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The Winter Storms of 2015-16: Causes and Impacts
In September 2015, the UK Met Office, together with the Irish Met 
Office (Met Eireann), ran a pilot project giving names to storms that 
had the potential to affect the UK and/or Ireland during the autumn 
and winter of 2015-16 (Figure 1). The aim was to improve 
communication with the media, government agencies and the 
general public of approaching severe weather. Warnings would 
allow people to prepare for safety. However, it could not have been 
anticipated that the United Kingdom and Ireland would receive 
such a regular and frequent battering by storms (Figure 2).

Figure 1. Regions affected by 2015-16 storms

Figure 2. Storms in 2015-16.

Name Date of
impact Main areas affected Maximum 

gust speed

Abigail 12-13
Nov NW Scotland 84 mph

Barney 17-18
Nov

S England, Midlands, 
Wales 85 mph

Clodagh 29 Nov Ireland, NW England 97 mph

Desmond 5-6
Dec Cumbria, Lancashire 81 mph

Eva 24 Dec Ireland, NW England, 
Yorkshire 84 mph

Frank 29-30
Dec West UK 85mph

Gertrude 29 Jan Scotland, N England 105mph

Henry 1-2
Feb N Scotland, NE England 90mph

Imogen 7-8
Feb SW England 96 mph

Jake 1 Mar Ireland 83 mph
Katie 27 Mar S England 106mph
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• The first named storm was Abigail, the tail end of U.S. Hurricane
Kate. It was slow-moving and brought warm, moist, tropical air
affecting mostly North Wales, NW England and West Scotland.
The ground was already saturated, so flood warnings were issued.
Gusts of 84mph were recorded and high winds caused power cuts
to 20,000 homes and closed schools.

•

•

Barney and Clodagh followed, with warnings of high winds and
in each case about 3,000 homes lost power. There was disruption
to traffic with fallen trees and upturned lorries. The Environment
Agency stated that the weather pattern was typical and expected
for the time of year.
However, it was Storm Desmond that brought the first catastrophic
flooding of the season; in Cumbria and Lancashire. Frontal systems
brought record rainfall, even though the low-pressure system itself
passed to the northwest of the UK (Figure 3). Honister Pass, in
Cumbria, received 341.4mm in 24 hours, breaking all previous
records and far exceeding predicted levels of 150-200mm. The
48-hour record was broken at Thirlmere, where 405mm of rainfall
was recorded.

Figure 3. Synoptic chart of Storm Desmond approaching 
the UK. (Source: Met Office)

http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/

An “atmospheric river” (Figure 4) was detected in the atmosphere, 
bringing warm air from the Caribbean across the Atlantic in one 
narrow band of enhanced water vapour transport.  

These “rivers” are common features, in that 3-5 exist at any one time 
in a hemisphere. They are several thousand kilometres long but just 
a few hundred kilometres wide, making them larger than the 
Amazon. They account for 90% of the global transfer of water 
vapour although they cover only 10% of the globe and can be 
associated with extreme flooding.
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Figure 4. A plume of moist air from the Caribbean 
associated with storm Desmond. (Source: NOAA)

Warmer air holds more moisture, accounting for the deluge experienced 
by Carlisle and other towns in the region. The amount of rain meant the 
ground was totally saturated and even following light rain led to some 
places being flooded three times in a month. Red warnings were 
issued - meaning take action - across Cumbria and parts of 
Lancashire, Northumberland and the Scottish Borders. The rivers 
Eden, Greta, Caldew, and Wyre caused concern but the surface water 
was an issue as well. The Army and Royal National Lifeboat 
Institution were called in to help evacuate stranded residents, clear 
watercourses, maintain existing defences and to deploy temporary 
defences. However, people were critical of the fact that £38million 
flood defences, built in 20010 were incapable of defending Carlisle 
against this storm. 5,200 homes were flooded (Figure 5).

Figure 5. Carlisle under flood

There was widespread loss of electricity, with Lancaster in particular 
suffering, as the electrical substation itself became flooded. 
Whilst most homes had power restored within 24 hours, some 
experienced three consecutive nights without electricity. People 
became eligible for compensation after 48 hours without power and 
22,000 people applied for compensation from Electricity North West 
(ENW). However, Ofgen rules state that time starts once a substation 
has been accessed. As it was under floodwater itself for much of the 
three days, no compensation was paid.

Due to high winds, flooding, and landslides, all rail services along the 
West Coast Main Line were cancelled, as were those in North Wales. 
Most regional airports remained open, except Dublin and Leeds-
Bradford. Road transport was hit severely and the A591 to Thirlmere 
was washed away and only re-opened in May 2016.

The main problem that Eva presented over Christmas was that rain 
fell on already saturated ground and the worst hit areas – Cumbria, 
Lancashire and West Yorkshire – had not yet recovered 
from Desmond. Seven severe warnings were issued due to the 
intensity of rain expected, and evacuations were necessary in Appleby, 
Kendal, and Keswick, with 2,000 homes in Calderdale affected by 
flooding. 6,000 properties in Ireland and 20,000 in the UK lost 
power. Financial losses caused by Storm Desmond and Storm Eva 
were estimated to be £1.3bn.

Storm Frank on 29-30 December caused the next major flood. Gusts 
of 85mph were recorded in Scotland which bore the brunt in the 
border towns of Dumfries, Hawick, and Peebles. Leeds was badly 
affected where 2,000 homes and 400 businesses were flooded. In 
York, a controversial decision was made to open the Foss barrier, 
which manages the rivers Foss and Ouse. The pumping station’s 
capacity was overwhelmed by flood water and electrical motors were 
in danger of becoming stuck. To prevent serious flooding, it was 
decided to open the gate and allow water from the Foss to enter the 
Ouse, so sacrificing some areas to prevent greater devastation 
elsewhere. 200 troops were deployed to manage the situation. Local 
people who had expected to be protected were understandably upset 
with the management decision.

Roads and bridges were washed away such as in Tadcaster, where 
North Yorkshire County Council proposed building a temporary 
footbridge on a local brewery’s land but the owner objected, saying it 
was a waste of £300,000. Motorists had to make an 11-mile detour 
around Tadcaster whilst pedestrians used a disused railway viaduct 
until a free shuttle bus was provided at a cost of £20,000. Carlisle 
United’s ground was under 6 feet of water, forcing them to play 
several home games at Preston, Blackpool and Blackburn.

The government’s national emergency committee -  Cobra - met 
and released a further £50 million to local councils to match that 
previously given to support Cumbrian flood victims. Each affected 
household was eligible for £5,000 and businesses £2,500, although 
there were complaints about the slow release of funds. The 
government was also accused of failing to apply for EU funding to 
aid clear-up operations.

The storms Gertrude, Henry, Imogen, Jake and Katie in 2016 
continued to cause significant disruption to regions, with 
localised flooding, disruption of transport routes and loss of power.

December 2015 weather statistics
Figure 6 shows the weather statistics for December 2015, 
characterised by humid, south-westerly winds creating cloudy 
conditions, with sunshine totals only 73% of the mean. Until 
December, the annual UK rainfall of 2015 would have been 
regarded as unremarkable. However, Storm Frank, combined with 
Desmond, meant rainfall totals soared into the top ten ever recorded 
(1270mm compared with a maximum of 1337mm in 2000). 10% of 
English rivers recorded their highest ever levels. There were 
marked regional differences. Scotland, Northern England, and 
Wales received record-breaking rainfall, 2-4 times greater than the 
average, but central and southern England amounts were close to 
normal.
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The UK mean temperature for December was 8.0 oC, 4.1 oC above average, the warmest since 1910 and similar to expected April/May 
temperatures. Frosts were rare, and none were recorded in Wales and central southern England, where it was 5-6 oC warmer than average.

Figure 6 .Weather statistics for December 2015. (Source: Met Office)

December 2015

Mean Temperature (°C) Sunshine (hours) Rainfall (mm)

Total
Diff. from
1 9 8 1 - 2 0 1 0 
mean

Total
% of 
1 9 8 1 - 2 0 1 0 
mean

Total % of 1981-
2010 mean

UK 8 4.1 27.4 67 211 176

England 9.4 5 31.8 67 120 138

Wales 9.2 4.7 25.5 61 321 194

Scotland 5.4 2.6 20.1 66 333 204

N Ireland 7 2.5 29.9 81 208 182

Aftermath
The total economic loss of the winter storms was estimated to be 
more than £3bn. A large proportion of this was uninsured. Despite 
flood defences protecting 23,400 properties during Desmond 
and Eva, nearly the same number of properties were flooded due 
to extreme events. Whilst the adequacy of flood defences was 
questioned, it was clear that coordination of emergency teams 
was effective. In February 2016, the Environment Agency 
inspected 16,000 defences and identified 660 that needed repair due 
to the December floods.
Causes
Whilst there is no one single cause for the floods, a combination 
of factors need to be considered.

Global drivers 
1. Natural variation in weather variables
There is always variation within the natural environment, due to
oscillations of natural systems that interconnect the globe and can affect
weather patterns. The long-range prediction by the Met Office suggests
that by the end of 2016 there will have been three record, or near-record,
years in a row for global temperatures. Whilst it is not expected that this
trend will continue indefinitely, underlying global warming, together
with smaller natural fluctuations, can produce extreme temperatures
outside existing records.

2. El Nino
El Nino in 2015 created the highest sea surface temperatures ever
recorded in the Central Pacific. Past events have had subtle effects on
Europe, but El Ninos have been shown to drive warmer and wetter
conditions in early winter, with colder, drier conditions in late winter.
However, other factors may either mask or accentuate this trend.

Within the sub-tropical Atlantic, sea temperatures were notably 
above average and as the south westerlies passed over this warm 
water, they picked up moisture. A steepened temperature gradient 
might have been responsible for promoting the passage of 
depressions, giving the UK mild, wet conditions.

2016 is expected to be the hottest year ever recorded, with climate 
change being the main factor but with El Nino accounting for 25% 
of the heat.

3. Quasi-Biennial Oscillation (QBO) in the stratosphere
Between 10-50km high, winds in the stratosphere switch from east to
west every 27 months. In 2015, the QBO was in a westerly flow, which
linked it with mild and wet weather in Europe.

4. Climate change
No single weather event can be attributed to climate change, but the
expected trend is for drier UK summers and wetter winters, with more
intense precipitation. How climate change will impact on flood risk is
part of the National Flood Resilience Review, carried out by Defra,
the Treasury and the Environment Agency. There are four main areas
within the review:
• Updating climate models.
• Assessing the resilience of infrastructure such as electricity

substations.
• Assessing the state of temporary defences.
• Future investment strategy.

Local scale drivers
A. Building on flood plains
Despite catastrophic flooding in 2007 when 55,000 homes were flooded,
many on floodplains, and a recommendation to avoid this practice in
future, large-scale developments on floodplains have continued. New
housing in high flood risk areas has grown at 1.2% per year since
2011, compared with low-risk areas that have risen by 0.7% due to
high demand for housing which can use brownfield sites that are often
high flood risk areas.

B. River management
Dredging is a contentious issue because some argue that the build up
of silt over time decreases the capacity of the channel to hold water,
whereas other argue that dredging increases the velocity and reduces the
preparation time for people downstream. Similarly, river straightening
hastens water to urban pinch points, and restoring length through
meanders and braiding is an increasingly preferred technique. Since
the floods, it has been suggested that land upstream of urban centres be
allowed to flood, using the floodplains to store excess water. It is not
intended to ruin rural areas in preference to urban ones but population
numbers are always part of the cost/benefit equation. Another debatable
point is whether farmers should be paid for providing flood reduction
measures.
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C. Destruction of upland habitats
Trees can act as a natural flood defence, but the UK is one of Europe’s
least wooded nations. Roots loosen the soil, improving drainage,
transpiration takes up water, and interception slows the passage of
water. In the recent storms, it is unlikely that planting of farmland
would have been very effective, as the ground was already saturated.

Many blanket bogs have been drained and peat cut, which previously 
acted as a water store. Ecosystems such as these do not attract farm 
subsidies and are increasingly at risk.

D. Control of reservoirs
Some claim that Keswick was flooded due to inappropriate management
of Thirlmere Reservoir by United Utilities, which was full before the
rains came. Thirlmere reservoir supplies Manchester and some claim
that it is always kept full to ensure the city’s water supply. United
Utilities responded that water entered the reservoir faster than it
could be released in November, which had more than double its normal
rainfall. On 5th December, one-third of the reservoir’s capacity entered
in one day.

E. Urbanisation
82% of the UK’s population live in towns and cities; this
produces heightened flood risk due to impermeable surfaces and
drains lacking the capacity to cope with intense rainfall and surface
runoff.  Even when new flood defences are built to protect homes in
one area, there are complaints that they often simply cause flooding
elsewhere. When the Berkshire town of Wraysbury flooded in 2014,
residents said that they were being used as “sacrificial lambs” to
prevent Maidenhead from being flooded.

F. Flood defences
After flooding catastrophes such as Carlisle during Storm Desmond,
people always criticise the inadequacy of existing flood defences.
Carlisle’s flood defence scheme was built in 2010 for a 1 in 100
year event, and cost £38million, but it was inadequate for a storm of
Desmond’s scale. Many current defences will not be able to cope as
extreme events become more intense and unpredictable. Professor Ian
Bateman, at UEA said: “What has been really important in the last
decade or so, and what is particularly scary for Britain, is that extreme
events are no longer extreme. Events that were one in 100 years are
now expected more like one in 10 years.”

The Association of Drainage Authorities stated that spending on 
maintenance of equipment was insufficient. The figures are 
disputed. In 2010 the coalition cut flood defence spending by 27%, 
according to the Environment Agency, although the government 
stated that it was only 8%. The National Audit Office states that 
overall funding for flood protection has decreased by 10% since 2010. 
Despite the UK having had its five wettest years on record since 
2000, the Environment Agency’s overall spending on flood 
management fell by 14%. There has also been a perceived north-
south bias, denied by the government, that there is more spending in 
the south, with Somerset receiving much more after the floods of 
2014. The government stated that the north receives more spending 
per head of population. 

There is now a 6-year programme of long-term investment of 
£2.3billion in 1,500 new or expanded flood defences, reducing flood 
risk to 300,000 properties by 2021. However, with the increasing 
threat of extreme weather due to climate change, there is still 
concern that these funds will be insufficient. 

This plan shows how the government will continue to boost 
Cumbria’s resilience to flooding by:
• Better protecting at least 4,300 Cumbrian homes from flooding,

using up to £72 million of government funding – this is £4m more
than previously announced.

• Restoring 350 hectares of peatland to hold water upstream for
longer at several sites around the Eden, Derwent and Kent/Leven
catchments.

• Working with United Utilities to explore changing the way local
reservoirs are managed to provide more storage during the winter.

• Working with 4 small communities to agree how the way the
land managed above the villages can be changed to reduce the
risk to residents, whilst also maintaining benefits for farmers
and landowners.

• Making sure that all future planning permission granted in
Cumbria takes account of lessons from Storm Desmond.

• Considering how we can reduce flood risk along the 3 catchments
most severely impacted by Storm Desmond – the Eden, Derwent
and Kent & Leven. Measures will include tree planting and
restoring river bends as well as more traditional engineering
solutions such as flood walls in towns.

The future of flood defences in the UK
Climate change and the threat of extreme weather will require large 
increases in infrastructure spending. Critics say that this is not 
happening. Prioritisation of flood defence spending is governed by 
the principle that there must be an 8:1 benefit ratio for every pound 
spent, and this favours residential homes. Therefore cities with high-
density populations attract more spending than rural areas. Even after 
a decision to allocate funding to an area, the question remains: “How 
large ought the defence to be?” Until now, past records of rainfall 
and flooding have been used but climate change requires climate 
models with their predictions to be included in the calculation. In 
2010, the Carlisle scheme had an additional 50cm added to the 
height of the barriers to allow for future extreme events, but Storm 
Desmond proved that a further 50cm was needed for protection of 
the town. And even if the scale and cost of defences were agreed, 
there is a reluctance to spoil tourist towns such as Keswick with 
permanently towering walls.

More mitigation work could see an extension of the practice of 
allowing floodplains to flood upstream of settlements, 
although there are doubts about its efficacy. Mini-reservoirs, 
acting as huge water storage sites have been suggested. A 
very radical idea is to copy tropical cities’ approaches – Kuala 
Lumpur has invested in a huge tunnel that can be used either 
for traffic or floodwater when needed. This may seem 
excessive but rainfall amounts and intensities are changing in 
the UK, and floods will continue to cause misery to growing 
numbers of people unless the government agencies think 
creatively and with sufficient scope to recognise a growing and 
real threat.

Further Reading:
http://www.metoffice.gov.uk/uk-storm-centre/storm-desmond
https://www.gov.uk/government/news/national-flood-resilience-
review-government-action-to-tackle-floods
https://www.gov.uk/government/news/long-term-action-plan-to-
reduce-flood-risk-in-cumbria

Local Newspapers such as those in Cumbria are also a very useful 
source of information.
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