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1. Topic 

In this report, the climatological significance of the winter of 2013-14 (hereafter, DJF 2014) is 

discussed in terms of its record-breaking precipitation totals across the United Kingdom, and 

the synoptic factors that lead to a persistently cyclonic pattern across the British Isles.  

DJF 2014 was the wettest such period for the United Kingdom in a record stretching back to 

1910, with 544.9mm of rainfall recorded1, as shown in Figure 1. This was due to a succession 

of deep Atlantic extratropical cyclones (ETCs), with widespread flooding and storm damage, 

which regularly made news headlines (e.g: BBC News, 2014). It ranked as the ‘stormiest’ 

winter on record per the Jenkinson Gale Index2, for which DJF 2014 has the highest number of 

‘very severe gale days’ by some margin. 

 

Figure 1: UK DJF precipitation time series 1910-2016, with the record-breaking 2013-14 

winter indicated by the red arrow.  

2. Literature Review 

The literature concerning the event may be split into three categories – those works that assess 

the climatological significance of the winter, those that assess the global circulation patterns 

responsible for the weather experienced in the UK, and those that assess the long-term climate 

significance.  

Kendon and McCarthy (2015) considered the placing of different meteorological indices 

(precipitation, temperature and sunshine) for the winter within their long-term records to 

demonstrate the extreme nature of the event, and showed anomalous patterns in the North 

Atlantic jet stream winds as a local, direct cause.  

                                                           
1 The Met Office UK-wide ranked precipitation dataset is available at 

http://www.metoffice.gov.uk/pub/data/weather/uk/climate/datasets/Rainfall/ranked/UK.txt.  
2 The Jenkinson Gale Index is maintained by the Climate Research Unit at the University of East Anglia and is 

available at https://crudata.uea.ac.uk/cru/data/lwt/#UK_Jenkinson_Gale_Index.  

http://www.metoffice.gov.uk/pub/data/weather/uk/climate/datasets/Rainfall/ranked/UK.txt
https://crudata.uea.ac.uk/cru/data/lwt/#UK_Jenkinson_Gale_Index
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Extending the scope of the research, a contemporary report consisting of a global circulation 

overview is ‘The Recent Storms and Floods in the UK’, (Met Office, 2014). This work linked 

the persistent mid-latitude planetary wave pattern (Rossby wave train) to unusual precipitation 

patterns in the tropical West Pacific (TWPAC) warm pool using data available directly during 

the winter.  

Inspired by the Met Office paper, a similar vein was followed by Watson et. al (2016), using 

reanalysis data with seaonal forecast model calculations. They confirmed the effect of elevated 

SSTs in the TWPAC on producing a similar Rossby wave train as observed during winter 2014. 

However, it did not entirely recreate the anomalies to the same extreme as actually occurred, 

with no suggestion of a systematic influence on European weather.  

The severity of the event also raised questions of anthropogenic climate change influence. This 

was examined by Schaller et al. (2016) who found that the human influence on the climate has 

increased the moisture capacity of the atmosphere and the number of January days with a 

westerly flow, associated with extreme precipitation events such as DJF 2014. However, they 

noted that uncertainties exist in determining the distribution and extent of human induced SST 

warming, since increased precipitation rates stem from both thermodynamic effects and 

changes in ocean circulation.   

Christidis and Stott (2015) concluded that the persistent southwesterly flow provided 

favourable conditions for heavy rainfall, with a minor influence (not statistically significant) 

from anthropogenic global warming and associated increase in atmospheric moisture. 

Prior to this event, Jones et al. (2012) examined the changes in seasonal and annual rainfall in 

the UK from 1961 – 2009. They showed that there has been an increase in intensity of 

prolonged winter rainfall events, coupled with a decreased return period from 25-years to 

around 5-years over the period.  

Kendon (2014) noted that since 2000, there have been ten times as many wet records as dry 

records set across the UK, accounting for 45% of all wet records (since 1910), suggesting a 

greater frequency of intense cyclonic weather in the UK. 

3. Key Synoptic Components 

To assess the synoptic situation, NCEP/NCAR Reanalysis data3 is used, averaged for the three-

month period December 2013 – February 2014. All anomalies are with respect to the 1981-

2010 average.  

3.1 Tropical Pacific Influence 

A relatively unique aspect of winter 2013-14 is the ability to trace a driving influence all the 

way back to the Tropical Western Pacific (TWPAC), first outlined in the reports by the Met 

Office (2014) and Watson et. al (2016). 

During DJF 2014, there was enhanced precipitation in the TWPAC associated with a weak La 

Niña pattern (DJF ONI -0.54). This had a significant poleward extent, allowing interaction with 

the Pacific jet stream and hence the generation of Rossby waves. The amplified nature of the 

Pacific jet, with a southerly branch into the tropical E Pacific (a region known as the ‘westerly 

duct’ (Met Office, 2014)), enhanced the tropical-extratropical interaction and further allowed 

                                                           
3 NCEP/NCAR Reanalysis data is available freely online via the plotting tool at 

http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl.  
4 The NCEP Oceanic Niño Index (ONI) may be found online at: 

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml. 

http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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tropical disturbances – with associated moisture – to influence the mid-latitudes. After 

interacting with the westerly duct, these disturbances were then carried into the entrance region 

of the Atlantic jet, aiding strong, moist cyclogenesis. This extended ‘atmospheric river’-like 

pattern is shown in Figure 2 below as a stream of anomalous precipitation.  

 

Figure 2: Surface precipitation rate anomalies for DJF 2014. The red curve shows the track 

of anomalously high precipitation associated with disturbances propagating from the western 

Pacific. 

An additional influence of the La Niña5 was a persistent anticyclone off the west coast of North 

America. This aided the persistence of an amplified pattern, with a strong trough over North 

America – further enhanced by the ‘polar vortex’ outbreak.  

3.2 “Polar Vortex” outbreak over North America 

North America experienced a brutally cold winter thanks to what became known as a ‘polar 

vortex’ outbreak (Met Office, 2014). Perhaps associated with an equatorward bulge or ‘lobe’ 

of the stratospheric Polar Vortex displaced over North America, this lead to unusually cold 

conditions over the land surface.  

The eastern coast of the U.S. is a climatologically favoured region for cyclogenesis (Dacre and 

Gray, 2009) as the land-sea temperature contrast leads to a strong baroclinic zone. During 

2013-14, this was enhanced – partly due to the ‘polar vortex’ outbreak, and partly due to above 

average SSTs off the SE US coast and a positive North Atlantic Oscillation (NAO)6.  

Moreover, cold air advection (CAA) in the wake of cyclones forming off the eastern seaboard 

may have helped persist the cold air outbreak over North America – with CAA deepening the 

trough by QG height tendency – whilst warm air advection (WAA) ahead of the cyclones may 

have helped strengthen the Azores ridge and hence helped to persist the positive NAO pattern. 

In this way, an element of large-scale self-development may have played a role.  

 

 

                                                           
5 La Niña teleconnections are described at http://www.weather.gov/mrx/climatevariability.  
6 NAO index maintained by the CPC at 

http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/norm.nao.monthly.b5001.current.ascii.table.  

http://www.weather.gov/mrx/climatevariability
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/norm.nao.monthly.b5001.current.ascii.table
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3.3 The North Atlantic 

During DJF 2014, SSTs off the east coast of North America were above average7. This had 

multiple effects. It enhanced the baroclinic zone off the US E coast by juxtaposing warm SST 

anomalies with cold land surface air temperature (SAT) anomalies. This increased already 

favourable conditions for cyclogenesis – the stronger than average thermal gradient lead to an 

anomalously strong Polar Front Jet Stream (PFJS) and hence enhanced ageostrophic transverse 

circulations, leading to more divergence in the right entrance region of the jet and hence 

enhanced ascent. Moreover, enhanced baroclinicity and its associated shear leads to greater 

vorticity spin-up from the vertical vorticity equation.  

The positive SST anomalies also enhanced latent heat fluxes into the atmosphere (leading to 

greater ascent by QG forcing and cross-isentropic lift) and enhanced the moisture flux (from 

Clausius-Clapeyron relationship – increased SSTs lead to increased SATs and hence increased 

moisture content). This was combined with a positive NAO, a key feature of which is a strong 

Azores-Bermuda anticyclone. This pattern drove warm, subtropical air poleward along the US 

E coast, which further enhanced the thermal and moisture flux into the baroclinic zone with a 

feedback on the positive SST pattern.  

Due to the positive NAO, the PFJS and associated storm track was mostly zonal across the 

Atlantic, with the UK lying in the left exit region. This provided further upper level divergence 

and additional favourable forcing for cyclonic weather, allowing cyclones that had initiated on 

one side of the Atlantic to have a secondary deepening phase close to impacting the UK. Figure 

3 shows both the DJF 2014 mean PFJS location and the SAT anomalies. 

 

Figure 3: Left – mean DJF 2014 300mb Atlantic jet location. Right – mean DJF 2014 surface 

air temperature anomalies. Note the enhanced temperature gradient in the right entrance of 

the jet. 

This pattern persisted for most of the DJF period, as an almost stationary Rossby wave pattern, 

leading to an unusually persistent wet weather in the U.K. and hence high rainfall 

accumulations. In conclusion, a ‘perfect storm’ scenario – with various factors coming into 

play together – lead to the extreme nature of the event.  

 

 

                                                           
7 Not shown; from NOAA ERSSTv4 via http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl.  

http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl


5 

 

3.4 Global Warming Influence 

It is possible to link the events of DJF 2014 with global warming. On a simple level, increasing 

global temperatures leads to increased atmospheric moisture content (by the Clausius-

Clapeyron relationship) and hence may be causing more extreme precipitation events, in 

addition to increasing SSTs and the associated latent heat flux favourable for cyclogenesis. Sea 

level rise is also a contributing factor to the impacts of cyclonic weather in the UK through 

coastal erosion; the Met Office (2015) recorded a sea level rise of 12cm along the English 

Channel in 100 years.  

Francis and Vavrus (2012) suggested that Arctic Amplification (AA) and its associated 

reduction in the meridional temperature gradient may be leading to a weaker, more amplified 

jet stream, which may then lead to greater climatic extremes. Although the Atlantic jet was 

zonal and stronger than normal during DJF 2014, the anomalous Northern Hemisphere Rossby 

wave pattern may be implicated with AA by this mechanism. 

4. Societal Impacts 

Britain suffered extreme flooding and coastal erosion over the course of the winter, and it was 

the consistency of these storms bringing persistent heavy rain, not an individual storm, that 

lead to significant impacts.   

The impacts of the winter were considered extensively by Muchan et. al (2015). More than 

7000 properties were flooded during the event, which is significantly less than previous flood 

events in the UK – for example, summer 2007 floods saw 55000 flooded properties. However, 

the nature of winter 2014 engendered prolonged floods, leaving some areas flooded for 4-6 

weeks. The Somerset Levels experienced extreme inundation, and by 25 January 2014 a ‘major 

incident’ was declared. Some communities were isolated for 4-6 weeks by floodwaters, 

prompting controversy over whether the government provided enough assistance or acted 

quickly enough, particularly in regards to dredging of the riverbed. 

Widespread flooding also lead to major transport disruption across the country, which was 

amplified by its timing around the busy Christmas period. Major roads were closed in most 

counties, and many railways suffered damage. Coastal erosion along the Exeter- Plymouth line 

(which provides the only rail route into the Cornwall) and inundation of lines from London to 

Exeter resulted in the southwest almost becoming isolated. The impacts of fluvial flooding 

were also felt in regions such as the Thames Valley, and this was exacerbated into the New 

Year by the already saturated ground and by high tides (which prevented the fluvial drainage).  

The consequences of the flooding were severe, with impacts on both livelihood and 

infrastructure. Schaller et. al (2016) considered the impacts to southern England, and found 

that insured losses totally £451 million, with 18,700 insurance claims.  
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