts = mean counts 

 
B. Dynamic rates 
e.g. Stronger jet in winter  more storms in winter 

 
C: Dependency between nearby events  
e.g. Secondary cyclogenesis, aftershocks, etc. 



4 

Earthquake example: 
Perhaps the most timely publication abstract of 2015 ...? 
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Overdispersion in monthly storm counts 

Units: % 

 More variance in counts than expected for Poisson with constant mean 
 Substantial clustering over western Europe.  

Mailier, P.J., Stephenson, D.B., Ferro, C.A.T. and Hodges, K.I. (2006):  
Serial clustering of extratropical cyclones, Monthly Weather Review, 134, pp 2224-2240 
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How will clustering of windstorms change? 



Future decrease in European clustering 
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 Overdispersion projected to decrease over Europe from about 0.5 to 0.3 

Measure of overdispersion: 
 
 
 
 
=0 Poisson with fixed rate 
>0 Clustering 
<0 regular process 



This raised some questions …  
 
 How well do other climate models represent clustering? 
 
 Do other climate models show similar changes in clustering? 
 
 Can we understand these changes physically? (e.g. in terms of how 

storms are related to climate modes such as the North Atlantic 
Oscillation).  

 
 How well could we detect such a change in clustering in future 

observations of storm counts? 

 
T. Economou, D.B. Stephenson, J. Pinto, L.C. Shaffrey, G. Zappa, 
2015:Serial clustering of extratropical cyclones in historical and future 
CMIP5 model simulations, Quarterly Journal of Royal Meteorological 
Society (in press) 
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How well do climate models represent clustering? 
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Historical overdispersion 1975-2005 
Var(counts)/Mean(counts)-1  

 Models qualitatively capture the gross features seen in observations 



Monthly rate dependence on NAO: historical and future 

10  Counts depend on NAO and this relationship doesn’t appear to change 
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Historical overdispersion accounted for by NAO 

 NAO accounts for a sizeable proportion of the overdispersion 



Projected changes in NAO, NAM and SAM 
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Projected changes in clustering 
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Change in overdispersion: 2069-99 minus1975-2005 
RCP4.5 scenario  

 Noisey with not much agreement between model responses 
 Multi-model mean shows similar response to Pinto et al. (2013) 



Natural variability in the overdispersion statistic 
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Toy model simulation: 
 
Frequency distribution of 
sample overdispersion in  
1000 simulations of 30 winters.  
 
Mean rate of 20 counts/month 
Overdispersion of 0.63 

 Unlikely to detect the decrease due to large natural variability in counts 
 Large amount of uncertainty even if NAO fixed (e.g. historical period) 



Summary  
 CMIP5 models qualitatively capture the historical 

clustering pattern;  
 

 Much of the overdispersion in this pattern around the 
edges of the storm track is related to modulation of storm 
counts by varying NAO;  
 

 Individual model projections differ substantially from one 
another but the multi-model mean resembles Pinto et al.;  
 

 The climate change signal in clustering is small: 
 Only small projected changes in mean and variance of NAO; 
 Changes compensate: increase in mean and variance of NAO 

 

 The climate change signal is obscured by natural 
variability (of future NAO AND storm counts). Therefore, 
future observations are unlikely to resemble the multi-
mean response.  15 
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Additional slides for questions etc. ...  
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Storm tracking 
• Objectively track every wintertime (1 Oct – 31 Mar) storm feature in 6 hourly data 
• Count storms that pass 10o north/south of each location 
• Record the 6-hourly precipitation and wind speeds as they pass the barrier 

Mean transit counts (per month) Storm tracks of Dec 1989-Feb1990 
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How well do climate models simulate storm tracks? 
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The most recent climate model data 
Coupled Model Intercomparison Project Phase 5 (CMIP5) 

Climate projections from more than 20 modelling centres around the world 
 

 
• High frequency (6 hourly) model 
output is available at 100-500km 
spatial resolution. 
 
• CMIP5 is the first opportunity to 
evaluate a large ensemble of 
models using a tracking technique 
 

• Changes in the number and in the 
intensity of cyclones can now be 
comprehensively assessed 
 

All data freely available from: 
http://cmip-pcmdi.llnl.gov/cmip5 
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Projected future change under RCP4.5 scenario 
 Difference in time means over 2070-99 and 1976-2005 

Winter (DJF) Summer (JJA) 
Track density (no. of storms/month) 

Wind speed intensity (m/s) 

Precipitation intensity (mm/day) 



IPCC assessment of storm tracks 
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IPCC uncertainty language 
 
Confidence obtained by multiple 
lines of evidence that agree.  
 
• High confidence 

• Very likely  p>0.9 
• Likely p>2/3 
• Unlikely p<1/3 

 
• Medium confidence 
 
• Low confidence 

• Zappa, G., Shaffrey, L., Hodges, K, Sansom, P.G, and D.B. Stephenson, (2012): A multi-
model assessment of future projections of North Atlantic and European extratropical 
cyclones in the CMIP5 climate models. J. Climate, 26, 5846-5862.  
 

• Sansom, P. G., D. B. Stephenson, C.A.T. Ferro, G. Zappa, and L.C. Shaffrey, (2013): 
Simple uncertainty frameworks for selecting weighting schemes and interpreting multi-
model ensemble climate change experiments, Journal of Climate, 26, 4017-4037.  
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Analogy with UK buses …  

Is this because bus drivers really 
love each other? 

More to do with rate of arrival depending 
on time varying background traffic flow.  
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