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Summary: This document outlines the methodology employed by the Climate Extremes Group in the 
Department of Space and Climate Physics at University College London (UCL) to identify and severity 
rank UK windstorms for the 45-year period from 1969 to 2013. The UCL methodology is underpinned by 
a robust UK windstorm definition that is applied to cleaned and homogenised continuous gust 
observations from 262 low-level station sites spread evenly around the UK. Windstorm catalogues and 
event severity rankings are provided for the whole UK and, uniquely, for each of 11 UK regions. The 
product’s background, input data, creation methods and output form are summarised under eight 
headings. References and appendix figures provide additional information. 
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1. Introduction. UK windstorms are a substantive peril for the (re)insurance industry and a significant 
hazard for UK transport and UK infrastructure (including rail and road travel, construction projects, and 
power networks). UK windstorms also have financial impacts in other sectors and markets including 
forestry and mortgage lending. Windstorm catalogues provide quantitative information about the 
intensity, frequency and location of these extreme weather events. This information is crucial to 
quantifying the risks that different markets experience from windstorms, and to improving our 
understanding of the occurrence and predictability of these damaging events. To our knowledge four 
catalogues relating to UK windstorms exist currently. These are: (a) The pioneering catalogue by Lamb 
[1991] which documented all windstorms with serious effects on the UK and northwest Europe between 
1509 and 1989; (b) The catalogue made by Palutikof and Skellern [1991] which documented 47 severe 
UK windstorms between 1920 and 1990;  (c) The XWS open access catalogue of extreme European 
windstorms which includes 30 UK windstorms between 1979 and 2013 [Roberts et al., 2014; XWS, 
2015]; (d) The Met Office Euro Windstorm Historical Catalogue [Met Office, 2015] comprising 6,110 
events between 1979 and 2014 of which an unknown number affected the UK. Table 1 compares the 
characteristics of these four catalogues to those of the new UCL UK windstorm catalogue. 

2. UK Windstorm Definition. The UCL catalogue defines a UK windstorm as a strong extra-tropical 
cyclone where at least one weather station records a 3-second gust with a return level of at least 2 years 
and at least one further weather station records a gust with a return level of at least 1 year. The second 
station must be separated from the first station by at least 30 km. This robust definition uses firm 
thresholds for gust speed and storm size exceedance thereby ensuring that all identified events are strong 
extra-tropical cyclones. The UCL UK windstorm definition is underpinned by continuous gust 
observations from 262 stations spread uniformly across the UK. The definition leads to the identification 
and cataloguing of 394 UK windstorms 1969-2013. This total corresponds to an annual UK windstorm 
rate of 8.76. It should be noted that 95 windstorms (24.1% of the 394 UK windstorm total) had a 2-year 
return level gust recorded at just one station, this mostly at a UK periphery.  
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3. Windstorm Severity Grading. The severity grading of UK windstorms allows the potential wind 
impacts of different windstorms to be compared in a quantifiable manner. Windstorm severity rankings 
were initiated by Lamb [1991] and are gaining increasing use [Haylock, 2011; Roberts et al., 2014]. In 
insurance they are used to quantify the windstorm severity in catastrophe models [e. g. Waisman, 2015]. 
Lamb [1991] introduced the term Storm Severity Index (SSI) to grade windstorms in terms of their wind 
power. We follow Lamb’s idea to grade UK windstorms in terms of their windpower but choose to use 
the more appropriate term Windstorm Severity Index (WSI), rather than SSI, to grade windstorm 
severity. This is because high windspeed alone properly categorises the severity of a windstorm, whereas 
a ‘storm’ may be severe in terms of multiple hazards including high windspeed, high rainfall and storm 
surge. If using SSI to define a storm’s severity one should, robustly, also include the storm’s severity in 
terms of rainfall and/or storm surge. 

4. UK Regions. Windstorm catalogues are prepared for the whole UK and, separately, for 11 UK 
regions. The chosen UK regions from north to south are: Northern Scotland, Eastern Scotland, Western 
Scotland, Northern Ireland, North West England, North East England, Wales, Midlands, Eastern 
England, South West England and South East England. These 11 UK regions are selected because they 
correspond well to the 11 regions defined by the Met Office for UK regional climate 
(http://www.metoffice.gov.uk/climate/uk/regional-climates) and because they each contain at least 20 
anemometer stations with continuous hourly gust data 1969-2013. Figure 1 (Appendix) geographically 
defines the 11 UK regions. Figure 2 (Appendix) maps the names and locations of the anemometer 
stations whose data underpin the windstorm catalogues and windstorm severity indices for the whole UK 
and for each UK region. These figures show that the 262 stations are spread uniformly both across the 
UK and within each region. 

5. Input Data. Three main input data sets are used. These are: (A) Cleaned and homogenised hourly and 
daily peak 3-sec gust recordings from 262 UK weather stations within the Met Office Integrated Data 
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Archive System (MIDAS) [Met Office, 2012]. These data span the 45 year period 1969-2013. The data 
cleaning procedures and data homogeneity corrections are described in Saunders and Lea [2017]. The 
homogeneity corrections include the application of data imputation to give nearly complete 45-year time 
series of daily maximum 3-sec gusts at all 262 stations. This correction has resulted in only 13 
windstorms (out of the 394 total) having less than 260 stations with maximum gust data, and only five 
windstorms having less than 256 stations with maximum gusts. The 262 station total excludes UK 
stations located at elevations above 300 m (with one exception, Sennybridge in Wales, located at 307 m 
elevation, which is included to ensure that Wales has 20 stations), and stations located on remote and 
largely uninhabited islands off the north Scottish coast. These exclusions are to ensure that such remote 
stations do not exert undue influence on storm severity rankings. (B) Peak 3-sec gust return levels for 
each of the 262 stations in §5(A), these computed from the cleaned and homogenised station data by 
using the method of independent storms combined with a robust peak-over-threshold analysis [Saunders 
and Lea, 2017]. (C) Six-hourly sea level pressure data and zonal (east-west) wind data at 10 m altitude at 
2.5 degree spatial resolution from the NCEP/NCAR global climate reanalysis 1969-2013 [Kalnay et al., 
1996; NCEP, 2016]. Our use of the MIDAS data for commercial value-added products is permitted via a 
perpetual licence with the Met Office. The NCEP/NCAR reanalysis data are available free of charge. 

6. Method for Selecting Windstorms 

Our method to select UK windstorms has seven steps:  
(A) Use the cleaned and homogenised daily maximum 3-sec gust values from all 262 UK stations (§5A) 
combined with the independent storm peak 3-sec gust return levels (§5B) to identify all days between 1st 
January 1969 and 31st December 2013 when at least one station recorded a windstorm-related daily 
maximum gust with a return level of at least 2 years. The locations and hourly times of all these peak 
gusts are documented. 
(B) Examine the NCEP/NCAR 6-hourly sea level pressure data for the days, times and locations 
identified in 6(A) to confirm whether the high gust speed event was likely due to a strong extra-tropical 
cyclone or to a localised mesoscale or microscale storm event. The criteria for the event to be a strong 
extra-tropical cyclone are the nearby passage of a deep low pressure storm system in the NCEP/NCAR 
reanalysis data, and for the station peak gust direction to approximately match the wind direction deduced 
from the NCEP/NCAR pressure data. 98.9% of the cleaned and homogenised daily maximum 3-sec gusts 
with a return level of at least 2 years recorded at all 262 stations between 1969 and 2013 were thereby 
confirmed as corresponding to a UK windstorm.   
(C) Use the NCEP/NCAR 6-hourly sea level pressure data, NCEP/NCAR 6-hourly zonal and meridional 
windspeed data at 10 m height, and hourly gust data from anemometer stations at the UK extremities to 
estimate the start time and duration of each UK windstorm output from 6(B). The deduced windstorm 
durations range from 12 to 84 hours with 93.7% of events having a UK duration of 36 hours or less. 
(D) For each UK windstorm output from 6(C) use the hourly gust data from §5A to obtain the peak 3-
second windstorm gust at each of the 262 stations. 
(E) For each UK windstorm combine the output from 6(D) with the windstorm peak 3-sec gust return 
levels for each station (input data §5B) to compute how many of the 262 stations have a peak gust which 
is (a) ≥ 1 yr return level; (b) ≥ 2 yr return level; (c) ≥ 5 yr return level; (d) ≥ 10 yr return level; (e) ≥ 20 yr 
return level. 
(F) Combine the output from 6(E) with knowledge of station separation distances to deduce which of the 
UK windstorm events meet the robust ‘windstorm’ definition given in §2. A total of 394 UK windstorms 
1969-2013 are thereby identified for the final catalogue. 
(G) Obtain regional windstorm catalogues by repeating steps 6(E) and 6(F) but using only those stations 
which lie in the relevant UK region. The UK regions and the stations used for each region are shown in 
the Appendix Figures 1 and 2. 

7. Method for Computing Windstorm Severity Indices  

We compute two Windstorm Severity Indices (WSIs) for each UK windstorm, and call these WSI 1 and 
WSI 2. WSI 1 is the mean windstorm severity index per station predicated on the cubed gust exceedance 
above a spatially constant 25 ms-1 (55.92 mph) gust threshold [cf Roberts et al., 2014; Waisman, 2015]. 
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WSI 2 is the mean windstorm severity index per station predicated on the cubed gust exceedance above a 
spatially varying 1-year return level for windstorm peak gust. The formulas for WSI 1 and WSI 2 are as 
follows: 

 

  

 

 

where N is the number of stations (either for the whole UK or for a particular UK region), Ug is the 
station peak gust (mph) for the windstorm, and Ugrl1 is the station 1-year return level for windstorm peak 
gust (mph). These formulas also appear in the windstorm catalogue and windstorm ranking files for each 
UK region.  

The WSI 2 index should be linked better to loss than the WSI 1 index because the vulnerability of 
buildings to windspeed will vary spatially in accord with spatial changes in extreme wind climate.  The 
WSI 2 index incorporates such spatial variability whereas the WSI 1 index assumes (for the purposes of 
loss) that vulnerability is spatially constant. In common with other efforts to estimate WSIs we assume 
that windstorm severity is proportional to the cube of the gust speed. Gust speed cubed is a measure of 
windstorm kinetic energy and thus of wind power [Lamb, 1991; Roberts et al., 2014]. WSI values for a 
particular UK region are computed by using only the stations in that region.  

8. Description of Windstorm Data Files  

Our windstorm catalogues and windstorm severity indices 1969-2013 are presented in excel files called 
“xxx Windstorm Catalogue and WSI Rankings 1969-2013.xlsx”, where xxx is the UK region. There are 
twelve excel files comprising a data file for the whole UK, and data files for each of the 11 UK regions. 
Each excel file consists of three data sheets. The first data sheet gives the windstorm catalogue and 
associated information. The second data sheet ranks the 40 most severe windstorms in terms of WSI 1 and 
WSI 2. The third data sheet lists the anemometer stations, together with their positions and elevations, 
used for each UK region.  

8.1 Windstorm Catalogues 1969-2013 for the UK and for 11 UK Regions 

The windstorm catalogues comprise the first sheet in each excel file. The windstorms in these sheets are 
listed chronologically and contain the following information, characteristics and severity grades for each 
event: 

Column A:  Windstorm number. 
Columns B to E: Windstorm start date (year, month, day, hour). 
Column F:  Windstorm duration (hours). 
Column G:  Number of anemometer stations which record a peak gust ≥ 1 year return level. 
Column H:  Number of anemometer stations which record a peak gust ≥ 2 year return level. 
Column I:  Number of anemometer stations which record a peak gust ≥ 5 year return level. 
Column J:  Number of anemometer stations which record a peak gust ≥ 10 year return level. 
Column K:  Number of anemometer stations which record a peak gust ≥ 20 year return level. 
Column L:  Number of anemometer stations which record a peak gust ≥ 50 year return level. 
Column M:  Number of anemometer stations with maximum gust data for windstorm.  
Column N:  Windstorm Severity Index WSI 1. 
Column O:  Windstorm Severity Index WSI 2. 
Column P:  Windstorm name. 
 
The windstorm names in column P are mostly those issued by the Frei University of Berlin for the 
windstorm-originating low pressure system (see http://www.met.fu-berlin.de/adopt-a-vortex/historie and 
http://www.met.fu-berlin.de/adopt-a-vortex/archiv).  However, in a few cases, the better-known UK 
windstorm name is used. The UK Met Office names for windstorms are not used because these names 
commenced in 2015 and thus postdate the catalogue period. The windstorms with no names are cases 
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where either the event was relatively weak or where an unambiguous identification of the Frei University 
low pressure name was not possible. The catalogues contain the following number of windstorms by 
region: UK whole 394; Northern Scotland 106; Eastern Scotland 88; Western Scotland 83; Northern 
Ireland 79; North West England 91; North East England 79; Wales 90; Midlands 79; Eastern England 85; 
South West England 95; South East England 93. The excel data format allows for event filtering and 
sorting. For example, users may select and rank windstorms based on the number of stations which 
record gusts of a given return level or in terms of two different windstorm severity indices. 

8.2 Windstorms Ranked by Severity for the UK and for 11 UK Regions 

The 40 most severe windstorms 1969-2013, ranked separately by WSI 1 and WSI 2, comprise the second 
sheet in each excel file. These windstorm severity rankings contains the following information: 

Windstorm ranking by WSI (numbers 1 to 40).  
Windstorm start date (year, month, day, hour). 
Windstorm duration (hours). 
WSI value. 
Windstorm name 
Definitions and formulae for WSI 1 and WSI 2.  

Table 2 shows an example of these rankings, their presentation format and the types of information 
thereby provided. The table displays the 25 most severe windstorms for South East England 1969-2013 
as ranked by WSI 1 (left set) and by WSI 2 (right set). It is clear from Table 2 that: (a) The Great Storm of 
1987 and the Daria (Burns’ Day) windstorm both had a windstorm power ~5 times higher (WSI 1) and 
~13 times higher (WSI 2) than any other South East England windstorm during the 45-year period; (b) 
Windstorms can have different severity rankings depending upon which WSI is used. For example, Kyrill 
is ranked 12th for WSI 1 but rises to 3rd for WSI 2, Fanny is ranked 4th for WSI 1 but falls to 17th for 
WSI 2, and Gisela changes from rank 11 for WSI 1 to rank 23 for WSI 2.   

Table 2.   The 25 most severe SE England windstorms 1969-2013 ranked by WSI 1 (left) and WSI 2 (right).  

9. Application to Further UCL UK Windstorm Products 

The catalogue of UK windstorms 1969-2013 described herein informs and supports two further UCL 
UK windstorm products. These are: (a) The UK windstorm gust return levels on a high spatial 
resolution (110 m) grid product [Saunders and Lea, 2017], and (b) The UK windstorm gust footprints at 
high (100 m) spatial resolution product (to be released in March 2017). UK windstorms in the UCL 
catalogue account for 98.9% of the cleaned and homogenised daily maximum 3-sec gusts with a return 
level of at least 2 years that underpin the former product. Event selections for the latter product is made 
based on the windstorm severity rankings provided with the UCL UK windstorm catalogues.  



   

UCL Methodology for Windstorm Catalogues and Windstorm Severity Indices for the UK and 11 UK Regions           6 

Acknowledgement: We thank NOAA-CIRES, Climate Diagnostics Center, Bouder, Colorado, USA for 
use of the NCEP/NCAR Global Reanalysis Project data.  

10. References 
Hammond, J. M. (1990): Storm in a teacup or winds of change? Weather, 45, 443-448. 
 DOI: 10.1002/j.1477-8696.1990.tb05582.x. 
Haylock, M. R. (2011): European extra-tropical storm damage risk from multi-model ensemble of 

dynamically-downscaled global climate models, Nat. Hazards Earth Syst. Sci., 11, 2487-2857. DOI: 
10.5194/nhess-11-2847-2011. 

Hodges, K. I. (1995): Feature tracking on the unit sphere, Mon. Weather Rev., 123, 3458-3465. 
 DOI: http://dx.doi.org/10.1175/1520-0493(1995)123<3458:FTOTUS>2.0.CO;2 
Hoskins, B. J. and K. I. Hodges (2002): New perspectives on the Northern Hemisphere winter storm 

tracks, J. Atmos. Sci., 59, 1041-1061.  
 DOI: http://dx.doi.org/10.1175/1520-0469(2002)059<1041:NPOTNH>2.0.CO;2   
Kalnay, E. et al. (1996): The NCEP/NCAR 40-year reanalysis. Bull. Am. Meteorol. Soc., 77, 437-471. 
Lamb, H. H. (1991): Historic Storms of the North Sea, British Isles and Northwest Europe, Cambridge 

University Press, 204pp, ISBN: 0521375223. 
Met Office (2012): Met Office Integrated Data Archive System (MIDAS) land and marine surface 

stations data (1853-current). NCAS British Atmospheric Data Centre, accessed on multiple dates 
between 2012 and 2016. http://catalogue.ceda.ac.uk/uuid/220a65615218d5c9cc9e4785a3234bd0 

Met Office (2015): Euro Windstorm Historical Catalogue, accessed October 2016.  
 http://www.metoffice.gov.uk/media/pdf/n/6/14_0853_Historical_catalogue.pdf 
NCEP (2016): 6-hourly NCEP/NCAR reanalysis data composites, accessed on multiple dates between 

2015 and 2016. http://www.esrl.noaa.gov/psd/data/composites/hour 
Palutikof, J. P. and Skellern, A. R. (1991): Storm severity over Britain. Report to Commercial Union 

General Insurance. Climatic Research Unit, School of Environmental Sciences, University of East 
Anglia, Norwich, UK, 105pp. 

Roberts, J. F., A. J. Champion, L. C. Dawkins, K. I. Hodges, L. C. Shaffrey, D. B. Stephenson, M. A. 
Stringer, H. E. Thornton and B. D. Youngman (2014): The XWS open access catalogue of extreme 
European windstorms from 1979 to 2012, Nat. Hazards Earth Syst. Sci., 14, 2487-2501. DOI: 
10.5194/nhess-14-2487-2014. 

Saunders, M. A. and A. S. Lea (2017): Methodology for computation of UK windstorm gust return 
levels on a high spatial resolution (110 m) grid, University College London internal document, 6pp, 
April 2017. 

Waisman, F. (2015): European windstorm vendor model comparison. IUA Catastrophe Risk 
Management Seminar presentation, London, October 2015, accessed on 13th October 2016. 
https://www.iua.co.uk/IUA_Member/Events/Catastrophe_Risk_Management_Presentations/European_Wind
storm_Vendor_Model_Comparison.aspx 

XWS (2015): XWS extreme wind storms catalogue. http://www.europeanwindstorms.org 
 

11. Appendix 

The Appendix displays two figures which define 
geographically the 11 UK regions, and which show the 
locations of the anemometer stations in these 11 
regions.  
 
 
Figure 1: The locations of the 11 UK regions for 
which separate windstorm catalogues and windstorm 
severity indices 1969-2013 are provided. The Isle of 
Man is included with North West England, and the 
Shetland Isles is part of Northern Scotland. 
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Figure 2: The locations and names of the anemometer stations included within each of the UK regions 
defined in Figure 1. The number of stations by region are as follows: UK: 262; Northern Scotland: 24; 
Eastern Scotland: 20; Western Scotland: 21; Northern Ireland: 20; North West England: 23; North East 
England: 24; Wales: 20; Midlands: 20; Eastern England: 27; South West England: 23; South East 
England: 40. The two Isle of Man stations are included with North West England 
 


