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Flood and Water Management Act 2010 

Part 1, section 1 (1) defines a flood: 

Flood – “includes any case where land not normally covered by 

water becomes covered by water”. 
  



 
PRELUDE 

 

 
 
 

Leader of Leeds City Council Councillor Judith Blake, 27th December 2015 
 

http://news.leeds.gov.uk/comment-by-leader-of-leeds-city-council-on-flooding 

“This weekend Leeds has been hit by devastating flooding unprecedented in its severity. Our thoughts 

and the focus of all our efforts are rightly on working with all agencies in the city to help those worst 

affected in order to protect life and to restore our road networks and power supplies as quickly as 

possible. I would like to thank everyone involved for their efforts in this emergency, and also to praise the 

sense of community spirit from all those people keen to help - that is something which only serves to 

reinforce my sense of pride in our great city. 

The cost of the damage caused by this event will be considerable, and if ever the evidence was needed 

that cities like Leeds must have the best possible comprehensive flood defences this is it. The council 

warned the government after several near-misses in recent years that a major flood in Leeds was a 

catastrophe waiting to happen, but the response was slow and not the level of investment we know the 

city needs for it to be fully protected. While now is the time to focus on the wellbeing of our residents and 

the condition of their properties and possessions, we will again be calling on the government for further 

significant investment in additional flood defences for Leeds. A preventable disaster like this must never 

happen again.” 
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Copyright Notice 

• Maps in this report are reproduced from Ordnance Survey material with the 
permission of Ordnance Survey on behalf of the Controller of Her Majesty's 
Stationery Office. Crown Copyright. Unauthorised reproduction infringes Crown 
copyright and may lead to prosecution or civil proceedings. License No: LA 
100019567 (2012). 
 

• © The Canal & River Trust copyright and database rights reserved 2012 
 

• Drainage records shown in this report (including locations, sizes and depths) are 
given in good faith. Minor sewers and other non-relevant data may have been 
omitted from plans for clarity and must not be relied upon for any purpose 
without reference to the statutory public sewer record. Copies of the current 
statutory sewer map must be obtained from Yorkshire Water. 
 

• The updated Flood Map for Surface Water (UFMFSW) is not property specific.  It 
is not suitable for identifying which individual properties are at risk from surface 
water flooding.  

 
Disclaimer 

The opinions, conclusions and any recommendations in this Report are based on assumptions 
made by Leeds City Council when preparing this report, including, but not limited to those key 
assumptions noted in the Report, including reliance on information provided by others. 

Leeds City Council expressly disclaims responsibility for any error in, or omission from, this 
report arising from or in connection with any of the assumptions being incorrect. 

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the time of preparation and Leeds City Council 
expressly disclaims responsibility for any error in, or omission from, this report arising from or in 
connection with those opinions, conclusions and any recommendations. 

Leeds City Council does not accept any liability for the use of this report or its contents by any 
third party. 
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Foreword by Cllr Richard Lewis  
Executive Member Regeneration, Transport and Planning 
 
At the end of 2015 Yorkshire experienced months of rainfall leading to one of the 
wettest winters on record. Further rainfall on Christmas and Boxing Day resulted in the 
highest river levels ever seen in many places along the River Aire, Calder and Wharfe 
catchments. This had a devastating effect on local communities, businesses and 
individual homes as well as critical and local infrastructure. Although a number of 
communities across Yorkshire were badly affected the city forms a key part of the 
Leeds City Region and as such there has been a significant impact felt because of this. 
Many of the details that have emerged since Storm Eva hit the region make it very 
clear that had flooding hit Leeds on a busy commuter weekday a widespread civilian 
incident with risks of fatalities would have been experienced. 
 
At the time of publishing this report some homeowners and tenants across the city are 
still yet to arrive back into their homes as repair works continue. Resilience grants 
administrated by the council have helped many businesses and residents to date. The 
flooding had a major impact on businesses and jobs, with some being lost from the 
area altogether from businesses moving their operations not just out of the area but out 
of the UK. Many businesses will feel the impacts of Storm Eva for many years to come. 
 
Both in the immediate aftermath and still continuing today many communities have 
pulled together to help each other to recover. The efforts and dedication shown by 
members of the public and other partners has been inspiring. This has led to the 
creation of flood groups, stewardship initiatives and a number of projects that will 
provide tools and support for communities that remain at risk. 
 
Leeds are leading not only the current Leeds Flood Alleviation Scheme through the city 
centre but also the second phase that will take on an innovative ‘catchment-wide’ 
approach to reducing flood risk in Leeds and along the Aire catchment. Working closely 
with a range of partner organisations we are looking to develop and design a scheme 
that will use a range of solutions to reduce flood risk to the city utilising the additional 
funding that was made available by the government in March 2016. In a similar 
approach we are working together with other authorities and organisations along the 
Wharfe catchment whilst progressing with ‘quick-win’ solutions in a number of locations 
including culvert inspection and clearances. 
 
This report highlights the severity of the impacts felt across the district and the 
recommendations on the next steps, to provide protection, reassurance and improve 
resilience among communities across Leeds. 
 
 
 
 
 
 
Cllr Richard Lewis  
Executive Member Regeneration, Transport and Planning  
 



1 Executive Summary 
 
The flooding experienced throughout the Leeds district on the 25 to 29 of December 2015 was 
unprecedented and on a scale not previously witnessed by many. The consequences for 
residents, businesses and communities alike were very significant.  
 
The event led to widespread disruption and flooding of major transport links and critical 
infrastructure including: 
 

• a major route into the city - the A65 Kirkstall Road; 
• Linton Bridge linking Collingham to Linton and Wetherby (see annex 9); 
• Network Rail, Leeds North West (Airedale, Wharfedale and Leeds to Bradford Forster 

Square lines) at Kirkstall (see annex 6); 
• Northern Power Grid electricity sub-stations at Kirkstall with the electricity supply to 

27,000 properties being temporarily disrupted from 20:11 hours on the evening of 26 
December 2015 (see annex 7); 

• Information Technology, communications and data centres. 
 
The flow in the River Aire in Armley on the 27 December was the highest ever recorded, 
resulting in flood levels in some locations that were approximately 1.2m higher than those 
experienced during the previous record set in autumn 2000. (NB This does not take into 
account the water that came out of channel approximately 0.8 miles upstream of Armley flow 
gauge and flowed down Kirkstall Road towards the city centre).  
 
These record river levels were the main, but not only, cause of the widespread flooding and 
were produced by the combination of already saturated grounds and high river levels 
immediately prior to the rainfall over Christmas Day and Boxing Day resulting in an event that 
has been estimated to be in excess of a 0.5% (1 in 200) Annual Exceedance Probability (AEP) 
event. It is important to highlight that Leeds City Centre - the economic and commercial heart 
of not only the District, but the wider region – is estimated to have an alarming 0.2% (1 in 20) 
Annual Exceedance Probability (AEP) risk of flooding from the River Aire (Strategic Flood Risk 
Assessment). 
 
In response to the flood event, this flood investigation report has been undertaken by Leeds 
City Council in its capacity as the Lead Local Flood Authority. This report provides details on 
the flooding that occurred in the Leeds district on the 25 to 29 December, and has used a 
range of data collected from affected residents, site visits, surveys of the area, data collected 
by other stakeholders and river and rainfall telemetry during the flood event. 
 
Leeds City Council, working together with local communities, volunteers, and partners, has 
been responding to a range of recovery actions in affected areas, using a citywide Strategic 
Recovery Plan. Most actions from the Strategic Recovery Plan are now completed and there 
have also been further developments regarding long term infrastructure projects, with further 
funding promised for the River Aire Flood Alleviation Scheme beyond Phase 1. 
 
The West Yorkshire Metropolitan District of Leeds extends from Otley in the north west, to 
Wetherby in the north east, to Allerton Bywater in the south east and to Morley in the south 
west. The River Aire, River Wharfe and their tributaries are a dominant feature of the District. A 
very large proportion of the local communities are situated adjacent to, or near, these rivers 
and/or their tributaries. The south-eastern boundary of the District is adjacent to the River 
Calder and Leeds also experiences flooding from this River. 
 



The city of Leeds itself is located on the banks of the River Aire and is the second largest 
Metropolitan District, the third largest city in England and is an economic, employment and 
transport hub for the wider Leeds City Region. It is the UK’s fastest growing city, with the 
economy forecast to increase by 25 per cent over the next 10 years. It is the main driver of the 
Leeds city region, which has an annual economic output of £62.5 billion, a combined 
population of 3 million and a workforce of 1.5 million. It has the most diverse economy of the all 
the UK’s main employment centres and has seen the fastest rate of private sector jobs growth 
of any UK city. The city is the third largest employer by local authority area with 430,000 jobs  
at the beginning of 2015. 
 
Leeds city centre and its neighbouring towns are particularly vulnerable to such frequent 
flooding because the River Aire has a steep profile, high annual average rainfall and a rapid 
response to rainfall. The flood plain is fairly narrow and there are over 25 tributaries between 
Leeds city and the source of the River Aire in the Yorkshire Dales. Otley, Collingham, 
Wetherby and Thorp Arch face a similar risk from the River Wharfe. 
 
By the evening of 26 December there were nine Severe Flood Warnings issued. The last 
occasion that Severe Flood Warnings were issued in Leeds was in 2007.The Flood 
Forecasting Centre, a working partnership between the Environment Agency and the Met 
Office, warning stated: 
 
 
 
 
 
 
 
 
The overall numbers of properties known to have been affected by flooding (from the Rivers 
Aire and Wharfe predominantly) continued to be updated over the first few months of 2016 as 
intelligence became clearer. Given the specific circumstances of the Storm Eva flooding in 
Leeds compared to other parts of the country, particularly regarding the impact on high rise 
apartment complexes and buildings with multiple business occupants, the Department for 
Communities and Local Government has agreed to review its flooded properties definitions and 
guidelines to reflect a more urban environment such as Leeds. 
 
A significant point to note when considering the numbers of properties impacted during Storm 
Eva is that it was important to collate and report numbers based on the criteria set out in two 
separate pieces of guidance. One set out by DCLG with reference to helping people and 
businesses recover and the other set out by DEFRA under Section 19 of the Flood and Water 
Management Act designed to capture the nature and extent of a flood event. This report has 
been complied based on the DEFRA guidance. 
 
This has resulted in the total number of properties reported to central Government under the 
terms of the DCLG EVA scheme as flooded and flood affected (including severely) in Leeds to 
be 3368, with these figures being finalised as of June 2016. However, within this report 
(DEFRA guidance) when finalised in late September 2016 the figure for all flooding  incidents 
(internal and external) reported across the metropolitan district of Leeds stands at 4712. 
 
However, at the time of writing the global figure for all flooding incidents (internal and external) 
across the metropolitan district of Leeds stands at 4712 (reference 21/09/16). This global figure 
includes indirect impacts to high-rise, multiple occupancy buildings where residents may have 
suffered significant loss and inconvenience, e.g. cars stranded in basement car parks and 
access / utility difficulties, e.g. lifts incapacitated, power outages, meaning a flat owner may 

“There is a high likelihood of severe impacts from river flooding in parts of 
Lancashire, West Yorkshire and North Yorkshire today (HIGH flood risk). 
Severe impacts are expected to include flooding of entire communities 

necessitating rescue efforts and evacuations, a danger to life from deep 
and fast flowing water, disruption or loss of key sites identified in flood 

plans, and severe disruption to travel.” 
 



have been severely impacted by the floods without the actual flat itself being inundated. Of this 
4712 figure, 2826 were affected by internal flooding in one form or another and some affected 
buildings are still empty, or still in the process of remediation even today. 
 
The rapid inundation of Kirkstall Road, Wellington Street and associated side streets with deep 
fast flowing flood water from the River Aire for a distance of over 2.5km right into the heart of 
the City, could quite easily have resulted in “a danger to” or loss of life, especially if this flood 
event had not have occurred during the festive holiday period and so, despite the significant 
costs, disruption and reputational loss suffered by Leeds and its residents / business owners, 
this is something at least to be thankful for. 
 
This report focuses on the wide spread and significant flooding that occurred from the Rivers 
Aire and Wharfe. It identifies the flow routes and the causes of the flooding where sometimes 
informal flood defences and even formalised flood defences on occasion were overtopped or 
bypassed. 
 
In response to the flooding, a number of community meetings have already taken place and 
these will continue in order to ensure that all those affected are given the opportunity to be 
involved in reducing the flood risk in their area of the district. 
 
In preparing this report, members of the Council Review Team have examined evidence from 
thousands of incidents reported by the public and a wide variety of organisations. We have also 
visited many parts of the district affected by the emergencies, spoken to people involved and 
inspected damage to homes and businesses. The scale of flood damage to property is 
shocking, but above all we have been moved by the first-hand accounts of people. 
 
It is difficult to fully capture in words the sense of loss, distress, emotional upset and outrage 
associated with a home or business being flooded, and the prospect of it happening all over 
again at some unknown future date. We have seen businesses that had been ruined and met 
many homeowners who have faced the prospect of spending many months in temporary 
accommodation, many of whom would benefit greatly from some sort of emotional counselling 
throughout the lengthy recovery process, a subject often overlooked since recommended by 
the Pitt review published in June 2008. 
 
We also want to pay tribute to the very many people who worked tirelessly volunteering their 
labour during the clean-up operations, doing what they could to help people directly affected.  
 
There may be questions about multi-agency states of readiness, but once the level of risk 
became known, all of the relevant organisations acted with considerable force, compassion 
and effectiveness. 
 
Any additional information that residents and others can provide to Leeds City Council to help 
develop our understanding of the flooding is welcomed. A tremendous amount of information 
and intelligence has already been provided, much of which has been used in the preparation of 
this report. The scale of this report however means that not every piece of information and not 
every flood location can be incorporated into this report. Any additional information should be 
provided to the Flood Risk Management team (address on front cover). 
 
Finally, the Council would like to thank everyone who has given so generously of their time 
and, in particular, those members of the public who showed such fortitude at a difficult time in 
their lives. 



2  Legislative Context 
 
2.1  Introduction 
 
This report has been prepared, by Leeds City Council in its role as the Lead Local Flood 
Authority in response to the severe flooding that occurred in Leeds city centre and the wider 
Leeds district on 25 to 29 December 2015. 
 
The European Union Flood Directive (2007/60/EC) is consolidated into British law in the Flood 
Risk Regulations (FRR) 2009, which came into force on 10th December 2009. Under these 
regulations Leeds City Council (as a unitary authority) is designated a 'Lead Local Flood 
Authority' (LLFA) for the area. 
 
2.2  The Pitt Review (2008) and Flood & Water Management Act  
 
After the nationwide floods of 2007, which claimed 13 lives, resulted in the biggest civil 
emergency in British history and devastated parts of the country with approximately 48,000 
houses and 7,000 businesses flooded, Sir Michael Pitt was commissioned by the Government 
to carry out a full review into the response and recovery from this nationwide event. The final 
report was published in June 2008 and as a result of this review, the Flood and Water 
Management Act (2010) gained royal ascent and came into effect on the 12 April 2010.  
 
This Act redefines, and clarifies the roles of the numerous bodies known as Risk Management 
Authorities (RMA) that have a part to play in the identification and managing of flood risk in any 
given area. It also designates the unitary or upper tier authority for an area as the Lead Local 
Flood Authority (LLFA).  
 
Leeds City Council as the area LLFA has the statutory duty to investigate a flood event when it 
is considered necessary or appropriate under Section 19 of the Flood and Water Management 
Act (FWMA).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flood and Water Management Act 2010: Section 19 – Local 
Authorities: 
 
Investigations 
 

1) On becoming aware of a flood in its area, a lead local flood authority 
must, to the extent that it considers it necessary or appropriate, 
investigate – 
 
a) which risk management authorities have relevant flood risk 
management functions, and 
 
b) whether each of those risk management authorities has 
exercised, or is proposing to exercise, those functions in response to 
the flood. 

 
2) Where an authority carries out an investigation under subsection (1) 

it must – 
 
a) publish the results of its investigation, and 

 
b)  notify any relevant risk management authorities. 

 
Flood and Water Management Act (2010), S.19, c.29, London: HMSO 



The aim of the Section 19 investigation is to give an explanation and a point of reference for all 
stakeholders of what happened in the flood event and what were the various authorities’ 
responsibilities during the event. Any recommendations are there to help the authorities learn 
lessons from the event and, where relevant, to address the infrastructure needs associated 
with the incident. This report will also provide a valuable archive of information on flood risk 
across the area and any actions that resulted. 
 
A ‘Risk Management Authority’ (RMA) means under the Act: (see also Annex 1) 
 

(a) the Environment Agency 
 

(b) a Lead Local Flood Authority 
 

(c) a District Council for an area for which there is no unitary authority 
 

(d) an Internal Drainage Board 
 

(e) a Water Company 
 

(f)  a Highway Authority 
 
LLFAs are according to the Act responsible for “local flood risk”, that is flood risk from surface 
water runoff, groundwater and ordinary watercourses.  
 

• “Surface run-off” means precipitation on the surface of the ground which is 
 
a) on the surface of the ground (whether or not it is moving), and 

 
b) has not entered a watercourse, drainage system or public sewer. 
 

• “Groundwater means” means water which is below the surface of the ground and in 
contact with the ground or subsoil. This does not include water in buried pipes or other 
containers.  

 
• “Ordinary Watercourse” means a watercourse that does not form part of a main river. 

 
Flooding which originates from Main Rivers such as the River Aire, is not categorised as ‘local 
flooding’ and flood risk management responsibility for these Main Rivers sits with the 
Environment Agency (EA).  
 
The EA is responsible for managing flood risk from the sea, Main Rivers and reservoirs and 
also has a strategic overview role for all flood risk management. 
 
Table 1 below indicates which RMAs will take the lead in managing the risk from various 
sources of flooding.  
 
Main rivers are usually larger rivers and streams. In England, the Environment Agency decides 
which watercourses are Main Rivers and the Environment Agency carries out maintenance, 
improvement or construction work on main rivers to manage flood risk. 
 
Lead local flood authorities, district councils and internal drainage boards carry out flood risk 
management work on ordinary watercourses. 
 



Flood 
Source 

Environment 
Agency 

Lead Local 
Flood 

Authority 

District 
Council 

Internal 
Drainage 

Board 

Water 
Company 

Highway 
Authority 

 
Main River 

 
█ 

 n/a n/a   

Ordinary 
Watercourse 

 █ n/a n/a   

Surface 
Water 

 █ n/a n/a   

Surface 
Water on the 
Highway 

  n/a n/a  
█ 

Sewer 
Flooding 

  n/a n/a █  

The Sea █  n/a n/a   
Groundwater  █ n/a n/a   
Reservoirs █  n/a n/a   
 

Table 1 - Flood Risk Functions 
 
However, all flooding in Leeds is of concern to the residents and businesses and to Leeds City 
Council. Therefore, this report promotes a collaborative approach to flood risk management in 
Leeds, between all RMAs, and incorporates specific measures to alleviate Main River flooding 
such as the River Aire Flood Alleviation Scheme. 
 
Therefore whilst it is widely recognised that this flooding event was a Main River incident, the 
City Council has deemed it necessary and appropriate to carry out this flood investigation, but 
with a less detailed and more strategic focus due to the scale and widespread nature of the 
flooding that occurred in Leeds city centre and across the wider Leeds district during December 
2015. 
 
For further information on how flood risk from Main Rivers is managed by the EA refer to the 
Leeds Strategic Flood Risk Assessment (SFRA), the Aire and Ouse Catchment Flood 
Management Plans (CFMP), the Humber River Basin Management Plan (RBMP) and the EA’s 
National FCERM Strategy. 
 
To ensure the full extent of the flooding is appreciated and recorded it has been decided that 
this report will include all locations, brought to our attention, which experienced any internal 
property flooding and also other areas of particular concern. 
 
The overall cause of flooding is most likely to be as a result of unprecedented levels of rainfall 
falling on already saturated ground conditions. 
 
Further, more detailed investigations will need to be undertaken by all the relevant risk 
management authorities to ascertain the exact nature of flooding at each separate location, 
which will involve the examination of both flood prevention and flood mitigation measures. 
 
It should be highlighted at this time, that any possible schemes identified in those investigations 
would need to demonstrate a positive benefit-cost ratio to provide justification for their 
implementation, and that available resources would need to be allocated on a priority basis. 
 
In view of the likely timescale for the development and funding of such schemes, coupled with 
the need to prioritise any solutions, individual/group property level flood protection schemes are 
therefore important flood risk management options that should be considered in the short-term 



but our main conclusion is that risk management authorities, and other groups, must continue 
to work together, sharing information and reports.  
 
The opinions, conclusions and any recommendations in this Report are based on assumptions 
made by Leeds City Council when preparing this report, including, but not limited to those key 
assumptions noted in the Report, including reliance on information provided by others. 
 
This report provides a summary of the extent and consequences of the flooding and any 
actions undertaken or proposed by each of the identified Risk Management Authorities with a 
responsibility for flooding at the identified site.  
 
Whilst this report has sought to investigate the causes of flooding and may make 
recommendations as to how the risk and / or impact of flooding may be reduced, this does not 
provide Leeds City Council with the mandate or funding to implement any measures to reduce 
the risk of flooding. 
 
All the affected communities have a wide variety of drainage types / systems, the state of which 
is variable. Drainage is the infrastructure that is associated with the conveyance of surface 
water run off and the key elements of drainage are: 
 

• Adopted Sewers – these are the responsibility of Yorkshire Water and are typically 
designed to cope with a 1:30 or 3.3% Annual Exceedance Probability (AEP) storm 
event, in any one year.  Therefore, they are unlikely to be able to cope in such extreme 
events as occurred in December. There are effectively three main categories of sewer 
flooding: 
 
a) Lack of capacity 
b) Pipe Blockage 
c) Failure of a control system, e.g. pumping station, Combined Sewer Overflow (CSO), 

flap valve or a non-return valve. 
 

• Highway Drainage – typically these are gullies connected to YW’s sewers.  The 
general view of the public is that there are insufficient gullies and they are not 
maintained properly and unsurprisingly they are often cited as the cause of flooding in 
the public eye.  The reality is that, although there are some issues with the gullies, in 
such extreme events they are never going to cope.  Furthermore, whilst ever they drain 
to YW’s sewers they will be constrained by the capacity of those sewers. In fact in many 
locations the gullies provided an outlet for surcharging sewers which may also 
themselves be constrained by high water levels in downstream receiving systems or 
rivers as was the case with Storm Eva. There are effectively four main categories of 
Highway drainage flooding: 
 
d) Lack of capacity 
e) Pipe Blockage/gully pot blockage 
f) Grating/screen blockage 
g) Failure of a control system, e.g. flap valve 

 
 
 
 
 
 



• Private drains and sewers – these are the responsibility of the individuals whose 
properties they serve and, typically, they are not capable of coping with such an 
extreme event.  To compound matters, they are often surcharged with water from the 
main drainage systems. There are effectively three main categories of drain/sewer 
flooding: 
 
h) Lack of capacity 
i) Pipe Blockage 
j) Failure of a control system, e.g. a non-return valve or flap valve. 

 
• Main Rivers – these are watercourses that have been classified as main rivers by the 

Environment Agency.  As with all watercourses, the responsibility for maintenance of 
main rivers lies with the Riparian Owners (landowners on either bank), but under the 
overall control of the Environment Agency. There are effectively three main categories 
of main river flooding: 
 
a) Lack of capacity, e.g. the channel being too small to convey the flood flow or a 

bridge acting as a throttle point. 
b) Screen blinding – a screen usually at the entrance to a culverted section may 

become blinded with debris as may a bridge too. 
c) Failure of a control system, e.g. canal breach or structural collapse. 
 

 
• Ordinary Watercourses – these are watercourses other than those classified as Main 

Rivers.  Again, they come under Riparian responsibility but the Council has permissive 
powers over them. There are effectively three main categories of flooding from ordinary 
watercourses: 
 
d) Lack of capacity, e.g. the channel being too small to convey the flood flow or a 

bridge acting as a throttle point. 
e) Screen blinding – a screen usually at the entrance to a culverted section may 

become blinded with debris as may a bridge too. 
f) Failure of a control system, e.g. canal breach or structural collapse. 

 
• Overland Flow – in order for water to drain into one of the above systems it has to flow 

over the surface on which it falls until it is picked up in a formal system – this could be a 
roof, road, other hard surface or green area.  The extreme nature of the rainfall meant 
that in many cases this run-off was unable to enter the formal system and therefore the 
flow continued, building up to the point that massive flows occurred and flooded out 
numerous properties. 

 
• Groundwater – infiltration from elevated groundwater levels into drainage systems may 

lead to capacity issues and consequent flooding from such surcharged systems. 
Infiltration may also become manifest at the surface leading to overland flows or internal 
flooding. 
 

• Topography – Topography is not a feature of a drainage system, nevertheless 
topography is both instrumental in the flow path of flooding as well as affecting the 
behaviour of the drainage systems. Topography therefore is a key feature in 
understanding the nature of flooding. 

 
 



It should be noted that where there is risk of flooding from multiple sources (RoFMS), the 
actual cause of the flooding may not be distinguishable and or difficult/impossible to ascribe to 
a specific source of flooding and that these multiple sources of flooding may also interact and 
compound, for instance a pumping station may become inundated and overwhelmed by fluvial 
flood water, cause the pumping station to ‘trip out’ and consequently failing. 
 
2.3 Study Area 
 
The study area for this flood investigation covers the whole of the Metropolitan District of Leeds 
which is from a watercourse perspective, dominated by three Main Rivers which all generally 
travel in an easterly direction and all eventually discharge into the River Ouse and Humber.  
 
The northern boundary of the District is delineated by the River Wharfe and the River Aire runs 
through the city centre of Leeds. With the exception of the key centres of Otley and Wetherby, 
the River Wharfe corridor is relatively undeveloped, however there are a number of smaller 
settlements such as Thorpe Arch and Collingham located along its banks.  
 
Several tributaries of these two larger rivers also flow through the District. Many of the key 
population centres within the District are situated along these watercourses, and not 
surprisingly a considerable proportion of the District is therefore affected by flooding. 
 
The Administrative Area of Leeds covers an area of approximately 560 square kilometres.  This 
includes approximately 360 square kilometres of countryside designated as Green Belt.  The 
district encompasses the major city of Leeds and extends from Otley in the north west, to 
Wetherby in the north east, to Allerton Bywater in the south east and to Morley in the south 
west. 
 
The general topography of the district is undulating and varies in level from 10m Above 
Ordnance Datum (AOD) at Fairburn on the River Aire and Thorp Arch on the River Wharfe to 
more than 340m AOD at Hawksworth Moor.  The rocks underlying the district date from the 
Upper Carboniferous period: with sandstones and grits of the older Millstone Grit Series in the 
north of the district and alternating shales, mudstones, coal seams and sandstones of the 
Lower Coal Measures in the south of the district.  The overlying soils in the district mainly 
comprise clays and loams and are relatively impermeable.  However, sands and gravels are 
predominant adjacent to the River Aire. 
 
For this flood investigation report, Leeds MDC has been divided into 13 sub-areas representing 
the worst affected communities. 
 

1) Aire, Leeds City Centre 
2) Aire, Newlay 
3) Aire, Kirkstall 
4) Aire, Burley 
5) Aire, Thwaite Gate & Hunslet 
6) Aire, Stourton 
7) Aire, Woodlesford 
8) Aire, Mickletown 
9) Aire, Allerton Bywater 
10)  Wharfe, Otley 
11)  Wharfe, Collingham 
12)  Wharfe, Wetherby 
13)  Wharfe, Thorp Arch & Boston Spa 

 
 



 
 

Figure 1 - Main Rivers and focus areas of Section 19 Report 
 
The Main Rivers are; 
 
• The River Aire which traverses the district from the north-west to south-east and drains 

approximately two thirds of the district. The River Aire is a major characteristic of Leeds 
City Centre, flowing through the very heart of the City;  

 
• The River Wharfe which drains an area to the north and east of the district. This drains to 

the River Ouse – with small areas draining to the River Nidd and direct to the River Ouse. 
With the exception of the key centres of Otley and Wetherby, the River Wharfe corridor is 
relatively undeveloped, however there are several smaller settlements such as Collingham 
and Thorpe Arch;  

 
• The River Calder which forms part of the southern boundary of the district and flows from 

the west to east to join the River Aire at Castleford. 
 
As the flooding of 25 to 29 Dec 2015 was almost exclusively caused by a Main River fluvial 
event with few exceptions, it is therefore not surprising that few areas in proximity to the Main 
Rivers escaped unscathed from the flood as a large proportion of the local communities are 
situated adjacent to, or near, these rivers. 
 



 
 

Figure 2 - Flooding Incidents Storm Eva 25-29 Dec 2016 
 
Figure 2 above shows the locations of all flooding incidents, both internal and external.  Figures 
3 and 4 below summarise these flood incidents for each postal sector and indicate 
diagrammatically the number of properties flooded. 
 

 
 

Figure 3 - Number of properties flooded & affected by flooding by Postcode Area 



 

 
 

Figure 4 - Flooding incidents by frequency and location (per 500 x 500m square) 
 
2.4 Main River Flooding History  
 
Leeds District has a long history of flooding from the Main Rivers of the River Aire, River 
Wharfe, River Calder and their tributaries and therefore there is the potential for flooding to 
have a devastating effect upon residential and business properties and city wide infrastructure. 
 
The district is susceptible to flooding from a variety of sources and every year Leeds 
experiences flooding incidents that affect residential and business properties and city wide 
infrastructure. These result from severe weather and from issues with the design and 
maintenance of the built environment.  The risks to the city of a significant flooding event, other 
than the physical damage are disruption, both financial and reputational. 
 
The city centre remains at significant risk from fluvial flooding from the River Aire and the 
Council are working in collaboration with the EA to design and promote a major flood alleviation 
scheme for the River Aire throughout the wider city.  
 
The most notable Main River flooding incidents in the Leeds District have been (see also 
Annex 5, Flooding History, archive information): - 
 

• River Aire: major floods in 1768, 1775, 1790, 1795, 1866 and 1946 and minor 
instances in 2000 (in November 2000 the river came within inches of overtopping its 
banks), 2002, 2004, 2005, 2007 and 2008. There have not been any major flooding 
incidents from the River Aire within Leeds since 1946. See figure 5 for photos of 
flooding in December 2015. 

 



   
 

Figure 5 - River Aire flooding Dec 2015 
 

 
• River Wharfe: has flooded at Otley on a number of occasions and therefore throughout 

Wharfedale notably in 1673, 1775, 1866, 1883, 1920, 1935, 1936, 1938, 1961, 1965, 
1968, 1975, 1982, 1991, 1995, 2000, 2002 and extensive flooding occurred on 3 
occasions in Nov/Dec 2015. Photographs below © Otley Museum & Archive Trust 
unless indicated otherwise, all of Billams Hill / Farnley Lane area. See figure 6. 

 

 
 
                   Otley1883                                                 Otley 1920                                                    Otley 1935 
 

     
 
                        Otley 1961                                                  Otley 1982                                                  Otley 2015 
 

Figure 6 - historic photographs of River Wharfe flooding at the Billams Hill area of Otley 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Yorkshire Evening Post 



• River Calder: Methley 1960 (homes up to 4 metres underwater). See figure 7. 
 
 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 7 - historic photographs of River Calder flooding at Methley, 1960, © leodis 

 
 
 
 
 
 
 



Glossary (abbreviations, terminology, definitions) 

 

Annual Probability  / Return period 
(Annual Exceedance Probability or AEP) 

Flood events are defined according to their 
likelihood of occurrence. The term ‘Annual 
Exceedance Probability’ is used, meaning the 
chance of a particular flood occurring in any one 
year and this can be expressed as a percentage. 
For example, a flood with an annual probability 
of 1 in 100 can also be referred to as a flood with 
a 1% annual probability or Annual Exceedance 
Probability. This means that every year there is a 
1% chance that this magnitude flood could 
occur.  

Catchment  An area that serves a river with rainwater. Every 
part of land where the rainfall drains to a single 
watercourse is in the same catchment. 

Culvert A closed conduit (typically a pipe) used for the 
conveyance of a watercourse under a roadway, 
railroad, canal, land or other impediment. 

EA Environment Agency 
External property flooding (Section 19) The flooding of a property where water does not 

enter the living accommodation e.g. gardens 
Fluvial flooding Occurs when water levels in a channel 

overwhelm the capacity of the channel. 
Internal property flooding (Section 19) Where water enters the living spaces of a 

property e.g. kitchen / dining area, including 
attached garages, basements/cellars if used 
as living accommodation, and including 
indirect impacts to high rise multi occupancy 
buildings which experienced inundation to the 
property access point, basement car parks 
and critical building infrastructure. 

LLFA  Lead Local Flood Authority  
Main river  A watercourse shown as such on the main river 

map, and for which the Environment Agency and 
has responsibilities and powers  

Ordinary watercourses  All watercourses that are not designated Main 
River, and which are the responsibility of Local 
Authorities or, where they exist, Internal 
Drainage Boards.  

Properties flooded (DCLG) Properties flooded are those where it’s 
considered that the property has been flooded 
internally, i.e. where water has entered the 
property. 
 

• Basements and below ground floor level 
floors are included 

• Garages are included if in the fabric of 
the building. Garages adjacent or 
separate from the main building are not 
included 

• lncludes  occupied caravans and park 
homes, but not tents  
 

This definition is based on homes but includes 
businesses where water has entered the fabric 
of the buildings. 

Properties affected (DCLG) Are those where water has entered gardens or 
surrounding areas which restricts access to the 
property or where flooding has disrupted 



essential services to the property such as 
sewerage. For businesses, this includes those 
where the flood waters are directly preventing 
them trading as usual. BIS has used this 
definition for the business support scheme. 

Properties severely affected (DCLG) No flood water in the individual flat but where 
disruption was significant enough to qualify for 
flood relief aid. 

Reservoir  A natural or artificial lake where water is 
collected and stored until needed. 

Risk management authorities (RMAs)  Organisations that have a key role in flood and 
coastal erosion risk management as defined by 
the Act. These are the Environment Agency, 
Natural Resources Wales, lead local flood 
authorities, district councils where there is no 
unitary authority, internal drainage boards, water 
companies, and highways authorities.  

Riparian owner  Owner of land adjoining, above (culverted) or 
with a river/watercourse running through it. 

Surface water flooding  Flooding from rainwater (including snow and 
other precipitation) which has not entered a 
watercourse, drainage system or public sewer.  

Wrack lines Irrefutable evidence of flood levels formed  by 
residual flood debris and silt deposits. 

 



3  Rainfall / Hydrological / Meteorological Analysis 
 
3.1 According to the Environment Agency Hydrology Team, December 2015 was an 

extraordinary month in both meteorological and hydrological terms with many locations 
throughout the north and northwest regions including the Leeds rivers of the Aire, 
Wharfe and Calder recording their highest ever flood levels. 

 
The flow in the River Aire in Armley on the 27 of December was the highest ever 
recorded, resulting in flood levels in some locations that were approximately 1.2m 
higher than those experienced during the previous record set in autumn 2000.  
 
These record river levels were produced by the combination of already saturated 
grounds and high river levels immediately prior to the rainfall over Christmas Day and 
Boxing Day and resulted in an storm event that has been estimated to be in excess of a 
0.5% (1 in 200) Annual Exceedance Probability (AEP) flooding event based on river 
flow. 
 
This return period is calculated using the methods given in the Flood Estimation 
Handbook (Institute of Hydrology, 1999) and is based on river flow not river level, 
available at those sites where telemetry is able to measure river flow like Armley on the 
River Aire, for instance. 
 
The return period of run off is not clear and beyond the scope of this report given the 
scale of the event and the extent of the Aire, Calder and Wharfe catchments. Suffice to 
say that given the physical evidence, it too would compare to a very extreme and rare 
event. 
 
It is common to express return period in years but it is important to note this is an 
estimate of the probability of an event of this magnitude or greater occurring in any 
year, e.g. a 200 year return period event (0.5% Annual Exceedance Probability) has a 1 
in 200 chance of happening in any year. See table 2. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2 - Conversion between return period flood event and Annual Exceedance Probability (AEP) 
 
Overall, the UK Winter of 2015/16 (529mm) was the second wettest on record behind 
2013/14 (545mm). These are the only two years with rainfall totals exceeding 500mm, 
the next wettest is 1995 (485mm). 

 
December 2015 alone was an exceptional and record-breaking month, the wettest 
month since modern records began dating back to 1910. Only since 1910 has there 

Annual recurrence 
interval (ARI) 

AEP (as %) AEP (as 
probability) 

    2 year      50%        0.5 
    5 year 20%        0.2 
  10 year 10%        0.1 
  25 year   4%        0.04 
  50 year   2%        0.02 
 100 year   1%        0.01 
 200 year     0.5%        0.005 
 300 year     0.3%        0.003 

         1000 year     0.1%        0.001 



been a sufficiently dense network of stations to allow an analysis of the whole of the 
UK. 

 
This unprecedented monthly rainfall fell on already saturated ground as a result of 
extensive November rainfall (the 3rd wettest month since records began). Malham Cove 
for instance, the source of the River Aire “became a waterfall for first time in centuries 
following Storm Desmond” (The Telegraph).  
 
This photograph of Malham Cove (figure 8) graphically and dramatically demonstrates 
this ultimately catastrophic combination of saturated ground aggravated by extreme 
rainfall which for many communities downstream from the source was a precursor to 
the Boxing Day floods, which of course includes Leeds. 
 

 
 

Figure 8 - Malham Cove became a waterfall for the first time in centuries ©Northern Photography Ltd 
 

During this period, the UK was also in a warm and moist tropical air mass for most of 
the month, again the warmest winter for England and Wales since the record series 
began in 1910. 

 



Frequent deep depressions and frontal systems including named storms Desmond, Eva 
and Frank preceded by the November named storms of Abigail, Barney and Clodagh, 
led to severe flooding affecting Cumbria for much of December, and becoming more 
widespread across North Wales, northern England and Scotland after Christmas. 

 
Against this backdrop, the flood event of the 25 to 29 December 2015 was amongst the 
most significant in Yorkshire since current records began and as a consequence the 
impact of the event was severe. In summary, record river levels were produced by the 
combination of already saturated grounds, mid catchment loss of storage and high river 
levels from earlier named storms immediately prior to the heavy but not extraordinary 
rainfall in itself over the Christmas Day and Boxing Day period. 
 
This highly unusual cocktail of events made rivers very responsive which resulted in 
widespread and repeated flooding throughout much of December and leading up to the 
Boxing Day floods. 

 
3.2 For a comprehensive strategic overview of the rainfall event, see Annex 2. 



4 Flood Investigation 
 
The flooding locations covered by this report focus primarily on properties which suffered some 
degree of property flooding and are located within or close to Main River flood zones, i.e. the 
most severely affected. These incidents are summarised below in table 3 and then in greater 
detail by location and catchment in tables 4 and 5. 
 
The overall numbers of properties known to have been affected by flooding (from the Rivers 
Aire and Wharfe predominantly) continued to be updated over the first few months of 2016 as 
intelligence became clearer. Given the specific circumstances of the Storm Eva flooding in 
Leeds compared to other parts of the country, particularly regarding the impact on high rise 
apartment complexes and buildings with multiple business occupants, the Department for 
Communities and Local Government has agreed to review its flooded properties definitions and 
guidelines to reflect a more urban environment such as Leeds.  
 
As part of reporting to DCLG and preparing this report the guidance and definitions set for both 
these are designed to understand very different things and for different ultimate uses, these are 
described in the text below and the tables beneath (further detailed descriptions of the 
definitions used are included in the Glossary section of this report): 
 

• DCLG/ Storm Eva Leeds City Council Executive Board Report (Oct 2016) – these were 
designed around understanding how people and businesses were affected in order 
to support them and aid recovery – displayed in Table 3a 
 

• Section 19 – this is designed to provide a record of locations, timings and lead 
agency responsibilities in order to inform future flood risk planning and 
investment (flood maps, planning documents, the investment programme towards new 
flood alleviation schemes, etc..) - displayed in Table 3b. 

 
This has resulted in the total number of properties reported to central Government under the 
terms of the DCLG EVA scheme as flooded and flood affected (including severely) in Leeds to 
be 3368, with these figures being finalised as of June 2016. However, within this report 
(DEFRA guidance) when finalised in late September 2016 the figure for all flooding incidents 
(internal and external) reported across the metropolitan district of Leeds stands at 4712. 
 
An important distinction to make is that this figure includes indirect impacts to high-rise, 
multiple occupancy buildings where residents may have suffered significant loss and 
inconvenience, e.g. cars stranded in basement car parks and access / utility difficulties, e.g. 
lifts incapacitated, power outages, meaning a flat owner may have been severely impacted by 
the floods without the actual flat itself being inundated. Of this 4712 figure, 2826 were affected 
by internal flooding in one form or another and some affected buildings are still empty, or still in 
the process of remediation even today.  
 
It is recognised that this is not an exhaustive report of flooding locations and there are 
numerous other locations where isolated properties suffered flooding, but it does cover the 
majority of the worst 13 affected areas. 
 
Investigations continue and these will be taken account of in the fullness of time but it must 
also be understood that many property owners will not declare or report that they have been 
flooded, therefore a true and accurate figure may never be known. 
 
 
 
 



 
Flood category 

 

 
Verified property flooding  

(as of 21/09/16) 
 

 
INTERNAL FLOODING – Total number of 
properties suffering internal flooding within 
the 13 study areas and including indirect 
impacts to high rise multi occupancy 
buildings which experienced inundation to 
the property access point (e.g. first floor 
flats). 
 

2826 

 
EXTERNAL FLOODING – Total number 
of properties within the 13 study areas 
experiencing flooding to gardens, 
surrounds and outbuildings. 
 

1886 

 
Table 3a - Summary of property flooding Leeds Metropolitan District using DEFRA guidance 

 

 
 
 
 
 
 

Table 3b – Summary of property flooding Leeds Metropolitan District using DCLG guidance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Flooded Affected Severely 
Affected 

Total 

Residential              298             1902 483 2683 

- Houses              242               125  367 

- Flats                56 1777 483 2316 

Commercial 371 307  678 

Other (churches, 
allotments, sports clubs) 

4 3  7 

Total 673            2212           483 3368 



 
 
 
 
 
 

 

 
River Aire catchment 

 
 

Leeds City Centre (incl high-rise & multi occupancy accommodation where 
affected)  
1 - Internal residential flooding 1938 
2 - External residential flooding 566 
3 - Internal commercial flooding 296 
4 - External commercial flooding  55 

Leeds City Centre total 2855 
Newlay (incl high-rise & multi occupancy accommodation where affected) 

 1 - Internal residential flooding 5 
2 - External residential flooding 4 
3 - Internal commercial flooding 1 
4 - External commercial flooding  0 

Newlay total 10 
Kirkstall (incl high-rise & multi occupancy accommodation where affected) 

 1 - Internal residential flooding 0 
2 - External residential flooding 45 
3 - Internal commercial flooding 36 
4 - External commercial flooding  15 

Kirkstall total 96 
Burley (incl high-rise & multi occupancy accommodation where affected) 

 1 - Internal residential flooding 8 
2 - External residential flooding 0 
3 - Internal commercial flooding 279 
4 - External commercial flooding  16 

Burley total 303 
Thwaite Gate & Hunslet (incl high-rise & multi occupancy accommodation 
where affected)  
1 - Internal residential flooding 60 
2 - External residential flooding 1051 
3 - Internal commercial flooding 49 
4 - External commercial flooding  10 

Thwaite Gate & Hunslet total 1170 
Stourton (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 0 
2 - External residential flooding 0 
3 - Internal commercial flooding 36 
4 - External commercial flooding  4 

Stourton total 40 



Woodlesford (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 1 
2 - External residential flooding 4 
3 - Internal commercial flooding 0 
4 - External commercial flooding  1 

Woodlesford total 6 
Methley and Mickletown (incl high-rise & multi occupancy accommodation 
where affected)  
1 - Internal residential flooding 4 
2 - External residential flooding 32 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Methley & Mickletown total 36 
Allerton Bywater (incl high-rise & multi occupancy accommodation where 
affected)  
1 - Internal residential flooding 2 
2 - External residential flooding 2 
3 - Internal commercial flooding 7 
4 - External commercial flooding  0 

 Allerton Bywater total 11 
Table 4 - River Aire - number of flooding incidents within proximity to the Aire 

 
 
 
 
 
 

 

 
River Wharfe catchment 

 
 

Otley (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 54 
2 - External residential flooding 14 
3 - Internal commercial flooding 5 
4 - External commercial flooding  1 

Otley total 74 
Collingham (incl high-rise & multi occupancy accommodation where affected) 

 1 - Internal residential flooding 15 
2 - External residential flooding 38 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Collingham total 53 
Wetherby (incl high-rise & multi occupancy accommodation where affected) 

 1 - Internal residential flooding 18 
2 - External residential flooding 2 
3 - Internal commercial flooding 5 
4 - External commercial flooding  1 

Wetherby total 26 



Thorpe Arch & Boston Spa (incl high-rise & multi occupancy 
accommodation where affected) 

 1 - Internal residential flooding 7 
2 - External residential flooding 25 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Thorpe Arch & Boston Spa total 32 
 

Table 5 - River Wharfe - number of flooding incidents within proximity to the Wharfe 
 
 
 
 
 

 

 
Other* Incidental Flooding around the region  

 
 

 
* i.e. not directly associated with the 13 study areas listed above 
(incl high-rise & multi occupancy accommodation where affected) 
  
1 - Internal residential flooding 16 
2 - External residential flooding 49 
3 - Internal commercial flooding 10 
4 - External commercial flooding  7 

Other incidental total 82 
 

Table 6 - Regional - number of flooding incidents remote from Rivers Aire, Wharfe and Calder 



4.1 River Aire (& Calder) 
 
4.1.1 Leeds City Centre 
 
Leeds is an economic, employment and transport hub for the wider Leeds City Region. It is an integral 
part of the Northern Powerhouse and is the UK’s fastest growing city, with the economy forecast to 
increase by 25 per cent over the next 10 years. 
 
It is the main driver of a city region with a £62.5 billion economy, a combined population of 3 million 
and a workforce of 1.5 million. It has the most diverse economy of the all the UK’s main employment 
centres and has seen the fastest rate of private sector jobs growth of any UK city. The city is the third 
largest employer by local authority area with 430,000 jobs at the beginning of 2015. 
 
Leeds is vulnerable to flooding because the River Aire has a steep profile, high annual average rainfall 
and a rapid response to rainfall. The flood plain is fairly narrow and there are over 25 tributaries 
between Leeds city and the source of the River Aire in the Yorkshire Dales with a very low onset of 
flooding in some locations. 
 
This means that the Environment Agency can sometimes give only two hours between issuing a flood 
warning and the onset of flooding in the city. There is also a significant risk of surface flooding from 
drains and sewers that cannot discharge into the river when it is high. 
 
Work is currently underway along the River Aire in Leeds to deliver a flood alleviation scheme south of 
the train station to Thwaites Mill. This scheme is due to be completed in March 2017 and will reduce 
the risk of flooding to over 3,000 city centre flats, 500 businesses and unlock land for development and 
growth. The scheme will cost approximately £45 million and is being funded by Defra, Leeds City 
Council and the Regional Growth Fund.  
 
Leeds city centre experienced significant flooding from the afternoon of 26 December into 27 
December 2015. By the evening of 26 December there were nine Severe Flood Warnings issued. The 
last occasion that Severe Flood Warnings were issued in Leeds was in 2007.  
 
Flooding led to widespread disruption and flooding of major transport links including a major route into 
the city - the A65 Kirkstall / Wellington Street. Critical infrastructure including electricity sub-stations 
and IT, communications and data centres were also affected with the electricity supply to 27,000 
properties being temporarily disrupted from 20:11 hours on the evening of 26 December 2015. 
 
Flooding History 
 
For an overview of the history to flooding in Leeds city centre, please refer to section 2.4 above and 
Annex 5. 
 
Existing Drainage System & Flood Defences 
 

• The surface water drainage system could not perform effectively as river levels were so high 
that free discharge from the surface water system was either not possible or severely 
constrained for long periods of time. 

 
• Due to fluvial backwater effects, surface water systems also caused extensive flooding 

themselves due to surcharge back pressures from the high (record) river levels. 
 

• When river levels dropped to enable free gravity discharge from the surface water drainage 
system, extensive and deep ‘area flooding’ subsided. 
 



• Existing defences  
 
Flood defences are typically raised structures that alter natural flow patterns and prevent 
floodwater from entering property in times of flooding. They are generally categorised as either 
‘formal’ or ‘informal’ defences. A ‘formal’ flood defence is a structure that is maintained by its 
respective owner, regardless of whether it is owned by the Environment Agency. An ‘informal’ 
flood defence is a structure that has often not been specifically built to retain floodwater, and is 
not maintained for this specific purpose. Boundary walls and industrial buildings situated 
immediately adjacent to rivers often act as informal flood defences. 
 
There are very few formal flood defences. However, parts of Leeds City Centre are protected 
by informal flood defences, where a variable standard of protection is provided by a variety of 
boundary walls and buildings. These structures were not designed and/or constructed to retain 
water, and they are also unlikely to be maintained to ensure structural integrity. Furthermore 
they do not form a continuous barrier and, as a result they are likely to act as random ‘back 
door’ routes for flood water to enter the city centre. 
 
A small number of these structures may create a potential risk to life should they fail 
catastrophically. Typically these are structures that are over 1m in height, and are situated 
immediately adjacent to areas in which pedestrians/workers could be expected to be present 
during a flood event. 

 
Brief description of flooding event, topography, flow paths & likely causes of flooding 
 

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Leeds City Centre (incl high-rise & multi occupancy accommodation where 
affected)  
1 - Internal residential flooding 1938 
2 - External residential flooding 566 
3 - Internal commercial flooding 296 
4 - External commercial flooding  55 

Leeds City Centre total 2855 
 

Table 7 - Summary of property flooding in Leeds City Centre 
 

• Streets known to have been worst affected are: 
 

Wellington Street, Lisbon Street, Wellington Place, Little Queen Street, Queen Street, Northern 
Street, Thirsk Row, Whitehall Road, Riverside Way, Canal Wharf, Little Neville Street, 
Sovereign Street, Concordia Street, Meadow Lane, Water Lane, Bridge End, Hunslet Lane, 
Hunslet Road, Dock Street, Navigation Walk, Kendell Street, Brewery Place, Brewery Wharf, 
The Calls, Bowman Lane, East Street, Turlow Court, Neptune Street, Armouries Drive, 
Clarence Road, Carlisle Road 

 
• It is reported that at least 2855 properties in Leeds City Centre were flood affected during the 

storm event of the 25 to 29 December 2015. This figure includes indirect impacts to high-rise 
accommodation, something distinctive to Leeds City Centre in comparison to other towns (see 
table 7 above). 
 
Flood depths internally varied from 1m to in excess of 2m, the headline direct economic impact 
being £60.3 million across the metropolitan district of Leeds.  Some 27,000 (unfortunate 
coincidence with electricity customers below) office workers would have been trapped in the 



city centre with no road or rail exits and, as stated earlier, had it not been a bank holiday there 
may have been a very significant risk to life. 
 
The workforce in Leeds totals 470,000 people, with a huge number travelling into the city from 
the surrounding areas every day. If the flood had happened on a working day, thousands of 
people would have been unable either to get to work or to leave the city, resulting in huge 
amounts of congestion and countless working days being lost. 
 
Significant risks have been identified earlier at key infrastructure and communication sites, 
including the Vodafone site off Kirkstall Road, which provides important communications to the 
council, the police and the national health service, and the Northern Powergrid substation (see 
annex 6) on Redcote Lane in Kirkstall, interrupting supplies to around 27,000 customers from 
20:11 hours on the evening of 26 December 2015. Both were severely disrupted on Boxing 
Day and for days afterwards. 
 
See figure 9 for the location and figure 10 for the distribution of the flooding incidents. 
 

 
 

Figure 9 - Internal and external property flooding, Leeds City Centre 
 



 
 

Figure 10 - Number of properties which flooded (incl high-rise & multi occupancy accommodation where affected) 
 

• Flooding caused major property damage including internal fixtures, fittings, furniture, the 
building fabric, vehicles, lifts / elevators and utility supplies. Typically it can take several months 
to refurbish flood-affected properties leading to major disruption, expense and emotional 
anguish. See figures 11 to 15 below. 

 

   
 
            Fig 11 - guests vehicles at a city centre hotel totally submerged  Fig 12 - vehicles totally submerged in apartment complex, East St 
 

 
 

Figure 13 - Liberty Park complex, Kirkstall Rd showing power room flooded (27/12, time 12:33), flooded reception area (27/12, time 8:10) & 
delivery of mobile generators (29/12). Five temporary generators deployed to power 564 student rooms, 7 kitchens flooded up to 600mm in 
depth, mains power to building disabled, 5 elevators out of commission for up to 7 weeks.  © Liberty Vale 



   
 

           Figure 14 - Direct Line Group’s offices flooded © Stuart Aitken                            Figure 15 – city centre hotel flooded 
 

• The flooding experienced in Leeds City Centre came from several sources but the primary 
cause of the flooding was, in all cases, fluvial in origin. 

 
• The River Aire came out of channel overtopping at several locations, notably at Little Neville 

Street directly flooding Direct Line Groups offices and nearby high rise apartments. The River 
Aire also came out of channel at Bridge End/Meadow Lane directly flooding offices, Navigation 
Walk and Dock Street; Turlow Court directly flooding residential areas; Neptune Street directly 
flooding residential and commercial properties, and Clarence Road, directly flooding Leeds 
Assisted Living, nearby commercial properties and Armouries Drive. Low lying properties along 
Sovereign St also flooded. See figure 16 below for flood flow routes and figures 17 to 26 for 
photos of flooded areas.  
 

 
 

Figure 16 - Flood Flow Routes in Leeds City Centre 



    
 

   
 
 

Figure 17 - River Aire overtopping at Clarence Road and Armouries Drive © Liberty Dock 
 
 

   
 
 

Figure 18 - River Aire overtopping at Navigation Wk                 Figure 19 - River Aire overtopping at Turlow Ct, 26/12, time 11:23 
 ©Stuart Aitken 
 
 
 

26th December, time 14:52 26th December, time 15:58 

26th December, time 15:58 26th December, time 20:41 



   
 
         Figure 20 - River Aire overtopping at Dock St, 26/12, time 23:45   Figure 21 - River Aire overtopping at Neptune St, 26/12, time 11:15 
 

   
 
         Figure 22 - River Aire overtopping at East St 1, 27/12, time 00:01 Figure 23 - River Aire overtopping at East St 2, 27/12, time 00:02 
 

   
 
        Fig 24 - River Aire overtopping at Bridge End, 26/12, time 23:35     Fig 25 - River Aire overtopping at Meadow Ln, 26/12, time 23:35 
 



 
 

Figure 26 - River Aire overtopping at Meadow Lane and flooding nearby offices and car parks, 26/12, time 23:20 
 

• The surface water drainage system could not perform effectively as river levels were so high 
that free discharge from the surface water system was not possible or severely constrained for 
long periods, lasting in some areas for days, and, due to backwater effects, the same surface 
water systems also contrived to cause flooding themselves due to surcharge back pressures 
from the river. This is illustrated in figures 27 to 32 below. 
 
In this regard, the use of flap valves could have limited some flooding or delayed the onset of 
flooding and should be further investigated. Northern Street, East Street, Sovereign Street, 
Concordia Street and properties along Whitehall Road for instance were flooded by this 
mechanism often as a precursor to overland fluvial flows later in the flooding event. 

 
 
 
 
 
 
 
 
 
 
 
 

   
 

             Fig 27 - sewer surcharge at ©Liberty Dock, 26/12, time 21:04   Fig 28 - sewer surcharge at East Street, 26/12, time 11:17 
 



            
 
Fig 29 - sewer surcharge from the River Aire at East Street, this photograph taken just 46 minutes after figure 28 above and demonstrates its 

devastating impact, the road now impassable, 26/12, time 12:03. 
 

        
 
           Fig 30 - Highway gully surcharge flooding at      Fig 31 - Highway gully returning to normal after       Fig 32 - sewer surcharge flooding 
                       East Street, 26/12, time 10:28                          river levels have subsided 27/12,                  at Waterloo St, 26/12, time 21:58 
                                                                                                     time 13:33 © G Hope   
 

• Roads behaved as pathways for fluvial exceedance flows (excess runoff not catered for by a 
drainage system), due to remote river escapes upstream of Leeds City Centre and aggregated 
as more flow paths from adjoining streets combined with the A65 flow.  
 
The A65 Kirkstall corridor is a densely populated inner urban area of Leeds with rows of 
terraced housing and shops, critical infrastructure and small, medium and large commercial 
enterprises. 

 
The onset of flooding to the A65 Kirkstall corridor started as early as 15.00hrs on the  
26 December ascertained from CCTV coverage. See figure 33 below. 
 



Prior to the River Aire overtopping, properties within this area would also have been flooded 
from surcharging surface water drains and from groundwater rising through floors due to 
surcharge back pressures as river levels were so high for long periods.  
 

 
 

             Figure 33 - Kirkstall Road A65 flooded by River Aire, © Yorkshire Evening Post, 26/12/15, time 21:02. 
 
The main flow route into the City Centre was from the River Aire overtopping 2.7km (over a 
mile away) upstream and to the north west of the city centre in Kirkstall, flowing in a south 
easterly direction and flooding thousands of properties in its pathway and putting life at risk in 
the process. This is shown below in figure 34 and illustrated with photos in figures 35 to 39. 
 

 
 

Figure 34 - fluvial exceedance flow paths into Leeds City Centre 



 
 
 

   
 
       Figure 35 - A65 in flood from River Aire overtopping, social media images - originator unknown. These photographs  
    demonstrate the potentially deadly force of this fluvial exceedance flow as the floodwaters head towards the centre of Leeds. 
 

   
 

Figure 36 - Northern St flooded, 28/12, time 9:43.                       Figure 37 - Wellington Place flooded, social media image, 
   originator unknown 

 

   
 

Figure 38 - Wellington St flooded                                           Figure 39 - Kirkstall Road flooded, looking towards the city centre 
© Yorkshire Evening Post, 27/12/15, time 12:05                    © Yorkshire Evening Post, 27/12/15, time 12:18 
 

 
 
 



The Leeds Flood Alleviation Scheme (FAS) 
 
Work is currently underway along the River Aire in Leeds to deliver a new flood alleviation scheme 
south of the train station to Thwaites Mill. 

 
This scheme is due to be completed in March 2017 and will reduce the risk of flooding to over 3,000 
city centre flats, 500 businesses and unlock land for development and growth.  

 
The scheme will cost £45 million and is being funded by Defra, Leeds City Council and Regional 
Growth Fund. 
 
However, no new Flood Alleviation Scheme ‘flood cells’ in Leeds City Centre were complete at the 
time of the December 20015 floods, therefore the new scheme’s effectiveness was neutralised for the 
purposes of this report. 
 
Flood Warnings 
 
At 10:16am on the 26 December 2015, there were 31 severe flood warnings in force throughout 
England and Wales, 9 of which were in the Leeds inner urban area. 
 
The Environment Agency continues to encourage property owners to register for the free flood warning 
service by calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 - 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 
3 above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest 
levels ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure.  
 
Substantial flooding would have occurred irrespective of the condition or state of operation of the 
existing surface water drainage network. 
 
Tables 8 and 9 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
 
 



 
 
 

 Leeds City Centre Sources of flooding  

The 
Sea 

Fluvial 
(Main River) 

Fluvial 
(Ordinary 

Water 
course) 

Surface          
Water 

Surface          
Water on the 
Highway 

Groundwater Sewer 
Flooding 

Reservoirs 

        
 

Table 8 - Sources of flooding in Leeds City Centre 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Leeds City 

Centre      Support 

Lead 
 

Table 9 - The RMAs which have flood risk management responsibilities in Leeds City Centre 
as a result of the December 2015 flooding. 

 
 
 



4.1.2 Newlay   
 
Newlay has a long history which possibly dates as far back as the medieval period, but it is most noted 
for its Victorian residential housing. Newlay is located to the north-west of Leeds city centre close to 
Horsforth on the banks of the River Aire. It is most readily accessed from the A65. 
 
 

 
 

Fig 40 - River Aire flooding at Newlay Bridge, Horsforth (unknown social media) 
 
Flooding History 
 
The detailed flooding history of Newlay is unknown. However, it is assumed Newlay would have been 
disrupted by the same major River Aire flooding events that are recorded for Leeds city centre, just 7km 
downstream. 
 
For an overview of the major flooding events which have affected Leeds city centre, please refer to 
section 2.4 above and Annex 5. 
 



Existing Flood Defences 
 

• There are currently no formal Environment Agency flood defences in Newlay. 
 
Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Newlay (incl high-rise & multi occupancy accommodation where affected) 
 1 - Internal residential flooding 5 

2 - External residential flooding 4 
3 - Internal commercial flooding 1 
4 - External commercial flooding  0 

Newlay total 10 
 

Table 10 - Summary of property flooding in Newlay 
 
Streets known to have been worst affected are:  
 

• Fleet Thro Road, Rein Road, Pollard Lane. 
 
See figure 41 for the location and figure 42 below for distribution of the flooding incidents. 
 

 
 

Figure 41 - Internal and external property flooding, Newlay 



 
 

Figure 42 - Number of properties which flooded 
 

 
 

Figure 43 - River Aire flood Flow Routes in Newlay 
 
 
 



     
 
                   Figure 44                              Figure 45    Figure 46  
 

 
 
   Figure 47 
 

• The flooding experienced in Newlay was fluvial in origin. The main flow routes are shown in figure 
43 above. 

 
• The River Aire came out of channel, overtopped and inundated adjacent properties to the River 

Aire producing internal flooding depths of up to 1100mm. 
 
Flood Warnings 
 
There is 1 flood warning covering Newlay where the risk of flooding is high, with 47 properties 
considered to be at risk. Of these properties, 7 are registered to receive the Environment Agency’s free 
flood warnings direct service. The Environment Agency continues to encourage property owners to 
register for this free service by calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 

Figures 44 to 47 showing flood 
damage to residential 
properties in Newlay. Verified 
internal flood depths vary 
from 800mm to 1100mm 



Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 11 and 12 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 11 - Sources of flooding in Newlay 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Newlay 
(Horsforth)      Support 

Lead 
 

Table 12 - The RMAs which have flood risk management responsibilities in Newlay 
as a result of the December 2015 flooding. 



4.1.3 Kirkstall 
 
Kirkstall is a north-western suburb of Leeds located on the eastern bank of the River Aire and is 
best known for the 12th century Kirkstall Abbey ruins. It is situated on the A65 which links it 
directly to Leeds city centre. The Airedale Network Rail Line runs in a north-westerly direction 
alongside the River Aire through Kirkstall. 
 

 
 

Figure 48 - Kirkstall Bridge Shopping Park, Bridge Road, © Yorkshire Evening Post, 26/12/15, time 20:49 
 
Flooding History 
 
The detailed flooding history of Kirkstall is unknown. However, it is assumed Kirkstall would 
have been disrupted by the same major River Aire flooding events that are recorded for Leeds 
city centre, just 5km downstream. 
 
For an overview of the major flooding events which have affected Leeds city centre, please refer 
to section 2.4 above and Annex 5. 
 
 
 
 
 

https://en.wikipedia.org/wiki/Leeds
https://en.wikipedia.org/wiki/River_Aire
https://en.wikipedia.org/wiki/Kirkstall_Abbey


Existing Drainage System & Flood Defences 
 

• The surface water drainage system could not perform effectively as river levels were so 
high that free discharge from the surface water system was either not possible or 
severely constrained for long periods of time. 

 
• Due to fluvial backwater effects, surface water systems also caused extensive flooding 

themselves due to surcharge back pressures from the high (record) river levels. The 
Yorkshire Water 1100 mm diameter un-flapped surface water sewer contributed large 
volumes of flood water on Savins Mill Way by this mechanism. See figures 49 and 50 
below. 

 
 

Figure 49 - backflow surcharge pressures escaping from YW surface water system, unknown social media 

 
 

Figure 50 - backflow surcharge pressures escaping from YW surface water system 
 



In this regard, the use of flap valves could have limited some flooding or delayed the 
onset of flooding and should be further investigated. 

 
• When river levels dropped to enable free gravity discharge from the surface water 

drainage system, extensive and deep ‘area flooding’ subsided. 
 
Existing Flood Defences 
 

• There are currently no formal Environment Agency flood defences in Kirkstall however, 
there are informal private defences which were recently completed as part of the 
Kirkstall Bridge Shopping Park development, and there are also some private flood 
defence assets around The Bridge Inn pub. 

 
 
Brief description of flooding event, flow paths & likely causes of flooding 
 

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Kirkstall (incl high-rise & multi occupancy accommodation where affected) 
 1 - Internal residential flooding 0 

2 - External residential flooding 45 
3 - Internal commercial flooding 36 
4 - External commercial flooding  15 

Kirkstall total 96 
 

Table 13 - Summary of property flooding in Kirkstall 
 

• Streets / areas known to have been worst affected are:  
 
Kirkstall Bridge retail area, Bridge Road, Savins Mill Way, Wyther Drive, St Ann’s 
Mills, A65 Kirkstall Road, Allotment Gardens/The Goit, Woodside View, Woodside 
Terrace, Woodside Place, Woodside Avenue, Woodside Street, Argie Road, 
Bankfield Terrace, Sowood Street, Martin Terrace, Redcote Lane. 

 
• The event led to widespread disruption, particularly in the Kirkstall and Burley districts of 

Leeds flooding major transport links and critical infrastructure including: 
 

 a major route into the city - the A65 Kirkstall Road 
 

 Network Rail, Airedale Line at Kirkstall (see annex 6) 
 
 Northern Power Grid electricity sub-stations with the loss of electricity supply to 

27,000 properties from 20:11 hours on the evening of 26 December 2015 (see 
annex 7) 

 
 Information Technology, communications and data centres 

 



• It is reported that at least 96 properties in Kirkstall were flooded during the storm event 
of the December 25 to 29 2015. Flood depths internally varied but are thought to be in 
the region of up to 1500mm as illustrated by figures 51 and 52. 

 

   
 

Figures 51 and 52 - Extreme examples of internal flooding in Kirkstall, unknown social media, properties verified. 
 
 

• See figure 53 for the location and figure 54 for the distribution of the flooding incidents. 
 

 
 

Figure 53 - Internal and external property flooding, Kirkstall 
 



 
 

Figure 54 - Number of properties which flooded 
 

• Flooding caused major property damage including internal fixtures, fittings, furniture, the 
building fabric, vehicles, lifts / elevators and utility supplies. Typically it can take several 
months to refurbish flood-affected properties leading to major disruption, expense and 
emotional anguish. 

 

   
 
Fig 55 - Network Rail track © Ribble Valley Rail    Fig 56 - Network Rail flooded, 27 December, time 10:38 © Yorkshire Evening Post 
 



   
 

        Fig 57 - Kirkstall Bridge retail area, Bridge Road 26 Dec,              Fig 58 - Kirkstall Bridge retail area, Bridge Road 27 Dec, 
  time 21:58 © Yorkshire Evening Post                time 11:36 © Yorkshire Evening Post  
        

• The flooding experienced in Kirkstall came from several sources but the primary cause 
of the flooding was in, all cases, fluvial in origin. 

 
• The River Aire came out of channel overtopping river banks at several locations and 

breaching private flood defence assets. It spilled into flood plains, the Network Rail line, 
and directly flooded The Bridge Inn, Leeds rugby academy facility, Morrison’s 
Supermarket car park, St Ann’s Mills and low lying properties between the river and 
Kirkstall Road. See figures 55 – 58 above. 

 
• See figure 59 for flood flow routes and figures 60 and 61 for aerial photos of the flooding. 

 

 
 

Figure 59 - Flood Flow Routes in Kirkstall 



 
 

Figure 60 - Kirkstall flooding, 27 December 2015,10:42, © Ross Parry Agency 
 

 
 

Figure 61 - Kirkstall flooding, 27 December 2015,10:41, © Ross Parry Agency 



• Kirkstall Goit between Kirkstall Abbey and St Ann’s Mills did not play a significant role in 
this flooding event, according to several eye witness accounts. 

 
Flood Warnings 
 
At 10:16am on the 26 December 2015, there were 9 severe flood warnings in force throughout 
Leeds, one of which was for Savins Mill Way in Kirkstall. 
 
There is 1 flood warning covering Kirkstall where the risk of flooding is high, with 1337 
properties considered to be at risk. Of these properties, 181 are registered to receive the 
Environment Agency’s free flood warnings direct service. The Environment Agency continues to 
encourage property owners to register for this free service by calling Floodline on 0345 988 
1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are 
detailed in Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had 
already experienced a number of heavy and prolonged periods of rainfall throughout November 
and December leading to saturated catchments and periodic flooding as reported earlier within 
this report (see section 3 above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to 
almost instant run off and, therefore, rapid river rise with many river level stations recording their 
highest levels ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped 
due to channel capacity being exceeded. The flooding was exacerbated in all cases by high 
river levels surcharging conventional surface water drainage systems, preventing free discharge 
from the surface water network and consequently backing up through road gullies, manhole 
chambers, private drainage systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 
December were an exceptional catalogue of circumstances, resulting in flooding that exceeded 
current or historic drainage design standards for all sections of drainage infrastructure.  
 
Substantial flooding would have occurred irrespective of the condition or state of operation of 
the existing surface water drainage network. 



Tables 14 and 15 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 14 - Sources of flooding in Kirkstall 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Kirkstall 

     Support 

Lead 
 

Table 15 - The RMAs which have flood risk management responsibilities in Kirkstall 
as a result of the December 2015 flooding. 

 
 
 
 
 
 
 
 
 
 
 
 
 



4.1.4 Burley 
 
Burley is an inner urban area of north-west Leeds situated just over 1 mile (1.6 km) north-west from 
Leeds city centre and like Kirkstall, is situated on the A65 which links it directly to Leeds city centre. 
Burley is characterised by a mixture of residential red brick Victorian terraces, extensive industry and 
modern shopping and leisure facilities. 
 

 
 

Figure 62 - Kirkstall Road in Burley, © Yorkshire Evening Post, 26/12/15, time 21:24 
 
Flooding History 
 
The detailed flooding history of Burley is unknown. However, it is assumed Burley would have been 
disrupted by the same major River Aire flooding events that are recorded for Leeds city centre, just 4km 
downstream. 
 
For an overview of the major flooding events which have affected Leeds city centre, please refer to 
section 2.4 above and Annex 5. 
 
Existing Drainage System & Flood Defences 
 

• The surface water drainage system could not perform effectively as river levels were so high that 
free discharge from the surface water system was either not possible or severely constrained for 
long periods of time. 

 
• Due to fluvial backwater effects, surface water systems also caused extensive flooding 

themselves due to surcharge back pressures from the high (record) river levels. In this regard, 

https://en.wikipedia.org/wiki/Leeds
https://en.wikipedia.org/wiki/Leeds_city_centre


the use of flap valves could have limited some flooding or delayed the onset of flooding and 
should be further investigated. 

 
• When river levels dropped to enable free gravity discharge from the surface water drainage 

system, extensive and deep ‘area flooding’ subsided. 
 
Existing Flood Defences 
 

• Flood defences are typically raised structures that alter natural flow patterns and prevent 
floodwater from entering property in times of flooding. 
 

• There are no formal Environment Agency flood defences in Burley. However, parts of Burley are 
protected by fragmented informal ‘flood defences’, where a variable standard of protection is 
provided by a variety of boundary walls and buildings. These structures were not designed and/or 
constructed to retain water, and they are also unlikely to be maintained to ensure structural 
integrity. Furthermore they do not form a continuous barrier and, as a result they are likely to act 
as random ‘back door’ routes for flood water to enter the area. 

 
• Occasionally these structures may create a potential risk to life should they fail catastrophically. 

Typically these are structures that are over 1m in height, and are situated immediately adjacent 
to areas in which pedestrians/workers could be expected to be present during a flood event. 

 
Brief description of flooding event, topography, flow paths & likely causes of flooding 
 

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Burley (incl high-rise & multi occupancy accommodation where affected) 
 1 - Internal residential flooding 8 

2 - External residential flooding 0 
3 - Internal commercial flooding 279 
4 - External commercial flooding  16 

Burley total 303 
 

Table 16 - Summary of property flooding in Burley 
 

• Streets / areas known to have been worst affected are:  
 
Kirkstall Industrial areas, Kirkstall leisure facilities, A65 Kirkstall Road, Haddon Place, Haddon 
Avenue, Haddon Road, Greenhow Road, Cardigan Lane, Allerton Street, Bankers Street, St 
Matthias Street, Wolseley Road, Abbey Street, Bingley Street, West Street, Marlborough Street, 
Evanston Avenue, Cardigan Fields Road, Lennox Road, Milford Place, Bodley Terrace, Walter 
Street, Weaver Street, Burley Place, Viaduct Road, Aire Place, Washington Street, Wellington 
Street, City Gate retail, leisure & hotels, Wellington Bridge Street, Wellington Road. 

 
• The event led to widespread disruption, particularly in the Kirkstall and Burley districts of Leeds 

flooding major transport links like the A65, leisure facilities, residential and commercial properties. 
 

• It is reported that at least 303 properties in Burley were flood affected during the storm event of 
the 25 to 29 December 2015. This figure includes indirect impacts to high-rise accommodation, 
something distinctive to Leeds City Centre in comparison to other towns (see table 16 above). 
Verified flood depths internally varied within the range of 840mm to 1540mm (see figures 63 to 



65 below) and are thought to have been even greater depths for area flooding remote to 
property. 

 

     
 
      Fig 63 - 840mm depth of internal flooding    Fig 64 - 1540mm depth of internal flooding         Fig 65 - 970mm depth of internal flooding 
 

• See figure 66 for location and figure 67 for the distribution of the flooding incidents. 
 

 
 

Figure 66 - Internal and external property flooding, Burley 
 
 



 
 
Figure 67 - Number of properties which flooded 

 
• Flooding caused major property damage including internal fixtures, fittings, furniture, the building 

fabric, vehicles, lifts / elevators and utility supplies. Typically it can take several months to 
refurbish flood-affected properties leading to major disruption, expense and emotional anguish. 
See figures 68 to 74 below. 

 

                  
 
Fig 68 - River Aire overtopping at Milford Place, unknown social media         Fig 69 - Armley Mills flooded, © LCC  Industrial Museum 
 

                               
 
                    Fig 70 - example of internal flood damage                              Fig 71 - A65 flooded, 27 Dec, time 12:18, © Yorkshire Evening Post 



 
 
                     Figs 72, 73 and 74 - extensive flooding and flood damage to student accommodation, 27 Dec, time 12:44, © Liberty Park 
 

• The flooding experienced in Burley came from several sources but the primary cause of the 
flooding was in, all cases, fluvial in origin. 

 
• The River Aire came out of channel overtopping river banks at several locations and breaching 

private informal flood defence assets. It spilled onto the A65 Kirkstall Road initially at the 
meander in the River Aire opposite Woodside View (see figure 75 below), and several side roads 
downstream of this point thereafter. The aggregated flood flow then continued speedily into 
Leeds city centre flooding all in its path, as discussed in greater detail in section 4.1.1 and shown 
in figure 76. 

 

 
 

Fig 75 - River Aire bursts its banks and spills onto the A65 Kirkstall Road, 27 Dec, time 10:44, © Ross Parry Agency 

 

 

River Aire 

Kirkstall Road 



 
 

Fig 76 - Main flow path into Leeds City Centre by the A65 Kirkstall Road, 27 Dec, time 10:44, © Ross Parry Agency 
 

• See figure 77 for flood flow routes below. 
 

 
 

Figure 77 - Flood Flow Routes in Burley 
 

River Aire 

A65 Kirkstall Road 



Flood Warnings 
 
At 10:16am on the 26 December 2015, there were 9 severe flood warnings in force throughout Leeds, 
one of which was for Burley (Cardigan Fields Leisure Park and Kirkstall Works between Viaduct Road 
and City Gate). 
 
There is 1 flood warning covering Burley where the risk of flooding is high. The Environment Agency 
continues to encourage property owners to register for this free service by calling Floodline on 0345 988 
1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure.  
 
Substantial flooding would have occurred irrespective of the condition or state of operation of the existing 
surface water drainage network. 
 
Tables 17 and 18 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 17 - Sources of flooding in Burley 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Burley 

     Support 

Lead 
 

Table 18 - The RMAs which have flood risk management responsibilities in Burley 
as a result of the December 2015 flooding. 



4.1.5 Thwaite Gate and Hunslet 
 
Hunslet is an inner-city area in South Leeds with a mainly industrial heritage and is located 
approximately 1 mile (1.6 km) southeast of the city centre and is bounded on the east by the River Aire. 
The area has a mixture of modern and 19th century industrial buildings, older terraced housing and 
modern riverside flats 
 

 
 

Figure 78 - George Mann Road, 27 December, time 00:17 
 
Flooding History 
 
The detailed flooding history of Thwaite Gate and Hunslet is unknown. 
 
For an overview of the major flooding events which have affected Leeds, please refer to section 2.4 
above and Annex 5. 
 
Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River Aire 
due to record high river levels which would have rendered surface water drainage systems 
draining towards the river including the nearby pumping station, inoperable until river levels 
subsided. 

https://en.wikipedia.org/wiki/Leeds
https://en.wikipedia.org/wiki/Leeds_city_centre
https://en.wikipedia.org/wiki/River_Aire
https://en.wikipedia.org/wiki/Terraced_house


• Due to fluvial backwater effects, surface water systems may also have contributed to some 
localised flooding themselves due to surcharge back pressures from the high (record) river levels. 

 
• When river levels dropped to enable free gravity discharge from the surface water drainage 

systems, localised flooding would have subsided. 
 
Existing Defences 
 

• There are no formal flood defences in Thwaite Gate and Hunslet. 
 
Leeds Flood Alleviation Scheme 
 

• The scheme had the original aim of defending Holbeck and the City Centre from Leeds Train 
Station down to Thwaite Mills against a 1 in 75 year fluvial flood event with climate change to 
2039. It is now anticipated that the finished scheme will provide a 1 in 100 year protection with 
climate change to 2069.  
 
This is achieved in the Hunslet area by the operation of the movable weirs together with the 
removal of the Cut at Knostrop. 
 
Together this will improve the conveyance of water through the area during a fluvial flood event. 

 
Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Thwaite Gate and Hunslet (incl high-rise & multi occupancy 
accommodation where affected)  
1 - Internal residential flooding 60 
2 - External residential flooding 1051 
3 - Internal commercial flooding 49 
4 - External commercial flooding  10 

Thwaite Gate and Hunslet total 1170 
 

Table 19 - Summary of property flooding in Thwaite Gate and Hunslet 
 

• Streets and areas known to have been worst affected are: Hunslet Trading Estate, Thwaite 
Gate A639, George Mann Road, Severn Road, Severn Way, Old Mill Lane, Low Road, 
National Road, Linen Walk, Knostrop Quay, Aire Quay, Jacquard Square, Yarn Street, 
Twine Street, Atkinsons Quay, Goodman Street, Atkinson Street, Larchfield Road. 

 
 
See figure 79 for the location and figure 80 below for the distribution of the flooding incidents and 
figures 81 and 82 illustrating the flooding. 
 



 
 

Figure 79 - Internal and external property flooding, Thwaite Gate and Hunslet. 
 
 

 
 

Figure 80 - Number of properties which flooded 
 



                      
 

Fig 81 - George Mann Way flooded from adjacent car park,        Fig 82 - George Mann Way flooded to George Mann Road 
                               26 Dec, time 23:15                      26 Dec, time 23:30 
 
 

 
 

Fig 83 - Flood Flow Routes in Thwaite Gate and Hunslet. 
 



• The flooding experienced in Thwaite Gate and Hunslet came from several sources but the 
primary cause of the flooding was, in all cases, fluvial in origin. The main flow routes are shown in 
figure 83 above and the depth of the flooding is shown below in figures 84 and 85.  
 

           
 

Figures 84 and 85 - internal flooding depths of 1350mm were verified at Hunslet Trading Estate. 
 

• The Aire Calder Navigation canal was swollen by the record flows in the adjacent River Aire and 
then exceeded its channel capacity overtopping and flooding low lying properties in proximity to 
the canal including, Hunslet Trading Estate. 

 
Flood Warnings 
 
At 10:16am on the 26 December 2015, there were nine severe flood warnings in force throughout Leeds, 
one of which was for Knowsthorpe, Thwaite Gate and Stourton. 
 
The Environment Agency continues to encourage property owners to register for the free flood warning 
service by calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
 

1350 mm depth of 
internal flooding 



The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 

• Inundation of the Aire Calder Navigation canal by the River Aire 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 20 and 21 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
 

 Thwaite Gate and Hunslet Sources of flooding  

The 
Sea 

Fluvial 
(Main River) 

Fluvial 
(Ordinary 

Water 
course) 

Surface          
Water 

Surface          
Water on the 
Highway 

Groundwater Sewer 
Flooding 

Reservoirs 

        
 

Table 20 - Sources of flooding in Thwaite Gate and Hunslet 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Thwaite Gate 
and Hunslet      Support 

Lead 
 

Table 21 - The RMAs which have flood risk management responsibilities in Thwaite Gate and Hunslet 
as a result of the December 2015 flooding. 

 
 
 
 
 
 
 
 
 



4.1.6 Stourton 
 
Stourton is a mainly industrial area of the city of Leeds. The area is 2 miles to the south-east of Leeds 
city centre and lies between Hunslet, the M1 motorway, Cross Green and is bounded by the River Aire 
and the Aire and Calder Navigation canal to the north. 
 

 
 

Figure 86 - Haigh Park Road Industrial Estate, 27 December 2015, © O’Connor Utilities Ltd 
 
Flooding History 
 
The detailed flooding history of Stourton is unknown. 
 
For an overview of the major flooding events which have affected Leeds, please refer to section 2.4 
above and Annex 5. 
 



Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River Aire 
due to record high river levels. These would have rendered surface water drainage systems 
draining towards the river including the syphon under the canal and the nearby pumping station, 
inoperable until river levels subsided. See figure 87 below. 

 

 
 

Figure 87 - plan showing Stourton Beck (Ordinary watercourse), YW pumping station  
          and the syphon below the canal which discharges into the River Aire 

 
• Due to fluvial backwater effects, surface water systems may also have contributed to some 

localised flooding themselves due to surcharge back pressures from the high (record) river levels. 
 

• When river levels dropped to enable free gravity discharge from the surface water drainage 
systems, localised flooding would have subsided. 

 
Existing Defences 

 
Flood defences are typically raised structures that alter natural flow patterns and prevent 
floodwater from entering property in times of flooding. 
 
There are no formal flood defences in Stourton. However, parts of Stourton are protected by 
fragmented informal ‘flood defences’, where a variable standard of protection is provided by a 
variety of boundary walls and buildings. These structures were not designed and/or constructed 
to retain water, and they are also unlikely to be maintained to ensure structural integrity. 
Furthermore they do not form a continuous barrier and, as a result they are likely to act as 
random ‘back door’ routes for flood water to enter the area. These are shown in figures 88 to 90 
below. 
 



     
 

Figures 88 to 90 - intermittent boundary walls adjacent to the Aire and Calder Navigation 
 

Leeds Flood Alleviation Scheme 
 
This area is located downstream of phase one of the new and yet to be commissioned Leeds 
Flood Alleviation Scheme. As such, the scheme does not offer any direct improvement to the 
Standard of Protection however, there will be some small benefit to fluvial flood risk from the 
operation of the weirs and the removal of Knostrop cut which is currently unquantified. 

 
Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Stourton (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 0 
2 - External residential flooding 0 
3 - Internal commercial flooding 36 
4 - External commercial flooding  4 

Stourton total 40 
 

Table 22 - Summary of property flooding in Stourton 
 

• Streets and areas known to have been worst affected are: Thwaite Lane, Haigh Park Road 
Industrial Estate, Skelton Grange Road, Haigh Park Road, Intermezzo Drive, Pontefract 
Road. 

 
See figure 91 for the location and figure 92 for the distribution of the flooding incidents and 
figures 93 and 94 for photos of the flooded area. 

 



 
 

Figure 91 - Internal and external property flooding, Stourton 
 

 
 

Figure 92 - Number of properties which flooded 
 



                  
 

Figures 93 and 94 - Haigh Park Road Industrial Estate, 27 December 2015, © O’Connor Utilities Ltd 
 
 

 
 

Figure 95 - Flood Flow Routes in Stourton 

Surcharge level 
of canal 21.630 

Wrack line levels on 
buildings:21.635, 
21.654, 21.667, 
21.617, 21.644. 

 



 
 
Figure 96 - showing ‘wrack’ lines at the point where the surcharged canal overtopped flowing towards Haigh Park Road Industrial Estate 
 

             
 
Figures 97, 98 and 99 - showing ‘wrack’ lines at the point where the surcharged canal overtopped flowing towards Haigh Park Road Industrial 
Estate 
 

 
 

Fig 100 - survey information at main point of canal escape into Haigh Park Road Industrial Estate 

Wrack Line on 
fence 21.630m 

21.630m 

Normal water level in canal 
20.325m, therefore surge 

height = 1.305m (4’-3”) 

Flowpath 



• The flooding experienced in Stourton came from several sources but the primary cause of the 
flooding was, in all cases, fluvial in origin. The main flow routes are shown in figure 95 and figure 
100 above. Also shown above are photos of the wrack lines at this location – figures 96 – 99. 

 
• The Aire Calder Navigation canal was surcharged from the structural collapse of the Knostrop by-

wash channel embankment which separates the canal and River Aire at Knostrop Lock in 
Stourton. See figures 101 to 105 below.  

 
• The canal was swollen by over 1300mm and then exceeded its channel capacity overtopping and 

flooding low lying properties in proximity to the canal including Thwaite Mill Industrial Museum 
and Haigh Park Road Industrial Estate. 

 

          
 

Figures 101 and 102 - show the structural failure and emergency repairs at Knostrop Lock. Rock and broken concrete from the old weir were 
placed in the fast flowing waters and by the 31st December, the river waters entering the canal system had been reduced to an acceptable level. 

On January 4th the piling team was mobilised to install a sheet piled wall across the breached area. 
 

 
 

Fig 103 - Knostrop Lock from the air before the structural collapse and resultant breach 



 
 

Figure 104 - Knostrop FAS weir under construction, 8 December 2015 
 

 
 

Figure 105 - Knostrop Lock sometime after the structural collapse and resultant breach showing the  
River Aire inundating the canal. 29 December, time 13:54, © Thwaite Mills Watermill 



Flood Warnings 
 
At 10:16am on the 26 December 2015, there were 9 severe flood warnings in force throughout Leeds, 
one of which was for Knowsthorpe, Thwaite Gate and Stourton. 
 
The Environment Agency continues to encourage property owners to register for the free flood warning 
service by calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 

• Structural collapse of Knostrop Lock 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 23 and 24 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 23 - Sources of flooding in Stourton 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Stourton 

     Support 

Lead 
 

Table 24 - The RMAs which have flood risk management responsibilities in Stourton 
as a result of the December 2015 flooding. 



4.1.7 Woodlesford 
 
Woodlesford is located 11km (7 miles) to the south east of Leeds close to the town of Rothwell and the 
village of Oulton and is in the most part set above the River Aire and the Aire and Calder Navigation.  
 
The area has excellent communication links with easy access to the nearby motorways (M1, M621 
and M62). Woodlesford has a main line railway station with direct links to Leeds and Sheffield. The line 
of the railway closely follows the course of the River Aire and the Aire and Calder Navigation which 
runs parallel to it to the north east of the village.  
 
Woodlesford is a historic village that developed close to a strategically important river crossing. The 
village was originally a farming settlement but from the 18th century onwards the combination of good 
communication links and natural resources led to its diverse industrialisation. This industrial activity 
declined in the 20th century and the village is now a popular residential area. 
 

 
 

Fig 106 - Woodlesford, flooded industrial units, 27 December 2015, time10:34, © Gerald Blackmore 
 
Flooding History 
 
The detailed flooding history of Woodlesford is unknown. However, it is assumed Woodlesford would 
have been disrupted by the same major flooding incidents recorded in Leeds which is only 11km 
upstream. 
 
For an overview of the major flooding events which have affected Leeds, please refer to section 2.4 
above and Annex 5. 
 
Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River Aire 
due to record high river levels which would have rendered surface water drainage systems 
draining towards the river inoperable until river levels subsided. 



• Due to fluvial backwater effects, surface water systems may also have contributed to localised 
flooding themselves due to surcharge back pressures from the high (record) river levels. 

 
• When river levels dropped to enable free gravity discharge from the surface water drainage 

system, localised flooding would have subsided. 
 

Existing Defences 
 

• Woodlesford benefits from the recent completion of the Leeds Flood Alleviation advance works 
providing flood defences in the form of low level embankments to achieve a protection against 
a flood event that is likely to occur every 200 years and is known to have protected many 
residential properties from the ravages of flooding. 

 
Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire. 
 

Woodlesford (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 1 
2 - External residential flooding 4 
3 - Internal commercial flooding 0 
4 - External commercial flooding  1 

Woodlesford total 6 
 

Table 25 - Summary of property flooding in Woodlesford 
 

• Streets / areas known to have been worst affected are: A642 Aberford / Wakefield Road, The 
Locks, Woodlesford Lock, Fleet Lane and associated commercial units, the Marina and 
associated property. 
 
See figure 107 for the location and figure 108 for the distribution of the flooding incidents and 
figures 109 to 112 for photos of the flooded area. 
 

 
 

Figure 107 - Internal and external property flooding, Woodlesford 



  
 

Figure 108 - Number of properties which flooded 
 

      
 
Fig 109 - Flooded commercial units, 27 Dec, time 10:24, © G Blackmore       Fig 110 - the Marina area, 27 Dec, unknown social media 
 

                    
 
 Fig 111 - The Locks, Woodlesford, 27 Dec, unknown social media      Fig 112 - car submerged off A642, 27 Dec, unknown social media 



 
 

Fig 113 - Flood Flow Routes in Woodlesford 
 

• The flooding experienced in Woodlesford came from several sources, but the primary cause of 
the flooding was in all cases fluvial in origin. The main flow routes are shown in figure 113 
above. 

 
• The River Aire came out of channel overtopping into the adjacent flood plains and inundating 

the Aire and Calder Navigation canal which then also exceeded its channel capacity 
overtopping and flooding low lying properties in proximity to the canal. 

 
• The canal was also surcharged, as covered in Section 4.1.6, from the upstream structural 

collapse of the Knostrop by-wash channel embankment which separates the canal and River 
Aire at Knostrop Lock in Stourton. 

 
Flood Warnings 
 
At 10:16am on the 26 December 2015, there were 31 severe flood warnings in force throughout 
England and Wales, 9 of which were in the Leeds inner urban area. 
 
The Environment Agency continues to encourage property owners to register for the free flood warning 
service by calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and 
December, leading to saturated catchments and periodic flooding as reported earlier within this report 
(see section 3 above).  
 



Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest 
levels ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 

• Structural collapse of Knostrop Lock 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 26 and 27 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 26 - Sources of flooding in Woodlesford 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Woodlesford 

     Support 

Lead 
 

Table 27 - The RMAs which have flood risk management responsibilities in Woodlesford 
as a result of the December 2015 flooding. 



4.1.8 Methley and Mickletown 
 
Methley and Mickletown are located in an area of flat-lying land 11 km (7 miles) to the south west of 
Leeds on the main route to Pontefract and Doncaster (A639). The railway line between Leeds and 
Castleford bisects the communities with the rivers Aire to the north and Calder to the south. The 
surrounding landscape has been radically altered as a result of extensive mining, settlement and 
subsequent land reclamation. The River Aire and River Calder meet at Castleford, with the Calder being 
the dominant river of the two. They are 148km and 86 kilometres long respectively and drain the huge 
area of North and West Yorkshire towards the Ouse. 
 

 
 

Fig 114 - Lower Mickletown, 28 December 2015, time 8:48 
 
Flooding History 
 
The detailed flooding history of Methley and Mickletown is unknown; however parts of Methley, located 
between the Aire and Calder were badly flooded in 1960 with homes reported to be under up to 4 metres 
of water. There has also been significant flooding from the Aire and Calder in 1978, 1982, 1995, 2000, 
2007, 2008 and 2012. See figure 115, 116 and 117 below. 
 

        

 
Figure 115, 116 and 117 - historic photographs of River Calder flooding at Methley, 1960, © leodis 



Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River Aire 
and River Calder due to record high river levels which would have rendered conventional surface 
water drainage systems draining towards these rivers inoperable until river levels subsided. 
 

• Due to fluvial backwater effects, unprotected (e.g. with a flap valve) surface water systems may 
also have contributed to localised flooding themselves due to surcharge back pressures from the 
high (record) river levels. 
 

• Mickletown Ings holds a large volume of water and, once filled, the Ings drains via gravity outfalls. 
The land within the Ings includes operational and farm land as well as a Site of Special Scientific 
Interest (SSSI), meaning quick and effective draining of the Ings is desirable, although it is 
believed from anecdotal statements from members of the public that not all the water drains by 
gravity since the decommissioning of the ‘syphon’. 

 
 

Existing Defences 
 

• As flood defences have been improved over the years, fewer properties have been directly 
affected by flooding as both Methley and Mickletown have benefited from the recent completion 
of various flood mitigation measures in the form of embankments and attenuation measures 
delivered by the Environment Agency. 
 

 
 

Figure 118 - Location and layout of flood defences, spillways, sluices and flood flow pathways 
 



• Because of the vast amounts of water that the Aire and Calder carry after prolonged rain, flood 
storage areas within the natural flood plain are designed and engineered to hold water back until 
river levels have peaked and start to go down. 
 
The storage areas are built to maximise their use with a view to protecting as many properties as 
possible up to and including a serious flood that has only 1% (1 in 100) Annual Exceedance 
Probability (AEP) chance of happening each year. 
  
There are a number of flood storage areas or washlands in the area, along with flood banks and 
other measures, that significantly reduce the risk of flooding to properties at Allerton Bywater, 
Castleford and Methley and Mickletown (see figure 118 above). These features often become 
part of the landscape and quietly protect properties when river levels are high. In an extreme 
event these systems may be overwhelmed and properties may flood from either the river or 
surface water which is unable to drain into the river due to high levels. 

 
 St Aidan’s 
 

• St Aidan’s is the name for a large area of former opencast and coal mining land between 
Swillington and Methley located adjacent to the River Aire, which is capable of holding up to 7 
million cubic metres of water, the equivalent of 2800 Olympic sized swimming pools. See figure 
119 below. 
 

 
 
Fig 119 - aerial photograph graphically showing St Aidan’s and the washlands in the distance acting as temporary storage reservoirs 

 © Environment Agency 
 

• The nearby washlands, or Ings, are natural floodplains which interact with St Aidan’s and hold 
water at times of high river flow and then empty as river levels start to go down, replenishing 
capacity again in the washlands. These washlands are at Swillington, Mickletown Ings, Methley 



and Lowther Washlands and Allerton Ings at Allerton Bywater and on the River Calder at 
Whitwood Mere. See figure 120 below. 
 
 
 

 
 

Figure 120 - Lowther A and B washlands acting as temporary storage reservoirs 
 

• St Aidan’s is designed for larger, more extreme floods and will not come into operation until the 
levels are at a 20% (1 in 5 year) Annual Exceedance Probability (AEP) flood event. St Aidan’s 
will, when triggered, reduce the level of a flood with a 1% (1 in 100 year) Annual Exceedance 
Probability (AEP) chance of happening each year by around 500mm at Allerton Bywater, 
Castleford, Methley and Mickletown.  Figures 121 to 124 below are a series of photographs which 
graphically show the enormity of St Aidan’s. 

 



   
 

Figure 121        Figure 122 
 
 

   
 

Figure 123       Figure 124 
 
 

• The St Aidan’s spillways were completed in June 2012, and this is the first occasion that the 
temporary storage reservoir and associated washlands have been tested by an extreme flood 
event. The influence of St Aidan’s and the associated washlands almost certainly saved 
thousands of properties between Woodlesford and Castleford from severe inundation and current 
models indicate that this could be as high as 1289 properties saved.  

 
 
Brief description of flooding event, flow paths & likely causes of flooding 
 

• Extensive fluvial (river) flooding within flood zone 3 of the River Aire and Calder. 
 

Methley and Mickletown (incl high-rise & multi occupancy accommodation 
where affected)  
1 - Internal residential flooding 4 
2 - External residential flooding 32 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Methley & Mickletown total 36 
 

Table 28 - Summary of property flooding in Methley and Mickletown 



 
• Streets / areas known to have been worst affected are:  

 
Mill Lane, Lower Mickletown, Wilson’s Row, Green Lane. 

 
 

 
See figure 125 for the location and figure 126 for the distribution of the flooding incidents. 

 

 
 

Figure 125 - Internal and external property flooding in Methley and Mickletown. 
 



 
 

Figure 126 - Number of properties which flooded 
 

 
 

Figure 127 - Flood Flow Routes in Methley and Mickletown 



 
• The flooding experienced in Methley and Mickletown was fluvial in origin. The main flow routes 

are shown in figure 127 above. 
 

• The River Aire and Calder came out of channel overtopping into the adjacent Mickletown Ings 
flood storage areas which then flooded isolated properties on the extreme fringes of the flood 
washland. 

 
Flood Warnings 
 
There are 2 flood warnings covering Methley and Mickletown where the risk of flooding is high, with 793 
properties considered to be at risk. Of these properties, 137 are registered to receive the Environment 
Agency’s free flood warnings direct service. The Environment Agency continues to encourage property 
owners to register for this free service by calling Floodline on 0345 988 1188 or by visiting 
www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire and Calder catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 29 and 30 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 29 - Sources of flooding in Methley and Mickletown 
 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Methley and 
Mickletown      Support 

Lead 
 
 

Table 30 - The RMAs which have flood risk management responsibilities in Methley and Mickletown 
as a result of the December 2015 flooding. 

 



4.1.9 Allerton Bywater 
 
Allerton Bywater is located in an area of flat-lying land 13 km (8 miles) to the south west of Leeds close 
to the main route to Castleford, (A656-Barnsdale Road).The surrounding landscape has been radically 
altered as a result of extensive mining, settlement and subsequent land reclamation and comes under 
the influence of the nearby River Aire and River Calder. The River Aire and River Calder meet at nearby 
Castleford, with the Calder being the dominant river of the two. They are 148km and 86 kilometres long 
respectively and drain the huge area of North and West Yorkshire towards the Ouse. 
 

 
 

Fig 128 - Allerton Bywater (Station Road), 28 December 2015, time 10:59 
 
Flooding History 
 
The detailed flooding history of Allerton Bywater is unknown, however significant flooding from the River 
Aire is thought to have occurred in 1960, 1978, 1982, 1995, 2000, 2007, 2008 and 2012. The Barnsdale 
Road area floods routinely when the River Aire spills into Allerton Ings (see Existing Defences below).  
 
Existing Drainage System and Flood Defences 
 

Existing Defences 
 

• As flood defences have been improved over the years, fewer properties have been directly 
affected by flooding as Allerton Bywater and nearby towns and villages have benefited from the 



recent completion of various flood mitigation measures in the form of embankments and 
attenuation measures delivered by the Environment Agency (see figure 129 below). 
 

 
 

Figure 129 - Location and layout of flood defences, spillways, sluices and flood flow pathways 
 

• Because of the vast amounts of water that the Aire and Calder carry after prolonged rain, flood 
storage areas within the natural flood plain are designed and engineered to hold water back until 
river levels have peaked and start to go down. 
 
The storage areas are built to maximise their use with a view to protecting as many properties as 
possible up to and including a serious flood that has only 1% (1 in 100) Annual Exceedance 
Probability (AEP) chance of happening each year. 
  
There are a number of flood storage areas or washlands in the area, along with flood banks and 
other measures, that significantly reduce the risk of flooding to properties at Allerton Bywater, 
Castleford and Methley and Mickletown (see fig 129 above). These features often become part of 
the landscape and  protect properties when river levels are high. In an extreme event these 
systems may be overwhelmed and properties may flood from either the river or surface water 
which is unable to drain into the river due to high levels. 

 
 St Aidan’s 
 

• St Aidan’s is the name for a large area of former opencast and coal mining land between 
Swillington and Methley located adjacent to the River Aire, which is capable of holding up to 7 
million cubic metres of water, the equivalent of 2800 Olympic sized swimming pools. See figure 
130 below. 
 



 
 
Fig 130 - aerial photograph graphically showing St Aidan’s and the washlands in the distance acting as temporary storage reservoirs 

© Environment Agency 
 
The nearby washlands, or Ings, are natural floodplains which interact with St Aidan’s and hold 
water at times of high river flow and then empty as river levels start to go down, replenishing 
capacity again in the washlands. These washlands are at Swillington, Mickletown Ings, Methley 
and Lowther Washlands and Allerton Ings at Allerton Bywater and on the River Calder at 
Whitwood Mere. See figure 131 below and figures 132 to 135 which are a series of photographs 
which graphically show the enormity of St Aidan’s. 

 

 
 

Figure 131 - Lowther A and B washlands acting as temporary storage reservoirs 



   
 

Figure 132        Figure 133 
 
 

   
 

Figure 134       Figure 135 
 
 

The St Aidan’s spillways were completed in June 2012, and this is the first occasion that the 
temporary storage reservoir and associated washlands have been tested by an extreme flood 
event. The influence of St Aidan’s and the associated washlands almost certainly saved 
thousands of properties between Woodlesford and Castleford from severe inundation and current 
models indicate that this could be as high as 1289 properties saved. 
 
In order to minimise the risk of flooding to the village of Allerton Bywater, there are three 
spillways (inlets) along the River Aire at St Aidan’s, Lowthers and Allerton Ings. They are 
designed to enable the extra water to spill over into the washlands which retain it during flooding 
events. 

 
St Aidan's is designed for larger, more extreme floods and will not come into operation until the 
levels are at a 20% (1 in 5 year) AEP flood event. St Aidan’s will, when triggered, reduce the level 
of a flood with a 1% (1 in 100 year) Annual Exceedance Probability (AEP) chance of happening 
each year by around 500mm at Allerton Bywater, Castleford, Methley and Mickletown. 

 
Lowther and Allerton Ings are designed to come into operation at a more frequent, but low level 
flood such as a 50% (1 in 2 year) AEP flood event to help reduce the frequency of flooding. 

 
 
 



Barnsdale Road 
 
Barnsdale Road is situated within and crosses Allerton Ings and will be flooded as it is situated 
within the natural flood plain. With the current spillway level at St Aidan’s, Barnsdale Road 
continues to flood at approximately a 50% (1 in 2 year) AEP flood event and, with a 20% (1 in 5 
year) AEP event, Barnsdale road is approximately 1.5m under water according to current river 
modelling with the River Aire as the primary influence. 
 
High levels in the dominant River Calder can also force their way into and back up the River Aire 
from the confluence of the two rivers, and this may also cause Allerton Ings to come into 
operation, flooding the Barnsdale Road area independently of river levels in the River Aire 
catchment. 

 
Brief description of flooding event, flow paths & likely causes of flooding 

 
• Extensive fluvial (river) flooding within flood zone 3 of the River Aire and Calder.. 

 
Allerton Bywater (incl high-rise & multi occupancy accommodation where 
affected)  
1 - Internal residential flooding 2 
2 - External residential flooding 2 
3 - Internal commercial flooding 7 
4 - External commercial flooding  0 

 Allerton Bywater total 11 
 

Table 31 - Summary of property flooding in Allerton Bywater 
 

• Streets / areas known to have been worst affected are: Barnsdale Road (A656) 
 

See figure 136 for the location and figure 137 for the distribution of the flooding incidents. 
 



 
 

Figure 136 - Internal and external property flooding, Allerton Bywater. 
 

 
 

Figure 137 - Number of properties which flooded 
 



 
 

Figure 138 - Flood Flow Routes in Allerton Bywater 
 

• The flooding experienced in Allerton Bywater was fluvial in origin. The main flow routes are 
shown in figure 138 above. 

 
• The River Aire and River Calder came out of channel overtopping into St Aidan’s and the 

associated washland flood storage areas which then flooded isolated properties along Barnsdale 
Road. 

 
Flood Warnings 
 
There are 2 flood warning covering Allerton Bywater where the risk of flooding is high, with 263 
properties considered to be at risk. Of these properties, 225 are registered to receive the Environment 
Agency’s free flood warnings direct service. The Environment Agency continues to encourage property 
owners to register for this free service by calling Floodline on 0345 988 1188 or by visiting 
www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire and Calder catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 



Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up through road gullies, manhole chambers, private drainage 
systems and such like. 
 
The main factors were:  
 

• Heavy rainfall 
 

• Saturated catchment 
 

• Mid-catchment event 
 

• Size of the event 
 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances, resulting in flooding that exceeded current or historic 
drainage design standards for all sections of drainage infrastructure. 
 
Tables 32 and 33 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
 

 Allerton Bywater Sources of flooding  

The 
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Fluvial 
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Surface          
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Table 32 - Sources of flooding in Allerton Bywater 
 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Allerton 
Bywater      Support 

Lead 
 
 

Table 33 - The RMA’s which have flood risk management responsibilities in Allerton Bywater 
as a result of the December 2015 flooding. 



4.2 River Wharfe 
 
4.2.1 Otley 
 
Otley is a town in West Yorkshire, approximately 10 miles from Leeds and Bradford. The town was 
originally situated on the south bank of the River Wharfe but, as the town developed, it expanded onto 
the north bank as well. 
 
Through Otley, the Wharfe valley is broad. Development is split between Newall, to the north of the river 
and Otley town centre to the south, the two parts of the town being linked by the stone arched Otley 
Bridge crossing of the River Wharfe. 
 
The River Wharfe has two tributaries in the vicinity of Otley Bridge: 
 

• Kell Beck runs south along the west side of Otley, to the north of the River Wharfe, and then 
turns east and runs towards Billams Hill along the north side of the old cattle market site before 
entering a culverted system. 

 
• Holbeck runs southwards through Newall. It is culverted under Farnley Lane and joins the River 

Wharfe just downstream of the weir.  
 
These channels may contribute to flooding of properties on the left bank of the River Wharfe, though the 
main source of floodwater is overtopping from the River Wharfe which then inundates flood plains and 
old gravel pits adjacent to the River Wharfe. 
 

 
 

Figure 139 - Farnley Lane, 26 December 2015, time 15:15 



Flooding History 
 
Otley has a long history of flooding with records dating back to 1673. Subsequent significant flooding 
events were recorded in 1775, 1866, 1883, 1920, 1935, 1936, 1938, 1961, 1965, 1968, 1975, 1982, 
1991, 1995, 2000, 2002, and extensive flooding occurred on 3 occasions alone in Nov/Dec 2015. 
 
Photographs below are courtesy of Otley Museum & Archive Trust unless indicated otherwise, all the 
photographs are the of Billams Hill / Farnley Lane area. See figure 140 to 145 below. 
 

 
 
 
 
 
 
 
 
 
                 Fig 140 - Otley 1883                                       Fig 141 - Otley 1920                                           Fig 142 - Otley 1935 
 
 
 
 
 
 
 
 
 
 
                       Fig 143 - Otley 1961                                        Fig 144 - Otley 1982                                           Fig 145 - Otley 2015 
 
 
For an overview of the major flooding events which have affected Otley, please also refer to Annex 5. 
 
Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River 
Wharfe, due to record high river levels which would have rendered surface water drainage 
systems draining towards the river inoperable until river levels subsided, and in particular the Kell 
Beck outfall just upstream of Otley Bridge. 
 

• Due to fluvial backwater effects, surface water systems without the protection of flap valves may 
also have contributed to localised flooding themselves due to surcharge back pressures from the 
high (record) river levels. 

 
• When river levels eventually dropped to enable free gravity discharge from the surface water 

drainage system, localised flooding would have subsided. 
 

Existing Flood Defences 
 

• There are currently no formal Environment Agency flood defences in Otley. 
 
 



Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Wharfe. 
 

Otley (incl high-rise & multi occupancy accommodation where affected)  
1 - Internal residential flooding 54 
2 - External residential flooding 14 
3 - Internal commercial flooding 5 
4 - External commercial flooding  1 

Otley total 74 
 

Table 34 - Summary of property flooding in Otley 
 

• Streets and areas known to have been worst affected are: 
 

A660, A659, Old Pool Road, Moor Drive, Meagill Rise, Weston Drive, Newall Carr Road,  
St Richards Road, Wrenbeck Drive, Farnley Lane, Billams Hill, Bridge Avenue. Old Cattle 
Market site, Wharfe flood plains. 

 
See figure 146 for the location and figure 147 below for the description of the flooding incidents and 
figures 148 to 150 for photographs of the flooded areas. 
 

 
 

Figure 146 - Internal and external property flooding, Otley 
 
 



 
 

Figure 147 - Number of properties which flooded 
 

   
 
         Fig 148 - Billams Hill, 26 Dec, time 16:27, © Martin Evans         Fig 149 - Farnley Lane junction, 26 Dec, time 16:26, © Martin Evans 
 

 
 

Fig 150 - River Wharfe overtopping, the play area off Farnley Lane is very nearly totally  
submerged and the River Wharfe weir is nowhere to be seen, 26 Dec, time 15:13. 



 
 

Figure 151 - River Wharfe flood Flow Routes in Otley 
 

     
 

Figures 152, 153 and 154 - Flood plains around Otley inundated by the River Wharfe, 26 December, times 13:27 to 14:46. 
 

      
 

Figures 155, 156 and 157 - localised surface water flooding around Otley due to lack of channel capacity in Ordinary watercourses, 
 or blockages to culverts, 26 December, time 14:54, 14:55, 14:56 

 



• The flooding experienced in Otley was fluvial in origin. The main flow routes are shown in figure 
151 above. 

 
• The River Wharfe came out of channel, overtopping and inundating the adjacent flood plains, low 

lying properties and amenity areas, as illustrated in figures 152 to 154. On the north bank, 
flooding is thought to have begun as the gravel pits to the west of Otley filled up and fluvial flood 
water then flowed overland across adjacent fields, flooding the old cattle market site. The flood 
route continued across the B6451 Farnley Lane at Billams Hill, which was closed for several 
hours, continuing on down Farnley Lane and between rows of houses. Homes were completely 
surrounded by dangerous, deep, fast flowing water. Floodwaters rejoined the River Wharfe at the 
Holbeck tributary, downstream of the weir. Flood depths were thought to be in the range of up to 
1000 mm to 2000 mm, but internal property flooding flood depths have not been fully 
corroborated. 

 
• Smaller Ordinary watercourses caused some localised flooding issues due to lack of channel 

capacity or blockages to culverts. See figures 155 to 157above. 
 

• Otley Bridge is a contributory factor acting as a ‘throttle point’ and restricting flows upstream. See 
figure 158 below. 

 

 
 

Figure 158 - Otley Bridge acting as a ‘throttle point,’ restricting flows upstream, Dec 2015, © John Waite (FB) 
 
 
 
 



Flood Warnings 
 
There are 2 flood warning areas in the community of Otley and the risk of flooding is high in the town, 
with 300 properties considered to be at risk of flooding. Of these properties, 187 are registered to receive 
the Environment Agency’s free flood warnings direct service. The Environment Agency continues to 
encourage property owners to register for this free service by calling Floodline on 0345 988 1188 or by 
visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are detailed in 
Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up in some cases via road gullies, manhole chambers, private 
drainage systems and such like. 
 
The main factors were:  
 

• Heavy rainfall: The River Wharfe catchment recorded 267% of Long Term Average rainfall in 
December and 245% of Long Term Average rainfall in November. It was the wettest two month 
period on record for the catchment since records began in 1910.  

 
• Saturated catchment: The River Wharfe catchment was already saturated by the time Storm Eva 

hit on Boxing Day meaning there was no remaining storage capacity in the soils causing the 
rainfall to run off more quickly into the rivers.  

 
• Mid-catchment event: The rain fell on the mid-catchment rather than the upper catchment where 

it usually falls. Mid-catchment rain gauges at Grimwith, Thruscross and Otley recorded intense 
rainfall. At Otley, the average total December rainfall was recorded in a 36 hour period. 

 
• Size of event: A 1 in 100 year event (1 % Annual Exceedance Probability or 1 in 100 chance of 

happening in any year) occurred in the Lower Wharfe. The flood levels on the Lower River 
Wharfe on Boxing Day were the highest ever recorded affecting the communities of Otley, 
Arthington, Harewood, Collingham, Wetherby, Boston Spa and Thorp Arch within the Leeds City 
Council political boundary. 

 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances. In December the River Wharfe experienced its highest 
flow levels on record resulting in flooding that exceeded current or historic drainage design standards for 
all sections of drainage infrastructure. 
 



Tables 35 and 36 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 35 - Sources of flooding in Otley 
 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Otley 

     Support 

Lead 
 
 

Table 36 - The RMAs which have flood risk management responsibilities in Otley 
as a result of the December 2015 flooding. 



 
4.2.2 Collingham 
 
The village of Collingham is situated adjacent to Linton on the southern side of the valley of the River 
Wharfe. The market town of Wetherby is just 2 miles to the northeast.  
 
Collingham is bisected by two main roads: the A58 which goes from Wetherby to Leeds, and the A659 
which comes from Tadcaster, and then branches off the A58 at Collingham village centre to Harewood 
and Otley. 
 

 
 

Figure 159 - The Avenue, 27 December 2015, Social media, Twitter RT by Alec Shelbrooke MP 
 
Flooding History 
 
Collingham is at risk of flooding from both the River Wharfe and Collingham Beck. Collingham Beck is a 
steep, meandering rapid response watercourse located in a narrow valley. 
 
Historic records of flooding in Collingham go back to 1931, with the earliest impacts on property being 
recorded in December 1965. However, it is assumed Collingham may have also been disrupted by the 
same major flooding incidents recorded for the River Wharfe at Otley which is only 13 miles (21km 
upstream. 
 
For an overview of the major flooding events which have affected Otley, please refer to section 2.4 
above and Annex 5. 
 
 
 



Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the River 
Wharfe due to record high river levels which would have rendered surface water drainage 
systems draining towards the river and pumping stations (The Avenue) inoperable until river 
levels subsided. 
 

• Due to fluvial backwater effects, surface water systems may also have contributed to localised 
flooding themselves due to surcharge back pressures from the high (record) river and beck 
levels. 

 
• When river and beck levels eventually dropped to enable free gravity discharge from the surface 

water drainage system, localised flooding would have subsided. 
 

Existing Defences 
 

• Flood defences were constructed around The Avenue in Collingham in 1995. This defence offers 
a 1 in 50 year standard of protection to 12 properties, see figure 160 below. 
 

 
 

Figure 160 - The Avenue Flood Alleviation Scheme 
 

• Privately developed embankments were also constructed in the 1970 and 80s through the 
gardens of properties in Mill Beck Green to reduce the risk of flooding from Collingham Beck but, 
following flooding here in 2007, the Environment Agency constructed a wall to extend this 
defence. This now protects approximately 40 properties in the Mill Beck Green area. 

 
 
 



Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Wharfe. 
 

Collingham (incl high-rise & multi occupancy accommodation where affected) 
 1 - Internal residential flooding 15 

2 - External residential flooding 38 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Collingham total 53 
 

Table 37 - Summary of property flooding in Collingham 
 

• Streets / areas known to have been worst affected are: 
 

Millbeck Green, The Close, Garsdale Fold, Bishopdale Drive,The Avenue, Church Lane, 
Beck Lane, Wattle Syke, Linton Road (Linton Bridge), Stammergate Lane, Linton Ings 

 
See figure 161 for the location and figure 162 for the distribution of the flooding incidents and 
figures 163 to 167 for photographs of The Avenue and flood embankment. 

 

 
 

Figure 161 - Internal and external property flooding, Collingham 



 
 

Figure 162 - Number of properties which flooded 
 

          
 
      Figures 163 and 164 - River Wharf overtops surrounding The Avenue flood embankment, 26 Dec, time 14:08 and 15: 08 
 

      
 
Figs 165 and 166 - The Avenue flood embankment breached 26 Dec,                    Fig 167 - The Avenue, unknown social media 
   time 15:11 & 16:03   



 
 

Figure 168 - Flood Flow Routes in Collingham 
 

• The flooding experienced in Collingham was fluvial in origin. The main flow routes are shown in 
figure 168 above. 

 
• The River Wharfe came out of channel and also breached flood defences inundating the adjacent 

flood plains, low lying properties and amenity areas. Internal flood depths were in some cases in 
excess of 2m. 

 
• Anecdotal evidence suggest the Millbeck Green area narrowly escaped instances of internal 

property flooding, although garden flooding in proximity to homes was extensive. 
 

• Isolated cases of internal property flooding as well as extensive garden flooding were reported in 
Linton Ings and Church Lane. See figures 169 to 172 below. 

 

 
 
Figures 169, 170 and 171 - showing extensive and deep garden flooding adjacent to Collingham Beck near Beck Lane and Church Lane 

26 December, times 15:00, © Paul McDonald 



 
 

Figure 172 - Church Lane, Collingham, 26 December, time 15:10, © Paul McDonald 
 

• Linton Bridge linking the communities of Collingham with Linton suffered major flood damage and 
the south supporting pier settled 200mm. See figure 173 below. The bridge was closed for safety 
reasons and structural assessment to all users on 27 December 2015 causing a major diversion 
of 4 miles for vehicles but with no available diversion for pedestrians. It is estimated the costs of 
repair will be in the order of £4.3 million and may take 12 months to complete from 
commencement.  

 
 

 
 

Figure 173 - Linton Bridge flood damage showing displacement 
 
 
 



 
Flood Warnings 
 

• There are 2 flood warning areas in the community of Collingham and risk of flooding is high in the 
village, with 209 properties considered to be at risk of flooding. Of these properties 199 are 
registered to receive the Environment Agency’s free flood warnings direct service. The 
Environment Agency continues to encourage property owners to register for this free service by 
calling Floodline on 0345 988 1188 or by visiting www.gov.uk/flood. 

 
• A flood warning was not issued to properties in Collingham on Boxing Day as the alarms further 

up the catchment were not triggered, and there was no alarm on the telemetry at Collingham to 
alert the Environment Agency of the situation. 
 

• 14 properties flooded on The Avenue as a result of the defences overtopping. Flood water 
remained in the street for 3 days until it was pumped out by the Fire Service. See figure 174 
below. 
 

 
 

Figure 174 - Fire Service attend on The Avenue, © Glen Acton (FB) 
 
 

Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had already 
experienced a number of heavy and prolonged periods of rainfall throughout November and December, 
leading to saturated catchments and periodic flooding as reported earlier within this report (see section 3 
above).  
 

http://www.gov.uk/flood


Further heavy rainfall over the Christmas period falling on this already saturated ground led to almost 
instant run off and, therefore, rapid river rise with many river level stations recording their highest levels 
ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped due to 
channel capacity being exceeded. The flooding was exacerbated in all cases by high river levels 
surcharging conventional surface water drainage systems, preventing free discharge from the surface 
water network and consequently backing up in some cases via road gullies, manhole chambers, private 
drainage systems and such like. 
 
The main factors were:  
 

• Heavy rainfall: The River Wharfe catchment recorded 267% of Long Term Average rainfall in 
December and 245% of Long Term Average rainfall in November. It was the wettest two month 
period on record for the catchment since records began in 1910.  

 
• Saturated catchment: The River Wharfe catchment was already saturated by the time Storm Eva 

hit on Boxing Day meaning there was no remaining storage capacity in the soils causing the 
rainfall to run off more quickly into the rivers.  

 
• Mid-catchment event: The rain fell on the mid-catchment rather than the upper catchment where 

it usually falls. Mid-catchment rain gauges at Grimwith, Thruscross and Otley recorded intense 
rainfall. At Otley, the average total December rainfall was recorded in a 36 hour period. 

 
• Size of event versus standard of flood defences: A 1 in 100 year event (1 % Annual Exceedance 

Probability or 1 in 100 chance of happening in any year) occurred in the Lower Wharfe, but the 
Collingham (The Avenue) defences only offer a 1 in 50 standard of protection. The flood levels on 
the Lower River Wharfe on Boxing Day were the highest ever recorded affecting the communities 
of Otley, Arthington, Harewood, Collingham, Wetherby, Boston Spa and Thorp Arch within the 
Leeds City Council political boundary. 

 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 December 
were an exceptional catalogue of circumstances. In December the River Wharfe experienced its highest 
flow levels on record resulting in flooding that exceeded current or historic drainage design standards for 
all sections of drainage infrastructure. 
 
Tables 38 and 39 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
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Table 38 - Sources of flooding in Collingham 
 
 
 

 



 

 

Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Collingham 

     Support 

Lead 
 

Table 39 - The RMAs which have flood risk management responsibilities in Collingham 
as a result of the December 2015 flooding. 

 



4.2.3 Wetherby 
 
Wetherby is a historic market town lying between Leeds and York. Its location at a crossing 
point of the River Wharfe on the route of the main road between London and Scotland meant 
that it was important from the medieval period until the 19th century as a resting point for 
travellers as well as a market centre. 
 
Wetherby is situated 12 miles northeast of Leeds, in the undulating limestone upland between 
Leeds and York, at a key crossing point of the River Wharfe. It is a rural market town with strong 
links to its surrounding agricultural landscape.  
 
The River Wharfe undergoes a dramatic change of direction in Wetherby as a result of meeting 
the limestone ridge upon which the town is built, forcing the river back south towards Boston 
Spa. 
 

 
 

Figure 175 - Wetherby, River Wharfe overtops, 26 December 2015, time 18:23 © Martin Evans 
 
Flooding History 
 
The detailed flooding history of Wetherby is unknown and the earliest record of flooding there is 
in 1965. However, it is assumed Wetherby may have been disrupted by the same major flooding 
incidents recorded for the River Wharfe at Otley which is only 15 miles (24km upstream). 
 



For an overview of the major flooding events which have affected Otley, please refer to section 
2.4 above and Annex 5. 
 
Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the 
River Wharfe, due to record high river levels which would have rendered surface water 
drainage systems draining towards the river inoperable until river levels subsided. 
 

• Due to fluvial backwater effects, surface water systems may also have contributed to 
localised flooding themselves due to surcharge back pressures from the high (record) 
river levels. 

 
• When river levels eventually dropped to enable free gravity discharge from the surface 

water drainage system, localised flooding would have subsided. 
 

Existing Defences 
 

• There are currently no formal Environment Agency flood defences in Wetherby. 
 
Brief description of flooding event, flow paths & likely causes of flooding 
  

• Extensive fluvial (river) flooding within flood zone 3 of the River Wharfe. 
 

Wetherby (incl high-rise & multi occupancy accommodation where affected) 
 1 - Internal residential flooding 18 

2 - External residential flooding 2 
3 - Internal commercial flooding 5 
4 - External commercial flooding  1 

Wetherby total 26 
 

Table 40 - Summary of property flooding in Wetherby 
 

• Streets and areas  known to have been worst affected are: 
 

Scott Lane, High Street, Old Boston Road, Wilderness car park, Wetherby Tennis 
Club, Wetherby Sports Association playing areas. 

 
See figure 176 for the location and figure 177 for the distribution of the flooding 
incidents. 

 



 
 

Figure 176 - Internal and external property flooding, Wetherby 
 

 
 

Figure 177 - Number of properties which flooded 



    
 
Fig 178 - Wilderness car park, 26 Dec, time 14:05© Martin Evans   Fig 179 - Wetherby Ings, 26 Dec, time 15:25 © Martin Evans 
 

    
 
Fig 180 - Wetherby, 26 Dec, time 14:15, © Martin Evans    Fig 181 - Wetherby Sports A; 27 Dec, time 13:15, © Martin Evans 

 

 
 
Fig 182 - Wetherby Ings and Wetherby Sports Association       Fig 183 - Wetherby Sports Association 
 

     
 
Fig 184 - Wetherby Sports Association  Figs 185 and 186, Wetherby Tennis Club © WTC  



 
 
 

   
 

Figures 187, 188 and 189 - internal flooding 800mm deep and resultant collateral damage 
 

• The River Wharfe came out of channel overtopping and inundating the adjacent flood 
plains, low lying properties and amenity areas. Flood depths were in some cases in 
excess of 2m and internal property flooding flood depths of 800mm were recorded but 
may have been even greater for some who were unavailable to comment. See figures 
178 to 189 above.  

 

 
 

Fig 190 - Flood Flow Routes in Wetherby 
 
 

• The flooding experienced in Wetherby was fluvial in origin. The main flow routes are 
shown in figure 190 above. 



 
Flood Warnings 
 
There is 1 flood warning covering Wetherby where the risk of flooding is high, with 66 properties 
considered to be at risk. Of these properties, 44 are registered to receive the Environment 
Agency’s free flood warnings direct service. The Environment Agency continues to encourage 
property owners to register for this free service by calling Floodline on 0345 988 1188 or by 
visiting www.gov.uk/flood. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are 
detailed in Annex 4. 
 
Summary of findings 
 
Prior to the 25 - 29 December flood event, the River Aire, Calder and Wharfe catchments had 
already experienced a number of heavy and prolonged periods of rainfall throughout November 
and December, leading to saturated catchments and periodic flooding as reported earlier within 
this report (see section 3 above).  
 
Further heavy rainfall over the Christmas period falling on this already saturated ground led to 
almost instant run off and, therefore, rapid river rise with many river level stations recording their 
highest levels ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped 
due to channel capacity being exceeded. The flooding was exacerbated in all cases by high 
river levels surcharging conventional surface water drainage systems, preventing free discharge 
from the surface water network and consequently backing up in some cases via road gullies, 
manhole chambers, private drainage systems and such like. 
 
The main factors were:  
 

• Heavy rainfall: The River Wharfe catchment recorded 267% of Long Term Average 
rainfall in December and 245% of Long Term Average rainfall in November. It was the 
wettest two month period on record for the catchment since records began in 1910.  

 
• Saturated catchment: The River Wharfe catchment was already saturated by the time 

Storm Eva hit on Boxing Day meaning there was no remaining storage capacity in the 
soils causing the rainfall to run off more quickly into the rivers.  

 
• Mid-catchment event: The rain fell on the mid-catchment rather than the upper 

catchment where it usually falls. Mid-catchment rain gauges at Grimwith, Thruscross and 
Otley recorded intense rainfall. At Otley, the average total December rainfall was 
recorded in a 36 hour period. 

 
• Size of event: A 1 in 100 year event (1 % Annual Exceedance Probability or 1 in 100 

chance of happening in any year) occurred in the Lower Wharfe. The flood levels on the 
Lower River Wharfe on Boxing Day were the highest ever recorded affecting the 
communities of Otley, Arthington, Harewood, Collingham, Wetherby, Boston Spa and 
Thorp Arch within the Leeds City Council political boundary. 

 



In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 
December were an exceptional catalogue of circumstances. In December the River Wharfe 
experienced its highest flow levels on record resulting in flooding that exceeded current or 
historic drainage design standards for all sections of drainage infrastructure. 
 
 
 
Tables 41 and 42 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
 
 

 Wetherby Sources of flooding  

The 
Sea 

Fluvial 
(Main River) 

Fluvial 
(Ordinary 

Water 
course) 

Surface          
Water 

Surface          
Water on the 
Highway 

Groundwater Sewer 
Flooding 

Reservoirs 

        
 
 

Table 41 - Sources of flooding in Wetherby 
 
 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Wetherby 

     Support 

Lead 
 
 

Table 42 -The RMAs which have flood risk management responsibilities in Wetherby 
as a result of the December 2015 flooding. 



4.2.4 Thorp Arch & Boston Spa 
 
Boston Spa is a linear village close to the north-east boundary of the Leeds City Council area, 
three miles south-east of Wetherby and four miles north-west of Tadcaster. The village lies on 
the south side of a wooded river gorge through which the River Wharfe meanders. Boston Spa 
was founded as a spa resort in the mid 18th century and was carved out of the north part of 
Bramham parish. 
 
The village is laid out in a linear plan form along High Street, with Bridge Road leading to Thorp 
Arch bridge marking the centre of the settlement. 
 
The neighbouring village of Thorp Arch lies immediately adjacent to Boston Spa on the north 
side of the linking stone arch bridge through which the River Wharfe flows. 
 

 
 

Figure 191 -Thorp Arch, River Wharfe overtops, 26 December 2015, time 16:53, © John Barker 
 
Flooding History 
 
The detailed flooding history of Thorp Arch & Boston Spa is unknown. However, it is assumed 
that the communities may have been disrupted by the same major flooding incident recorded for 
the River Wharfe at nearby Wetherby in 1965, and also major flooding events experienced 
further upstream at Otley which is only 18 miles (29km) away. 



For an overview of the major flooding events which have affected Otley, please refer to section 
2.4 above and Annex 5. 
 
Existing Drainage System and Flood Defences 
 

• Localised flooding would have occurred in low lying areas under the influence of the 
River Wharfe, due to record high river levels which would have rendered surface water 
drainage systems draining towards the river inoperable until river levels subsided. 
 

• Due to fluvial backwater effects, surface water systems may also have contributed to 
localised flooding themselves due to surcharge back pressures from the high (record) 
river levels. 

 
• When river levels eventually dropped to enable free gravity discharge from the surface 

water drainage system, localised flooding would have subsided. 
 

Existing Defences 
 

• There are currently no formal Environment Agency flood defences in Boston Spa or 
Thorp Arch. 

 
Brief description of flooding event, flow paths & likely causes of flooding 
 

• Extensive fluvial (river) flooding within flood zone 3 of the River Wharfe. 
 

Thorp Arch & Boston Spa (incl high-rise & multi occupancy 
accommodation where affected) 

 1 - Internal residential flooding 7 
2 - External residential flooding 25 
3 - Internal commercial flooding 0 
4 - External commercial flooding  0 

Thorp Arch & Boston Spa total 32 
 

Table 43 - Summary of property flooding in Thorp Arch and Boston Spa 
 

• Streets and areas known to have been worst affected are: 
 
Mill Lane, Thorpe Arch Mill, Spa Lane, High Street, River View, Wharfeside. 

 
See figure 192 for the location and figure 193 for the distribution of the flooding incidents 
and figures 194 to 196 for photographs of the damage from internal flooding. 

 



 
 

Figure 192 - Internal and external property flooding, Thorp Arch and Boston Spa. 
 

 
 

Figure 193 - Number of properties which flooded 



     
 

Figures, 194, 195 and 196 - internal flooding 500mm deep at this site and resultant collateral damage 
 

 
 

Figure 197 - Flood Flow Routes in Thorp Arch and Boston Spa 
 

• The flooding experienced in Thorp Arch and Boston Spa was fluvial in origin. The main 
flow routes are shown in figure 197 above. 

 
• The River Wharfe came out of channel, overtopping and inundating the adjacent flood 

plains and low lying properties. Verified internal flood depths vary from 500mm to 
1500mm. See figures 198 to 201 below. 

 



            
 

Figures 198 and 199 - Thorp Arch Mill flooded by the Wharfe, 26 Dec, time 15:33 and 16:39 © John Barker 
 

   
 

Figures 200 and 201 - Thorp Arch Mill flooded by the Wharfe, 26 Dec, time 16:42 and 16:53 © John Barker  
 
Flood Warnings 
 
There is currently no flood warning area in either Thorp Arch or Boston Spa. 
 
Key information and the time line regarding the issue of flood alerts and flood warnings are 
detailed in Annex 4. 
 
Summary of findings 
 
Prior to the 25 – 29 December flood event, the River Aire, Calder and Wharfe catchments had 
already experienced a number of heavy and prolonged periods of rainfall throughout November 
and December leading to saturated catchments and periodic flooding as reported earlier within 
this report (see section 3 above).  



Further heavy rainfall over the Christmas period falling on this already saturated ground led to 
almost instant run off and, therefore, rapid river rise with many river level stations recording their 
highest levels ever. 
 
This phenomenon resulted in widespread fluvial flooding from Main Rivers which overtopped 
due to channel capacity being exceeded. The flooding was exacerbated in all cases by high 
river levels surcharging conventional surface water drainage systems, preventing free discharge 
from the surface water network and consequently backing up in some cases via road gullies, 
manhole chambers, private drainage systems and such like. 
 
The main factors were:  
 

• Heavy rainfall: The River Wharfe catchment recorded 267% of Long Term Average 
rainfall in December and 245% of Long Term Average rainfall in November. It was the 
wettest two month period on record for the catchment since records began in 1910.  

 
• Saturated catchment: The River Wharfe catchment was already saturated by the time 

Storm Eva hit on Boxing Day, meaning there was no remaining storage capacity in the 
soils causing the rainfall to run off more quickly into the rivers.  

 
• Mid-catchment event: The rain fell on the mid-catchment rather than the upper 

catchment where it usually falls. Mid-catchment rain gauges at Grimwith, Thruscross and 
Otley recorded intense rainfall. At Otley, the average total December rainfall was 
recorded in a 36 hour period. 

 
• Size of event: A 1 in 100 year event (1 % Annual Exceedance Probability or 1 in 100 

chance of happening in any year) occurred in the Lower Wharfe. The flood levels on the 
Lower River Wharfe on Boxing Day were the highest ever recorded affecting the 
communities of Otley, Arthington, Harewood, Collingham, Wetherby, Boston Spa and 
Thorp Arch within the Leeds City Council political boundary. 

 
In summary, the flood event and circumstances leading up to the flood event of the 25 – 29 
December were an exceptional catalogue of circumstances. In December the River Wharfe 
experienced its highest flow levels on record resulting in flooding that exceeded current or 
historic drainage design standards for all sections of drainage infrastructure. 
 
Tables 44 and 45 below show the source of the flooding and therefore which Risk Management 
Authority(ies) has/have a flood risk management function to perform. 
 
 

 Thorp Arch & Boston Spa Sources of flooding  

The 
Sea 

Fluvial 
(Main River) 

Fluvial 
(Ordinary 

Water 
course) 

Surface          
Water 

Surface          
Water on the 
Highway 

Groundwater Sewer 
Flooding 

Reservoirs 

        
 
 

Table 44 - Sources of flooding in Thorp Arch and Boston Spa 
 



 

 Risk Management Authorities (RMA)  

LLFA EA WC IDB HA Key 
Thorp Arch 
and Boston 
Spa 

     Support 

Lead 
 
 

Table 45 - The RMAs which have flood risk management responsibilities in Thorp Arch and Boston Spa 
as a result of the December 2015 flooding. 



5 Summary, Recommended Actions and Risk 
 
 
Flooding is a natural process and according to the National Assessment of Flood Risk 
around one in six properties are at risk of flooding. More than 5 million people live and work 
in 2.4 million properties that are at risk of flooding from rivers or the sea, one million of 
which are also at risk of surface water flooding. A further 2.8 million properties are 
susceptible to surface water flooding alone.  
 
It will never be possible to prevent all flooding happening and tackling flooding is therefore 
more than just defending against floods. It means understanding the complex causes of 
flooding and taking co-ordinated action on every front in partnership with other agencies 
and stakeholders to reduce flood risk by optimising the benefit from every pound spent on 
flood risk management, given the premise that there will never be enough national funding 
to address every need. 
 
Flood risk management in the UK is currently regulated by a series of statutes and Common 
Law. Roles are split between several bodies including the Environment Agency, water 
companies, local authorities, highway authorities and private riparian owners (which may 
necessitate enforcement) and, as a consequence, coordination of effort can be both 
problematic and time consuming. 
 
Being flooded is such a highly charged and emotive subject that it is perhaps noteworthy to 
reiterate the legal position regarding flooding as there are many popular misconceptions, 
the most frequent of which is that it is the Council’s or the Environment Agency’s 
responsibility and duty to protect private and commercial property against the risk of 
flooding. 
 
The lawful position is that the public in England are not legally entitled to any specific level 
of flood protection and there is no statutory requirement for the either the Environment 
Agency (the Government) or Leeds City Council to protect private property against the risk 
of flooding. 
 
Notwithstanding this, the Environment Agency and Leeds City Council both recognise the 
fundamental importance of safeguarding the wider community, and, in doing so, the 
economic and social wellbeing of the region. 
 
As a result there are two key recommendations coming from this investigation described in 
the text and in the risk tables below: 
 

1. That this investigation endorses the Lessons Learned Recommendations that 
resulted from the Leeds City Council Storm Eva Recovery work, highlighted in 
Annex 10. 
 

2. That secured future investment for flood alleviation schemes is critical to 
reducing the likelihood of a repeat of the devastation experienced in December 
2015 across Leeds. 

 
 
 
 
 



1. Storm Eva Recovery Lessons Learned Recommendations 
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Following the events of Storm Eva on the 26th and 27th December 2015, 
Leeds City Council, working together with local communities, volunteers, 
and partners, has been responding to a range of recovery actions in 
affected areas, using a citywide Strategic Recovery Plan. Most actions from 
the strategic recovery plan are now completed or have been incorporated 
into business as usual projects and work. There have also been further 
developments regarding long term infrastructure projects, with further 
funding promised for the River Aire Flood Alleviation Scheme beyond phase 
1. 
 
Council lessons learned from the response and recovery to Storm Eva have 
been collected and the report and recommendations should be seen as 
highlighting the way forward in terms of dealing with floods and any 
improvements to our emergency procedures more generally. 
 
Recommended Action: 
 
Relevant departments across the council along with partners, communities 
and businesses should work together to further progress those lessons 
learned and recommendations as highlighted in Annex 10 of this report. 
Further works and initiatives arising from this collaborative work should also 
be tracked and considered as part of this recommendation. 
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2. Flood Alleviation Schemes 
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The flooding from Storm Eva was predominantly from main rivers coming 
out of channel with the extent of the flooding having a close correlation with 
existing EA flood Zone maps. The scale and impact of the devastation of 
the flooding has not been experienced since 1866 and may be the worst 
ever. The impact would have been even greater had the event occurred on 
a normal working day rather than in the holiday period. There are no formal 
flood defences along the River Aire and so the city remains at risk until they 
are provided. 
 
To that end, as lead local flood authority, Leeds City Council is making good 
progress with the £45m Leeds Flood Alleviation Scheme Phase 1 works, 
which when complete in mid-2017, will provide a level of protection for the 
areas south of the railway station in Leeds. The Council is also taking a lead 
on Phase 2 and in recent months a joint venture of consultants and 
contractors working alongside ourselves and the Environment Agency, has 
been established to enable the identification of flood protection options 
encompassing the whole of the River Aire catchment from Malham Tarn by 
the beginning of next year. It is already evident from the initial work, that 
Phase 2 will be a complex project involving many different partners working 
across the whole catchment area which will require significant coordination 
and resources to be successful. It is also evident that there needs to be 
absolute clarity about funding of this work in the mid to long term and the 
level of defence to be provided to this part of the city. A letter to DEFRA 
Ministers has been sent recently and a response is awaited. Until the latter 
is confirmed and the associated work undertaken, a repeat of the Strom 
Eva event cannot be ruled out. Once approved, a copy of this report will be 
sent to the Secretary of State to reiterate the continuing risk to our 
communities and the need for funding clarity. 
 
Communities along the River Wharfe should not be forgotten either. Otley 
was significantly affected and Linton Bridge was badly damaged by Storm 
Eva. Works to repair the latter are progressing well and within budget with a 
completion date currently Summer 2017. The works are complex and 
challenging given the level and nature of the damage and the fact that it is a 
listed structure. Unforeseen circumstances could well delay the works and 
lead to increased costs. The Council will continue to liaise and update 
Government on progress of the works and the funding situation and 
continue to work with the EA on identifying measures and securing funding 
to protect communities along the River Wharfe. 
 
Recommended Actions: 
 

1. Note the good progress being made on Phases 1 and 2 of the Leeds 
Flood Alleviation Scheme and Linton Bridge. 
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2. To progress schemes including reviewing previous studies with 

modelling and feasibility work updated in order to identify and have 
flood mitigation works funded to the following catchments to protect 
communities in Leeds, to avoid a recurrence of the damage and 
destruction caused by Storm Eva.   
 

a. River Aire Upper catchment 
b. River Aire Lower catchment (including the River Calder 

confluence) 
c. River Wharfe catchment 

 
3. A copy of the Section 19 Report to be forwarded to the Secretary of 

State for DEFRA to highlight the recommendations contained within 
the Section 19 report, the level of risk remaining to Leeds 
communities and the need for funding clarity.   
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Annexes 
 
Annex 1: Risk Management Authorities (RMA) 
 
Flood risk in the district is managed by the Risk Management Authorities (RMAs) as defined 
in the FWMA. In the Leeds District these are:  
 

• The Lead Local Flood Authority – Leeds City Council;  
 

• The Environment Agency (EA);  
 

• The Water and Sewerage Company (WaSC) – Yorkshire Water Services (YWS);  
 

• The Internal Drainage Board (IDB) – Ainsty IDB;  
 

• The Highway Authority – Leeds City Council as Unitary Authority;  
 

• And Highways England, who have responsibility for motorways and major trunk 
roads.  

 
As RMAs each of the above authorities has specific responsibilities in relation to FCERM 
and must also coordinate their activities with each other. The key responsibilities of each of 
the above authorities are outlined in the following sub-chapters; some of these 
responsibilities are still to be enacted.  
 
1.2. Leeds City Council  
 
Leeds City Council’s principal responsibilities as LLFA under the FWMA and FRR are 
summarised below. These supplement any existing duties under the Land Drainage Act 
1991: 
 

• Local Flood Risk Management Strategy (LFRMS) – Develop, maintain, apply and 
monitor a strategy for managing local flood risk in the Leeds Metropolitan District.  

 
• Preliminary Flood Risk Assessment (PFRA) - Prepare a PFRA report in relation to 

flooding in the Leeds Metropolitan District. Review the report at intervals of 6 years 
with the first review completed before the 22nd June 2017.  

 
• Co-operation and Arrangements – Co-operate with other Risk Management 

Authorities in exercising their flood risk management functions under both the FWMA 
and the FRR.  

 
• Power to Request Information – Request a person to provide information in 

connection with the authority’s risk management functions.  
 

• Duty to Maintain a Register – Establish and maintain a register of structures and 
features, including ownership which are believed to have a significant effect on a 
local flood risk.  

 
• General Powers: Flood Risk Management Works – Undertake works to manage flood 

risk from surface runoff, groundwater and ordinary watercourses (but all works must 
be consistent with the Local Flood Risk Management Strategy).  

 



• Investigations – Investigate flooding incidents in the District, to the extent that it is 
considered necessary or appropriate, in cooperation with other RMAs.  

 
• Sustainable Development – contribute towards sustainable development through 

flood risk management activities.  
 

• Incidental Flooding – Plan erect, maintain, alter or remove buildings or other 
structures (including those used for flood defence purposes) in a way that will or may 
cause flooding, an increase in the amount of water below ground, or coastal erosion.  

 
• Designation of Features – Powers to designate a structure or a natural or man-made 

feature of the environment that is considered to have an effect on flood risk; in order 
to prevent the alteration or removal of the structure or feature without consent.  

 
• Sustainable Drainage – The Regulations for this were expected to commence in April 

2014 and would establish a Sustainable Drainage System (SuDS) Approval Body 
(SAB) to approve drainage systems in developments seeking planning permission, 
together with a duty to adopt and maintain approved SuDS, which serves more than 
one property.  

 
1.3. The Environment Agency  
 
The EA is an executive, non-departmental public body responsible to the Secretary of State 
for Environment, Food and Rural Affairs. Its principal aims are to protect and improve the 
environment, and to promote sustainable development. The EA take lead responsibility for 
risk-based management of flooding from Main Rivers and the sea and regulation of the 
safety of reservoirs with a storage capacity greater than 25,000m3 (expected to be reduced 
to 10,000m3 once the relevant parts of the FWMA have been commenced).  
 
New roles and responsibilities contained within the FWMA include: 
 

• Strategic overview for all forms of flooding;  
 

• Development of a National Strategy for FCERM to cover all forms of flooding;  
 

• The conversion of Regional Flood Defence Committees into Regional Flood and 
Coastal Committees with a new remit to include coastal erosion issues;  

 
• Powers to request information from any person in connection with the Environment 

Agency’s flood and coastal erosion risk management functions;  
 

• Power to designate structures and features that affect flooding or coastal erosion;  
 

• Powers to cause flooding and erosion for nature conservation and cultural heritage 
reasons, and people’s enjoyment of these;  

 
• A duty to have regard to FCERM in carrying out other work that may affect FCERM;  

 
• A duty to have regard to LFRMS;  

 
• A duty to report to Ministers about FCERM including application of the national 

strategies for England and Wales;  
 



• Statutory consultee to the SuDS approving body on sustainable drainage that 
impacts water quality or strategic flood risk;  

 
1.4. Yorkshire Water Services  
 
YWS are the sole WaSC operating in the Leeds district. As a provider of water infrastructure 
services YWS have existing responsibilities in relation to FCERM in the Leeds district, which 
have been supplemented by the FWMA. YWS’s assessment of their responsibilities are 
summarised below: -  
 

• Where appropriate assist the LLFAs in meeting their duties in line with the National 
FCERM Strategy and guidance;  

 
• Where appropriate assist the LLFAs in meeting their duties in line with local 

strategies in its area;  
 

• Where appropriate share information and data with RMAs, relevant to their flood risk 
management functions;  

 
• A duty to effectually drain their area, in accordance with Section 94 of the Water 

Industry Act 1991;  
 

• A duty to register all reservoirs with a capacity greater than 10,000m3 with the 
Environment Agency;  

 
• An agreement with Ofwat to maintain a register of properties at risk from hydraulic 

overloading in the public sewerage system (DG5 register);  
 

• The appropriate management of surface water in combined systems;  
 

• Encouraging the use of SuDS;  
 

• Creating a detailed understanding of flood risk from the public sewer system;  
 

• Explore and implement multi benefit/agency schemes.  
 

YWS’s priorities in the West Yorkshire region are: -  
 

• Appropriate management of surface water from the combined sewer system;  
 

• Encourage the use of Sustainable Urban Drainage Systems (SuDS);  
 

• Where appropriate sharing of information and data with RMAs;  
 

• Create a detailed understanding of flood risk from the public sewer system;  
 

• Explore and implement multi agency/multi benefit schemes to resolve issues within 
the companies appointed business.  

 
1.5. Ainsty Internal Drainage Board  
 
Ainsty IDB are the sole IDB operating in the Leeds district and cover only a very small 
percentage of Leeds district (in the Wetherby area) and as such its role is limited. Under the 



FWMA Ainsty IDB have new duties and responsibilities supplementing their existing powers. 
Key responsibilities include:  
 

• Power to designate structures and features that affect flooding or coastal erosion;  
 

• Powers to cause flooding and erosion for nature conservation and cultural heritage 
reasons, and people’s enjoyment of these;  

 
• A duty to exercise their functions in a manner consistent with local and national 

strategies;  
 

• A duty to be subject to scrutiny from lead local flood authorities‟ democratic 
processes;  

 
• The ability to work in consortia with other IDBs;  

 
• A statutory consultee to the SuDS approving body on sustainable drainage that 

impacts land drainage;  
 

• Power to do works on ordinary watercourses flooding within their boundary and, with 
the Environment Agency’s consent, the sea.  

 
1.6. Highways England 
 
As a highway authority Highways England manage a number of major trunk roads and 
motorways in the Leeds district including the M621, M62, M1 & A1. Their sole responsibility 
in relation to flood risk management is to:  
 

• Provide and manage highway drainage and roadside ditches under the Highways Act 
1980.  

 
• A duty to exercise their functions in a manner consistent with local and national 

strategies;  
 
1.7. Other Risk Management Authorities  
 
Other authorities and stakeholders, with no designated role under the FWMA, also have a 
key responsibility for flood risk management in their own areas of discipline. These include:  
 

• Network Rail  
 

• Canal and River Trust  
 

• Met Office  
 

• Natural England  
 

• English Heritage  
 

• Association of British Insurers  
 

• Local flood partnerships, forums and community groups  
 



It is expected that these authorities will undertake their activities in a manner which is 
consistent with this strategy. 
 
1.9 The Responsibilities of Riparian Landowners and Residents 
 
Riparian Landowners 
 
Riparian landowners are those who own land adjoining or containing a watercourse. They 
have certain rights and responsibilities, including the following: 
 

• to maintain the bed and banks of the watercourse, and also the trees and shrubs 
growing on the banks 

• To clear any debris, even if it did not originate from their land. This debris may be 
natural or man-made 

• To keep any structures within their ownership clear of debris. These structures 
include culverts, trash screens, weirs and mill gates 

 
If riparian landowners do not carry out their responsibilities they may face legal action. 
 
Residents 
 
Residents who are concerned they may be at risk of flooding should take appropriate action 
to protect themselves and their property.  
 
Actions taken can include registering to receive flood warnings, obtaining a personal supply 
of sandbags, and moving valuable items to higher ground. 
 
A range of more resilient, specialist and permanent property protection measures are also 
available to protect property from flooding, including water resistant doors, air brick covers, 
floodgates, raised electrical sockets and the fitting of non-return valves on pipes and such 
like. 
 
Anyone affected by internal property flooding should try to document and photograph as 
much information about the incident and sources of flooding as possible, to assist with 
subsequent investigations of causes and any private insurance claims. 
 
The following table summarises which RMA has duties to undertake in each study area 
covered by this report. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Study Area Risk Management Authorities (RMA)  

LLFA EA WW IDB HA Key 
Leeds City 
Centre      Support 

Lead 
Newlay 

      

Kirkstall 
      

Burley 
      

Thwaite Gate 
& Hunslet       

Stourton 
      

Woodlesford 
      

Methley 
& Mickletown 

      

Allerton 
Bywater 

      

Otley 
      

Collingham 
      

Wetherby 
      

Thorp Arch &  
Boston Spa       

 
Table 46 - The Risk Management Authorities that have flood risk management responsibilities across 

Leeds Metropolitan District. 
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We are the Environment Agency. We protect and improve the environment. 
Acting to reduce the impacts of a changing climate on people and wildlife is at 
the heart of everything we do. 
We reduce the risks to people, properties and businesses from flooding and 
coastal erosion. 
We protect and improve the quality of water, making sure there is enough for 
people, businesses, agriculture and the environment. Our work helps to 
ensure people can enjoy the water environment through angling and 
navigation. 
We look after land quality, promote sustainable land management and help 
protect and enhance wildlife habitats. And we work closely with businesses to 
help them comply with environmental regulations. 
We can’t do this alone. We work with government, local councils, businesses, 
civil society groups and communities to make our environment a better place 
for people and wildlife. 
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Executive summary 
The flood event of the 25th to 29th December 2015 was amongst the most 
significant in Yorkshire since current records began. Many locations recorded 
the highest ever flood levels. As a consequence, the impact of the event was 
severe. 
Unsettled, stormy conditions dominated the winter period. October was characterised by two short 
rainfall events which began to wet the catchments. Following this, November was a very wet 
month over West and North Yorkshire with near constant rainfall. The catchments along the 
Pennine ridge recorded 200% to 250% of the monthly long term average rainfall, culminating in 
high river flows and zero available ground storage. Through December, there was no respite as 
Yorkshire continued to suffer from continuous, often heavy, rainfall. 

The event of the 25th to 29th December was the result of a weather front which travelled in a north 
easterly direction immediately following behind storm Eva. The front first passed over West 
Yorkshire before heading across through North Yorkshire. 

The more significant rainfall totals and rainfall return periods occurred for the peak 24 hour and 36 
hour period over the 25th and 26th December. During this time, the average monthly rainfall for 
December fell over the Pennine edge of West Yorkshire and through central North Yorkshire. 
Rainfall return periods of more than 1 in 50 years were recorded in parts of the upper Calder, 
upper Aire, and middle Wharfe catchments for the 24 hour peak totals. Although the River Don 
catchment of South Yorkshire and Hull and Humber catchment of East Yorkshire experienced 
heavy rainfall, the volumes recorded were not as significant and the fluvial response was lower 
than previous events. 

Record river levels were reached at most gauges within the Calder, Aire, Wharfe, Nidd, and Foss 
catchments and experienced flooding of 100 years or greater within sections of these catchments. 
Significant peaks were also reached within the Swale and Ouse rivers. These record river levels 
were produced by the combination of already saturated grounds and high river levels immediately 
prior to the rainfall over Christmas Day and Boxing Day. 
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Introduction 
This report provides a record and analysis of the hydrology of the 25th to 29th 
December 2015 flood event in Yorkshire. This report is one of a number 
which have recorded and analysed recent significant flood events. 
Any hydrological analysis must be selective. This report presents analysis of data from selected 
sites across Yorkshire in those catchments which were most notably affected. These include the 
catchments of the: 

• River Calder 
• River Aire 
• Rivers Wharfe, Swale, Ure, and Nidd 
• Rivers Ouse and Foss 

The catchments of the Hull, Don and Rother did experience heavy rainfall but the event was not 
especially significant in these catchments when compared to previous events. Therefore, these 
have not been included within this report. 

The report concentrates on the analysis of the hydrological information. It does not deal with the 
operational aspects of the flooding such as incident response, operation of barriers and structures, 
and the effectiveness of flood forecasts or warnings. 
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Antecedent Conditions 
This event followed on from a period of sustained rainfall throughout late 
November and December. As a result many rivers were already high and 
catchments were saturated before the event. 

Rainfall 
The National Climate Information Centre (NCIC) produces a dataset of aggregated climate data. 
This information is calculated from a range of climatic parameters based on a 5km x 5km grid and 
is used to calculate long term average (LTA) for a given area. Table 1 shows the wettest ranking 
data from the NCIC dataset for November. In the affected catchments, November 2015 was 
ranked in the top 5. The percentage of LTA rainfall in the wettest catchments exceeded 200%. This 
indicates that the ground would already have been saturated from the rainfall through November 
before the exceptionally wet December. It also shows that the East Yorkshire catchments of the 
Hull and Humber did not experience such extensive rainfall although still recorded above LTA in 
November. 

 
Table 1: NCIC ranked rainfall totals wettest since 1909 and percentage of LTA. 

November and December saw a sequence of weather systems cross the country bringing a lot of 
rainfall including storm Desmond over the 5th and 6th December and storm Eva over the 23rd and 
24th December. Table 2 shows the rainfall data for December immediately prior to the event. The 
map in figure 1 also shows the percentage LTA for November and December up to the 25th 
December. The data shows variation in terms of percentage LTA and geographical distribution. 
The northern and western catchments had generally received more than the LTA rainfall for 
December before the event, particularly in the upper catchments, while the catchments of South 
and East Yorkshire received less rain. In addition to this, most catchments had received greater 
than average rainfall in November. Therefore, the catchments were already saturated before the 
rainfall over Christmas Day and Boxing Day. 
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Table 2: Total rainfall and percentage of LTA for the 1st to 24th December 2015. 

 

Catchment Gauge name Location Rainfall (mm)  1st to 
24th December 2015

December 
LTA

Rainfall  1st to 24th 

December 2015 as % 
of December LTA 

Arkle Town near Reeth 247.4 122.0 203
Grainsholme Farm near Gunnerside 366.6 144.4 254

Richmond Richmond 142.6 72.2 198
East Cowton north of Northallerton 69.6 52.1 134

Crakehall near Leeming 89.6 62.6 143
Low Moor near Northallerton 65.6 62.2 105

Osmotherley Osmotherley 60.4 66.0 92
Tow Hill Hawes 571 203.0 281

Thornton Steward near Leyburn 114 72.7 157
Lumley Moor west of Ripon 132.2 95.8 138

Lower Dunsforth near Boroughbridge 58 55.9 104
Roecliffe near Boroughbridge 63.2 53.3 119

Scarhouse above Patley Bridge 297.4 159.0 187
Scargill near Harrogate 98.8 84.8 117

Beckermonds Beckermonds 462 195.0 237
Littondale Littondale 373.6 167.0 224
Grimwith near Grassington 209.2 121.9 172

Thruscross near Blubberhouses 161.6 119.0 136
Otley Otley 87.2 77.3 113
Eccup Eccup 77.2 75.4 102

Bramham Bramham 56.4 60.7 93
Ouse York Acomb Landing York 44.4 54.4 82

Hawnby Hawnby 78.2 81.5 96
Church Houses Farndale 76 99.5 76

Brown Howe north of Pickering 65 98.6 66
East Ness south of Helmsley 49.4 64.1 77
Keld Head near Pickering 51.8 67.9 76

Scarborough Scarborough 52.6 66.2 79
Elvington Elvington 43.4 58.0 75

Malham Tarn Malham 301.4 162.0 186
Lower Laithe Keighley 178.2 132.0 135
Farnley Hall Leeds 102 69.7 146

Gorpley near Todmorden 217 165.0 132
Ringstone near Ripponden 185.6 144.0 129
Wakefield Wakfefield 58.2 58.1 100
Linacre Chesterfield 75 84.2 89

Redmires west Sheffield 105.8 111.0 95
South Elmsall north west Doncaster 46.8 55.7 84

Calder

Don

Swale

Ure

Nidd

Wharfe

Rye/ Derwent

Aire
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Figure 1: Rainfall as a percentage of LTA for November and the 1st to 24th December 2015. 
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Soil Moisture Deficit 
Soil Moisture Deficit (SMD) is a measure that indicates the dryness of the catchment. A theoretical, 
modelled value of the SMD is supplied by the Meteorological Office from their MORECS model 
which provides estimates, on a 40km grid, of median SMD under short grassland. As the model 
does not account for actual land cover it is only a means of comparison of the extent of dry soils 
across the region. SMD values close to zero are an indication that the soil is saturated and unable 
to hold any more rainfall. 

Figure 2 shows the calculated SMD the week prior to Christmas 2015. At the beginning of October, 
the ridge of the Pennine hills had zero available storage and the nature of the rainfall ensured the 
ground remained fully saturated leading up to Christmas. 

The SMD for the remainder of Yorkshire, with the exception of the lower Ouse and Humber 
estuary, steadily decreased during October before quickly falling to near zero available storage at 
the end of November. From the beginning of December, the grounds were fully saturated. In the 
week prior to Christmas, the lower Ouse and Humber estuary were the only areas that had some, 
albeit limited, SMD. 

 
Figure 2: Antecedent Soil Moisture Deficit. 

River Flows 
Figure 3 shows the pattern of river flow as seen at Skelton flow gauge on the River Ouse leading 
up to Christmas 2015. This trend is consistent for the Yorkshire catchments with the exception of 
the groundwater dominated rivers in the east of the area. 

Low flows dominated late spring and early autumn. It was November before flows increased above 
what is classed as ‘normal’ conditions. Near continuous wet weather from November falling onto 
already saturated ground ensured flows increased to between ‘above normal’ to ‘exceptionally 
high’. Immediately before Christmas Day, the Yorkshire rivers were ‘notably high’ or ‘exceptionally 
high’. 
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Figure 3: Antecedent river flow as demonstrated by Skelton flow gauge, River Ouse, North Yorkshire. 

Reservoirs & Storage 
Figure 4 shows the pattern of the reservoirs leading up to Christmas 2015 as demonstrated by the 
overall Yorkshire Supply Stocks. Although they were below the LTA leading into November, the 
increased rainfall saw overall levels rise above the LTA and become virtually full prior to the flood 
event. Reservoirs have only limited impact in storing water during widespread and heavy rain 
events and during December 2015, their impact was further reduced given the lack of available 
storage. 

 
Figure 4: Antecedent reservoir stocks demonstrated by the Yorkshire Supply.  
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Meteorological Conditions 
The winter of 2015 was dominated by a series of low pressure systems which 
tracked in from the Atlantic. When combined with warm, wet air from the 
south this produced sustained and heavy rainfall. 
This section of the report describes the meteorological development of the event using synoptic 
(pressure) charts, as shown in figure 5, which are copyright of the Meteorological Office. The 
surface pressures are in millibars with the high pressure (H) and low pressure (L) indicated. 
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Figure 5: Synoptic situation for the 25th and 26th December 2015. 

This event was characterised by a slow moving low pressure system and warm frontal zone that 
immediately followed behind storm Eva, moving across the region from the west. Storm Eva 
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brought high winds and a band of rain which swept across the country on the 23rd and 24th 
December. The rainfall which caused the flooding was brought by a weaker low pressure system 
which came through on the 25th to 26th December following storm Eva. Figure 5 above illustrates 
the six hourly pressure and frontal systems for the 25th and 26th December. 

A warm frontal zone passed over the UK during the morning of 25th December, bringing scattered 
showers with it, and by midday there was a blanket of rainfall covering Yorkshire. During the 
evening, an occluded front had set over the North West and North East and it was this front which 
produced the more intense storms. There were two main pulses of heavy rainfall that led to the 
flooding experienced over Yorkshire. The first pulse occurred once the occluded front had formed 
during Christmas Day afternoon and evening, although the rainfall had eased by midnight. During 
this, the rain was mainly confined to the upper catchments of the Aire, Calder, Wharfe and Swale – 
radar images in figure 6. Radar is coloured from blues and greens for light rainfall to the highest 
totals in red, pink and white. During the early hours of Boxing Day, the front intensified again and 
this led to a second pulse of rainfall which lasted for approximately twelve hours before moving 
away from the UK. 

 

 

 

 

 

 

 

 

 

 
Figure 6: Radar image with overlaid front as of 18:00 on the 25th December (left) and 01:00 on the 26th 
December (right). Copyright Meteorological Office. 
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Rainfall 
Widespread and sustained rainfall fell over West and North Yorkshire. 
Rainfall in the middle reaches of catchments was proportionally more 
significant than that over the Pennines. 
The NCIC rainfall maps in figure 7 show that the northern and western catchments of Yorkshire are 
classed as exceptionally wet for the whole of 2015. 

 
Figure 7: NCIC December 2015 (“Current Month”) rainfall maps. 

Figure 8, the total rainfall for 25th to 29th December, shows that the largest rainfall totals occurred 
over the Pennine hills of West and North Yorkshire. Rainfall in the east and south of Yorkshire was 
much less significant. 
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Figure 8: Total rainfall (mm) between 25th to 29th December 2015. 

The distribution of the rainfall is demonstrated at Gorpley on the Calder, Lower Laithe on the Aire, 
and Lumley Moor on the Ure in figure 9. Two pulses produced by the occluded front can be 
identified in the afternoon of the 25th December and the morning of the 26th December. 
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Figure 9: Hourly rainfall pattern for the flood event. 

Peak Rainfall Analysis 
The rainfall data recorded by the tipping bucket raingauge (TBR) network was analysed for a range 
of durations. Table 3 shows a selection of peak rainfall accumulations at different durations, their 
rainfall return periods, and the rainfall as percentage of the December LTA. The full results for the 
raingauges analysed are presented in Appendix A. 
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6 hour total 24.2 24 33 23.6 28.8 24.8 28.2 27 34.8 26 28.8 34.4 27.6 21.2 11.6 19
12 hour total 37.6 31.2 48.4 35.4 39.2 39.8 41.6 34 56.8 44.6 47.8 54.8 43.6 31.2 15.2 30.6
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24 hour total 58 41.8 73.6 60.2 68 68 77 54.8 90.6 85.2 92.4 101.8 76.2 57.6 27.2 58.6
36 hour total 80.4 52.2 101.4 67.4 70.4 88.2 82.2 56.8 114.4 109 103.8 108.6 78.4 61.8 30 61.4
48 hour total 84.2 53.4 103.8 67.8 70.4 91.4 82.2 56.8 115.8 112.4 103.8 109.8 78.8 61.8 30 61.6

return period (years)
peak 6 hour total 1 2 2 2 4 1 3 4 3 1 3 5 3 2 <1 2
peak 12 hour total 2 2 2 2 5 2 4 4 5 2 6 11 8 3 <1 3
peak 18 hour total 2 2 2 4 12 3 11 6 7 6 18 34 13 8 1 9
peak 24 hour total 3 2 3 7 23 5 20 14 12 10 37 58 28 13 1 20
peak 36 hour total 5 3 6 7 16 7 15 10 17 16 35 44 18 10 1 15
peak 48 hour total 4 2 4 5 12 5 10 7 11 11 23 30 11 6 <1 11

% LTA
peak 6 hour total 17 33 16 25 52 16 33 50 18 16 24 29 36 32 14 30
peak 12 hour total 26 43 24 37 70 25 49 63 29 27 39 46 56 47 19 48
peak 18 hour total 32 49 29 51 96 34 72 77 37 40 58 69 74 71 26 71
peak 24 hour total 40 58 36 63 122 43 91 101 47 51 76 86 99 87 34 91
peak 36 hour total 56 72 50 70 126 56 97 104 59 65 85 91 101 93 37 96
peak 48 hour total 58 74 51 71 126 58 97 104 59 67 85 92 102 93 37 96

December Total as % LTA 312 266 333 206 226 245 211 66 212 290 252 225 211 170 107 170

Swale

Peak rainfall

Ure Nidd Wharfe
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Table 3: Summary rainfall statistics. Peak rainfall = return periods of 20 years and over are highlighted in red 
and percentage LTA of 50% and over are highlighted in blue. December total = percentage LTA of 250% 
and over are highlighted in purple. 

The table shows a sustained rainfall event with the peak intensity occuring over the 24 hour to 36 
hour period. The Calder, Aire, and Wharfe catchments exprienced the most unusual rainfall during 
the event, with the highest return periods and greatest percentage of LTA. In most locations across 
North and West Yorkshire the total rainfall in December is in excess of 200% of the expected 
average December rainfall. The combination of the rainfall in mid catchment and the total rainfall 
for the month almost certainly reduced the storage in catchments. 

Figure 10 reflects the results in table 3 for the 48 hour peak totals as a percentage of December’s 
LTA. It shows that although the absolute rainfall totals were highest over the Pennine hills, the 
rainfall totals over some middle reaches of catchments were proportionaly much greater when 
compared to the December LTA. 
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6 hour total 22.4 28 28.8 38 18.6 49.2 43.4 33 32.4 36 6.6
12 hour total 36.4 49.8 48.4 62.2 25.8 71.4 66.2 55.2 43.6 47.2 7.8
18 hour total 52.6 70.4 68 86.2 34.8 91.8 84.4 79.2 59.4 62.4 11.2
24 hour total 67.4 89.8 90.4 104 46.4 112.8 103 99.4 71.2 71.4 13.4
36 hour total 89.6 100 101.4 113.4 48.4 125.6 118.6 108.6 81 81.6 14.2
48 hour total 91.8 100.4 102.8 113.6 48.4 126.8 119 108.6 81.8 83.4 14.2

return period (years)
peak 6 hour total 1 3 4 7 1 12 9 4 3 3 <1
peak 12 hour total 2 10 10 18 1 20 18 12 3 3 <1
peak 18 hour total 3 23 24 40 2 32 26 31 6 4 <1
peak 24 hour total 6 45 59 63 4 53 38 56 9 4 <1
peak 36 hour total 12 43 61 54 3 49 36 48 8 4 <1
peak 48 hour total 8 29 45 37 2 34 22 32 6 3 <1

% LTA
peak 6 hour total 14 26 29 30 27 30 27 25 23 24 11
peak 12 hour total 23 47 49 49 37 43 41 41 30 32 13
peak 18 hour total 33 66 68 68 50 56 52 59 41 42 19
peak 24 hour total 42 84 91 83 67 68 64 74 49 48 23
peak 36 hour total 55 94 102 90 69 76 73 81 56 54 24
peak 48 hour total 57 94 103 90 69 77 74 81 57 56 24

December Total as % LTA 240 230 273 245 211 207 196 225 183 165 121

Peak rainfall

Aire Calder
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Figure 10: Peak 48 hour rainfall 25th to 29th December 2015 as a percentage of December LTA. 

Radar Rainfall 
In addition to rainfall data from our network of recording rain gauges, data is also available from 
Hyrad UKPP 1km 1 hour accumulation radar picture for the UK. All of the data is copyright of the 
Meteorological Office. 

Table 4 compares the recorded rainfall with the radar rainfall for a selection of TBR locations. 

 
Table 4: Comparison of recorded rainfall and UKPP Hyrad Radar Rainfall. 

The table demonstrates that in most catchments there is reasonable correspondence between the 
two sets of rainfall data. However, this is not as strong in the Calder catchment. In general terms 
there is a slight under estimation of the rainfall totals by the radar but this is not systematic or 
related to the location of the sites. There is sufficient confidence to be able to use radar data as a 
guide to the finer scale distribution of rainfall during the event. 
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Figure 11 below shows the 36 hour accumulated rainfall totals up to the 27th December from 
Hyrad. It highlights the most intense rainfall over the west of the area across the Nidd, Wharfe, 
Aire, and Calder catchments. 

 
Figure 11: 36 hour accumulated rainfall totals to the 27th December. 
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River Levels 
Record or near record river levels were reached in many catchments of West 
and North Yorkshire. 
River level is a measurement of water surface elevation above a datum at the site and is termed 
stage. It is not necessarily related to ordnance datum or to any other local measurement such as 
height above a weir or the river bed. It is not a comparable measurement between sites. 

Figure 12 maps the peak river level for this event using the annual maximum (AMAX) rank order 
as measured at our gauging stations. The AMAX is a method which identifies the highest peak 
value in each water year. The water year runs from October to September, ensuring that a single 
winter season does not span two calendar years. For instance, the September 2012 event falls 
within the 2011 water year and the December 2015 event falls within the 2015 water year. Missing 
locations indicate either poor data during the event, a short period of record and therefore this 
event cannot be compared with any confidence, or this event does not rank within the AMAX 
series. 

 
Figure 12: AMAX rank 25th to 29th December 2015. 

Table 5 provides the peak level and AMAX rank order for key gauges. This table is an annotation 
of the full tables presented in Appendix B showing the AMAX rank order by water year, and 
Appendix C showing the AMAX rank order by peak stage. 
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Table 5: AMAX levels for key Yorkshire gauges. 

Both figure 12 and table 5 show record peak levels along the west Pennine catchments, with near 
record peaks tracking north-east over North Yorkshire. The response of the West Yorkshire rivers 
were driven from the uppermost catchments while many of the North Yorkshire river peaks 
occurred in the middle and lower reaches of catchments. 

Flooding of roads, businesses and properties, and damage to infrastructure was common across 
Yorkshire. The severity of the December 2015 levels when compared to the autumn 2000 event is 
demonstrated at Armley flow gauge in figure 13 and at Tadcaster flow gauge in figure 14. 

 
Figure 13: Severity of the December 2015 event compared to autumn 2000 as demonstrated at Armley flow 
gauge (Leeds) on the River Aire. 

Aire Kildwick 4.219 17:45 on 26 Dec 2 37 4.222 Autumn 2000
Aire Armley 5.214 02:15 on 27 Dec 1 45 4.025 Autumn 2000
Aire Beal 4.13 23:45 on 27 Dec 1 24 4.116 Autumn 2000
Calder Hebden Bridge 3.628 13:00 on 26 Dec 1 21 3.327 Jun 2012
Calder Mytholmroyd 5.735 14:00 on 26 Dec 1 28 4.916 Jun 2012
Calder Elland 2.758 16:15 on 26 Dec 1 51 2.493 Oct 1967
Colne Colne Bridge 1.986 12:45 on 26 Dec 5 51 2.308 Jan 2008
Calder Methley 3.679 03:00 on 27 Dec 1 29 3.652 Jun 2007
Wharfe Addingham 2.463 07:30 on 26 Dec 5 43 2.541 Jan 1982
Wharfe Collingham 5.246 18:30 on 26 Dec 1 26 4.704 Autumn 2000
Wharfe Tadcaster 4.51 01:00 on 27 Dec 1 27 3.79 Autumn 2000
Nidd Birstwith 3.44 09:30 on 26 Dec 2 40 3.66 Autumn 2000
Nidd Hunsingore 3.057 17:30 on 26 Dec 1 52 2.918 Autumn 2000
Ure Ripon Laver Weir 1.3 12:00 on 26 Dec 10 40 1.9 Jun 2007
Swale Kirby Wiske 4.09 13:30 on 27 Dec 3 37 4.17 Sep 2012
Swale Crakehill 5.455 04:45 on 27 Dec 2 37 5.68 Sep 2012
Ouse Skelton 6.634 00:45 on 28 Dec 2 49 6.787 Autumn 2000
Ouse York Viking 5.189 00:45 on 28 Dec 2 131 5.4 Autumn 2000
Derwent Low Marishes 4.782 21:45 on 27 Dec 4 28 5.124 Autumn 2000
Derwent Buttercrambe 2.25 10:00 on 28 Dec 4 43 2.568 Autumn 2000

Current or Previous 
highestCatchment Gauge name Peak stage 

(m) Time and Date Rank (in 
record)

Record 
length
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Figure 14: Severity of the December 2015 event compared to autumn 2000 as demonstrated at Tadcaster 
flow gauge on the River Wharfe. 

In autumn 2000, the level reached by the water at Armley almost forced businesses within Leeds 
city centre to close and evacuate people away to safety. During December 2015, the level was 
measured at almost 1.2 metres higher. This does not take into account of any of the water that 
came out of bank approximately 0.8 miles upstream of Armley flow gauge and travelled down 
Kirkstall Road towards the city centre. 

In Tadcaster, the A659 Tadcaster Bridge was one of many structures which became severely 
damaged by the flood waters. During this event, the level of the River Wharfe as measured at the 
Tadcaster flow gauge approximately 0.9 miles upstream was just over 0.7 metres higher than the 
autumn 2000 event. The speed at which the river rose and reached the peak was much faster 
during this event when compared to autumn 2000. 

River Response 
River Calder catchment 
Figure 15 shows the river response of the peaks at Mytholmroyd in the upper River Calder, 
Dewsbury in the middle Calder, and Methley in the lower River Calder. They demonstrate the 
quick, sharp natured reaction typical of the upper and middle reaches of the River Calder changing 
into the longer, drawn out response in the lower reaches. The two distinct waves of rainfall can 
clearly be seen within the more rapid responding sections of the river but as the water moves into 
the lower reaches, after passing and subsequently filling the numerous washlands, only one peak 
becomes noticeable. 
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Figure 15: River response in the Calder catchment. 

The upper River Calder, plus the major tributaries of the River Ryburn and River Colne, recorded 
their peaks around the same time - between late Boxing Day morning and lunch time - however, 
the peaks within the River Colne were not as significant as past flood events. Eleven hours later, 
Wakefield peaked with the lower most reaches of the River Calder remaining high through into the 
28th December 2015 as the washlands that had become full were beginning to empty. 

Although the period of record for the fluvial gauges varies throughout, virtually all of the River 
Calder recorded their highest peak during this flood event. The tributaries of Spen Beck, Batley 
Beck, and Ings Beck which lie to the north of the River Calder recorded higher peaks earlier in the 
month, during the 12th December, therefore the Boxing Day flood event is not within the AMAX 
series. 

River Aire catchment 
Figure 16 shows the River Aire having a slightly different response to the River Calder. Within the 
upper reaches, the first peak isn’t as defined and the main peak is smoother in nature, lasting 
slightly longer. Once through Leeds, the River Calder enters the River Aire and, as demonstrated 
at Castleford and Beal, the levels reached maximum capacity of the channel banks, producing the 
long flat peaks as the surrounding washlands filled. 
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Figure 16: River response in the Aire catchment. 

The upper River Aire catchment recorded their peaks a couple of hours after those in the upper 
River Calder. Nearly twelve hours later, the peak passed through Leeds and with the filling and 
subsequent emptying of the washlands throughout the lower catchment, levels beyond the Aire-
Calder confluence remained high for several days afterwards. 

The operations of numerous washlands over Yorkshire reduce or offset the impact of initial flood 
peaks as the water travels downstream.  This effect is highlighted using Oulton Lemonroyd Weir 
flow gauge located immediately downstream of Leeds city centre. St. Aidan’s washland is located 
adjacent to Oulton Lemonroyd Weir on the north bank of the River Aire and in 2012 a purpose built 
offtake into this washland, located approximately 640m upstream of the weir, was finalised. 

When any flood flows are driven from the upper River Aire and Cononley washlands, located in the 
upper reaches around Snaygill, become operational, it appears as though an initial peak flow 
through Leeds as measured at Armley flow gauge is limited. In the autumn 2000, June 2012, 
September 2012, and to some extent this event, Cononley washlands helped limit the initial peak 
flows through Leeds to approximately 190m3/s. In contrast, the June 2007 peak flow exceeded 
190m3/s through Leeds because that event was driven from the middle catchment downstream of 
Cononley washlands. This is demonstrated in figure 17. The nature of this event however meant 
that 190m3/s was quickly exceeded. 
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Figure 17: Flood event peak flow comparison at Armley. 

Figure 18 shows the flow for Oulton Lemonroyd Weir for these same events. During the autumn 
2000 event, prior to the St. Aidan’s offtake being operational, Cononley washlands limited the initial 
peak of 190m3/s through Leeds and lead to an initial peak flow of 205m3/s at Oulton Lemonroyd 
Weir. In contrast, during the June 2012 and September 2012 events, with both Cononley 
washlands and St. Aidan’s washlands in operation, the peak flow of 190m3/s through Leeds led to 
a peak flow of around 170m3/s at Oulton Lemonroyd Weir. From a simple comparison of the 2012 
floods, this suggests that St. Aidan’s washland can reduced the peaks through the lower sections 
of the River Aire by at least 30m3/s to 35m3/s. However, the severity of the December 2015 floods 
would have meant that the washlands reduced the peak flow in the lower sections of the River Aire 
in excess of 30m3/s to 35m3/s. 

 
Figure 18: Flood event peak flow comparison at Oulton Lemonroyd Weir. 
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During this event, the sharp rise in flow subsided once approximately 170m3/s was reached. As the 
flow through Leeds continued to rise quickly, the flow at Oulton Lemonroyd Weir became more 
controlled and less severe, suggesting the offtake into St. Aidan’s was operating fully and diverting 
water out of the main river. However, another sharp rise in flow prior to its peak is observed once 
the washlands had reached their capacity. 

Most fluvial gauges on the River Aire down to the tidal limit at Chapel Haddlesey recorded the 
highest or near highest levels on record. The tributaries of Farnley Beck, Oulton Beck, and Wash 
Dyke which lie to the south of the River Aire recorded higher peaks during the 12th December. And 
within the tidal reaches, the levels did not fall within the top six peaks of the AMAX series. 

River Wharfe, Swale, Ure, and Nidd catchments 
The mid catchment rainfall in these catchments was proportionally more significant than that over 
the Pennines. Therefore while river levels in the upper catchments did respond and were often in 
the upper ranks of the AMAX the river levels in the mid and lower catchments were exceptional 
with the Nidd and Wharfe catchments seeing some of the highest recorded levels. These high 
levels in the mid and lower catchment are likely to be a result of flows arriving from upstream 
coinciding with still intense rainfall and the capacity of the catchment to move the water being 
exceeded. 

The upper catchment of the Nidd at Pateley Bridge was not as severeley impacted by the 
December 2015 flood; levels at Pateley Bridge were higher in November 2015. The rainfall in the 
mid catchment at Scargill was proportionally more significant in December resulting in the highest 
levels on record from Knaresborough downstream, illustrated in figure 19. Gouthwaite reservoir 
was already spilling days prior to the peak river levels in both November and December. 

Figure 19: River reponse in the Nidd catchment. 

Similarly in the Wharfe catchment the mid catchment raingauges at Grimwith, Thruscross and 
Otley recorded particularly intense rainfall. At Otley the average December rainfall total was 
recorded in a 36 hour period. Although similar rainfall totals were recorded in the upper raingauges 
at Beckermonds and Littondale, the proportion of the LTA was not as significant. 

The graph in figure 20 below shows the river flow at Tadcaster and the response to rainfall 
recorded at Otley raingauge in the mid Wharfe catchment and Beckermonds raingauge in the 
upper Wharfe catchment through December. 
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Figure 20: Wharfe at Tadcaster response to December rainfall. 

The flow at Tadcaster in the December 2015 event rose more quickly than, and greatly exceeded, 
past events. Again this is due to a combination of intense rainfall, high flows arriving from upstream 
and the catchment being saturated. The graph in figure 21 compares the rate of rise and peak flow 
to the autumn 2000 and September 2012 flood. 

 
Figure 21: Wharfe at Tadcaster comparison of peak events.  
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River Ouse and Foss catchment in York 
The river level on the River Ouse reached its second highest peak on record at Skelton. The peak 
flow has a strange appearance seen in figure 22. The apparent spike in flow is a result of water 
spilling into Clifton Ings downstream elevating the flow. There are gates which can be opened to 
allow water to flow onto the Ings however in this event the water actually spilled over the banks. 
This causes flow to increase and the level to flatten off. When the Ings are full the flow and level 
return to a more normal trace. 

 
Figure 22: Skelton River Ouse December 2015 peak. 

Through the centre of York the level at Viking on the River Ouse also rose to a peak level 5.19 
metres just below the 5.4 metres recorded in autumn 2000. However it was the rainfall and high 
flows in the Foss catchment which resulted in flooding in York. The rainfall in the Foss catchment 
was exceptional as shown by the radar picture below (figure 23) which highlights an intense cell of 
rainfall at the top of the catchment. 
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Figure 23: 36 hour accumulated rainfall totals to the 27th December over the Foss catchment. 

Figure 24 below illustrates river levels at Huntington in the Foss catchment. The gauge at 
Huntington on the River Foss is 2km upstream of the Barrier. This site records the level of the 
River Foss independently of the barrier and shows what is happening to the river level in response 
to rainfall. The rainfall data is a measure of the rain in the upper part of the catchment around 
Stillington and the surrounding area and shows very heavy rainfall. 
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Figure 24: Huntington river level and rainfall December 2015. 

During this event the flow coming down the river Foss as measured at Huntington was far greater 
than had been recorded previously in the sites 30 year history. In order to estimate the flow a 
survey of the channel and flood plain was completed after the event which shows that the flow was 
almost double that seen during the event in autumn 2000. 

The graph in figure 25 below shows a comparison of the river level recorded during autumn 2000 - 
the previous highest event - and December 2015. The level was over 0.6 metres higher and 
remained high for several days.

 
Figure 25: Huntington comparison of peak river level autumn 2000 and December 2015. 
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The Foss Barrier 
Figure 26 below illustrates rainfall and river levels in the Foss catchment. The red line and the 
green line show the river level of the Ouse and Foss as measured at the Foss Barrier. The blue 
line shows measurement of the river level of the River Foss at Huntington, 2km further upstream of 
the Barrier. 

 
Figure 26: Rainfall and river levels in the Foss catchment. 

Flow and levels in the River Foss rose rapidly in response to the overnight and morning rainfall. 
The rate of rise eased after the first period of rainfall and then became steeper again showing that 
the River Foss upstream was rising more rapidly in response to the second wave of rainfall. 

On the 25th December through the early morning of the 26th December, the inflow to the River Foss 
behind the barrier was matched by the ability of the pumps to discharge it into the River Ouse. The 
Foss river level at the barrier was holding more or less constant, and levels in the River Ouse were 
rising. 

However, levels behind the barrier began rising as the inflow from the Foss upstream exceeded 
the capacity of the pumps to hold the basin at a constant level. The level on the River Foss behind 
the barrier was still lower than the River Ouse level at the other side of the barrier. This showed 
that the barrier was defending the Foss from inflow from the Ouse. 

The steep increase continued and although all eight pumps were operating, they were not keeping 
up with the inflow from the Foss and the river level behind the barrier was rising quickly. By the 
afternoon of December 26th levels in front of and behind the Foss Barrier were very close, and 
properties were flooding from the River Foss. The Foss Barrier pumps were turned off at 18:45 on 
the 26th December followed by the opening of the barrier. There was a jump or spike in the Foss 
basin caused by shutting down the pumps and opening the barrier. After this the rise in the Foss 
level is less steep, meaning that the water level was rising less quickly in the Foss than it was 
when the barrier was down and all eight pumps were running. The river levels at the barrier on the 
Foss and Ouse side were the same. 
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River Flows & Return Periods 
Record or near record river flows were reached in many catchments of west 
and north Yorkshire. In the lower reaches of the catchments peak flows were 
also influenced by river levels that were high even before the event started. 
Flow data are a vital component in describing the comparative impact of events. It provides a 
quantitative measure of how an event builds down catchment and how it compares with past 
events. 

River flows are measured in cubic metres per second (m3/s). Flow measurement becomes 
increasingly uncertain at higher flows which limit the number of sites for which flow frequency 
calculations can be made. 

Table 6 lists the sites for which flow data are available. A simple four category system has been 
used to indicate the accuracy of the sites. For some sites we are unlikely to be able to arrive at an 
accurate flow estimate. 

 Not applicable to high flows Flow estimate has been extrapolated beyond 
the calibrated range for the gauge; or a site is 
not designed, or is unable to be used, to 
calculate high flows 

 Rating review required to calculate flow Rating is currently not able to be used to 
calculate flows for this event without further 
review 

 Acceptable at high flows, with caution Rating can be used to calculate high flows but 
may not be applicable or may need additional 
information for this event 

 Good at high flows Rating can be used to calculate flows for this 
event 

The river flow return period estimates shown in table 7 have been made for the sites where the 
flow estimates are considered sufficiently robust to determine using the Flood Estimation 
Handbook (FEH) methods. These estimated return periods should be read in conjunction with the 
data quality comments in the table 6. Appendix D, which is a separate document, provides the 
FEH calculation records produced shortly after the December 2015 event. 

Although the peak rainfall accumulations varied over the area, this rain fell on already very 
saturated ground and into rivers that were high. The subsequent peak flow return period estimates 
are considerably higher than compared to the rainfall return period estimates and further 
demonstrate that the antecedent conditions played a major role in this flood event. 
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Swale Crakehill 5.455 5.63
Acceptable at high flows,

with caution 214
There is a lot of scatter in the gauging at the top end of the rating. Peak should 

be treated with some caution.

Ure Westwick 3.202 3.45
Acceptable at high flows,

with caution 494

Treat with caution. It is likely that this flow is significantly over-estimated. 
Gauged at similar level to this peak in September 2012 and only measured 324 

cumecs. Even allowing for unmeasured flow it is unlikely that the peak was 
over 400.

Birstwith 3.44 3.22
Acceptable at high flows,

with caution 157
Near to the rating limit but there have been a few high gaugings which tie in 

with the rating so peak should be reasonable.

Hunsingore 3.057 2.8
Acceptable at high flows,

with caution 297
Extrapolated and there is uncertainty about the top end of the rating therefore 

peak should be treated with caution

Skip Bridge 5.345 5.07
Ultrasonic, acceptable at 
high flows with caution 247

Ultrasonic gauge has been performing well. If anything it slightly under records 
peak flow.

Ouse Skelton 6.634 6.66
Ultrasonic, acceptable at 
high flows with caution 544 Ultrasonic performing well. Peak elevated by spill into Clifton Ings

Foss Huntington 3.575 2.75
ADVP, acceptable at high 

flows with caution 40
Post event survey of floodplain extent taken and dap cross section updated to 

include out of bank flow

Flint Mill 3.743 2.47
Acceptable at high flows,

with caution 582
Treat with caution. Large extrapolation of rating and there have been no high 

flow gaugings for a number of years.

Tadcaster 4.51 3.74 Ultrasonic, acceptable at 
high flows with caution

480 Ultrasonic by passed flow peak is an estimate of flow measured through 
ultrasonic plus additional flow on the floodplain

Comment

Nidd

Wharfe

Catchment Gauge name Peak stage 
(m)

Highest 
check 

gauging (m)
Rating equation status Peak flow

(m3/s)
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Table 6: December 2015 flow and data quality. 

Gargrave 1.163 0.9
Rating review required to 

calculate flow 70.4 Looks suspicious - problem recording the peak/peak missed?

Kildwick 4.219 3.21
Acceptable at high flows,

with caution 163.2
Medium to high flows affected by upstream washlands and

therefore the rating needs reviewing.

Crosshills (Eastburn Beck) 1.763 0.72
Acceptable at high flows,

with caution 54.4 Silt is a major issue.

Armley 5.214 3.5
Rating review required to 

calculate flow 350 to 400
Top end of the rating potentially over-estimating flows by approximately 

50m3/s.

Oulton Lemonroyd Weir 2.908 2.28
Acceptable at high flows,

with caution 265.9

Although the rating is good, high flows now bypass the gauge via St Aidan's 
Washland.  The offtake is approximately 640m upstream of the weir.  The true 

peak flow at the spillway is likely to have been significantly higher than the 
recorded peak at Oulton Lemonroyd Weir.

Beal 4.13 4.12 Acceptable at high flows,
with caution

326.4
Rating is good to the flood alleviation bank limits but the December 2015 levels 

overtopped these.  Water bypassing the gauge.  Highest check gauge was 
completed on 27th December 2015 with a flow of 312 (less than 5% deviation).

Mytholmroyd 5.735 3.09 Acceptable at high flows,
with caution

276
Ultrasonic site but the peak missed due to turbulence.  Flow calculated here 

from the rating.  Top of road bridge is approximately 5m and water came out of 
bank.

Ripponden (River Ryburn) 1.26 0.294 Acceptable at high flows,
with caution

34.7
Good confidence in the rating but it is extrapolated above the highest check 

gauge of 0.294m.  Located downstream of a reservoir group and the peaks are 
influenced by the reservoirs rather than a direct response to rainfall.

Elland 2.757 1.6 Not applicable to high flows 600.4
Flow greater than rating reliability.  Rating OK to 2.18m therefore low 

confidence in this peak flow.

Colne Bridge (River Colne) 1.787 2.25 Good at high flows 120.7

Dewsbury 5.61 5.65 Rating review required to 
calculate flow

401
Ultrasonic site but the peak was missed - beyond upper range.  Flow 

calculated here from the rating but the rating is not formalised or implemented 
yet.

Methley 3.679 3.38
Acceptable at high flows,

with caution 327.7 Ultrasonic site, and bypassed, but appears to have performed OK.

Peak flow
(m3/s)

Comment

Aire

Calder

Catchment Gauge name Peak stage 
(m)

Highest 
check 

gauging (m)
Rating equation status
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Table 7: December 2015 return period estimates. 

 

 

 

 

  

Swale Crakehill 214 05:00 on 27 Dec 3 10 - 15
Ure Westwick 494 23:30 on 26 Dec 5 15 - 20
Nidd Birstwith 157 09:00 on 26 Dec 1 15 - 25
Nidd Hunsingore 297 17:30 on 26 Dec 1 80 - 100
Nidd Skip Bridge 247 22:00 on 26 Dec 1 80 - 100
Wharfe Addingham 386 07:30 on 26 Dec 4= 10 - 15
Wharfe Flint Mill 582 20:00 on 26 Dec 1 100 +
Wharfe Tadcaster 480 16:30 on 26 Dec 1 100
Foss Huntington 40 05:30 on 27 Dec 1 200 +
Ouse Skelton 544 04:30 on 27 Dec 2 40 - 50
Aire Kildwick 163 17:45 on 26 Dec 1= 80 - 100
Aire Armley 350 02:15 on 27 Dec 1 200 +
Aire Oulton Lemonroyd Weir 266 17:00 on 27 Dec 1 30 - 50
Calder Mytholmroyd 276 14:00 on 26 Dec 1 100 +

Return Period (years)Catchment Gauge name Peak Flow 
(m3/s)

Time and Date Rank in 
record
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Appendix A – Rainfall statistics. 
Analysis of December 2015 peak rainfall accumulations, return periods, and percentage of December long term average. Peak rainfall = return periods of 20 years 
and over are highlighted in red and percentage LTA of 50% and over are highlighted in blue. December total = percentage LTA of 250% and over are highlighted in 
purple. 
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 accumulation (mm)
6 hour total 24.2 19 24 17.2 17.6 14 14.6 11.4 33 30.8 16.6 23.6 22 28.8 24.8 28.2 27 34.8 26 28.8 34.4 27.6 23 16.8
12 hour total 37.6 27.6 31.2 23.2 24.2 19.4 19.8 17.8 48.4 44.2 22.4 35.4 31 39.2 39.8 41.6 34 56.8 44.6 47.8 54.8 43.6 33.8 22.4
18 hour total 46.2 32 35.2 30.4 28.8 26.8 26.2 23.2 59.2 52.6 29.4 48.4 44.4 53.8 54.6 61.4 41.6 71.8 66 71 82.4 57.4 39.8 25.2
24 hour total 58 37.4 41.8 39.4 35.4 36.4 36.4 32 73.6 64 36.2 60.2 57.2 68 68 77 54.8 90.6 85.2 92.4 101.8 76.2 56.6 36.4
36 hour total 80.4 54.2 52.2 45 43.8 40.6 39.6 35 101.4 87.6 43.4 67.4 59.8 70.4 88.2 82.2 56.8 114.4 109 103.8 108.6 78.4 58.2 38.2
48 hour total 84.2 56.2 53.4 45 44.2 40.6 39.8 35.2 103.8 92.6 43.4 67.8 59.8 70.4 91.4 82.2 56.8 115.8 112.4 103.8 109.8 78.8 58.2 38.2

return period (years)
peak 6 hour total 1 1 2 1 1 1 1 1 2 2 1 2 2 4 1 3 4 3 1 3 5 3 2 1
peak 12 hour total 2 1 2 1 2 1 1 1 2 3 1 2 2 5 2 4 4 5 2 6 11 8 3 1
peak 18 hour total 2 1 2 1 2 1 1 1 2 3 1 4 6 12 3 11 6 7 6 18 34 13 3 1
peak 24 hour total 3 1 2 2 3 2 2 1 3 4 2 7 11 23 5 20 14 12 10 37 58 28 6 2
peak 36 hour total 5 2 3 2 3 2 2 1 6 8 2 7 9 16 7 15 10 17 16 35 44 18 4 1
peak 48 hour total 4 1 2 2 3 2 1 1 4 6 1 5 6 12 5 10 7 11 11 23 30 11 2 1

% LTA
peak 6 hour total 17 16 33 28 34 23 27 17 16 20 23 25 41 52 16 33 50 18 16 24 29 36 31 28
peak 12 hour total 26 23 43 37 46 31 37 27 24 29 31 37 58 70 25 49 63 29 27 39 46 56 45 37
peak 18 hour total 32 26 49 49 55 43 49 35 29 34 40 51 83 96 34 72 77 37 40 58 69 74 53 42
peak 24 hour total 40 31 58 63 68 59 67 49 36 41 50 63 107 122 43 91 101 47 51 76 86 99 75 60
peak 36 hour total 56 44 72 72 84 65 73 53 50 57 60 70 112 126 56 97 104 59 65 85 91 101 77 63
peak 48 hour total 58 46 74 72 85 65 74 53 51 60 60 71 112 126 58 97 104 59 67 85 92 102 77 63

December Total as % LTA 312 247 266 209 212 166 184 142 333 321 212 206 226 226 245 211 66 212 290 252 225 211 178 152

Peak rainfall

Swale Ure Nidd Wharfe
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accumulation (mm)
6 hour total 11 11.6 10 11.2 12.2 11.8 9.6 10.8 15.4 13.4 18.6 19 17 21.2 22.2 25.8 21.2 12.8 14.8 11 8.2 9.4 5.2 8 5.8 5.4 4.8 3.4
12 hour total 15.2 15.2 13 13.6 20 16.4 12 14 23.4 24 27.4 30.6 27.6 31.2 30.2 29.6 33.2 18.4 22 15.6 9.8 10.4 5.4 9.6 7 5.8 5.4 3.4
18 hour total 19.4 21.2 17 17.8 25.2 23.8 16 17.8 33.6 30.8 34.6 45.2 40.8 46.8 42.6 33 41.6 20.8 25.4 18.8 13 11.4 7.6 12.4 10.8 10.4 9.6 5
24 hour total 23 27.2 22 22.4 35.4 31.4 21.8 23.6 44.8 42.2 48.4 58.6 51.8 57.6 54.6 41.2 57.6 28.4 37 26.8 17.2 16.4 8 17.6 13.6 11.2 10.4 5.6
36 hour total 25.4 30 24 24.8 40.4 36 24 26.8 50 48.4 53.8 61.4 55.4 61.8 57.8 43 62.2 31.8 41.8 30 18.2 17.6 9.2 19 14.8 12 11.4 6.2
48 hour total 25.4 30 24 24.8 40.4 36.2 24 26.8 50 48.6 53.8 61.6 55.4 61.8 57.8 43 62.2 31.8 41.8 30 18.4 17.8 9.4 19 15.2 12.4 11.8 6.4

return period (years)
peak 6 hour total 1 <1 <1 1 1 1 <1 1 1 1 1 2 1 2 2 3 1 1 1 1 <1 <1 <1 <1 <1 <1 <1 <1
peak 12 hour total 1 <1 <1 <1 1 1 <1 <1 1 1 1 3 2 3 2 3 2 1 1 1 <1 <1 <1 <1 <1 <1 <1 <1
peak 18 hour total 1 1 <1 1 1 1 <1 1 2 1 2 9 4 8 5 3 3 1 1 1 <1 <1 <1 <1 <1 <1 <1 <1
peak 24 hour total 1 1 1 1 1 1 1 1 3 2 3 20 8 13 11 4 9 1 2 1 1 <1 <1 <1 <1 <1 <1 <1
peak 36 hour total 1 1 1 1 1 1 1 1 2 2 2 15 6 10 9 3 8 1 2 1 <1 <1 <1 <1 <1 <1 <1 <1
peak 48 hour total <1 <1 <1 <1 1 1 <1 <1 2 1 2 11 4 6 6 2 5 1 2 1 <1 <1 <1 <1 <1 <1 <1 <1

% LTA
peak 6 hour total 18 14 14 16 14 13 14 15 16 14 23 30 25 32 34 45 29 22 21 22 6 13 10 11 9 10 7 6
peak 12 hour total 24 19 18 19 23 18 17 20 24 24 34 48 41 47 47 51 46 32 30 32 7 14 10 13 11 10 8 6
peak 18 hour total 31 26 23 25 28 27 23 25 34 31 43 71 60 71 66 57 58 36 35 38 9 15 15 16 17 18 14 9
peak 24 hour total 37 34 30 31 40 35 32 33 45 42 59 91 76 87 84 71 80 49 51 54 12 22 15 23 22 20 15 10
peak 36 hour total 41 37 33 34 46 40 35 37 51 49 66 96 82 93 89 74 86 55 58 61 13 24 18 25 24 21 16 11
peak 48 hour total 41 37 33 34 46 40 35 37 51 49 66 96 82 93 89 74 86 55 58 61 13 24 18 25 24 22 17 11

December Total as % LTA 115 107 91 105 131 120 96 99 115 126 161 170 155 170 158 148 156 117 118 153 43 79 101 57 86 101 79 70

Gypsey Race Hull

Peak rainfall

Esk Rye Derwent
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accumulation (mm)
6 hour total 22.4 32.2 28 28.8 32.8 38 35 19.6 18.6 13.2 49.2 43.4 43.4 33 37.6 32.4 36 22.4 19.6 13 8.8 6.6
12 hour total 36.4 53.2 49.8 48.4 53.8 62.2 55.6 28.6 25.8 16.8 71.4 64.4 66.2 55.2 48 43.6 47.2 33.8 26.8 16.8 10.8 7.8
18 hour total 52.6 67.6 70.4 68 76.2 86.2 75.4 32.8 34.8 21 91.8 80.4 84.4 79.2 63.2 59.4 62.4 42 34.8 23 15 11.2
24 hour total 67.4 89.6 89.8 90.4 96.2 104 95.6 48.6 46.4 29.2 112.8 99.2 103 99.4 73.8 71.2 71.4 49.6 41.2 28 18 13.4
36 hour total 89.6 95.6 100 101.4 105 113.4 107 50.4 48.4 30.2 125.6 112.8 118.6 108.6 80.2 81 81.6 55.8 46.4 30.6 18.6 14.2
48 hour total 91.8 96.4 100.4 102.8 105.2 113.6 108.2 50.4 48.4 30.2 126.8 113.2 119 108.6 81 81.8 83.4 57.8 47.6 30.6 18.8 14.2

return period (years)
peak 6 hour total 1 5 3 4 7 7 5 1 1 1 12 9 9 4 4 3 3 1 1 1 <1 <1
peak 12 hour total 2 13 10 10 19 18 10 2 1 1 20 15 18 12 3 3 3 1 1 1 <1 <1
peak 18 hour total 3 22 23 24 50 40 19 2 2 1 32 19 26 31 5 6 4 1 1 1 <1 <1
peak 24 hour total 6 52 45 59 97 63 34 4 4 1 53 30 38 56 6 9 4 1 2 1 1 <1
peak 36 hour total 12 42 43 61 87 54 29 3 3 1 49 27 36 48 5 8 4 1 1 1 <1 <1
peak 48 hour total 8 31 29 45 60 37 19 2 2 1 34 16 22 32 3 6 3 1 1 1 <1 <1

% LTA
peak 6 hour total 14 26 26 29 34 30 27 28 27 21 30 29 27 25 27 23 24 15 19 19 16 11
peak 12 hour total 23 43 47 49 57 49 42 41 37 27 43 43 41 41 35 30 32 23 26 25 20 13
peak 18 hour total 33 54 66 68 80 68 57 47 50 34 56 53 52 59 46 41 42 29 34 34 27 19
peak 24 hour total 42 72 84 91 101 83 72 70 67 47 68 66 64 74 53 49 48 34 40 41 33 23
peak 36 hour total 55 77 94 102 110 90 81 73 69 48 76 75 73 81 58 56 54 38 45 45 34 24
peak 48 hour total 57 78 94 103 110 90 82 73 69 48 77 75 74 81 58 57 56 39 46 45 34 24

December Total as % LTA 240 164 230 273 249 245 214 192 211 151 207 205 196 225 176 183 165 142 158 157 146 121

Peak rainfall

Aire Calder



  

 

  38 of 52 

 

 
 

  

W
in

ge
rw

or
th

Li
na

cr
e

W
oo

dh
ou

se
 M

ill

D
or

e

R
ed

m
ire

s

R
in

gi
ng

lo
w

La
ng

se
tt

H
ar

le
y

C
an

no
n 

H
al

l

W
om

bw
el

l

S
ou

th
 E

lm
sa

ll

accumulation (mm)
6 hour total 3.8 4.6 3 6.8 6.8 8 10.2 5.4 7.4 4.6 4
12 hour total 4.2 4.6 3 7.2 8.8 8.8 13 6 9 5.2 4.4
18 hour total 4.8 4.8 4.6 9.4 11.4 11.6 17.6 8.2 12.8 6.4 7
24 hour total 5.8 6.8 5.6 12 15.2 15 21.8 10 15.6 7.4 7.8
36 hour total 8 9 7 13.4 19.2 18 25.8 11.8 19.4 8.2 8
48 hour total 10 11.2 8 15.6 21.8 20.6 28 12.2 20.2 8.2 8

return period (years)
peak 6 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
peak 12 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
peak 18 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
peak 24 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
peak 36 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
peak 48 hour total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

% LTA
peak 6 hour total 5 6 5 8 6 8 8 8 10 8 7
peak 12 hour total 5 6 5 8 8 9 11 9 12 9 8
peak 18 hour total 6 6 7 10 10 12 15 12 17 11 13
peak 24 hour total 7 8 9 13 14 15 18 15 21 13 14
peak 36 hour total 10 11 11 15 17 18 21 17 26 14 14
peak 48 hour total 13 13 13 17 20 21 23 18 27 14 14

December Total as % LTA 99 100 94 110 114 128 115 119 120 101 93

Peak rainfall

Don



  

 

  39 of 52 

 

Appendix B – Rank order stage AMAX in water year. 
December 2015 event highlighted in red, September 2012 event highlighted in orange, November 2000 event highlighted in blue. 
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Appendix C – Rank order stage AMAX in peak stage. 
December 2015 event highlighted in red, September 2012 event highlighted in orange, November 2000 event highlighted in blue. 
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13 1.040 1.094 1.704 1.254 2.721 4.127 2.564 1.363 1.870 1.450 0.990 2.098 1.306 2.104 2.280 3.228 1.419 2.188 1.950 3.055 4.053 3.277 4.498 5.188
14 1.038 1.082 1.704 1.188 2.684 4.082 2.552 1.326 1.860 1.436 0.973 2.091 1.279 2.044 2.266 3.225 1.344 2.178 1.940 3.050 4.047 3.266 4.475 5.182
15 1.032 1.029 1.642 1.146 2.648 4.072 2.528 1.322 1.852 1.435 0.957 2.066 1.271 1.641 2.157 3.191 1.184 2.146 1.897 3.008 4.031 3.239 4.463
16 1.029 1.026 1.638 1.066 2.647 4.046 2.517 1.303 1.833 1.434 0.852 1.990 1.159 1.566 2.107 3.084 2.123 1.888 2.960 4.020 3.237 4.450
17 1.019 0.978 1.627 1.027 2.608 3.958 2.503 1.238 1.772 1.433 0.826 1.976 1.091 1.545 3.066 2.117 1.825 2.790 3.995 3.197 4.440
18 1.017 1.424 2.459 3.891 2.495 1.237 1.660 1.423 1.771 3.008 2.089 1.822 2.781 3.974 3.082 4.422
19 1.014 1.329 2.441 3.882 2.486 1.236 1.580 1.388 1.652 2.992 1.948 1.781 2.633 3.973 3.061 4.281
20 0.983 1.258 2.340 3.852 2.410 1.224 1.529 1.387 1.648 2.987 1.934 1.521 2.463 3.725 3.060 4.275
21 0.976 0.493 2.271 3.815 2.408 1.222 1.212 1.360 1.249 2.981 1.921 1.378 3.514 2.928 4.013
22 0.963 2.268 3.807 2.381 1.201 1.350 2.972 1.908 0.805 3.508 2.894 2.650
23 0.962 2.267 3.790 2.376 1.192 1.340 2.970 1.849 3.191 2.806
24 0.955 2.201 3.761 2.358 1.192 1.336 2.886 1.740 2.040 2.762
25 0.953 2.199 3.749 2.320 1.139 1.314 2.861 1.578 2.755
26 0.952 2.163 3.214 2.316 1.125 1.294 2.860 1.259 1.557
27 0.933 2.161 2.289 1.022 1.288 2.819
28 0.920 2.139 2.241 0.910 1.275 2.801
29 0.918 2.139 2.239 0.849 1.269 2.794
30 0.917 2.138 2.229 1.266 2.771
31 0.910 2.118 2.202 1.231 2.769
32 0.905 2.106 2.112 1.163 2.762
33 0.903 2.069 2.111 1.149 2.734
34 0.895 2.022 2.069 1.104 2.684
35 0.894 2.014 2.069 1.069 2.680
36 0.864 1.410 2.053 0.889 2.659
37 0.852 1.469 2.656
38 0.842 2.645
39 0.741 2.559
40 0.628 2.507
41 0.401 2.389
42 2.313
43 2.313
44 2.114
45 1.900

*Limit of 
gauge 

reached?

*Peak cut 
off?
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1 3.091* 1.146 4.243 3.976 2.531 3.628 2.615 5.735 3.554 1.241 3.330 2.758 2.068 1.904 3.293 2.308 3.154 5.248 5.610 4.034 1.615 3.679
2 1.935 0.966 2.768 3.775 2.226 3.327 1.967 4.916 2.431 1.094 2.189 2.493 1.954 1.892 3.221 2.139 3.080 5.102 5.406 3.870 1.440 3.652
3 1.636 0.921 2.657 2.837 1.635 3.036 1.719 4.553 2.194 1.040 2.126 2.114 1.848 1.869 2.961 2.073 2.534 4.629 5.280 3.821 1.420 3.646
4 1.556 0.913 2.358 2.743 1.554 2.681 1.713 4.208 1.985 0.934 1.491 2.061 1.839 1.767 2.910 2.042 2.460 4.484 5.243 3.800 1.297 3.628
5 1.447 0.904 2.267 2.638 1.549 2.582 1.701 4.171 1.574 0.933 1.460 1.861 1.780 1.672 2.680 1.986 2.320 4.225 4.903 3.585 1.210 3.539
6 1.446 0.832 2.190 2.624 1.491 2.457 1.700 4.136 1.562 0.911 1.453 1.853 1.652 1.567 2.544 1.935 2.200 3.920 4.486 3.498 1.170 3.459
7 1.405 0.774 1.947 2.318 1.387 2.341 1.689 3.978 1.495 0.908 1.436 1.820 1.639 1.542 2.360 1.911 2.130 3.864 4.418 3.492 1.130 3.452
8 1.348 0.752 1.920 2.184 1.287 2.297 1.487 3.886 1.492 0.889 1.416 1.791 1.617 1.536 2.060 1.856 2.070 3.730 4.414 3.355 1.090 3.444
9 1.313 0.741 1.849 1.974 1.194 2.280 1.433 3.885 1.491 0.885 1.353 1.759 1.599 1.533 2.050 1.760 1.990 3.677 4.292 3.328 1.080 3.419

10 1.270 0.704 1.790 1.848 1.071 2.242 1.322 3.745 1.459 0.876 1.333 1.674 1.564 1.531 2.040 1.750 1.940 3.665 4.273 3.303 1.070 3.406
11 1.239 0.694 1.737 2.236 1.280 3.710 1.389 0.871 1.333 1.670 1.536 1.528 1.797 1.728 1.920 3.467 4.266 3.185 1.050 3.397
12 1.062 0.594 1.699 2.052 1.275 3.532 1.372 0.851 1.322 1.662 1.435 1.520 1.666 1.678 1.859 3.296 4.232 2.990 0.990 3.397
13 0.932 0.564 1.618 2.048 1.125 3.496 1.283 0.849 1.279 1.649 1.412 1.518 1.640 1.662 1.754 3.183 4.205 2.865 0.985 3.397
14 0.909 0.552 1.616 2.026 1.099 3.483 1.219 0.844 1.238 1.639 1.400 1.490 1.417 1.658 1.703 3.176 3.905 2.835 0.949 3.362
15 1.577 2.022 1.056 3.456 1.207 0.844 1.196 1.625 1.303 1.471 1.411 1.656 1.675 3.007 3.634 2.600 0.940 3.357
16 1.541 1.996 0.990 3.449 1.121 0.831 1.176 1.623 1.248 1.468 1.340 1.626 1.650 2.656 3.612 2.226 0.854 3.333
17 1.350 1.925 0.764 3.439 1.119 0.806 0.733 1.619 1.248 1.453 1.295 1.622 1.523 2.396 3.465 1.413 0.840 3.312
18 1.311 1.849 3.375 1.065 0.805 1.577 1.203 1.447 1.264 1.601 1.430 3.355 0.837 3.269
19 1.265 1.792 3.316 0.999 0.803 1.561 1.071 1.441 1.176 1.596 1.370 3.146 0.770 3.229
20 1.170 1.663 3.291 0.818 0.780 1.556 0.976 1.419 1.120 1.587 1.290 2.972 0.767 3.166
21 1.371 3.258 0.803 0.779 1.529 0.475 1.417 0.530 1.576 0.590 0.809 0.690 3.129
22 3.223 0.746 1.525 1.407 1.568 0.430 3.111
23 3.213 0.721 1.513 1.403 1.556 3.057
24 3.202 0.720 1.509 1.397 1.533 3.016
25 3.114 0.716 1.501 1.391 1.505 2.992
26 2.755 0.708 1.473 1.381 1.488 2.833
27 2.136 0.701 1.467 1.344 1.483 2.584
28 0.927 0.697 1.466 1.324 1.476 2.193
29 0.660 1.457 1.324 1.470 2.132
30 0.650 1.422 1.309 1.466
31 0.646 1.418 1.299 1.463
32 0.562 1.417 1.287 1.462
33 0.521 1.410 1.264 1.402
34 0.517 1.398 1.242 1.390
35 0.381 1.395 1.197 1.380
36 0.341 1.389 1.195 1.374
37 1.374 1.006 1.374
38 1.372 0.758 1.359
39 1.358 1.307
40 1.333 1.306
41 1.257 1.296
42 1.250 1.290
43 1.204 1.257
44 1.199 1.252
45 1.182 1.229
46 1.176 1.226
47 1.159 1.192
48 1.139 1.170
49 1.111 1.081
50 1.035 0.957
51 0.947 0.823

Calder
S

us
pe

ct
 d

at
a

D
ec

em
be

r 2
01

5 
le

ve
l n

ot
 in

 A
M

A
X

 s
er

ie
s

D
ec

em
be

r 2
01

5 
le

ve
l n

ot
 in

 A
M

A
X

 s
er

ie
s

D
ec

em
be

r 2
01

5 
le

ve
l n

ot
 in

 A
M

A
X

 s
er

ie
s

D
ec

em
be

r 2
01

5 
le

ve
l n

ot
 in

 A
M

A
X

 s
er

ie
s

D
ec

em
be

r 2
01

5 
le

ve
l n

ot
 in

 A
M

A
X

 s
er

ie
s

*Almost 
certainly 
lost the 
peak.



  

 

  46 of 52 

 

 

Rank

K
et

tle
w

el
l

S
ki

rfa
re

 B
rid

ge

N
et

he
rs

id
e 

H
al

l

H
eb

de
n

G
rim

w
ith

A
dd

in
gh

am
 

To
w

n 
B

ec
k

A
dd

in
gh

am

Ilk
le

y

O
tle

y

P
oo

l B
rid

ge

A
rth

in
gt

on

C
ol

lin
gh

am

W
et

he
rb

y 
 F

lin
t 

M
ill

B
ra

m
ha

m
 

S
cr

ee
ns

Ta
dc

as
te

r

Ta
dc

as
te

r C
oc

k 
B

ec
k 

S
lu

ic
es

 - 
C

oc
k 

B
ec

k

Ta
dc

as
te

r C
oc

k 
B

ec
k 

S
lu

ic
es

 - 
W

ha
rfe

B
ol

to
n 

P
er

cy
 

P
en

st
oc

N
un

 A
pp

le
to

n 
P

S

1 1.491 0.661 2.541 3.878 2.462 4.000 4.329 5.246 3.743 1.682 4.510 13.894 13.314 8.322 10.170
2 1.485 0.565 2.493 3.334 2.016 3.780 4.138 4.704 3.098 1.438 3.790 9.389 9.321 7.731 8.082
3 1.445 0.559 2.478 3.318 1.790 3.770 4.103 4.694 2.996 1.315 3.700 9.309 9.264 7.668 7.602
4 1.405 0.558 2.463 3.228 1.790 3.760 4.087 4.569 2.901 1.277 3.580 9.299 9.083 7.550 7.350
5 1.369 0.525 2.463 3.177 1.710 3.710 4.074 4.520 2.889 1.219 3.540 9.248 9.015 7.525 7.136
6 1.365 0.524 2.441 3.158 1.700 3.710 4.069 4.426 2.877 1.159 3.440 9.153 8.981 7.292 6.998
7 1.339 0.515 2.438 3.011 1.685 3.700 4.041 4.369 2.859 1.119 3.430 9.050 8.929 7.282 6.883
8 1.296 0.506 2.419 2.851 1.664 3.640 4.036 4.154 2.780 1.078 3.340 8.889 8.875 7.271 6.730
9 1.286 0.497 2.354 2.841 1.630 3.470 4.032 4.135 2.777 1.034 3.180 8.842 8.865 7.257 6.717

10 1.278 2.336 2.716 1.630 3.460 3.969 4.088 2.764 1.027 3.170 8.551 8.865 7.212 6.702
11 1.193 2.326 2.638 1.621 3.370 3.901 3.874 2.704 1.016 3.130 8.291 8.793 7.073 6.565
12 1.163 2.313 2.569 1.597 3.360 3.773 3.860 2.682 0.934 3.130 8.200 8.746 6.897 6.554
13 1.151 2.274 2.540 1.519 3.340 3.637 3.790 2.624 0.923 3.060 8.159 8.743 6.823 6.540
14 1.136 2.266 2.518 1.410 3.000 3.621 3.731 2.618 0.910 2.890 8.132 8.690 6.736 6.392
15 1.116 2.227 2.446 1.393 2.910 3.585 3.580 2.584 0.533 2.880 8.025 8.678 6.418 6.323
16 1.104 2.168 2.444 1.327 2.760 3.470 3.552 2.535 0.496 2.770 8.015 8.571 6.205 6.093
17 1.098 2.134 2.275 1.325 2.740 3.466 3.546 2.533 2.720 7.834 8.556 5.783 6.071
18 1.089 2.131 2.258 1.310 3.425 3.300 2.505 2.660 7.831 8.515 5.416 5.989
19 1.078 2.119 2.195 1.279 3.327 3.294 2.438 2.640 7.795 8.504 5.980
20 1.074 2.113 2.172 1.250 3.276 3.267 2.425 2.610 7.500 8.443 5.831
21 1.069 2.098 2.133 1.230 3.229 3.163 2.380 2.580 7.132 7.567 5.168
22 1.068 2.074 2.124 1.225 3.139 3.152 2.379 2.530
23 1.056 2.074 2.115 1.140 3.054 3.123 2.368 2.420
24 1.055 2.062 2.103 1.064 3.015 2.830 2.341 2.410
25 1.047 2.050 2.082 1.004 2.951 2.606 2.340 2.390
26 1.025 2.020 2.048 2.776 1.351 2.250 1.810
27 0.996 1.982 1.961 2.242 0.690
28 0.989 1.933 1.960 2.207
29 0.971 1.914 1.850 2.196
30 0.899 1.905 1.805 2.195
31 0.894 1.897 1.714 2.192
32 0.844 1.884 1.524 2.177
33 0.811 1.873 2.176
34 0.644 1.857 2.170
35 0.405 1.845 2.160
36 0.369 1.830 2.139
37 1.821 2.122
38 1.778 2.112
39 1.689 2.109
40 1.678 2.068
41 1.610 2.044
42 1.609 2.040
43 1.582 2.017
44 2.015
45 2.006
46 1.987
47 1.982
48 1.970
49 1.953
50 1.914
51 1.773
52 1.704
53 1.378
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1 3.660 2.320 1.220 2.980 3.057 5.345 1.900 2.546 4.170 1.678 4.240 5.680 14.370
2 3.440 2.160 1.140 2.960 2.918 5.161 1.860 2.388 4.110 1.661 4.160 5.455 6.289
3 3.310 1.990 1.140 2.750 2.832 5.155 1.390 2.381 4.090 1.651 4.160 5.446 6.231
4 3.260 1.970 1.080 2.720 2.717 5.060 1.390 2.195 4.060 1.589 4.100 5.445 6.023
5 3.220 1.860 1.060 2.570 2.670 4.995 1.350 2.183 4.010 1.528 4.010 5.340 6.019
6 3.190 1.830 1.060 2.560 2.666 4.992 1.320 2.082 3.990 1.510 3.920 5.293 5.992
7 3.070 1.810 1.040 2.360 2.657 4.986 1.320 1.950 3.980 1.410 3.870 5.213 5.982
8 3.050 1.680 1.030 2.270 2.251 4.899 1.320 1.931 3.900 1.400 3.810 5.168 5.948
9 3.040 1.560 0.979 2.230 2.192 4.830 1.320 1.930 3.890 1.380 3.810 5.161 5.914

10 3.030 1.510 0.952 2.160 2.173 4.782 1.300 1.830 3.850 1.368 3.800 5.133 5.798
11 3.000 1.490 0.950 2.010 2.173 4.747 1.200 1.820 3.840 1.340 3.780 5.103 5.580
12 2.830 1.430 0.902 1.880 2.116 4.698 1.190 1.761 3.740 1.334 3.770 5.037 5.407
13 2.770 1.340 0.876 1.750 2.015 4.696 1.060 1.732 3.630 1.310 3.750 4.992 5.324
14 2.730 1.300 0.868 1.740 1.967 4.522 1.050 1.560 3.620 1.300 3.660 4.937 4.982
15 2.720 1.280 0.864 1.680 1.801 4.475 1.030 1.543 3.610 1.280 3.650 4.908 4.966
16 2.690 1.230 0.846 1.680 1.792 4.337 1.030 1.494 3.610 1.250 3.650 4.870 4.675
17 2.670 1.190 0.845 1.620 1.765 4.335 1.020 1.314 3.600 1.100 3.600 4.850
18 2.670 0.844 1.600 1.763 4.282 1.000 0.968 3.600 1.056 3.550 4.757
19 2.660 0.841 1.500 1.758 4.271 0.992 0.210 3.550 3.550 4.756
20 2.600 0.835 1.490 1.724 4.218 0.984 3.440 3.520 4.748
21 2.600 0.825 1.450 1.631 4.208 0.956 3.420 3.470 4.726
22 2.520 0.810 1.360 1.573 4.206 0.937 3.400 3.400 4.631
23 2.490 0.806 1.320 1.546 4.203 0.927 3.340 3.390 4.625
24 2.400 0.756 1.020 1.537 4.168 0.908 3.320 3.340 4.614
25 2.390 0.750 0.893 1.534 4.140 0.905 3.160 3.320 4.538
26 2.380 0.739 0.795 1.507 4.133 0.904 3.080 3.150 4.532
27 2.330 0.738 1.467 4.117 0.903 3.010 2.900 4.293
28 2.230 0.724 1.465 4.113 0.898 3.010 2.540 4.259
29 2.110 0.711 1.434 4.095 0.895 2.990 4.229
30 2.080 0.710 1.433 3.953 0.887 2.760 4.092
31 1.960 0.710 1.349 3.924 0.865 2.710 4.081
32 1.930 0.696 1.317 3.913 0.844 2.640 4.014
33 1.920 0.688 1.307 3.855 0.836 2.550 3.994
34 1.840 0.675 1.279 3.852 0.803 2.530 3.739
35 1.800 0.675 1.229 3.848 0.781 2.490 3.718
36 1.730 0.640 1.213 3.566 0.760 2.300 3.455
37 1.660 0.638 1.160 2.996 0.746 1.900 2.910
38 1.580 0.624 1.098 2.915 0.731
39 1.550 0.617 1.042 2.613 0.713
40 1.030 0.592 1.038
41 0.554 0.979
42 0.552 0.972
43 0.546 0.971
44 0.471 0.963
45 0.957
46 0.935
47 0.899
48 0.865
49 0.848
50 0.837
51 0.670
52 0.328
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1 6.258 7.218 6.787 5.400 3.522 9.677 6.339 0.657 0.242 5.124 5.090 15.201 2.568 9.960 1.957 6.371 5.551
2 5.918 7.019 6.634 5.189 2.914 9.254 6.139 0.636 0.226 4.962 4.890 15.143 2.434 9.790 1.800 5.957 5.378
3 5.884 6.942 6.555 5.072 2.754 9.135 6.078 0.63 0.22 4.950 4.502 15.142 2.378 9.690 1.712 5.853 5.314
4 5.607 6.447 6.414 4.569 2.737 9.114 5.874 0.592 0.22 4.782 4.466 15.080 2.250 9.580 1.697 5.731 5.191
5 5.568 6.428 6.289 4.473 2.619 8.797 5.755 0.556 0.209 4.666 4.407 14.884 2.089 9.360 1.667 5.621 5.072
6 5.407 6.388 6.131 4.455 2.582 8.747 5.747 0.553 0.208 4.612 4.387 14.830 2.075 9.280 1.653 5.486 5.003
7 5.133 6.335 6.104 4.366 2.510 8.640 5.745 0.542 0.204 4.594 4.334 14.795 1.977 9.250 1.643 5.407 4.971
8 5.120 6.241 6.052 4.207 2.431 8.513 5.733 0.537 0.202 4.589 4.324 14.781 1.931 9.240 1.564 5.280 4.950
9 4.924 6.170 6.044 4.186 2.429 8.486 5.694 0.52 0.201 4.581 4.248 14.763 1.905 9.230 1.543 5.260 4.922

10 4.858 6.116 6.035 4.173 2.353 8.397 5.667 0.516 0.198 4.560 4.141 14.736 1.900 9.220 1.517 5.254 4.914
11 4.756 6.110 5.984 4.138 2.313 8.372 5.532 0.516 0.196 4.526 4.056 14.733 1.817 9.140 1.506 5.190 4.862
12 4.708 5.858 5.960 4.074 2.292 8.284 5.469 0.514 0.193 4.492 3.938 14.726 1.801 9.100 1.444 5.187 4.819
13 4.679 5.796 5.816 4.043 2.212 8.250 5.398 0.513 0.189 4.382 3.695 14.725 1.785 9.070 1.427 5.177 4.816
14 4.641 5.685 5.785 3.934 2.196 8.174 5.331 0.502 0.184 4.360 3.445 14.721 1.777 8.950 1.423 5.176 4.814
15 4.567 5.422 5.719 3.776 2.169 8.010 5.326 0.496 0.18 4.346 3.238 14.719 1.754 8.940 1.416 5.150 4.716
16 4.563 5.402 5.695 3.755 2.145 7.877 0.491 0.174 4.334 3.109 14.669 1.744 8.870 1.410 5.137 4.658
17 4.510 5.400 5.624 3.689 2.131 7.847 0.489 0.171 4.329 14.613 1.727 8.740 1.406 5.097 4.623
18 4.438 5.255 5.477 3.625 2.115 7.827 0.487 0.168 4.253 14.567 1.723 8.340 1.400 5.092 4.610
19 4.411 5.196 5.451 3.496 2.113 7.812 0.471 0.167 4.214 14.566 1.715 1.396 5.092 4.535
20 4.391 4.657 5.447 3.206 2.110 7.809 0.467 0.159 4.126 14.526 1.706 1.379 5.085 4.503
21 4.380 2.540 5.377 1.613 2.068 7.701 0.464 0.157 4.080 14.362 1.679 1.375 4.858 4.460
22 4.360 5.356 2.029 7.576 0.464 0.156 4.034 1.676 1.372 4.855 4.200
23 4.338 5.316 1.990 7.540 0.451 0.155 3.937 1.631 1.339 4.632 4.094
24 4.271 5.309 1.967 7.360 0.423 0.152 3.922 1.605 1.298 4.441 3.950
25 4.213 5.309 1.930 7.188 0.42 0.15 3.786 1.552 1.289 3.486 3.082
26 4.167 5.250 1.788 0.417 0.146 3.694 1.550 1.252
27 4.159 5.249 1.775 0.407 0.145 3.571 1.528 1.242
28 3.978 5.206 1.771 0.397 0.142 1.211 1.518 1.238
29 3.951 5.169 1.586 0.387 0.133 1.506 1.236
30 3.935 5.151 1.550 0.376 0.132 1.481 1.229
31 3.873 5.126 0.373 0.129 1.466 1.206
32 3.832 5.054 0.37 0.119 1.425 1.186
33 3.768 5.042 0.368 0.116 1.394 1.105
34 3.760 5.010 0.344 0.11 1.387 1.071
35 3.654 5.008 0.34 0.104 1.350 1.052
36 3.652 4.954 0.329 0.089 1.330 1.024
37 3.271 4.912 0.329 0.068 1.318 0.980
38 3.136 4.852 0.327 1.317 0.974
39 4.708 0.323 1.295 0.963
40 4.631 0.32 1.288 0.956
41 4.578 0.312 1.190 0.824
42 4.486 0.296 1.188 0.618
43 4.479 0.287 1.015 0.307
44 4.445 0.277
45 4.332
46 4.129
47 4.086
48 3.828
49 1.149

Ouse Derwent
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Glossary 
Flood Estimation Handbook (FEH) The FEH is a set of five printed volumes (Centre for Ecology 

& Hydrology, 1999, ISBN: 9781906698003), accompanied by 
software (WINFAP-FEH) and digital data (the FEH Web 
Service). It offers guidance on rainfall and river flood 
frequency estimation and provides methods for assessing the 
rarity of notable rainfalls or floods in the UK. 

Long term average (LTA) The arithmetic mean calculated from the historic record, 
usually based on the period 1961-1990. However, the period 
used may vary by parameter being reported on. 

MORECS Met Office Rainfall and Evaporation Calculation System. Met 
Office service providing real time calculation of 
evapotranspiration, soil moisture deficit and effective rainfall 
on a 40 x 40 km grid. 

m3/s Cubic metres per second, or cumecs. 

NCIC National Climate Information Centre. NCIC area monthly 
rainfall totals are derived using the Met Office 5 km gridded 
dataset, which uses rain gauge observations. 

Soil moisture deficit (SMD)  The difference between the amount of water actually in the 
soil and the amount of water the soil can hold. Expressed in 
depth of water (mm). 

 

Categories 
Exceptionally high    Value likely to fall within this band 5% of the time 

Notably high     Value likely to fall within this band 8% of the time 

Above normal     Value likely to fall within this band 15% of the time 

Normal     Value likely to fall within this band 44% of the time 

Below normal     Value likely to fall within this band 15% of the time 

Notably low     Value likely to fall within this band 8% of the time 

Exceptionally low    Value likely to fall within this band 5% of the time 
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Annex 3: Met Office summary 
 
http://www.metoffice.gov.uk/climate/uk/summaries/2015/december 

England diary of highlights 
December was a record-breaking month, dominated by unseasonably mild and moist tropical 
maritime air masses and a marked absence of frost, particularly in the south. Frequent deep 
depressions brought strong winds and heavy rain to the north at regular intervals, though the rain 
was often lighter in the south. The first week saw record rainfall totals over Cumbria, and frequent 
wet weather during the last week led to widespread flooding in the north.  

The mean temperature for December was 5.0 °C above the long-term average, making it easily the 
warmest December in the series from 1910. Remarkably, most weather stations across central and 
southern England recorded no air frosts. It was the wettest December in the series in the north, but 
rainfall totals were much closer to average in the south, and England as a whole had 154% of 
average rainfall. Sunshine was 74% of average, and it was particularly dull in the west and south. 

3.1 1st to 4th: 
The 1st was overcast with some patchy light rain, this mainly in the north. Some areas, particularly in 
the east, had a bright start on the 2nd, but cloudy skies spread from the west with some outbreaks of 
rain for western areas, although the east remained mainly dry. The 3rd was overcast, with rain for 
northern and western areas, and it was very mild with south-westerly winds. It was overcast for most 
parts of the country on the 4th, but sunny in the south-east, where Manston (Kent) recorded 6.9 
hours of sunshine. Patchy light rain affected the north-west, but this turned increasingly heavy and 
persistent over Cumbria late in the day.  

3.2 5th to 10th: 

Storm Desmond tracked north-east across the country on the 5th, bringing strong winds with gusts 
widely over 70 mph in the north. It was exceptionally wet in the north-west with 264 mm recorded at 
Thirlmere (Cumbria) on the 5th, causing widespread flooding in this area. The wind and rain eased 
on the 6th, with mainly light rain spreading south-eastwards through the country during the afternoon. 
The 7th was a mild and breezy day, with a maximum temperature of 15.5 °C at Chivenor (Devon), 
and there were some sunny intervals, although rain spread from the west late in the day. Early rain 
cleared the south-east on the 8th to leave a day of sunshine and scattered showers driven on by a 
fresh south-west wind. The 9th was dry and bright in the south, but cloudy in the north, and it was 
increasingly wet and windy in the north-west. A cold front spread rain south-eastwards during the day 
on the 10th, and the rain lingered in southern areas. 

3.3 11th to 14th: 
It was cooler on the 11th with north-westerly winds and a mix of sunshine and scattered showers, 
although many central and eastern areas remained dry. Low pressure spread rain north-eastwards 
on the 12th, leading to further flooding, and the rain turned to snow in the north-east. After a cold and 
icy start in the north on the 13th, with a minimum temperature of -5.0 °C at Shap (Cumbria), a band 
of light rain spread slowly from the south-west. It was a dry and cloudy start in the north on the 14th, 
while rain across southern areas spread slowly north-east. 

3.4 15th to 20th: 
Rain spread north-east during the afternoon of the 15th after another dry cloudy start, and it was mild 
with a brisk south-east wind. The 16th was mild and mainly dry apart from patchy rain over some 
northern areas, and it was exceptionally mild with 17.2 °C at Teignmouth (Devon). It was also very 
mild on the 17th but rain spread across the southern half of the country during the day. The 18th 
started dry but it was mild and breezy and rain spread into northern and western areas. The 19th had 
rain in the north and west with 52 mm at Shap (Cumbria), and it was breezy and very mild in the 
south with 17.1 °C at Gravesend (Kent). The 20th was a day of sunshine and scattered showers, the 
showers heaviest in the north-west, and it was less mild than of late. 

 

http://www.metoffice.gov.uk/climate/uk/summaries/2015/december


3.5 21st to 31st: 
There was a dry and breezy start to the 21st but rain spread from the west, with 65 mm at Shap 
(Cumbria). The 22nd was again unsettled, with rain spreading south-east accompanied by strong 
south-westerly winds. The 23rd was much drier and brighter, with just isolated showers in the south. 
Rain moved eastwards on the 24th, clearing by mid-afternoon leaving sunshine and scattered 
showers. A warm front brought rain and higher temperatures on the 25th, and rain stagnated in 
northern parts with over 70 mm locally, causing widespread flooding to some major towns and cities. 
The rain continued for most of the day on the 26th with over 40 mm in parts of Cumbria. It was dry on 
the 27th apart from some patchy rain in central areas, sunny in the north but cloudy in the south. The 
28th was mainly dry and mild, cloudy for most but brighter in the south-east, with a maximum of 15.6 
°C at Bridgefoot (Cumbria). A dry bright day followed on the 29th but rain spread into western areas 
during the evening. Western and northern areas bore the brunt of Storm Frank on the 30th with a 
gust to 77 mph at Loftus (Cleveland). Dry and bright early on the 31st, but a band of rain spread 
eastwards.  



Annex 4  
 
Flood Warnings  
 
The Environment Agency (EA) use the latest technology 24 hours a day to monitor rainfall, river 
levels, groundwater levels and sea conditions. Combining this information with weather data and tidal 
reports from the Met Office, they can provide local area forecasts on the possibility of flooding and its 
likely severity.  
 
The areas known to be at risk of flooding are called Flood Warning Areas and are covered by the 
Flood Warnings Direct service offered by the EA.  
 
The Environment Agency estimates that there are over 6863 properties at risk of river flooding in the 
Leeds City Council area. These properties are covered by 28 Flood Warning Areas on the River Aire 
and its becks.  
 
The River Wharfe and its becks have 9 Flood Warning Areas. 
 
The Environment Agency uses the latest technology 24 hours a day to monitor rainfall, river levels, 
and groundwater levels. 
 
Combining this information with weather data reports from the Met Office, the Environment Agency 
can then provide local area forecasts on the possibility of flooding and its likely severity. 
  
 

Symbols Codes 
What it 
means When it is used What to do 

 
 

 

 Flood Alert Flooding is 
possible. Be 
prepared. 

Two hours to two 
days in advance of 
flooding 

Be prepared to act on your flood 
plan. 
Prepare a flood kit of essential 
items. 
Monitor local water levels and the 
flood forecast on the EA website. 

 
 

 

 Flood 
Warning 

Flooding is 
expected. 
Immediate 
action 
required. 

Half an hour to one 
day in advance of 
flooding. 

Move family, pets and valuables to 
a safe place. 
Turn off gas, electricity and water 
supplies if safe to do so. 
Put flood protection equipment in 
place. 

 
 

 

 Severe 
Flood 

Warning 

Severe 
flooding. 
Danger to 
life. 

When flooding 
poses a significant 
threat to life. 

Stay in a safe place with a means of 
escape. 
Be ready should you need to 
evacuate from your home. 
Cooperate with the emergency 
services. 
Call 999 if you are in immediate 
danger. 

 
 Warnings no 

longer in 
force 

No further 
flooding is 
currently 
expected in 
your area. 

When river 
conditions are 
beginning to return 
to normal. 

 

 
Environment Agency Flood Warning Codes 

 



 
 

Flood Warning Areas, Leeds City Centre, and percentage take up. 
 
At 10:16am on the 26th December 2015, there were 31 severe flood warnings in force throughout 
England and Wales, 9 of which were in the Leeds inner urban area. The time line for flood warnings 
is shown in the following sequence of figures. 
 
 

 
 

Flood Warning time line, 26th Dec, time 18:20. 
 



 
 

Flood Warning time line, 26th Dec, time 22:06. 
 

 
 

Flood Warning time line, 27th Dec, time 09:36. 
 

 
 

Flood Warning time line, 27th Dec, time 14:25. 
 



 
 

Flood Warning time line, 27th Dec, time 23:49. 
 

 
 

Flood Warning time line, 28th Dec, time 13:01. 



Annex 5 - Flooding History, archive information 
 

5.1 Leeds City Centre (River Aire) 
 
1775  “Among the numerous floods with which this town has been visited, the highest and 
most tremendous ever known occurred on the 20th and 21st of October 1775, when the 
bridges at Calverley and Swillington were destroyed”  
©Miscellaneous History of Leeds, Bradford, Wakefield, Dewsbury, Otley 
 
“A very high flood occurred in the river Aire on the 21st of October, this year.  Water-lane, 
together with all the other streets and lanes near the Leeds Bridge, were rendered 
impassable to anything but boats. The bridges of Calverley and Swillington, above and below 
Leeds, were destroyed, and a singular circumstance is related of a hare, which escaped alive 
on the body of a drowned sheep. The height to which the water rose is preserved by a notice 
at the end of Water-lane, entering from the bridge, thus :—"1775, October 21st, ‘Flood ‘under 
which is a line showing that the water rose seven feet above the crown of the paving. 
©The Annals Of Yorkshire 
 
1790  “In December, 1790, there was another great flood when several bridges were 
destroyed, and Mr. Gilyard's dye house, on Sheepscar Beck, was washed away with a large 
quantity of cloth. ©Miscellaneous History of Leeds, Bradford, Wakefield, Dewsbury, Otley 
 
1795  Again on the 9th of February, 1795, there was a most destructive flood produced by a 
rapid thaw and a heavy rain, and incalculable mis chief was done both by the torrent itself and 
the large blocks of ice which were hurried down the river. On this occasion Leeds Bridge was 
in considerable danger. A boat carried away from its fastenings, was forced on its broad-side 
across one of the arches, and had it not been broken to pieces by the force of the ice and 
water, there is every reason to believe that the whole fabric would have been materially 
damaged if not destroyed. As it was, horses, carts, timber, and furniture, were carried away, 
and three men were drowned at Hunslet dam. ©Miscellaneous History of Leeds, Bradford, 
Wakefield, Dewsbury, Otley 
 
On the 9th of February, the river Aire, which had been frozen for a considerable time? 
exhibited a most appalling scene occasioned by a rapid thaw and heavy rain, which "broke up 
the ice and swelled the river so as to inundate all the lower streets in Leeds, where 
incalculable mischief was done by the foaming torrent and the immense blocks of floating ice, 
which carried away cloth and tenters from the fields, threw down walls, dyehouses, and 
several dwelling-houses, and greatly injured the bridge, across one of the arches of which, a 
boat was forced on its broad side, and at length broken to pieces by & vast accumulation of 
ice and water, which, if the vessel had not given way, would have soon overthrown the bridge 
itself, as was feared by the anxious spectators of this destructive flood, which drowned three 
men in Hunslet Dam, and floated down the river, horses, carts, timber, furniture, in rapid 
succession ©The Annals Of Yorkshire 
 
1866 THE GREAT FLOOD (leaving in its wake 20 people dead )The continuous heavy rains 
at this time in Yorkshire and Lancashire caused the most disastrous floods which had 
occurred for a great number of years. In Leeds, the Aire and the larger becks overflowed, 
inundating the lower parts of the town, and doing great damage to property of all descriptions. 
At the junction of Hunslet Lane and Meadow Lane the water was about two feet deep. There 
was a great overflow at the Waterloo Ford, near to the Wellington Station, after passing which 
the stream flooded the works connected with the new station, carried away the foot bridge 
beyond the railway arches, and rose half way up Sandford Street. It swept with great force 
through the School Close Bridge into the Bang's Mill dam, carrying with it large pieces of 
wood and other materials. An accident of a serious nature, no doubt in great part attributable 
to the flood, occurred at one of the buildings erected by the side of the dam, a large chimney 
connected with the corn mill occupied by the executors of the late Mr. Edward Hudson, 
suddenly falling. The cope stone, a huge piece of masonry, was projected across the dam, 



and striking the roof of one of the buildings in School Close, completely demolished it. The 
building was at the time occupied by the wife and son of Mr. Thompson, one of the 
contractors for the new railway works. They were both buried in the ruins of the house, and 
when rescued were conveyed to the Infirmary. The son's injuries were found to be of a very 
slight nature, but Mrs. Thompson was suffering from a fracture of the right arm and from 
concussion of the brain. An empty barge was swept away from Howard's wharf. The barge 
dashed against another partially laden with coals, the first was broken to pieces and sank, 
and the other was carried down with great force until brought to a stop by the abutments of 
the Leeds Bridge, where part of it remained fixed, considerably obstructing the current, and 
causing the river to rush with territic speed through the other arches. A landing stage at this 
point was washed away on the following morning, precipitating about twenty persons into the 
flood, several of whom were drowned, namely, Emily Longbottom, aged 15, daughter of 
Samuel Longbottom, engineman, Woodhouse Hill, Hunslet; Anna Maria Oldroyd, aged 14, 
daughter of Edward Oldroyd, Underground-viewer, Newhall Colliery, Middleton i Eliza Booth, 
aged 16, daughter of Wm, Booth, Belle Isle, Middleton ; Elizabeth Anding, aged 16, who 
resided with her parents at Woodhouse Hill, Hunslet; Ann Maria Nairn, aged 11, daughter of 
Michael Nairn, Orange Court, Marsh Lane ; Wm. Ellis, aged 30, cloth dresser, Beeston Hill. 
Overflowing the bridge at the King's- Mills, the water ran down Swinegate and poured into the 
mills, completely flooding the lower flat. This result, however, had been foreseen and proper 
precautions taken by the removal of all perishable articles to a safer part of the building. The 
flood on the banks at Leeds Bridge found a ready means of rushing into Meadow Lane and 
Water Lane by means of the archways communicating between the river and Bridge End. In 
Lower Water Lane the water penetrated as far as Mr. Green's machine works, close to the 
Quaker's Meeting House; in the tipper part of the lane it reached from Water Hall to Marshall 
Street, Holbeck ; whilst Meadow Lane was covered to Christ's Church, Dock Street was 
impassable, and in Hunslet Lane the flood extended to the Theatre Royal Timble Beck 
flooded Marsh Lane and bottom of Kirkgate, rising to Church Lane in Kirkgate, and Mill Street 
in Marsh Lane. Great damage was done to shop property in this neighbourhood, and the 
cellar dwellings in Duke Street were completely flooded, the occupants finding a temporary 
home with some of their more fortunate neighbours. The residents in low-lying dwellings in 
East Street were in considerable danger, and the removal of those who wished bo quit their 
insecure tenements were taken charge of by the chief-constable, Mr, Weatherall, and Mr. 
Superintendent Senior, who obtained a boat and rendered the greatest assistance to those 
who stood in need of it. The water entered the lower part of the Parish Church burial ground, 
but not in sufficient quantity to do much damage. The roads and fields in the neighbourhood 
of Sheepscar Bar ; of Knostrop; and of Thorpe Hall Pastures, were covered to the depth of 
several feet. In the course of the evening, a man in attempting to proceed along Hunslet Lane 
narrowly escaped drowning. He and two others, anxious to reach home, thought they might 
wade the thoroughfare, along which the flood waters ran furiously. Two of them, however, 
finding the current too strong, retraced their steps, but the third man was carried away and 
thrown on his back by the stream. The occupants of the houses called out to the bystanders 
near the bridge, and a man named George Laverack made the best of Ms way to Ms 
assistance. The waters, however, were too strong to enable either of them to make any 
progress with safety, and it was only by the aid of a vehicle, which came up at the time, that 
the two men were rescued from their perilous position. In Kirkstall Road, the flood rose to a 
great height, persons who travelled over it in cabs having to undergo the unpleasant ordeal of 
riding with the water at some parts as high as the seats of their conveyances, 'Whitham's 
Forge, Kirkstall Road, was completely flooded, all work was suspended, and the horses had 
to be removed from the stables while the foot bridge, a strong wooden erection, adjoining 
Cardigan Fields, and connecting Burley with Armley, was swept away. At Kirkstall, a culvert 
burst at the top of the bank, and the water rushed down the declivity, inundating the lower 
parts of the houses in its course, and necessitating the tenants seeking some securer abode. 
The scene at the Railway Station at Kirkstall baffles description. The river, which flows by the 
side of it, burst all its boundaries, and embracing the whole of the tramway ift Its folds, flowed 
on free and unfettered, leaving no distinction between its natural and its adopted course than 
here an overturned porter's box, and there the remains of what had served to give the 
passenger's accommodation, whilst waiting for the trains. The water flowed along in a deep, 



rapid stream as far as the eye could reach, whilst the fields in the vicinity were at one time 
flooded as high as five or six feet, the lines being under water to the depth of more than three 
feet. The ground in which the Abbey stands shared the same fate as its neighbours, but 
fortunately the flood did not reach the fine old ruin itself. Of course, it was absolutely 
impossible for trains in the latter part of the day to reach the station; they had to be stopped 
some distance from it, and the passengers were left to find their way as best they could to 
Leeds, The bridge at Kirkstall Forge was completely undermined. The bridge on the branch 
line leading to the Forge also suffered such injuries as to render it entirely useless. A huge 
boiler, swept from the chemical. works of Messrs. Tunstall, was hurled against it, altogether 
destroying its supports. At the forgo itself an immense amount of damage was done, the 
water having extinguished the furnaces, and covered the entire works to the extent of several 
feet. The offices were flooded, and one end of a small weigh-house was carried away by the 
accumulation of material. The water played the most fantastic tricks in the works, removing 
heavy masses of iron to all imaginable spots, and floating in their place tar barrels, planks of 
wood, and other articles from the adjoining premises. Above Kirkstall Forge the valley was 
covered with water, and but for the devastation caused by such an inundation the scene was 
exceedingly picturesque in the moonlight. At the chemical works occupied by Mr. Tunstall, the 
flood, which had risen with great rapidity, swept everything moveable before it, and the family 
had to make a hurried escape, Mr. Tunstall, who was suffering from illness, being taken out of 
the chamber window. Two or three large tubular boilers, used for storing tar, were swept into 
the river, and one was carried with great force against the buttresses of the railway bridge 
leading to Kirkstall Forge. The glue works, occupied by Messrs. Clarke and Thackray, a short 
distance above, were surrounded with water during the afternoon, and the workmen remained 
prisoners until the subsidence of the river on the following day. At Newlay, several stacks of 
corn belonging to Mr. Young were carried away, and the cottages on the north side of the 
river, as well as a portion of the works of Messrs. Haigh and Billington, dyers, were flooded. 
The Midland Railway Company suffered considerably from the flood. About one o'clock there 
was a slight slip on the line near Guiseley, but a more serious accident took place shortly 
afterwards near Apperley, where a viaduct gave way. The line on leaving Apperley Station 
passes through a short cutting, and was carried thence by a viaduct across the valley, which 
opens out here into a broad flat of land, through the centre of which flows the Aire, before 
reaching Apperley Bridge. This viaduct was a substantial one, of ten or twelve arches, and 
rising a considerable height above the river. It was built of stone, and not only had every 
appearance of strength, but it had carried for many years not fewer than two hundred trains a 
day, including heavy mineral and goods trains. The current rapidly undermined the 
foundations of the buttresses, and during this afternoon it became evident that the viaduct 
was no longer secure, and at length signs that it was giving way having shown themselves, 
the officials on the spot resolved to stop the passage of any trains across it. About a quarter-
past five, however, when the storm of rain was at its height, and when the Aire was pouring 
through the valley and underneath the arches of the viaduct with a violence which had never 
been witnessed before by those upon the spot, a heavy goods train, travelling from Bradford 
to Leeds, made its appearance at the west end of the viaduct, and before it could be stopped 
had advanced a considerable distance upon it. The signalmen at the end near Apperley, and 
the Apperley station-master, immediately ran forward and succeeded in stopping the train. 
Then it became but too evident that the train could neither advance nor retreat, for the viaduct 
began almost immediately to sink. The engine-driver, stoker, and guard of the train, leapt oft', 
and ran for their lives across the falling viaduct, reaching the embankment of the western end 
in safety, but not having a minute to spare. The signalman and station-master, who in the 
discharge of their duty had placed themselves in such peril, also retreated as rapidly as they 
could to the opposite embankment. Scarcely had they done so when, with a tremendous 
crash, the entire viaduct fell into the stream, the train that had been standing on the arches 
being buried in the ruins. For a moment the enormous mass of masonry, as it lay across the 
channel, completely stopped the progress of the torrent; but it was only for a moment, and 
directly afterwards the river was leaping over this barrier of its own cheating, and was again 
tearing down the valley in its mad career. Soon the van and waggons of the train were torn 
from the midst of the ruins, and floated down the stream, turning up in shattered fragments at 
various places lower down the river. The engine and tender were firmly fixed in the ruins and 



remained immovable. There was fortunately no further injury to the line either up to Shipley, 
Bradford, or Skipton, except some slight displacement near Steeton. On the North-Eastern 
line a slight stoppage took place, and Bramhope tunnel was flooded, but no serious accidents 
occurred, though the trains were late. ©The Annals Of Yorkshire 
 
Other significant flooding in Leeds, thanks to Chris Nickson for some of this material. 
 
1616, 1768, 1799, 1806, 1807 (Milton Flood), 1816 ,1822 (termed the worst floods for 30 
years in the town), 1824, 1837 (floods destroyed what we know as the Victoria Bridge, which 
had only been built eight years before. It was immediately rebuilt and given its present name 
to commemorate the young Queen) 
  
1892 (Kirkstall was badly hit once more when the Aire burst its banks) 
 
5.2 Otley (River Wharfe) 
 
1673  “The most tremendous flood ever known at Otley took place in the year 1673, when 
considerable property was destroyed, and houses, cattle, implements of husbandry, and agricultural 
produce, were irrecoverably swept away.” ©Miscellaneous History of Leeds, Bradford, Wakefield, 
Dewsbury, Otley 

 
1673  On 11th September, 1673 “This summer is remarkable for the abundant and continual 
rain therein'  On the 11th of this month there was a wonderful inundation of waters in the 
northern parts'  The River Wharfe was never known to be so big, within the memory of man, 
by a full yard in height running up in a direct line to Hall-Hill-Well'”  It severely damaged 
(“overturned”) all five arches of Otley bridge, certain of the arches of the bridge at Harewood 
and completely destroyed the bridges at Kettlewell, Burnstall, Barden, Bolton and Ilkley'  
© Parish Register records 
 
Kathryn Sather & Associates, Architectural Conservation Consultants state in 2006; 
 
The river has been prone to flooding for centuries.' In addition to the already referenced cases 
of 1673, when various bridges were “overturned” and during the repairs in 1775, there was a 
large flood in 1883, illustrated by Israel Todd, which reached a level of 54.02m above sea 
level' On 1st February 1920 Otley was cut in two by a flood, although this was less severe 
than the flood of 16th February 1935 when fifty houses near the bridge were marooned'  This 
flood rose and fell in less than 24 hours but at its peak the river was 10 feet above its normal 
level'  The most severe flood recorded in recent years was in December 1936 when the water 
reached a height of 54.19m' 
 
In early October 1938 the road near the bridge flooded twice'  In July 1968 the River Wharfe 
was subject to a freak storm and in January 1982 it broke its banks and reached the top of the 
bridge arches; the recorded height being 53.50m. 
 
There is a local saying which attests to its dangers: “ Wharfe is clear and Aire is lithe:  
Where Aire kills one, Wharfe kills five” 
 
Halcrow Group Limited for the Environment Agency state in 2002; 
 
Otley has a history of flooding problems, with a significant event being recorded in 1935..  
Recorded flood events in the last 50 years include those of December 1965, January 1975, 
January 1982, February 1991, February 1995, October 2000 and November 2002. 
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KIRKSTALL 
Summary 

 

 

 
 

June 2016 
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Background 
• The area of Kirkstall Bridge in west Leeds is a significant flood risk site: water has 

affected the safe and efficient operational of the railway 10 times since 2003, and 4 times 

in 2015 alone 

 

• All defences will be overwhelmed when the river reaches 2.8m.  This, however, has only 

occurred once in recent years (26th and 27th December 2015).  The estimated return 

period of an event of this magnitude is between 20 and 145-years. The 15 November 

2015 event was a 4 to 6-year event and the 12 December 2015 event a 2 and 6-year 

event.  See attached hydrological assessment (JBA March 2016) 

 

• The river rises at a predictable, uniform rate.  It nearly always takes 1 hour to rise from 

21m to 2.2m, for example: similarly, the mean time taken to rise to 2.3m is 1 hour 

 

• River level data from the Environment Agency is now fed automatically to Railway 

Operations Control at York via the JBA Flood Warning Database 

• We can now manage risk by mobilising MOMs and Off Track staff in response to critical 

river level alerts.  An emergency pumping system is in development. 
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Kirkstall: flooding on Boxing Day 2015 

Kirkstall flooding 2015 3 

TJC3/198.0000 to 198.0880 

Root cause: high river levels.  Three floods in 6 weeks. 

River levels on the 16th November and 12th December were 

within 0.1m of the highest levels recorded 

The river on Boxing Day surpassed the record level by 600mm.   

Water can enter the track bed through a number of culverts, 

pipes and voids/cracks in the retaining walls adjacent to the 

river.  

 

Work to be completed by August 2016: 

• Implement  sumps, pumping platform and remote condition 

monitoring 

• Survey culverts, siphon, voids and pipes 

 

Long term: by end of CP5 (2018/19) 

• Implement major flood-hardening work (likely to include sheet 

piling, retaining wall heightening, sump extension, culvert 

diversion/infilling etc.) in partnership with EA and other local 

stakeholders. 

Showing the 1866 and 2015 river 

levels at Armley Mills Museum 
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Kirkstall: retaining structures 

Kirkstall flooding 2015 4 

Retaining wall 

TJC3/198/C1: outwith 

Network Rail’s ownership 

Retaining wall 

outwith Network 

Rail’s 

ownership 
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Collapsed retaining wall 

Kirkstall flooding 2015 5 

• Wall (owned by Caddick) extensively damaged 

• Google Earth image shows large shrub/tree: now missing 

• Significant seepage and piping through exposed fill material 

• Risk to safety and performance of railway from flooding…..and risk 

to integrity of Structure TJC3/24S from scour and wash out of fines 

from supporting fill 
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Risk to TJC3/24S 

Kirkstall flooding 2015 6 

Loosely consolidated 

fill material around 

bases of columns – 

extensive disruption 

following floods of 

November and 

December 2015 
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Armley Mills Industrial Museum: flood marker 
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2015 

1866 
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Kirkstall: analysis of flooding 2005 to 2016 
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Kirkstall: triggers and responses 

Kirkstall flooding 2015 9 

2.4m river level: 

flooding WILL 

occur 

2.8m river level: 

all defences 

overwhelmed 

Triggers 

2.4m alert received: 

prepare for flooding. 

2.3m alert received: Off 

Track staff mobilised (with 

4” pump).  Train operators 

to be advised of growing 

risk: rail substitution to be 

prepared. The average 

time now to a flood event 

is 2 hours. 

2.2m alert received: ask 

MOM to attend site and 

report of water level in 

sump relative to the outlet 

pipe. The average time 

now to a flood event is 3 

hours. 

2.1m alert received: be 

aware. The average time 

now to a flood event is 4 

hours. 
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Kirkstall warning time analysis 

Kirkstall flooding 2015 10 

Date of flood 

Peak 

river 

level (m) 

Flooding? 

River at 2.2m 

High risk of 

flooding 

 

River at 2.3m 

Very high risk 

of flooding 

 

River at 2.4m: 

0.2% of the recorded river levels 

have been above this level.  

Extremely high risk of flooding 

Warning time 

(from 2.1m 

level): hh:mm 

Warning time 

(from 2.2m 

level): hh:mm 

Warning time 

(from 2.3m 

level): hh:mm 

Warning time 

(from 2.1m 

level): hh:mm 

25/12/2015 to 27/12/2015 3.277 Yes 01:00:00 01:15 02:15 4:30:00 

20/01/2008 to 22/01/2008 2.683 Yes 01:00:00 00:30 01:00 2:30:00 

24/06/2007 to 26/06/2007 2.665 Yes 01:00:00 01:15 00:45 3:00:00 

12/12/2015 to 15/12/2015 2.581 Yes 01:00:00 00:45 01:00 2:45:00 

14/11/2015 to 16/11/2015 2.52 Yes 01:30:00 01:15 04:00 6:45:00 

14/06/2007 to 16/06/2007 2.486 Yes 01:15:00 01:15 01:00 3:30:00 

20/01/2008 to 22/01/2008 2.477 Yes 01:00:00 00:30 01:00 2:30:00 

23/09/2012 to 25/09/2012 2.426 Yes 01:00:00 01:30 04:15 6:45:00 

09/08/2004 to 11/08/2004 2.378 No 01:00:00 00:45 02:30 4:15:00 

MEAN WARNING TIME n/a n/a 01:05 01:00 01:58 04:03 

MEDIAN WARNING TIME n/a n/a 01:00 01:15 01:00 03:30 
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Kirkstall: triggers and actions 

River level Percentage time the 

river exceeded this 

level (based on 2004 

to 2016 data) 

Action to be taken Mean time 

to next 

alert level 

2.1 1% Be aware 1 hour 

2.2 0.5% MOM to attend site, assess 

water in sump and track bed 

Off track staff advised and 

instructed to stand by 

1 hour 

2.3 0.2% Off-track staff mobilised.  

Pumping started 

2 hours 

2.4 0.05% Pumping.  Mobilise S&T and 

E&P staff 

11 hours 

 

2.8 <0.1% Abandon area: unsafe.   - 

Kirkstall flooding 2015 11 
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Kirkstall: sump 

Kirkstall flooding 2015 12 

On receipt of a warning from 

the JBA Flood Warning 

Database of a 2.2m river 

level at the Kirkstall Abbey 

Gauging Station, a MOM 

shall be despatched to site 

to check the level of water in 

the sump relative to the 

outlet pipe. 

The MOM shall remain on 

site for at least 1 hour to 

monitor water levels on the 

track and in the sump. 



 

Annex 7 Case study, Northern Power Grid flooding, Kirkstall 
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Statement of facts for severe weather events 
 

Storm Eva - Flooding; 26 December 2015 
 

 
 
1. Key Information 
 

1. From 10:27 hours on Saturday 26 December 2015, customers within the 
Northern Powergrid (Yorkshire) distribution service area began to experience 
interruptions to supply due to flooding following the arrival of Storm Eva on UK 
shores.   
 

2. This event was significant enough to exceed the Category 1 (EGS11a) 
exceptional event threshold for Northern Powergrid (Yorkshire) of 40 event 
related HV incidents in a 24 hour period, and resulted in the following impact: 

 
 
 
 
 
 
 
 
 
 

3. From 12:00 hours on 25 December 2015 through to 26 December 2015, torrential 
rain was experienced across the West Yorkshire region.  In excess of 35,000 
customers were affected (for 3 minutes or more) by 62 separate faults, of which 
49 were on the EHV/HV network. 

 
 
2. Weather Conditions 
 

4. We receive an e-mail report from the Met Office every day, which forecasts the 
weather for the upcoming four day period.  The forecast contains both a general 
weather prediction, and an indication as to the probability, intensity, location and 
timing of any possible adverse weather conditions.  In addition to these routine 
forecasts, any additional warnings issued by the Met Office are also immediately 
e-mailed to us. 
 

5. The Met Office weather forecasts were issued prior to the event indicating the 
severity of the alert.  In addition, guidance statements were issued at the same 
time indicating the area’s most at risk from flooding: 
 
 

  

Northern Powergrid (Yorkshire) 

 
Number of HV 
Event related 
Incidents in a 
24hr period 

 
Number of  
EHV/HV 

Incidents due 
to the Event 

 
Number of  LV 
Incidents due 
to the Event 

 
Customers 

Interrupted Per 
100 Connected 

Customers 

 
Customer Minutes 

Lost Per 
Connected 
Customers 

 
42 
 

 
49 

 
13 

 
1.55 

 
4.74 
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Wednesday 23 December 2015 

 

 
 

 
 

Thursday 24 December 2015 

 

 
 

 

 
 

 

 

 

 

 

 

 

 



Page 3 of 18 

 

Friday 25 December 2015 

 

 
 

 

 
 

 

Saturday 26 December 2015 

 

 
 

 

 
 

 
6. The rising flood water was already underway before the Met Office Red alert was 

issued at 10:18 hours on 26 December 2015. 
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7. The weather forecast was continually monitored throughout the period with a Red 
alert being in force till 22:00 hours on 26 December 2015, and an Amber alert in 
force till 23:45 on 26 December 2015. 
 

8. 138 flood warnings, in addition to 24 severe flood warnings, were in force at the 
peak of the event. 

 
 

3. Management of the event 
 
9. From 12:00 hours on 25 December 2015 through to 26 December 2015, torrential 

rain was experienced across the West Yorkshire region.  
 

10. Weather forecasts and flood warnings were monitored throughout the period and 
flood inspections were carried out throughout Christmas Day night and into the 
early hours of Boxing Day, with no issues reported at 07:30 hours on 26 
December 2015. 
 

11. Throughout the morning of 26 December 2015 the situation deteriorated, with 
Calder Valley and Wharfedale being the worst affected areas.  The first Major 
Incident Management call was triggered at 11:30 hours on 26 December 2015, 
with the call held at 13:00 hours when a Red ‘response’ major incident was 
declared. 
 

12. Major Incident Management calls were held every 3 hours on 26 December 2015, 
during the worst affected period, and then transitioned to three calls per day on 
27 and 28 December 2015. 
 

13. Additional resource was deployed during the event; covering the contact centre, 
control, dispatch, field activities (including front running scouts), customer welfare 
and service providers focusing on the areas affected by the flooding. 

 
14. Regular communication with DECC, Ofgem, key stakeholders and the media 

were maintained throughout the event, in addition to internal communication of 
information to ensure effective management of the event. 
 

15. HV incidents, due to flooding, started to affect the distribution network from 10:27 
hours on 26 December 2015. 

 
16. As the weather deteriorated, so did the network position, with Kirkstall C bulk 

supply point flooding, resulted in the loss of the Farnley Crescent, Fir Tree Lane 
and Whingate primaries, interrupting supplies to around 27,000 customers from 
20:11 hours on the evening of 26 December 2015.  
 

17. Telecommunications problems were also experienced at the Kirkstall C bulk 
supply site due to a failure of the RTUs (remote terminal units), again due to the 
rising flood waters. 
 

18. By 23:26 hours on 26 December 2016, we were able to re-route affected supplies 
fed directly from Kirkstall (by both remote control and manual switching), 
restoring supplies to all affected customers except one (Network Rail). 
 

19. The Network Rail traction connection transformer remained submerged in water 
at the site.  Positively Network Rail has two alternative in feed supplies elsewhere 



Page 5 of 18 

 

in West Yorkshire, meaning their rail services were not impacted as a result of 
the loss of the electrical assets at Kirkstall.  Remedial work on all flooded assets 
was coordinated between Network Rail and Northern Powergrid. 
 

20. The level of flooding from the River Aire meant we could not gain safe access to 
the site until 28 December 2015 when we began pumping out the flood water 
from the compound at Kirkstall with assistance from the emergency services.  
 

21. Access was enabled on 29 December 2015 to allow electrical repair work to 
commence as the flood waters were finally cleared from the site. 

 
22. Twenty EHV/HV incidents were recorded against the Kirkstall site alone, as all 

33kV circuit breakers were found to be operated when access to the site was 
available. 

 
23. In order to restore these 33kV feeders to service, a combination of switchgear, 

cable terminations, busbars and housings were required to be cleaned due to 
flood water and associated debris contact.  In addition, the protection control and 
relay panels had to be replaced on all feeders. 
 

24. Due to the severity of the flooding, roads were closed and several bridges in the 
affected areas had collapsed, or were at risk of collapsing.  This severely 
hampered the progress of restoring supplies and many customers had left their 
properties due to the scale of the flooding. 
 

25. Five incidents were recorded as a result of an unsafe or collapsed bridge; 
however none of these incidents resulted in a loss of supply to customers. 

 
26. Close liaison was maintained with Civil Contingencies Act (CCA) partners 

throughout the event. 
 

27. Call Centre overflow arrangements and event specific IVR event related 
messaging was used throughout the event and customer service vans were 
deployed into areas affected by long duration outages, where access permitted 
due to the flood waters. 
 

28. Proactive communication was made with vulnerable customers during the event 
to check on their welfare.  A large number of customers in the worst affected 
areas were displaced by the rising flood waters, in the main staying with relatives 
and were therefore not perceived to be in danger.  In addition, we offered 
alternative accommodation to a number of customers that required this service. 
 

29. We worked closely with the British Red Cross throughout the event to arrange 
telephone calls and face to face visits with customers where required.  The British 
Red Cross also assisted the Local Resilience Forum (LRF) in the Calder Valley 
area to operate rest centres. 

30. In total, 219 ‘at risk’ substation inspections were carried out in the Calder Valley 
and Leeds area.  18 substations required replacement, 14 required maintenance, 
49 required cleaning to remove residue and debris, and the remainder had no 
issues identified. 
 

31. A service recovery programme was also mobilised, with post flood inspections 
carried out in 3,285 properties in the West Yorkshire region.  As a result, 284 
service termination cut-outs were replaced, with 190 services renewed.  53 
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properties were also disconnected on safety grounds as no access could be 
obtained to check or replace their cut-outs.  All of these properties were 
reconnected as part of the service recovery programme when access was 
available at the request of the customer. 
 

 
4. Network impact 

 
32. The event resulted in Northern Powergrid (Yorkshire) exceeding the Category 1 

exceptional event threshold of 40 event related incidents in a 24 hour period.  
 
33. Approximately 35,000 customers were affected by 49 event related HV incidents 

across the Northern Powergrid (Yorkshire) distribution area, with the remaining 
customers affected by LV incidents. 
 

34. Network incidents occurred from 10:27 hours on Saturday 26 December 2015 
with the peak being around 00:00 hours on Sunday 27 December 2015.  The 
majority of customers were restored by 29 December 2015 with some customers 
remaining off supply into January 2016 and consequently were included within 
Northern Powergrid’s service recovery programme as they needed to remain off 
supply until they could receive a safe electricity supply.  In addition, some HV 
incidents were still ongoing into January 2016, as equipment needed to be 
maintained or replaced due to flood water damage.  Importantly though any 
affected customers had already been restored via other circuits. 
 

35. The following graphs show concurrent event related EHV/HV incidents, incoming 
EHV/HV incidents, the times at which customers went off supply and lastly, a 
timeline showing when customers’ power was restored. 
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5. Restoration Performance 
 

36. During the event over 35,000 customers experienced an interruption, or re-
interruption to supply in Northern Powergrid (Yorkshire), with the longest duration 
incident being 12 Days, 17 hours and 45 minutes. 
 

 

 Northern Powergrid (Yorkshire) 

Total number of customers off supply during 
the event (Including Re-Interruptions) 

35,842 

  

Percentage (cumulative) of supplies restored 
within: 

 

3 minutes up to but excluding 1 hour 6.71% 

1 hour up to but excluding 2 hours 43.85% 

2 hours up to but excluding 3 hours 88.33% 

3 hours up to but excluding 6 hours 92.59% 

6 hours up to but excluding 12 hours 94.63% 

12 hours up to but excluding 18 hours 94.79% 

18 hours up to but excluding 24 hours 95.73% 

24 hours up to but excluding 30 hours 96.43% 

30 hours up to but excluding 36 hours 96.43% 

36 hours up to but excluding 42 hours 96.56% 

42 hours up to but excluding 48 hours 96.58% 

48 hours up to but excluding 54 hours 98.18% 

54 hours up to but excluding 60 hours 98.28% 

60 hours up to but excluding 66 hours 98.30% 

66 hours up to but excluding 72 hours 98.30% 

72 hours up to but excluding 78 hours 98.31% 

78 hours up to but excluding 84 hours 99.33% 

84 hours up to but excluding 90 hours 99.47% 

90 hours up to but excluding 96 hours 99.47% 

96 hours up to but excluding 102 hours 99.54% 

102 hours up to but excluding 108 hours 99.56% 

108 hours up to but excluding 114 hours 99.56% 

114 hours up to but excluding 120 hours 99.56% 

5 Days up to but excluding 6 Days 99.99% 

6 Days up to but excluding 7 Days 99.99% 

10 Days up to but excluding 11 Days 99.99% 

12 Days up to but excluding 13 Days 100.00% 

 
 
6. Pro-active Communications 
 

37. Media interest was high during the event, with images and footage of flood 
affected areas the subject of headline news at a national level, with social media 
highly active too with stories of the flooding impacts on communities.  Although 
Northern Powergrid did not receive any requests for media interviews, 
undoubtedly due to further high profile flooding in Cumbria following Storm 
Desmond in early December 2015, proactive press releases were issued 
throughout the event, providing updates on the network situation and the volume 
of customers affected by the flooding.  
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7. Contact Centre Performance 
 

38. The contact centre called upon additional trained staff to assist in the handling of 
customer calls during the event, not only to handle inbound calls, but also to 
perform tactical call-backs keeping customers updated as the event unfolded.  
The regulatory key measures that are normally provided to Ofgem on a monthly 
basis are shown in the table below for the period of the event.  
 
 

  Northern Powergrid (Yorkshire) 

Key 
Measure 

Definition 
26 

December 
2015 

27 
December 

2015 

28 
December 

2015 

29 
December 

2015 

KM1 Total calls on the specified lines 6,565 1,184 588 583 

KM2 

Total calls answered by an automated 
message providing fault details (excluding 
an IVR/group announcement providing 
details of alternative contact telephone 
numbers if the call is not a power loss call) 

586 428 131 133 

KM3 Total calls answered by an agent 953 666 426 474 

KM4 
Mean time taken for response by an agent 
(seconds) 

250 54 3 15 

KM5 
Total number of unsuccessful calls, 
comprising: 

1644 42 2 3 

KM5a - Total calls not reaching the specified lines 62 1 0 0 

KM5b 
- Total calls terminated by the DNO during 
the IVR/group announcement 

0 0 0 0 

KM5c 
- Total calls not allowed into the queue or 
flushed from the queue 

0 0 0 0 

KM5d 
- Total calls abandoned by the customer in 
the queue 

1,582 41 2 3 

KM6 - Total calls not reaching the DNO 359 0 0 1 

      

 
Call Logged through Power Cut Logging 
Service 

1,563 178 68 72 

 
 

39. In addition to the calls answered by agents and IVR, 1,881 unplanned power cut 
contacts were logged online via Northern Powergrid’s power cut logging service 
between 26 and 29 December 2015. 
 

40. 1,582 calls were abandoned on 26 December 2015, with 1,540 calls abandoned 
between 20:00 and 23:45 hours; the same time as the power cuts began 
affecting customers caused by the flooding experienced at Kirkstall C bulk supply 
point.  
 

41. Over 39,000 web hits were also experienced during the event. 
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8. Network Performance 
 

42. The following map shows substations affected by HV faults during the event 
period. 
 

 
Graphic 1; Northern Powergrid (Yorkshire) – Substations Affected by EHV/HV Faults 

                

 

 
 

               
9. Resources 
 
43. The resources utilised throughout the event were as follows: 

          
        

Saturday 26 December 2015 Managers Technical Front Runners Industrial Others Total 

Strategic Management Centre (SMC) 35 - - - - 35 

Control (Yorkshire) 1 7 - - - 8 

Dispatch (Yorkshire) 1 7  - -  - 8 

Contact Centre 4  - - - 28 32 

SS Inspections Yorkshire 1 - 7 4 -  12 

Flood response West Yorkshire 4 8 10 20 3 45 

Total 46 22 17 24 31 140 

 
 

Sunday 27 December 2015 Managers Technical Front Runners Industrial Others Total 

Strategic Management Centre (SMC) 35 - - - - 35 

Control (Yorkshire) 1 6 - - - 7 

Dispatch (Yorkshire) 1 7  - -  - 8 

Contact Centre 3  - - - 36 39 

SS Inspections Yorkshire 1 - 7 4 - 12 

Flood response West Yorkshire 5 11 9 20 2 47 

Total 46 24 16 24 38 148 
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Monday 28 December 2015 Managers Technical Front Runners Industrial Others Total 

Strategic Management Centre (SMC) 35 - - - - 35 

Control (Yorkshire) 1 7 - - - 8 

Dispatch (Yorkshire) 1 10  - -  - 11 

Contact Centre 6 - - - 43 49 

SS Inspections Yorkshire 1 - 7 4 - 12 

Flood response West Yorkshire 5 12 10 20 2 49 

Total 49 29 17 24 45 164 

 
 
10. Disaggregation of Incidents 
 
 

 Event Related Incidents  
Northern Powergrid (Yorkshire) Effect on Customers 

 
Voltage 

 
Flooding of Assets 

 
CML Per CC 

 
CI Per 100 CC 

LV 13 0.21 0.02 

11kV 26 3.94 1.00 

33kv 21 0.59 0.53 

132kv 2 0.00 0.00 

Total 62 4.74 1.55 

 
 
11. Impact on incentivised measures 
 

 
 

 
 
 
 
 
 
 
 

44. Therefore, due to the impact of the event, Northern Powergrid (Yorkshire) is 
claiming an exemption for event related incidents that occurred during the storm.  
This equates to 1.55 CI’s per 100 CC & 4.74 CML per CC and is calculated using 
the customer base as at 30th September 2015. 

 
 
12. Performance of IT and communications systems 
 

45. Positively no IT problems were encountered during this event. 
 

46. An RTU (Remote Terminal Unit) communication failure was identified at Kirkstall 
due to flood water damage experienced on the evening of 26 December 2015.  
This resulted in alarms not being received into Yorkshire Control’s NMS system 
(Network Management System).  However, remote ends provided enough 
information to diagnose and remedy the circumstances at Kirkstall. 

 
 

 
 

Northern Powergrid (Yorkshire) 

 
Number of  HV 
Incidents due 
to the Event 

 
Number of  LV 
Incidents due 
to the Event 

 
Customers 

Interrupted Per 
100 Connected 

Customers 

 
Customer Minutes 

Lost Per 
Connected 
Customers 

 
49 
 

 
13 

 
1.55 

 
4.74 
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Appendix 1 - Photographs of areas affected by Storm Eva 

 
 
High Street, Hebden Bridge 
 

 
 
 
Albert Street, Hebden Bridge 
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Leeds City Centre 
 
 

          
 
 
 
 
Kirkstall C Bulk Supply Point 
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Kirkstall C Bulk Supply Point cont. 
 
 

 
 
 
 
Kirkstall C Bulk Supply Point cont. 
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Collapsed historic bridge in Tadcaster 
 

        
 
 
 
 

Kirkstall Road, Leeds 
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Mytholmroyd, West Yorkshire 
 

 

 
 
 
 
Mytholmroyd, West Yorkshire cont. 
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Baildon, West Yorkshire 
 
 

 
 

 
Baildon, West Yorkshire cont. 
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Brighouse, West Yorkshire 
 

 
 

 



Annex 8 Case study, West Point, City Centre high rise accommodation. 
 
 
 



 

 

 

West Point 

Flooding incident - Sunday 27th December 

26.12.15 @21.00 

We have had heavy rain for the past few days then on the 27.12.15 the river 
Aire burst its banks. The water started to run down Kirkstall Road then onto 
Wellington Street the water proceeded to rise then at the traffic lights the 
water started to go into Northern Street which was already flooded.  

01.00: The water is still raising when the police turned up at 01.15 to see if the 
water had entered anywhere in the building, Alan showed the police round 
and everything looked ok  

01.35: Alan with the two police men are seen in the basement (CCTV). 

01.37: water is seen coming into the basement car park (CCTV).  

02.00: The night concierge Alan noticed on his patrol of the car park that water 
was rushing out of Northern street Tank Room this is situated on the middle 
level between -2 and car park level, Alan went to the corner of Northern Street 
the water was rushing in from Northern Street entrance, the water pressure 
was so strong that it had broken the door open.  

02.30: Alan returned back to the car park only to find that the water was now 
filling up on level -2, Alan called Mark Austerberry to inform of the flooding to 
which Mark informed out of hours and informed Alan that he would make his 
way into West Point.  

Alan called Adrian at 03.30 to tell what had happened, Adrian asked him if he 
needed any help he told me that he was ok and what had happened. 

5.00: Emergency services are contacted by Mark and made aware of the 
severity and asking for assistance. 



10.00: Mark called Adrian and asked him to come to work and help with the 
flooding. 

11.00: The lifts that go to the car park in block D were switched off by Adrian.  

12.00: Mark, Adrian, Mamady and Morade went to Northern Street the water 
must have been 4 to 5 meters deep. 

Mark Called City Maintenance, when they arrived we asked them to take one 
of the panels of the rail that surrounds Northern street under the stair case 
this would give the residents another exit route and they also put a stand pipe 
up so that everyone had fresh water 

13.00: Mark, Adrian, Mamady and Morade decided to get some salt bags that 
we use when the weather is freezing to try and block the door in Northern 
Street we got a trolley and put 6 bags of salt on it the went across the 
communal area to where the fence had been taken down we had to carry the 
bags the rest of the way down the steps Mamady put his weight to the door 
while Adrian put the salt bags against it within twenty minutes the water had 
slowed down and the water in Northern Street reception was receding 

15.00:The Fire Brigade came to site and we showed them around the officer 
was asking lots of questions, they then brought a pump and tried to pump the 
water out of the car park but it was too small. 

17.00: At this time and with water still slowly getting into the building Mark 
was informed that the electricity supply was starting to fail across the 
development. 

18.00: All power to communal and plant equipment goes off leaving no water 
supply and fire alarm and EL in battery back-up. 

19.00: Mark sets up the emergency water stand pipe for residents and informs 
them of the situation and an update the following morning. 

28.12.15. 

09.00: City Maintenance had now brought a bigger pump, this was connected 
up and put into service pumping out to a main drain outside C'block and 
Whitehall Rd. 



09.30: Mark decides to close the building on safety grounds. All battery back-
up had now failed leaving the building with no water, lighting or fire alarm. 

Residents are advised to arrange alternative accommodation with friends and 
family, failing this they are advised to go to hotels. 

24 hour pumping was now in place until Tuesday 29th, access to the electrical 
cupboards to assess the damage was not possible until 9.30am that morning. 

9.30: Mark and CMUK (Contractor) gained access to incoming supply cabinets 
where an assessment was made and National Grid contacted to support in 
what had gone wrong. 

11.00: CMUK order the relevant parts for the incoming electrical supply 
cabinet serving A&B, there is a 24hr wait for this part to be made available. 

Pumping continues to all areas throughout this day. 

30.12.15 

9.00: Part arrived and installed. 

11.00: Northern Grid return to turn on their side of the network and provide 
power to our plant. 

11.30: Power restored to the building. 

12.30: Mark starts to put water back into the building liaising with our pump 
engineers who monitor the 6 pumps in the tank room. 

3.00: Mark has brought pressure up throughout the building and staff start to 
monitor all risers for bursts. 

5.00: Water reinstatement is communicated to all resident's and building is 
fully operational. 

 

Adrian Marsden. 

Head of Concierge. 
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Linton bridge has three 5 centred arch spans of 15.3m standing on slender piers 1.5m 

thick and 6m high from the river bed. 

Figure 1.1: East Elevation of Bridge 

 

The bridge suffered damage from a flood on 26th December 2015 and the south pier 

settled 200mm overnight. Monitoring was put in place and showed the movement coming 

to a halt after about a week. The displacement is visible in the photograph above which 

looks upstream with south to the left. 

The settlement and the accompanying rotations have led to the thrust in the south span 

being reduced towards zero. The central section of about 5m length and 150 tonnes 

weight is therefore supported by tension in the mortar of the brick arch and some 

secondary load paths. If the mortar fails, the section is likely to drop out and the result 

would be a domino failure dropping the whole bridge in the river. 

The south pier has suffered significant scour damage on the northern side with loose and 

dislodged stones in the foundation. The bearing of the foundation onto the river bed 

needs to be restored and then protected with suitable scour protection measures. 

As a matter of some urgency, additional support should be provided in the south span or 

a controlled demolition of the arch undertaken. Before any demolition takes place the 

centre and north spans should be anchored back to the north abutment to prevent a 

domino collapse of the bridge. 

From that point, a permanent solution can be developed by rebuilding or re-aligning and 

strengthening the arches to ensure renewed continuity. 
 

Executive Summary 
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BMMJV were engaged by Leeds City Council to stabilise Linton Bridge near Wetherby following severe 

flooding of the River Wharfe in December 2015. BMMJV sought specialist advice from Bill Harvey, one of 

the country’s leading authorities on masonry arches, who is responsible for much of the opinions put 

forward in this document. 

Linton Bridge is a 3 span masonry arch comprising of 3 equal spans of 15.3m standing on slender piers 

1.5m thick and 6m high from the river bed. At the initial site visit on 12
th
 January 2016 there was obvious 

settlement of the structure at the south pier with significant transverse cracking in the south and centre 

span arch barrels. As a result the bridge is considered to be in a relatively unstable condition and access 

above and below should be restricted until such time that stabilising measures have been implemented. 

Assessing the current condition of the bridge is only possible from external indicators and these are limited. 

External indicators include the acquisition of measurements on site, photographic records, limited drawings 

and borehole information through the abutments and piers. This information will be processed to allow the 

bridge’s current condition to be reported upon, as best can be determined, and a diagnosis made of the 

causes and an indication of possible outcomes. 

The urgency of any proposals will be discussed within the report. 

  

1 Introduction 
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A considerable difficulty with determining condition is the lack of any drawings of the original structure. 

Much can be inferred from the observed structure and damage, but much cannot and the investigations 

required to find out would almost certainly do further damage to the bridge. It is therefore necessary to 

proceed on the basis of best estimates and experience. 

In order to aid consideration of the bridge’s condition and current capacity a series of surveys were 

organised that included the following; 

• A drone survey to take a photographic record of the structure. 

• A point cloud survey to record topographical information. 

• A dive survey to record the foundation conditions. 

• A bathymetric survey to record the river bed profile. 

• The installation of a monitoring system that could be reviewed remotely. 

Results from these surveys have also been used to inform this report. 

 

Visible Elements above Deck 

The most obvious visible change is in the parapets. These exhibits a drop estimated at 200mm and 

subsequently measured to be so. The bridge appears to slope longitudinally at 1:300, rising to the north. 

To get the best visual image from the survey data, the longitudinal fall has been removed in the graph 

below. 

Figure 2.1: Alignment of Top of Parapets 

 

 

Here, the black vertical lines indicate the pier and abutment faces and the red vertical lines the ends of the 

rigid pier blocks within the arches. The south abutment is at chainage 0.000 and the north abutment at 

chainage 49.000 

The base lines for the top of parapets has been taken from the survey drawing dated August 2007. The 

vertical and horizontal data for these lines seem to be different from the more recent survey but what is 

shown here is a best fit for alignment. From the original data it is apparent that there is a difference in the 

2 Current Condition 
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east and west parapet levels. There is no evidence that the bridge piers/abutments in their original 

condition had any longitudinal or transverse tilts. 

Looking along the parapet lines, there is a hump at the end of the solid cantilevering from the South 

abutment. This is visible in the photographs below. The reverse curve at the bottom of the dip is closer to 

the pier than the end of the rigid pier block and the matching crack. Directly over the south pier the 

parapets are straight, but not level. The lowest point is about 2.5m south of the pier. This tilt, can be 

connected to the width of the cracks as we will see later. However, the length of the slopes to the north and 

south of the pier are also very different, about 7m on the south side and at least 9m on the north side of the 

pier. With the tilt in the centre reducing the displacement to the north and increasing it to the south of the 

south pier, coupled with these very different articulation lengths explains the wide crack in the south span 

and a rather narrow one in the centre span.  

Figure 2.2: View of deck looking North prior to Settlement 

 

The above view from Google Streetview in May 2015 is looking north and shows the parapet to be 

essentially straight at that time. Drawings of the over slabbing works undertaken by Leeds CC suggest that 

the carriageway was cambered about the centreline. 

Figure 2.3: View of Deck looking North after Settlement 

 

 

The photo above is also looking north after the settlement. The south pier is located at the centre of the 

visible pond. Upstream is to the left and the photographic survey suggests that the bridge has tilted to that 

side, yet there is a pond to the right of the road centreline. It is probable that any tilt has not removed the 

camber on the carriageway and the ponding is retained by the kerb, while to the left water drains through 

the cracks in the parapet. 

From the point cloud survey it is estimated that the south pier has tilted towards the upstream (west) end at 

a rate of 2.9mm per metre or 29mm over the length of the pier. The section below is taken from the point 

cloud survey and shows the current transverse tilt. 
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Figure 2.4: Section from Point Cloud survey through South Pier 

 

 

Visible Elements below Deck 

Less immediately obvious is damage below the deck. This has only been observed from a distance, from 

the river banks, often looking into the shadow beneath the bridge. 

There are two significant cracks visible in the arch barrels. The photograph below of the south span, shows 

a crack that is wide and relatively easy to see from the south river bank but difficult to photograph because 

of intervening trees. 

Figure 2.5: Transverse Crack in Arch barrel of South Span 
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The crack in the arch barrel extends through to the voussoirs and is clearly visible in the photograph below. 

Figure 2.6: Crack in Voussoir at Intrados 

 

In addition to the crack in the intrados the section of arch above the crack has rotated about a point near 

the crown. This has resulted in a crack at the extrados which is shown in the photograph below. 

Figure 2.7: Crack in Voussoir at Extrados 

 

 

 

 

 

 

Cracking at Extrados 

Crack in Intrados 
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The arch barrel of the centre span has a matching crack to that in the south span but is much narrower as 

shown below.  

Figure 2.8: Transverse Crack in Arch Barrel of Centre Span 

 

Water is running from this crack in sufficient quantity to generate reflections in the right light, as seen in the 

photograph below. 

Figure 2.9: Water Leaking through Crack in Centre Span 

 
 

Here the crack is also visible between the third and fourth voussoir from the left. Note that the top corner of 

voussoir 4 is spalling as it presses against the spandrel stonework. 

Spalling voussoir 

Crack at Intrados 

Crack in Arch Barrel 
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Figure 2.10: East elevation of Bridge 

 

In this view from the south east, we can see that the north pier is in relatively shallow water while the south 

stands near the centre of the main flow. From borehole information taken through the piers and south 

abutment it is known that the south abutment is founded on 800mm of alluvium, the south pier on 2500mm 

of alluvium and the north pier on weathered mudstone. The result of this is that the higher river velocities 

will be around the south pier where the depth of alluvium is greatest making scour much more likely. 

 
Hidden Elements 

The root of the damage is clearly under water. There is a diver’s record of jostled stones in the foundation 

(See Fig 3.1). Based on this record the foundation is both shallow and small. 

Figure 2.11: Depth of River Bed below Water Level 

 

The bed survey above from 21
st
 January shows the deepest bed level at 3.3m below water level on the 

north side of the south pier. When comparing the above depths with similar records from September 2015 
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it is evident that there has been scouring of the river bed around the south pier of between 200mm and 

1800mm. On the north side of the pier the scour varies between 200mm and 1300mm while on the south 

side the scour varies between 600mmand 1400mm. The scour at the upstream end of the pier is 1800mm. 

The scour recorded around the south pier and to the central river channel between the north and south 

piers indicates that there has been a significant reduction in overburden pressure around the south pier. 

This reduction in overburden pressure coupled with the small, shallow foundation may have permitted a 

vertical settlement of the pier. 

Scaling from the point cloud survey, the pier courses are approximately 16in high with one 18in course 

above river level. Total height of the pier is about 8.5ft or 2.6m so 6m from springing to bed. 
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Primary 

The primary cause of damage is clearly scour of the river bed. The diver’s survey below shows the 

damage, though without photographs it is very difficult to interpret in detail. 

Figure 3.1: Damage to South Pier Foundation 

 

 

Given that the scour is still this deep nearly four weeks after the event, it seems that the foundation is 

damaged but not destroyed and the pier is still bearing on the left hand (South) side of the foundation in 

Fig 3.1 above. The pier is still very much vertical, with little visible rotation to the naked eye, however this is 

evidenced by the cracking on the arches. 

That the damage is concentrated to the upstream end helps to explain the various elements of damage in 

the bridge above. It does, though, suggest a need for a closer look at the pier since the rotation may well 

have caused cracking damage. This will be done in more detail once the bridge has been stabilised. 

The load on this pier is of the order of 1000tonnes. The area of the foundation would appear to be a little 

under 10m long and 1.8m wide. If the load is uniform, this would imply a bearing pressure of 550kPa. 

There is no value in pursuing this to greater accuracy since it is known that there are displaced stones and 

3 Causes of Failure 
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it is thought that the pier is slightly inclined. The peak stresses are likely to be at least at the level 

suggested. 

 

Secondary 
 

Under vertical settlement alone one would expect the damage at the pier to be symmetrical, though there 

is always something to make an apparently symmetrical situation favour one direction. In this case there is 

the general slope of the bridge (which is very small), tilting of the pier and the fact that the foundation 

damage is one sided. 

From the point cloud survey we have taken sections through the south pier at each end. The outer faces of 

the pier (north and south) appear to be inclined slightly inwards suggesting that the pier gets wider towards 

the bottom. On the sections below we have drawn lines between the rear of the mortar joints at the top and 

bottom of the pier then drawn a line through the centre points which represents the centre line of the pier. 

Comparing the centre line to a true vertical we can see that the pier appears to have rotated towards the 

south abutment by 0.479
o
 and 0.325

o
 at the west and east ends respectively. 

 

Figure 3.2: West Elevation on South Pier 
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Figure 3.3: East Elevation on South Pier 

 

 

The rotations from the sections confirm the rotation seen in the top of the parapet as shown in Fig 2.1 

above. 

The vertical settlement coupled with the rotation could also explain the deformation seen in the arches. 

The rotation toward the south abutment will have lowered the pier block in the south span and raised the 

pier block in the centre span. As a result the arch alignment in the centre span will remain similar to its 

original shape, while the south span will have to drop further making a flattened arch much more apparent. 

The rotation of the pier head block is more difficult to establish from the point cloud. From the point cloud 

one can clearly see the alignment of the stones in the spandrel walls and they appear to be tilted. However 

when one zooms into the model to try to trace the lines of the blockwork the image becomes less clear and 

identifying the blockwork lines more uncertain. We have therefore tried to draw the lines of the spandrel 

blockwork as shown on the elevation below. 
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Figure 3.4: Pier Block Rotation 

 

 

We have measured rotations about the horizontal and get a range of values, which highlights the difficulty 

in establishing the lines accurately. However what can be seen is that the rotations are of a similar 

magnitude to the main stem rotations, 0.479 for the stem and approx. 0.5 for the spandrel. This suggests 

that the pier block has not rotated separately to the pier stem. The photographic records taken to date do 

not show any cracking at the springing level but a closer inspection should be undertaken when the 

structure has been made safe. 

The dropping of the pier block coupled with the rotation and lack of cracking at the springing probably 

indicates that the top of the pier has moved to the north. The best measurements we can achieve for the 

south span suggests that is actually a little larger than its original value of 15.24m which supports the 

theory of the pier moving north. However, since the pier is currently tilting south as described above, then 

the base of the pier must have moved more to the north than at the springing. Considering the pier rotation 

of 0.325
o
 at the east end, the pier base has probably displaced at least 35mm northwards. To the naked 

eye this rotation of the pier is probably indiscernible. 

Considering other factors that may have contributed to the sliding of the pier base to the north, the worst 

scour and loss of overburden pressure has occurred to the north of the pier in the central river channel. In 

addition the foundation material of sands and gravel may be conducive to the lateral movement. 

  

Of greatest concern is the stability of the suspended part of the spans. In this respect, the relative 

movement of the two spans suggests that the south is in more danger, but the piers are so slender that 

any collapse of the south span would inevitably cause a domino collapse of the whole bridge. 
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The image below shows the movement in the south span. This is at true scale and even at this size it is 

obvious that there is a gap in the structure. 

Figure 3.5: Image of Flattened Arch in South Span 

 

 

 

 

 

 

 

 

The shaded voussoirs are the ones that are rotating around the hinge point in the intrados at the right hand 

end. The vertical drop of the south pier block to the left of the grey block opens up the transverse crack 

across the arch. As the extrados at the crack starts below the intrados at the hinge, the distance between 

the supports increases as the pier drops and the spanning grey block no longer fits. The gap is relatively 

small but much more than enough to ensure that any pre-compression in the arch is removed. Since that 

pre-compression is what normally holds the arch up we must look elsewhere for support. 

It is noted that Linton Bridge was saddled in 2007 with a 150mm thick C40 concrete slab containing A393 

mesh reinforcement. The contribution of this concrete slab could be instrumental to the continued stable 

behaviour of both the pier and the arches. 

If the arch were constructed of stone voussoirs throughout, the spanning piece would simply rotate further 

or drop until it wedged again thereby restoring some compression path within the arch. However, in this 

case the bulk of the width of the arch is constructed solely of bricks, probably six bricks thick. As a result 

there are no clean vertical joints and the spanning piece can only drop if bricks become loose or cracked. 

 The sketch below shows the planes of weakness that may form through the arch and indicates how the 

section would dropout if these failed. 

Figure 3.6: Part Longitudinal Section through Brick Arch Barrel at Hinge Point 

 

Undisturbed Arch Barrel

Rotating Arch Barrel

Crack in extrados 

Crack in intrados 

Hinge point 

Spanning Section of Arch 
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Once again, the grey section is rotating and the clear section forms part of the undisturbed arch attached 

to the south abutment. The rotation will put the mortar joints around the hinge point into tension. Should the 

load cause the mortar joints to crack, as indicated by the red lines, then any failure of the red bricks 

coupled with the cracked joints could cause the grey suspended piece to drop. 
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Further Degradation Due to Flooding 

The worst case scenario has to be a new flood eroding the bed further either side of the south pier, 

removing overburden pressure and allowing further settlement of the pier. Elements of the arch are 

sufficiently precarious that relatively small movement might cause the cracking indicated above followed by 

the collapse of the southern arch. This concern alone makes finding a way of providing additional support 

to the arch a matter of urgency. 

In addition, if the upstream end of the pier becomes totally undermined it would be possible for a tensile 

failure of the pier to occur above the unsupported end and the pier and spandrel walls above to peel away 

from the structure. Whilst this was not the case at the time of the last dive survey, with some support 

existing on the south side of the pier, there have been several smaller floods since so the known condition 

could have worsened. 

 In addition, when the arch has been supported the voids beneath the south pier need to be completely 

filled with grout/concrete to enable a full transfer of load to the foundation material. 

 

Further Degradation without Flooding 

Highly stressed masonry suffers from progressive cracking over time and the longer that repair is delayed 

the more likely it is that bricks will crack out. Once again, providing some element of support to the bridge 

must be regarded as urgent. 

If the bricks did crack as indicated above, the most likely outcome is that the block would become 

supported by the voussoirs or drop out completely. Such support from the voussoirs would actually be 

more robust than the interlocking bricks providing support now but would entail a further drop of the 

suspended section and probably further movement elsewhere. 

If even a modest level of alternative support can be provided in the south span, any further degradation will 

be considerably delayed. 

  

4 Prognosis 
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Masonry is very poor when acting in tension and collapse can be sudden and without any visible warning 

signs. Therefore the bridge is in need of stabilisation works as a matter of urgency but without accessing 

beneath the structure. 

Leeds CC and the Contractor, BAM Nuttall, need to carefully consider the safety of personnel undertaking 

the stabilising works as well as the cost effectiveness of solutions. 

There are two possible scenarios for stabilising the southern arch; 

1. Provide a suitable propping system beneath the arch. 

2. Tie back the north and central spans before undertaking a controlled collapse of the south span. 

The provision of a propping system will need to be installed remotely without accessing beneath the 

bridge. This is likely to involve substantial temporary works and significant cost. There are many possible 

temporary works solutions, and these would be better put forward in a separate feasibility document by the 

temporary works designer. What is vitally important, though, is that an outline design for a permanent 

repair is considered before any work is done to ensure that the temporary works do not make a permanent 

solution more difficult and expensive. 

The tie back arrangements should be much simpler and would involve the design of a system to tie the 

north and south piers back to the north abutment. The collapse of the arch would then make the structure 

safe and have the added benefit of removing some load from the south pier foundation. The north 

abutment is a substantial structure and should be capable of providing the necessary resistance to the 

arch thrust that will be imposed on the south pier when the southern arch is removed. 

The sketch below shows a high level tie back system that will need further development by a temporary 

works designer. 

Figure 5.1: Outline Tie Back Details 

 

If the southern arch is demolished it will raise the issue of the stability of the south abutment to act as a 

free standing structure. There is little historical record that gives the size of the abutment and wing walls to 

enable accurate stability calculations to be produced. Stability calculations have been undertaken based 

on other masonry structures and experience of free standing structures and have been refined by 

sensitivity analysis. The calculations suggest that the south abutment should be stable based on the 

5 Stabilising Proposals 
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parameters used, which can be proven by some intrusive investigation prior to the removal of the south 

arch. A design summary sheet for the stability of the south abutment is included in Appendix A. 

As well as stabilising the southern arch there is also an urgent need to stabilise the scoured foundation to 

the south pier. Without the dangers of a domino collapse of the structure or peeling spandrel walls the 

foundation could have been stabilised by having divers insert grout bags in all voids and then filling the 

bags to complete the repair. This will now have to be achieved using more remote methods. 

To prevent the spandrel walls peeling from the structure it will be possible to work on an inverted U frame 

over the pier to secure the spandrel walls and allow closer access to the sides of the bridge to grout up the 

foundations. 

A stone causeway could be built from the field at the south west corner of the bridge out into the river to a 

point just beyond the southern pier. This causeway could then be used by long reach equipment to place 

materials around the foundation and grout the foundation remotely. It is currently envisaged that rock 

armour will be placed around the foundation and an underwater concrete mix pumped under the 

foundation to provide the necessary stability. 

The construction of the stone causeway will affect the direction and velocity of the river currents. These 

hydraulic effects have been considered by Mott MacDonald’s Hydraulic engineers, authors of the CIRIA 

guide on scour protection, and advice given on the scour protection needed to the north and south piers. 

The report from the hydraulic engineers and scour protection sketches are included in appendix B. 

 

  



 

 

 

Linton Road Bridge 
Stabilising Bridge Following Flood Damage 

 
 

340165/BNI/SHF/001/D 15 April 2016  
C:\Users\sim23536.MOTTMAC\Documents\Linton\Mott MacDonald Report Rev D (Final).docx 

18 

Following the completion of the stabilising works the permanent design of the bridge refurbishment will be 

required. Whilst not part of this remit the following observations are provided to help any future permanent 

design considerations. 

From the preceding sections it is clear that there are two elements to the refurbishment of the bridge; 

• The provision of adequate foundations 

• Restoring the load carrying capacity of the centre and southern arches. 

With regards the foundations what is clearly needed is a bigger and/or deeper foundation to the south pier 

and some river bed protection. We believe it would be possible to achieve this by any of the following 

methods; 

• install a new concrete foundation fitting above the existing with a steel skirt round the edge to 

drive into the river bed with simple load from above. Once in place load can be transferred and the 

hollow beneath grouted up.  

• install a ring of sheet piles or mini piles around the existing foundations and connect the 

foundation. 

• piles could be put down through the pier from road level to find a firm base below the alluvium in 

the mudstone/siltstones. 

With regards the arches any of the following are possible; 

• demolish the existing and rebuild in masonry. 

• Demolish and replace with precast concrete arch rings. 

• Jack the bridge back to its original position and grout up the arch rings. 

• Stitch through the cracked arch rings and provide a concrete saddle. 

To aid the detailed design solution the Geotechnical engineers from Mott Macdonald have made the 

following preliminary design observations. 

 

Geotechnical Design 

The settlement of the south pier raises the question of the adequacy of the foundation soils beneath the 

piers and abutments. The boreholes that were cored through the bridge piers/abutments suggest that there 

is 800mm of alluvium beneath the south abutment, 2.75m beneath the south pier and the north 

pier/abutment are founded on weak mudstone. 

The south abutment has a lower risk of scour with only 800mm of granular alluvium between foundation 

level and rock. The north pier is founded on mudstone so scour risk is minimal. Therefore worst case 

differential settlement is likely to be between each pier and this matches the location of damage 

From record drawings it appears that the south pier is 1.2m wide but the dive survey and point cloud data 

suggest a footing width somewhere between 1.5 and 2.0 metres. Consequently the bulbs of pressure for 

such a narrow foundation will be entirely within the granular alluvium and not stress the bed rock 

6 Permanent Solutions 
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The boreholes taken through the bridge piers/abutments gave no SPT values to indicate density of the 

granular foundation soils and following storm scour, loosening and removal of soil may have occurred to 

reduce in-situ density. 

Bearing capacity calculations indicate there may be an ultimate bearing capacity of between 300 and 

1500kPa (allowable bearing pressure of 100 to 500kPa) depending on the density of the formation. 

Obviously if there is a void under the footing the bearing capacity reduces towards zero. These figures are 

based on the foundation being 1 metre below water level and the depth of the river also being 1m. An 

increase in the depth of the river will increase the overburden pressure and hence the bearing capacity, but 

flood levels would not normally be considered at detailed design stage. 

Preliminary calculations of the nominal bearing pressure under the south pier due to dead load only 

indicate a value of approximately 590 kPa. This suggests that the current Factor of Safety (FoS) against 

bearing failure could be in the order of 0.5 to 2.5. 

In the long term if the integrity of the foundation is to be increased then either the width of the foundation 

bearing onto alluvium will need to be increased or the pier loads taken down to the mudstones via piles 

through the pier. The provision of a piled solution would effectively mitigate the scour risk and once 

implemented would secure the long term integrity of the foundations. 

Preliminary calculations suggest that 9Nr, 450mm diameter piles drilled through the deck into the 

mudstone, providing a 5m rock socket, will be adequate to carry the dead loads and full 40t HA live loads 

assuming a pile safe working load of approximately 1350kN each. Doubling the area of the spread 

foundation on the alluvium will raise the FoS to between 1 and 5. We would recommend that the Designer 

of the final solution considers how the structure will be founded and organises further Ground Investigation 

(GI) to establish the soil parameters for the alluvium beneath the south pier and abutment if they are to be 

founded on this material.. 

Summary details provided by the geotechnical team are included in appendix C. 
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Appendix A 



Design Summary / Statement 

 

Introduction – It is proposed to calculate the stability of the South abutment of Linton Bridge during 

demolition phase. The abutment will be checked for a situation where the south arch has been 

removed to the top of the 4
th

 voussoir stone. 

Assumptions 

1. It is assumed that there is a rigid connection between the wing walls and the abutment that 

will translate any induced loading. 

2. It is assumed that the abutment is of uniform thickness up to springer level and across its full 

width. 

3. It is assumed that the abutment is constructed of solid sandstone. 

4. It has been assumed that the wing walls are of stepped construction. i.e vertical to the front 

face with masonry stepping back and becoming thicker as the wall becomes deeper. 

5. It is assumed that the fill material has a unit weight of 19kN/m
3 

 and a ø’ of 30°. 

Looking at various arch structures of which we have available archive drawings the thickness of both 

the abutment and wing walls at Linton Bridge can be estimated utilising pro-rata methods. 

Bridge Span 

(m) 

Average 

Abutment 

Thickness 

(m) 

Wingwall 

Height (m) 

Wingwall 

Base 

Thickness 

(m) 

Ratio  

Abutment 

Thickness : 

Span 

Ratio  

Wingwall thickness : 

Wingwall height 

Sawley to 

Weston 

6.096 1.372 7.010 1.727 0.225 0.246 

Branstone 

Widening 

4.572 

(skew) 

1.372 5.486 1.486 0.300 0.271 

Water 

Orton No. 

17 

7.925 1.886 8.229 2.070 0.237 0.251 

Water 

Orton No. 

14 

5.982 1.600 4.115 1.372 0.267 0.333 

Water 

Orton No.7 

7.315 1.657 8.229 1.943 0.226 0.236 

Linton 

Bridge 

15.25 3.61 12.857 3.034 0.237 0.236 

 

As can be seen in the above table taking the most conservative ratio the base of the wingwall could 

be estimated at being 3.034m thick and the abutment estimated at 3.61m. To be conservative we 

have assumed that the abutment is 3.0m thick and that the wing wall is a uniform 1.5m thick. The 

rationale for the wingwall thickness is that having a uniform thickness will simplify the calculations 

and not affect the result as we are not checking the stability of the wing walls themselves. Halving 

the thickness is conservative as it neglects the unit weight of the fill resting on each step of the 

wingwall which could have been used as a restoring moment or to provide additional friction. 



 

Methodology 

All unit weights of material were taken from BD21/01. 

Eurocode 7 checks for sliding and overturning utilised 

10kN/m
2 

surcharge applied to represent construction traffic 

Results 

Sliding A1M1 – Sliding = 6384.6kN, Friction = 7933.4kN OK - Utilisation = 0.805 

Sliding A2M2 – Sliding = 4796.4kN, Friction = 6346.7kN OK – Utilisation = 0.756 

Overturning A1M1 – Overturning = 28798.9kNm, Restoring = 58907.28kNm OK – Utilisation = 0.489 

Overturning A2M2 - Overturning = 21544.5kNm, Restoring = 58907.28kNm  OK - Utilisation = 0.366 

Requirements for confirmation of results 

1. Horizontal cores to prove the thickness and construction of the abutment at the top and 

bottom in various locations (eg centreline, ¼ point and edge of the abutment) 

2. Horizontal cores to prove the thickness and construction of the wingwalls at each end of the 

wingwall. 

3. Inclined cores to prove the depth of the wingwalls. 

Sensitivity 

Calculations where the stability calculations (for overturning and sliding) were undertaken for the 

abutment with a reduced thickness of 2.0m and the wing walls reduced to 1.0m wide. 

Sliding A1M1 – Sliding = 6384.6kN, Friction = 6496.34kN OK - Utilisation = 0.983 

Sliding A2M2 – Sliding = 4796.4kN, Friction = 5197.1kN OK – Utilisation = 0.923 

Overturning A1M1 – Overturning = 28798.9kNm, Restoring = 40867.5kNm OK – Utilisation = 0.705 

Overturning A2M2 - Overturning = 21081.8kNm, Restoring = 40867.5kNm  OK - Utilisation = 0.515 

Discussion 

The stability of the abutment is OK under the assumptions used. The assumptions are conservative 

and a sensitivity calculation suggests that even a fairly significant reduction in thickness would 

ensure the stability of the abutment. However there are limitations. 

1. Maximum Surcharge of 10kN/m
2
 

2. Strength of connection between wingwall and abutment sufficient to mobilise the wingwalls 

3. Bearing capacity of sub strata sufficient (No bearing calculations undertaken at this time) 

4. No additional overhang of arch considered. I.e the arch or other method must be used to 

prop the abutment until the arch is cut back to 600mm in front of the abutment. Suggestion 



that the arch is removed in strips. 

If a 4m length of arch is considered to be attached to the south abutment then the 

overturning effect of this (excluding parapets) would be 5400kNm. This would increase the 

maximum overturning utilisation to approx. 0.84 which is still acceptable. 
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Appendix B 



Memorandum  
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To From Our reference 

Gary Simpson A Kirby/P Harvey 340165XX36-TM-HYD-001 

Office Date Your reference 

Sheffield 22/02/16  

Subject Review of impact on scour of the proposed temporary works causeway at Linton 
Bridge 

 

The aim of the review was to consider the likely impact of the temporary works causeway at 
Linton Bridge on scour around the bridge piers. Three issues were considered relevant: 

1. The increased velocity through the bridge as a result of the increased flow constriction 

2. Potential for turbulence hitting the piers as eddies ‘shed’ off the nose of the causeway  

3. Potential for erosion downstream of the causeway if flows overtop the causeway 

Dimensions of the causeway were sent through on a sketch. The distance of the causeway 
upstream of the bridge was not stated but we have assumed 7.5m by scaling from the sketch. 

1. Increase in velocity 

There is a clear risk that acceleration of flow through the constriction could cause further scour at 
the bridge. The causeway would reduce flow area by around 50% which would lead to increases 
in velocity by up to a factor of 2. Actual increases through the bridge will be somewhat less 
because: 

• The natural profile of the river shows greater depths of flow towards the left bank. With the 

arrangement of the causeway encroaching from the right bank the decrease in flow area would 

be approximately 45% at the proposed causeway location.  

• some expansion of flow and thus increase in flow area and reduction in velocity would be 

expected over the 7.5m between the causeway and the bridge. Assuming an expansion rate of 1 

in 5 this could reduce the increase in velocity by around 10% 

• the river section at the bridge has already been over-deepened by scour so available flow area is 

larger. 

An initial assessment of incipient motion of river bed material suggests that, assuming a bed 
material particle size of around 30mm, a threshold velocity of around 2.5m/s is likely. Initial 
hydraulic analysis suggests a flow velocity of around 2.5m/s in the un-constricted section for a 
water level of 2.3m (0.3m below causeway crest level). Thus an increase of up to twice this value 
is likely to cause movement of bed material and scour. The sketch of river bed strata indicates 
alluvium overlying mudstones and siltstones. Assuming the alluvium is composed of non-
cohesive sands and gravels it will scour quite rapidly.  

The sketch of river bed strata indicates the northern pier is founded on mudstone and siltstone, 
though the drillers logs in the borehole data suggests about 0.4m depth of alluvium at the 
foundation. The southern pier is founded on alluvium. The northern pier is likely to be less 
susceptible to erosion particularly over the short time scales of temporary works. Scour of 
mudstones and siltstones does occur (we have recently been expert witness for a bridge failure in 
Russia where pier failure was on weak mudstone) but occurs much slower than in non-cohesive 
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2

materials. The uncertainty in the foundation material arising from the drillers logs means it is still 
prudent to assume the north pier is at risk of scour. 

2. Vortex ‘Shedding’ 

Flow accelerating around the end of the causeway is likely to cause shedding of vortices or 
eddies from the nose of the structure. As a rule of thumb the eddies may shed from the nose of 
the causeway and expand at an angle of around 1:5 as indicated on the sketch. This would 
suggest that they will hit the northern face of the south pier causing turbulence and scour at the 
damaged section of pier. For the eddies to miss the downstream end of the face of the pier would 
require either: 

• The causeway to be extended further into the flow; 

• The causeway to be located closer to the bridge. 

Both of these would increase velocities through the bridge (as noted in section 1) and are thus 
not recommended. 

Of particular concern will be when the partially constructed causeway approaches the southern 
pier and eddies from the nose will directly hit the pier. 

3. Overtopping during a flood event 

By considering the potential condition where water weirs over the causeway it was found that a 
depth of flow over the causeway of between 0.5m and 0.75m cause the creation of a scour hole 
downstream of the bund which would then cause further erosion of the bed around the pier. 
Therefore in the case where a flood is likely to cause significant overtopping some removal of the 
causeway material would be recommended. It should be noted that the results are a function of 
the distance of the causeway from the bridge.  

Conclusions 

The proposed access causeway does increase the risk of further scour at Linton bridge and 
construction should proceed with caution, avoiding in-river works during high flows. The following 
mitigation measures and sequences are recommended to minimise scour risk: 

1. Before extending the causeway beyond the middle of the southern arch place a protective U 

shape of rock bund in front of the south pier using a long reach excavator; 

2. Consider the feasibility of partially constructing the causeway bund in front of the south pier by 

long reach excavator rather than end tipping 

3. Construct the causeway as rapidly as possible near the south pier to reduce the time that the 

partially constructed causeway is directing flow at the pier. 

4. Place a protective U shape of rock in front of the north pier and fill the scour hole on its southern 

face as soon as the causeway is extended far enough for a long reach excavator to reach to place 

rock; 

5. Watch for eddies from the nose of the causeway hitting the northern face of the south pier –place 

rock downstream of the causeway if concerns 

6. If floods are forecast breach the causeway opposite to the middle of the southern arch as plant is 

taken off the causeway  

7. Remove the causeway as quickly as possible 
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Appendix C 



LINTON BRIDGE – GEOTECHNICAL ISSUES 

 

Bearing Capacity of the South Pier Formation.  

 

It appears that the footing is approx. 1200mm wide and founded on sand and gravel, some 2.75m 

above weak mudstone. The bulbs of pressure for such a narrow foundation will be entirely within 

the granular alluvium and not stress the bed rock 

 

The south abutment has a lower risk of scour with 800mm of granular alluvium between foundation 

level and rock. The north pier is founded on rock so scour risk is minimal. Therefore worst case 

differential settlement is likely to be between each pier and this matches the location of damage 

 

The boreholes were cored through the bridge piers/abutments, so there are no SPT values to 

indicate density of the granular foundation soils, and following storm scour loosening and removal of 

soil may occur to reduce in-situ density. 

 

The attached bearing capacity calculation indicates there may have been an ultimate bearing 

capacity of ~1500kPa (allowable bearing pressure of 500kPa) at the time of construction if formation 

was in a dense state. Following scour loosening will occur and voids re filled by storm deposits. 

Bearing capacity would then reduce to ~ 300kPa ultimate (~100kPa allowable) assuming 

voids/undermining if filled in by sediment post storm (which the bed level survey suggests). 

Obviously if there is a void under the footing the bearing capacity reduces towards zero! 

 

Although you wouldn’t design foundations for storm / flood compression loading, the calcs show 

how FoS on bearing capacity increases during the flood, but would then reduce as water levels drop. 

This is a tricky subject to report on as undermining may occur during the flood and horizontal loads 

on the foundations would generate a trapezoidal pressure distribution with max pressure on the 

downstream end of the footing 

 

After seeing the photo’s I agree that mini piling looks the obvious way forward and the bridge could 

be repaired.  

 

Outline Pile Design 

 

In summary, we suggest 9Nr 450mm dia piles to approx. 21m depth from deck level, including rock 

sockets ~5m and pile safe working load ~1350kN each. 

 

There are no special requirements for sulphate resistant concrete (DC1 is OK) and no lateral loads at 

this stage to design the reinforcement – but I guess cages will be either 6B20 or 6B25 main bars 

sitting on the pile toe and piles constructed by tremie pipe concrete up to 0.5m above pile cut off 

level, with an empty bore (or sand filled bore) for the top 2m or so. 

 

We can tweak the design when a piling contractor is lined up e.g. if a Klem 709 is used this might be 

pushing it’s capability and squeezing in another pile of two could reduce the individual pile working 

load and length. Martello Piling have suitable kit for this job and Van Elle / Keller may have a Hutte 1 

size up from Klem 709 

 

Regards 

 

Alan Willoner 

Associate  



Annex 10 Lessons Learned and Recommendations from Storm Eva Recovery Report. 
 
 
 



Report of the Assistant Chief Executive (Citizens and Communities) 

Report to Executive Board 

Date: 19 October 2016 

Subject: Storm Eva – Recovery Update 

Are specific electoral Wards affected?    Yes   No 

If relevant, name(s) of Ward(s):  

Adel and Wharfedale, Armley, Beeston and Holbeck, Bramley 
and Stanningley, Burmantofts and Richmond Hill, City and 
Hunslet, Guiseley and Rawdon, Harewood, Horsforth, Kippax 
and Methley, Kirkstall, Otley and Yeadon, Rothwell, Wetherby 

  

Are there implications for equality and diversity and cohesion and 
integration? 

  Yes   No 

Is the decision eligible for Call-In?   Yes   No 

Does the report contain confidential or exempt information?   Yes   No 

If relevant, Access to Information Procedure Rule number: 

Appendix number: 

Summary of main issues  

1. Following the events of Storm Eva on the 26th and 27th December 2015, Leeds City 
Council, working together with local communities, volunteers, and partners, have been 
responding to a range of recovery actions in affected areas, using a citywide Strategic 
Recovery Plan. Most actions, including support to communities and businesses 
affected, infrastructure repairs, ensuring effective communications and developing 
future resilience plans have continued for a significant period, and are now either 
completed or have been incorporated into business as usual projects and work.  
 

2. Council lessons learned from the response and recovery phases have also been 
collected and significant progress has been made on the recommendations produced, 
for example on revising the emergency handbook, supporting community flood 
resilience and reviewing policies on sandbags and on call arrangements. Most work is 
either completed or is being taken forward in business as usual or new projects 
together with partner organisations; in particular as part of the emerging Leeds Flood 
Resilience Programme Board with the Environment Agency. 

 

 
Report authors: Mariana Pexton 
                          James Rogers 



3. The overall residential and business impact is being assessed at both the Leeds and 
Leeds City Region level however significant challenges remain and recovery is ongoing 
for some businesses. The Council have been administering grant funding for affected 
residents and businesses, as well as working with the Local Enterprise Partnership 
(LEP) on schemes, and more than £3m of support has been provided, with the majority 
of schemes having now been wound up. Further support continues to those who are 
still unable to return home, businesses that are not yet fully operational, and those 
facing ongoing challenges in terms of recovery and flood resilience. Plans have been 
put in place and endorsed by the Department for Communities and Local Government 
to use remaining funding from the Government grants to target specific interventions. 

 
4. The longer term resilience of Leeds to flooding continues to be an important issue and 

has been made more prominent by the events of Storm Eva. Significant developments 
over the last ten months have seen a commitment given from government to fund a 
feasibility study into Phase Two of the River Aire Flood Resilience Scheme, which 
Leeds City Council and the Environment Agency have been working closely together 
on. However there is still a concern regarding the commitment of government to fund 
the full phase two scheme and representations are being made to relevant ministers to 
request that this funding is committed to as part of the Autumn Statement. 

 
 
Recommendations  
 
5. Members of Executive Board are recommended to: 

 
a) note the updates in the report, including on the progress of the Strategic 

Recovery Plan,  
 

b) note the progress on recommendations from the lessons learned review,  
 

c) support the decision to formally close the Council’s recovery phase of work and 
for remaining issues to now be allocated to business as usual projects and 
programmes or service delivery,  

 
d) agree the additional Communities and Business Recovery Scheme initiative of 

£100,000 for phase two of the River Aire clean-up activity, subject to the Director 
of City Development consulting with the Local Enterprise Partnership, and 
 

e) agree the additional Communities and Business Recovery Scheme initiative of 
£150,000 to introduce a business growth scheme specifically to support 
Business Growth projects in affected areas, subject to the Director of City 
Development consulting with the Local Enterprise Partnership. 
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1 Purpose of this report 

1.1 To update Members of Executive Board on the impact of Storm Eva in Leeds, 
specifically about the recovery plan, lessons learned, flood alleviation proposals 
for the city and support to businesses and residents affected.  

2 Background information 

2.1 This is the fourth and final Storm Eva update report brought to the Executive 
Board since the events of December 2015. However Executive Board will 
continue to receive reports on key issues as required, including, for example 
progress on the Flood Alleviation Scheme and on the repairs to Linton Bridge, as 
well as the Section 19 review. 

2.2 The Executive Board report in January 2016 contained much of the detail on the 
events of Storm Eva and the immediate response work. The March 2016 report 
updated on recovery activity and the progress of support for affected residents 
and businesses, damage to infrastructure, and future resilience developments 
such as the Flood Alleviation Scheme and regeneration proposals.  The last 
report in June included the findings and recommendations of the Council’s 
lessons learned work.  In addition, in April a paper was specifically produced on 
flood alleviation. 

3 Main Issues 

3.1 As a reminder, Storm Eva had a significant effect on residents and businesses in 
Leeds, with the following totals known to have been either flooded or directly 
affected by flooding.  

  Flooded Affected Severely 
Affected 

Total 

Residential              298             1902 483 2683 
- Houses              242               125  367 
- Flats                56 1777 483 2316 

Commercial 371 307  678 
Other (churches, 
allotments, sports 
clubs) 

4 3  7 

Total 673            2212           483 3368 

3.2 The remaining parts of this main issues section build upon the basis of these 
numbers, and are separated into the headings of the Strategic Recovery Plan. 
Progress on the Strategic Recovery Plan is included in Annex 1, with all of the 
actions either completed or now being considered as part of business as usual.  

3.3 Recovery Plan - Community 

3.3.1 The community recovery work has moved progressively from supporting those 
affected with clean up and temporary accommodation to looking further to 
property resilience and wider community preparedness and resilience. However at 



this time there are still a small number of householders who are unable to return 
to their homes and specific support continues to be available for those individuals. 

3.3.2 Grant schemes 

3.3.3 As of 23/09/16, the following numbers of grants from the Government funded 
support and resilience schemes have been processed and paid:  

Grant scheme 
Number of 
Eligible 
Properties 

Grant 
applications 
received 

% of Eligible 
Properties  

Grants 
paid 

% 
applications 
received  

Total amount 
paid 

Community 
Support scheme 
(£500) 

781 708 90% 708 100% £354,000 

Property Level 
Resilience (up to 
£5,000) Household 

298 126 42% 118 94% £ 569,756 

 

3.3.4 Leeds City Council officers and members have worked closely with local effected 
wards to make sure that the availability of grants is known and that assistance is 
available for those who need help in applying for these. As reported in previous 
update reports, the community support scheme was promoted online and a simple 
application process for assistance was developed with little effort required by the 
affected residents, and direct payments made without need for further contact in 
the majority of cases. This proactive approach has received positive feedback 
from residents.  

3.3.5 The Property Level Resilience Grant (PLR), for owners of residential properties 
flood affected to apply for up to £5k towards works to their homes to increase 
resilience to flooding, has been extended for applications until December 2016. 
The scheme will help with resilience measures such as barriers to external doors 
and/or works to reduce the effects post flooding such as plastic internal doors, 
raising electrical points or plastering with waterproof plaster. Further applications 
for the scheme are expected to be received by the end of the year. 

3.3.6 To date the following work has taken place to support the residential PLR 
scheme: 

• Upfront payments to owners within 48 hours of their completed 
applications, which has been warmly welcomed.  

• All flooded properties have been targeted both in writing and by officer 
visits.  



• Officer assistance in helping group residential schemes that pool more 
than one property level resilience grant. 

• Looking to take forward work to support 8 city centre flat complexes that 
may have been excluded from the grants process due to Government 
eligibility criteria (£160,000) 

• Looking to take forward work to support a single proposal to move utilities 
from the basement areas in 26 properties on Kirkstall Road. (£130,000) 

3.3.7 Council Tax relief was also offered to affected properties that needed to be 
vacated due to flooding. To date £105,562 of relief has been offered, with 
extensions given to those who were unable to return to their homes in the initial 
three month period of the relief scheme as well as relief being offered on rented 
temporary accommodation for those residents. As of October 1st, seven properties 
are still receiving relief as they continue to be out of their homes. 

3.3.8 On top of this other grants have been made available to communities, particularly 
from the Leeds Community Foundation appeal but also from individual donations 
and fundraising events.  

3.3.9 Leeds Community Foundation raised approximately £300,000 to give out in the 
Leeds area and, to date, have given or committed just under £260,000.  This has 
funded 25 organisations to deliver a range of activities.  Examples of funding 
include: to Open Source Arts to contribute towards costs of volunteering support 
during floods; Yorkshire Wildlife Trust to fund litter picking, wetland development 
and community tree planting; Phoenix Dance to replace spoilt costumes; Boston 
Spa Parish Council to repair a path by Thorp Arch Bridge; Skill Mill to train young 
people referred from the Youth Offending Service and support river clean ups.  
There have also been 47 grants to individual home owners of £250 or £500 and 
there are a range of other projects still under consideration. 

3.3.10 Community Engagement and Communications 

3.3.11 Further detail of work taking place around community engagement is included in 
the annex to this paper on the lessons learned recommendations, however it is 
worth noting that significant progress has been made in relation to building greater 
community resilience in the form of flood groups, and also in working up plans for 
how spontaneous volunteering could be best used in case of future emergencies. 
Headline progress to date includes: 

3.3.12 The Garforth Flood Action Group continues to be central to community resilience 
within the South East.  Having been established for a number of years, they have 
developed a number of local systems for reacting to flood events and have gained 
a great deal of experience, which they have been happy to share with other 
organisations across the city.  They continue to undertake work, such as clearing 
the vegetation from the beck on Main St at the Barleyhill Road junction. 

3.3.13 Methley & Mickeltown residents have set up a flood action group and both Kippax 
and Allerton Bywater are also looking to launch groups.  Garforth Flood Action 
Group has made links with each of these and is providing help and advice. 



3.3.14 In Outer North East, much of the post flooding response is being headed-up by 
Collingham with Linton Parish Council, which has undertaken a range of post 
flood activity.  They have worked to promote the help and support that is available 
to flood victims, and have worked closely with the Environment Agency. 

3.3.15 West Yorkshire Community Action are currently subsidising a free shuttle bus 
between Linton, Collingham and Wetherby, while Linton Bridge is closed for 
repair.  Members and key stakeholders, including the Parish Council and local 
businesses, are looking to extend this service and increase its sustainability.  
Community support and use of this will be key. 

3.3.16 Otley Residents Flood Group was established following two floods in Otley, in 
November and December 2015. Its aims were for the Bridge Avenue and Farnley 
Lane community to address the issues of both improving and implementing flood 
defences and to put in place a Flood Day Action Plan for ‘when the inevitable 
happens again’.  They have liaised with a number of LCC service areas, as well 
as the Environment Agency, who have provided support to them. 

3.3.17 Kirkstall Flood Clean Up continues to be an active group of volunteers, loosely 
coordinated by Open Source Arts. They have worked to promote the help and 
support that is available to flood victims. They held a volunteer thank you event 
over the summer and continue to hold volunteer events, including seven Team 
Kirkstall clean-ups and four corporate clean-ups of the banks of the River Aire in 
Kirkstall.  As the majority of flooded premises in Kirkstall were commercial, rather 
than residential, this limited their access to some grant schemes.  In response, the 
group has registered a company that can accept and administer financial 
donations, towards addressing this and future flooding events in the area. It is 
also looking to develop a Kirkstall Flood Info Shop. 

3.3.18 Apart from the local groups, the council has also helped Yorkshire Voluntary 
Flood Support – a West Yorkshire wide group that has been providing items and 
services to affected residents across the region.  They continue to collect and 
disseminate items and have been using the former Burley Willows site as a 
storage facility.  

3.4 Recovery Plan – Business 

3.4.1 As with community recovery, support for businesses has begun to look further 
ahead to future resilience; however the effects of Storm Eva are still being felt in 
some areas.  

3.4.2 Grant schemes 

3.4.3 More than £3m of support has been provided to affected businesses in Leeds 
since the start of January, including business support, property resilience, 
business rate reliefs and the Local Enterprise Partnership flood grant. As of 
23/09/16, the following numbers of grants from the Government funded support 
and resilience schemes have been processed and paid:  



 

3.4.4 In addition to the above grants, the Council has delivered a Flood Recovery Grant 
to strategic businesses across the Leeds City Region on behalf of the LEP. To 
date this has approved 43 applications including 14 from Leeds businesses worth 
over £900,000. The Council has provided over £1.1m of rates relief to affected 
Leeds businesses.    

3.4.5 The Council has now closed the Business Recovery Grant to new applicants. This 
grant provided up to £2,500 to help with initial clean up related costs and 218 
businesses have been assisted through the scheme. The remaining funds   have 
been allocated to an extension of the scheme which offers an average of £10,000 
grant assistance to help businesses severely affected by the Storm Eva floods. 
Grant support will be targeted at businesses who can demonstrate a need for 
additional assistance to help them to recover from the floods. This has been 
consulted on with the Local Enterprise Partnership who have given their support 
for the extension. It is envisaged that the extension of the Business Recovery 
Grant will operate until the 30th November 2016, with all grant claims processed 
by the 30th January 2017, and that approximately 40 businesses will receive 
additional assistance, with a total spend up to £400,000.  

3.4.6 The Resilience Grant for businesses will remain open until the 31st December 
2016, with final claims processed by the 31st March 2017. It is envisaged that up 
to 150 businesses will receive support for resilience measures. The LEP Flood 
Recovery Grant is now closed to new applicants, it is anticipated that up to 50 
strategic businesses based in the City Region will receive assistance worth in total 
in excess of £2m.             

3.4.7 Business Support 

3.4.8 The Council, working with our partners in the LEP, continues to offer support to 
those businesses that are yet to return to full operating capacity as well as a 
number who are still in the process of taking decisions over relocation options. A 
number of Leeds businesses have received significant Council assistance, and a 
number of case studies are provided in Annex 3; the company names & specific 
locations have been removed from the report to reflect the sensitive nature of the 
information. 

Grant scheme Number of 
Eligible 
Properties 

Grant 
applications 
received 

% of Eligible 
Properties 

Grants 
paid 

% 
applications 
received Paid  

Total 
amount paid 

Business 
Support scheme 
(up to £2,500) 

371 245 66% 

 

218 89% 

 

£467,116 

Property Level 
Resilience (up to 
£5,000) Business 

371 120 32% 104 87% £477,577 



3.4.9  Long term Impact on Business & Key Employment Areas 

3.4.10 To date there has been one high profile business closure, Thyssen Krupp 
Woodhead on Kirkstall Road, which will result in the loss of 93 skilled engineering 
jobs, and a number of small firms have closed. There is one strategic 
manufacturer at risk of closure/relocation and one important food distribution 
business which has downgraded its presence in Leeds and relocated some 
activities to the Midlands. Anecdotal evidence would suggest that flooding has 
had a significant impact on the long term growth prospects of flood affected 
businesses. 

3.4.11 There is a need to address the longer term impact on key employment areas on 
the Leeds flood plain and a need to continue to underpin investment confidence to 
protect jobs/encourage future private sector investment. 

3.4.12 A number of businesses are now reporting that they can no longer obtain flood 
insurance cover. The evidence to date would suggest that insurance companies 
are “red lining” particular postcodes and are not prepared to provide insurance 
cover in these areas. In the longer term this lack of insurance cover could force 
businesses to relocate and may lead to landlords not investing in industrial 
/commercial properties in the affected areas.  

3.4.13 Without further intervention there is a risk of an increase in property vacancy rates 
and a reduction in employment in these commercial areas. There is also a risk 
that new business investment in these areas will be deterred and that properties 
may be abandoned/ suffer from dereliction.  

3.4.14  Proposed Action Plan to tackle long term issues   

3.4.15 Discussions have taken place with representatives from the Department for 
Communities and Local Government on how further business support and 
property resilience can be provided to affected businesses in Leeds from grant 
funds remaining in the Community and Business Recovery Scheme. Given the 
unique impact of Storm Eva in Leeds, particularly in relation to urban areas, it has 
been acknowledged that there is clear rationale for exploring additional initiatives 
on top of the standard business support and property resilience grants, on the 
basis that they are clearly aimed at assisting those affected businesses with 
recovery and future resilience. A number of initiatives have therefore been agreed 
to in principle, including the up and running extension to the Business Recovery 
Grant (see 3.4.5 above), and work is taking place to progress those. The other 
initiatives are:  

• River Aire clean-up activity – in partnership with EA and Leeds Community 
Foundation and others, aimed directly at the visual amenity impact on flood 
affected businesses along parts of the River Aire in Kirkstall and Hunslet and 
Stourton, and continuing concerns about the negative impact on trade and 
inward investment. (£50k phase 1 already paid, £100k phase 2 proposed) 

• A budget to provide expert external technical assistance to increase take up 
of Property Level Resilience grants for businesses. The proposal is to utilise 
the equivalent of 10% of £500,000 worth of PLR grants, as per the scheme 



guidance, to secure specialist technical assistance to support increased take-
up of PLR grants (maximum spend £50,000). 

• To introduce a business growth scheme specifically to support Business 
Growth projects – targeted especially at businesses, buildings and 
surrounding areas of affected parts of the city that will support those 
businesses directly impacted by Storm Eva (£150,000); 

3.5 Recovery Plan - Infrastructure 

3.5.1 Infrastructure update 

3.5.2 Repairs to infrastructure damaged during Storm Eva continue to be a priority, with 
work underway particularly on the required strengthening to Linton Bridge. A 
complex temporary arch support system is currently being installed so that work 
can safely be undertaken beneath the bridge, with all works due to be completed 
ahead of a reopening in summer 2017. A short video explaining how the work is 
being undertaken has been posted on the council’s website, and regular updates 
have been provided locally on progress.  

3.5.3 The final estimate for the work will not be known until the tendering exercise for 
the repair project has been completed, which is currently in the evaluation phase, 
and it may be that it is beyond the level of funding that has been provided from 
Department for Transport. In the meantime work continues on site and is 
progressing on schedule. 

3.5.4 Flood Alleviation Schemes 

3.5.5 Phase One of the River Aire Flood Alleviation Scheme is progressing  well and is 
due to be completed in Spring 2017, protecting 3000 residential properties (mostly 
flats) and 500 business. A recent £3.8m bid to the Environment Agency for Storm 
Eva related damage has been successful and will assure the smooth delivery of 
this significant and innovative scheme.   

3.5.6 Significant work has also been undertaken in recent months to tender and procure 
consultancy/contractor support for the feasibility study for phase two of the River 
Aire Flood Alleviation Scheme. This follows the initial study carried out by the 
Environment Agency in conjunction with the Council in the immediate aftermath of 
Storm Eva. The contract commenced in September and will allow for the 
feasibility study, design and business case to be developed. This work will 
determine the type of defence work to be undertaken across the whole River Aire 
catchment area from Malham Tarn through Kirkstall and to Leeds Railway station. 
Considerable work has also been undertaken in shaping the governance 
arrangements for this catchment wide work which Leeds City Council will oversee 
with the involvement and support of multiple organisations and interested 
parties.The estimated timeline for phase two is described in the following table: 

 

 



Activity Duration Date 
Feasibility & Business case 12 months complete October 2017 
Submission of Business case  October 2017 
Specimen design 6 months complete April 2018 
Detailed design & Build Tender & Award 4 months complete August 2018 
Start Detailed Design & Construction  September 2018 
Commence Construction Works  immediately pre or post Xmas 2018 

 

3.5.7 Although funding has been committed for the feasibility study, there is still 
uncertainty regarding the long term commitment of funding for phase two of the 
scheme from central government, particularly after recent announcements and the 
National Flood Resilience Review report (see 3.5.10 below). Representations are 
being made to relevant ministers to request that this funding is committed to as 
part of the Autumn Statement.  

3.5.8 Further downstream Flood Alleviation Schemes are being developed along the 
Wykebeck and Lin Dyke tributaries. A flood barrier scheme is currently being 
designed for the Pit Lane area of Mickletown and the Lower River Aire Catchment 
Model will be used to identify other Flood Protection works for Methley and 
Mickletown. 

3.5.9 For the River Wharf, Leeds has commissioned a consultant to review the 
documentation and data associated with the whole catchment and to recommend 
the scope for the subsequent stages. The outcome should provide 
recommendations for the next phase of the study in particular for Otley and for 
other downstream communities. This work is being done collaboratively with the 
Environment Agency, adjacent Local Flood Risk Authorities and a number of 
trusts looking at Natural Flood Management. 

3.5.10 National Flood Resilience Review 

3.5.11 The national flood resilience review was published in September and outlined 
measures for improved rain and flood modelling, a significant increase in new 
temporary flood defences and greater protection to infrastructure. The final details 
of this work are yet to be published however it does not appear that the work 
coming from the review will provide any greater certainty to Leeds in the short 
term of the Government’s intention for greater flood protection for the city. 

3.6 Recovery Plan - Media and Communications  

3.6.1 The Council has continued to communicate on the recovery process and to 
monitor ongoing media activity. The availability and closure dates of grant 
schemes have been promoted and signposted via the Council’s website, social 
media and press. Updates have been sent to key partners in the city and press 
releases issued, and targeted communications have been sent to affected 
businesses and also to residents surrounding Linton Bridge regarding the ongoing 
repairs and alternative arrangements for travel. Further communications activity 
has taken place around the national flood resilience review. Going forward 
communications will play an important role in the developing Leeds Flood 



Resilience Board and around messaging for the one year anniversary from Storm 
Eva in December. 

3.6.2 As part of the lessons learned review, Council communications officers have 
benchmarked best practice on alternative communications systems and have 
updated procedures to use mobile app software. Work is also taking place around 
the use of social media during emergency incidents and an innovation workshop 
session with developers to explore how digital technology can innovate in this 
area is being developed.  

3.7 Recovery Plan - Prepare 

3.7.1 Section 19 report 

3.7.2 Leeds as a Lead Local Flood Authority is preparing under Section 19 of the Flood 
and Water Management Act 2010 a report on the Storm Eva flooding event. This 
is due to be reported to Executive Board in the next three months. 

3.7.3 Leeds City Region Review 

3.7.4 Leeds City Region Leaders also requested work to be done on a Leeds City 
Region Floods review, included an economic impact analysis. A full report is 
expected to be discussed by Leeds City Region Leaders in December. Leeds City 
Council officers have been involved on the steering group for this work, led by the 
Deputy Chief Executive. 

3.7.5 Lessons learned review 

3.7.6 In the June Executive Board update the report and recommendations of the Leeds 
City Council Storm Eva lessons learned exercise were noted and agreed for 
update in October. Significant progress has been made on these 
recommendations, with a number of actions already completed and others being 
taken forward as part of business as usual work in the council or as part of the 
developing Leeds Flood Resilience Programme Board together with the 
Environment Agency and other partners.  

3.7.7 The full progress of implementing the lessons learned recommendation is 
included at annex 2. Key activity includes: 

• Revision of the emergency handbook 

• A review of Christmas closedown and on call procedures 

• Work to clarify the council’s sandbag policy and advise to the public  

• Consideration of the use of social media and alternative communications 

• Feedback to West Yorkshire Resilience Forum and national government on 

the response and recovery in Leeds 

4 Corporate Considerations 



4.1 Consultation and Engagement    

4.1.1 Community engagement events were reported as part of the January and March 
Executive Board paper and further engagement events have since taken place in 
a number of affected communities. Specific proposals to further mitigate the risk 
of flooding and its impacts upon residents, businesses and communities will 
continue to be subject to specific consultation and engagement arrangements. 
Future regeneration developments may also be subject to specific consultation 
and engagement going forward. 

4.2 Equality and Diversity / Cohesion and Integration  

4.2.1 Further initiatives to mitigate the risk and effects of flooding across the city will be 
subject to detailed Equality Impact Assessments to ensure that the most 
disadvantaged are not adversely impacted and that individual needs and the 
requirement to make reasonable adjustments where necessary are recognised.  

4.2.2 Equality impact considerations are built into the council’s own emergency and 
business continuity management arrangements.    

4.3 Council policies and Best Council Plan  

4.3.1 Under the council’s renewed Best Council/Best City ambition agreed by the 
Executive Board in March 2016, Leeds aspires to be a compassionate city with a 
strong economy, supported by an efficient and enterprising local authority that 
works effectively with partners and communities.  The response to December’s 
flooding in Leeds was a testament to this compassion and joined-up working while 
the commercial effects highlight the importance of managing the risk of flooding 
for individual businesses affected (owners and employees) and the wider 
economy of Leeds. 

4.3.2 The arrangements detailed in the report form part of the council’s Emergency 
Planning Policy, Business Continuity Management Policy and Local Flood Risk 
Management Strategy. As part of the lessons learned recommendations a review 
of the Emergency Handbook is taking place and reviews are also being completed 
on a number of other policies including in relation to out of hours and sandbags. 
These have been reviewed in line with Best Council/Best City ambitions. 

4.4 Resources and value for money  

4.4.3 In line with the council value of ‘spending money wisely’, the council is committed 
to using its resources in the best possible way in both the initial response and 
longer-term recovery stages from a flooding incident.   

4.4.4 To date, we’ve received £3.435m of grant from central government to support the 
Communities and Business Recovery Scheme – which includes £500 community 
support payments, up to £2,500 business support grants and up to £5,000 
property resilience grants.  In regard to the Communities and Business Recovery 
Scheme, as has been reported in previous update Executive Board reports, as 
expected there are a large number of those affected by flooding in Leeds not 
entitled to payments under the schemes, due to the nature of the impact 



particularly to flats and businesses in multiple occupancy buildings. Discussions 
have taken place in September with the Department for Communities and Local 
Government regarding additional initiatives to utilise remaining funding from the 
individual property schemes that would have significant benefits for affected 
business and households, in line with the flexibilities permitted by central 
government.  

4.4.5 Details of those additional initiatives are detailed in the main body of the report 
and include further property level resilience measures for flats, an enhanced 
business support scheme for the worst hit businesses and business growth 
schemes targeted at flood affected areas. Some of these have been agreed 
already through delegated decisions or as extensions of the existing property level 
resilience grant, and Executive Board are asked to approve the remaining 
initiatives in the recommendations of this report. The total maximum spend of all 
additional initiatives would be £1.01m, with Executive Board asked to approve 
initiatives totalling £250,000. 

4.4.6 Taking account of the spending to date, expected property level resilience spend 
prior to scheme closure and additional initiatives, the following table outlines the 
expected total spend on the Communities and Business Recovery Scheme: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Communities & Business Recovery Scheme 

 £ £ 
Grant Received  3,435,042 

Community Support grant (£500) paid out to date (grant 
scheme closed for applications) 354,000 

 
Business Support grant (£2,500) paid out to date (grant 
scheme closed for applications) 467,116 

 
Property Level Resilience (£5,000) paid out to date (grant 
scheme open for applications until 31/12/16) 1,047,333 

 
Expected additional PLR grants for households prior to 
scheme closure 31/12/16 (including resilience measures for 
flats and raising meters on Kirkstall Road) 

365,000 

 
Expected additional PLR grants for businesses prior to 
scheme closure 31/12/16 (including £50,000 technical 
assistance for up to 100 businesses)   

365,000 

 Extension to Business Recovery Grant  (open for 
applications) 400,000 

 
Other additional initiatives paid (volunteer coordination 
support, River Aire clean up phase 1) 60,000 

 
Other proposed additional initiatives (River Aire clean up 
phase 2, business growth projects) 250,000 

 Total estimated final spend 
 

3,308,449 
Remaining funding 

 
126,593 

 

4.4.7 We’ve also received £1.238m in separate government funding to support the 
Council Tax and Business Rate discount schemes – the discount schemes are 
separate and the funding will be reconciled to match the discounts actually given.  

4.4.8 In addition to the above, the recommendations of the lessons learned review have 
resource implications for the relevant council services and have and will need to 
be considered as part of ongoing resource planning, as will regeneration activity. 

4.5 Legal Implications, Access to Information and Call In 



4.5.1 There are no specific legal implications or access to information issues with this 
report.  The report is subject to call-in.   

4.6 Risk Management   

4.6.1 All corporate risks, and the action plans in place to mitigate them to an acceptable 
level, are reviewed on a regular basis and those related to flooding will be 
updated again in response to recent events. The lessons learned activity which is 
detailed in section 3.7 above and in annex 2 has been done within the framework 
of the council risks related to flooding and will be drawn upon in reviewing these 
risks and delivering actions to mitigate them. 

5 Conclusions 

5.1 The response and recovery to Storm Eva and the work of the Council, partners 
and volunteers has been a credit to the City. Whilst some work continues to 
support a small number residents and a number of businesses in recovery, much 
of the recovery work has now been completed and therefore it has been proposed 
in this paper that ongoing work now be fully passed into business as usual 
operations. 

5.2 Progress on the lessons learned recommendations has been recorded and a 
number of changes and improvements have already been put in place. A number 
of recommendations are still to be fully implemented but will be taken forward as 
part of business as usual, with a number being considered through the emerging 
Leeds Flood Resilience Programme Board governance. 

6 Recommendations  

6.1 Members of Executive Board are recommended to: 

a) note the updates in the report, including on the progress of the Strategic 
Recovery Plan,  

b) note the progress on recommendations from the lessons learned review,  

c) support the decision to formally close the Council’s recovery phase of work and 
for remaining issues to now be allocated to business as usual projects and 
programmes or service delivery, and 

d) agree the additional Communities and Business Recovery Scheme initiative of 
£100,000 for phase two of the River Aire clean-up activity, subject to the Director 
of City Development consulting with the Local Enterprise Partnership, and 
 

e) agree the additional Communities and Business Recovery Scheme initiative of 
£150,000 to introduce a business growth scheme specifically to support 
Business Growth projects in affected areas, subject to the Director of City 
Development consulting with the Local Enterprise Partnership. 



7 Background documents1  

7.1 None 

  

                                            
1 The background documents listed in this section are available to download from the Council’s website, 
unless they contain confidential or exempt information.  The list of background documents does not include 
published works. 



Annex 1: Leeds Strategic Recovery Plan – Storm Eva 26 December 2015 Updated progress 5th October 2016 
 
Key: 
 
       Complete/business as usual 
       Ongoing/near completion  
       Needing further work 
 
No. Relevant Executive Board Recommendation(s) Action/Timeframe Lead (named 

person) 
Status/Commentary 

1. Community 
1.1 
 

EB4: Endorse the financial support and advice 
arrangements that have been put into place to 
support affected householders and businesses. 
EB5: Note the funding provided by Government to 
support the schemes at paragraph 3.1.2 and ask 
the Deputy Chief Executive to keep a record of all 
relevant expenditure associated with responding 
to Storm Eva. 

Ensure financial assistance through the 
following schemes from early January: 

- Community Recovery scheme 
- Property Level Resilience 

scheme 
- Council Tax Discount scheme 

LCC 
Steve Carey/John 
Statham 
 
 

Schemes run and 
formalised closing 
arrangements in place. 
Spend records and 
reporting to Government 
updated. 
PLR – ongoing push until 
December deadline 

1.2  Ensure advice and support is available 
to communities and residents and 
maintain and monitor and respond to 
the “contact us” interface from early 
January. 

Adam Quesne 
LCC / 
Environment 
Agency/ LCC FRM 

Completed 
 

1.3  Ensure the appropriate use of funds 
donated through the Leeds 
Community Foundation Leeds Flood 
Relief Appeal; closing date end of 
January. 

LCF / LCC 
 
Sally-Anne 
Greenfield/Shaid 
Mahmood 

Complete and update 
provided in June Exec 
Board report. Focus group 
established to direct 
allocation of remaining 
funding. 

1.4 
 

EB8: Require the Director of City Development to 
work with the Environment Agency to identify 
measures that could be undertaken to increase 
flood resilience for all communities affected Storm 

Look to assess, educate and build 
upon existing capacity within 
communities in relation to flood 
resistance and resilience starting with 

LCC / 
Environment 
Agency 
 

Ongoing commitment as 
part of business as usual 
to support Community 
Flood groups to be self-



Eva. community engagement events in 
affected wards and ongoing including 
other risk areas in Leeds, timeframes 
to be developed. 

Shaid Mahmood sufficient, in collaboration 
with the Third Sector and 
Environment Agency.  

1.5  Ensure appropriate advise and support 
is given to residents regarding 
insurance, coordinating with insurance 
companies where appropriate 

LCC Steve Carey Completed 

2. Business 
2.1 
 

EB4: Endorse the financial support and advice 
arrangements that have been put into place to 
support affected householders and businesses. 
EB5: Note the funding provided by Government to 
support the schemes at paragraph 3.1.2 and ask 
the Deputy Chief Executive to keep a record of all 
relevant expenditure associated with responding 
to Storm Eva. 

Linked to 1.1. Ensure financial 
assistance through the following 
schemes from early January: 

- Business Support scheme 
- Property Level Resilience 

scheme 
- Business Rate Relief scheme 

LCC 
Tom Bridges/John 
Statham 

Schemes run and 
formalised closing 
arrangements in place. 
Extension to the business 
support scheme agreed. 
Spend records and 
reporting to Government 
updated. 
PLR – ongoing push until 
December deadline. 

2.2  Linked to 1.2. Ensure advice and 
support is available to businesses, and 
maintain and monitor and respond to 
the “contact us” interface from early 
January. 

LCC  
Tom Bridges 

Completed 

2.3 
 

EB10: Request that the Director of City 
Development consider the development of a 
regeneration based approach to help Kirkstall 
recover from Storm Eva. 

Ensure business in affected areas is 
minimised by implementing 
regeneration plans where appropriate 
or specific business support and advice 
for large companies. 

LCC (Tom Bridges) 
/ LEP? 

Complete and ongoing as 
business as usual. 
Regeneration proposal 
included in June Exec 
Board update report 

2.4  Run business engagement events in 
affected wards 

LCC / 
Environment 
Agency 

Completed 

2.5  Work with other WY councils and the 
LEP to develop and implement a 
business support scheme on the right 

LCC 
Tom Bridges / LEP 

Completed 
LEP Business Flood 
Recovery Fund closed on 



scale to respond to the incident. 30th September 2016 
2.6  Undertake a piece of work to 

understand the economic impact on 
the city, before the end of March 
2016. 

LCC/ Tom 
Bridges/Alan Gay 

Report work completed 
and Executive Summary 
discussed and agreed with 
Leeds City Region Chief 
Executives, to be 
published by end of 2016 

2.7  Linked to 1.5 Ensure appropriate 
advise and support is given to 
businesses regarding insurance, 
coordinating with insurance 
companies where appropriate 

LCC Tom Bridges Completed with ongoing 
support to some 
businesses still not fully 
operational 

3. Infrastructure 
3.1 
 

EB9: Require the Director of City Development to 
complete a full assessment of all impacts of Storm 
Eva on city infrastructure and develop proposals 
for the necessary repair and rebuild work that 
maybe necessary, including work required on 
Linton Bridge. 

Assess the impact on key physical 
infrastructure and assets and required 
action, in particular regarding: 

- Bridges 
- Roads 
- Council assets (including 

business continuity for 
services 

- Other assets 

LCC / 
Environment 
Agency / Utilities 
partners 

Completed and specific 
update included in Linton 
bridge June Exec Board 
report. Linton Bridge 
works contract at 
tendering stage.  

3.2  Carry out repairs taking into 
consideration priority and urgency 

LCC / 
Environment 
Agency 

Completed and updated 
included in Linton bridge 
June Exec Board report  

3.3  EB9: Require the Director of City Development to 
complete a full assessment of all impacts of Storm 
Eva on city infrastructure and develop proposals 
for the necessary repair and rebuild work that 
maybe necessary, including work required on 
Linton Bridge. 

Prepare the case for schemes 
requiring Government funding – 
Linton Bridge 

LCC / WY 
Resilience Forum 

Update included in Linton 
bridge June Exec Board 
report. Full cost of Linton 
Bridge repairs uncertain 
until tendering process 
complete and may exceed 
government funding 
received.  

3.4 
 

EB6: Require the Director of City Development to 
work with the Environment Agency to bring a 

Progress to the next stage of the Leeds 
Flood Alleviation Scheme (River Aire) 

LCC / Leeds MPs / 
Environment 

Completed and included 
in April Exec Board report 



report to Executive Board as soon as possible on 
the city’s flood alleviation developments including 
plans for seeking Government support to 
progressing phase 2 and 3 of the Leeds Flood 
Alleviation Scheme. 
EB7: Request that the Chief Executive write to the 
relevant Secretary of State requesting the urgent 
approval of £3m to allow for preparatory and 
design work to commence on Phase 2 of the Leeds 
(River Aire) Flood Alleviation Scheme with a firm 
commitment being provided by Government to 
support both phases 2 and 3. 

and a wider catchment approach to 
schemes across Leeds 

Agency 

3.5  Ensure the resilience of key strategic 
infrastructure by identifying those key 
assets and evaluating the current 
resilience in place 

LCC / 
Environment 
Agency / Utilities 
Partners 

Work to be taken forward 
as part of the evolving 
Leeds Flood Resilience 
Programme Board 
through an infrastructure 
subgroup 

4. Media and Communications  
4.1  Monitor, respond and support 

traditional and social media on the 
flooding, communicating 
developments and maintaining profile 
whilst also highlighting Leeds as open 
for business 

LCC  Dee Reid/ 
Environment 
Agency 

Completed 

4.2  Develop a communications plan to 
support recovery response, and a 
communications strategy regarding 
Flood Alleviation Scheme(s) 

LCC/Dee Reid Completed, with business 
as usual decision to take 
place on further FAS 
communications 

4.3  Capture the scale of enquiries, activity 
and impact e.g. properties affected, 
nature of effect, grants applied for and 
paid, case studies of impact etc. Using 
this also as an opportunity to explore 
data sharing with partners. 

LCC/Partners Completed and reported 
to Exec Board, DCLG and 
Ministerial Recovery 
Group on a regular basis 



4.4 
 

EB1: Thank staff, partners, local ward members, 
community representatives, volunteers and all 
those affected by the floods for their efforts in 
supporting the recovery operation; 

Ensure communications of thanks and 
appreciation to those working on the 
recovery operations 

LCC/Partners Completed 

4.5  Update and manage the alerts system 
to ensure timely warning information 
is shared with the right 
individuals/organisations. Also 
promote self-help access to 
information 

LCC Nigel Street Initial update of alert 
system completed. Self-
help access to be 
considered as part of 
ongoing business as usual 
for LCC. 

5. Prepare 
5.1 
 

EB11: Require the Director of City Development to 
make arrangements to undertake a statutory 
Section 19 investigation into the causes and 
impacts of the Storm Eva flooding event. 

Complete the Section 19 assessment 
of the recent flooding events 

LCC  FRM/ 
Environment 
Agency 

Draft report concluded, 
with full report due to be 
reported to Executive 
Board by the end of 2016 

5.2  Ensure immediate capacity for on call 
key services and consider undertaking 
a review of on call processes, increase 
in the short term. 

LCC Neil 
Evans/Partners 

Recommendation 
included as part of lessons 
learned and review 
completed of existing 
processes with services to 
consider improvements 

5.3 
 

EB13: Require the Assistant Chief Executive 
(Citizens and Communities) to undertake a lessons 
learned exercise and provide a formal report on 
this to the Council’s Corporate Governance and 
Audit Committee. 
EB14: Require the Assistant Chief Executive 
(Citizens and Communities) to ensure experiences 
and impacts in Leeds are fed into the national 
review of flooding. 

Draw up lessons learned related to 2/3 
key risks to feed future plans and to 
test the Severe Weather Plan: 

- City resilience 
- Council resilience 

LCC / Partners Completed and findings 
and recommendations 
reported as part of June 
Exec Board report  

5.4  Consider and evaluate future 
resilience needs (i.e. a cross-council 
Incident Management System that all 
responding council services can 
access/issue, receive and monitor 

LCC Nigel Street / 
Partners / WY 
Police 

Under consideration as 
part of ongoing 
preparedness and 
resilience work 



progress with tasks) 
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Annex 2: Leeds City Council Storm Eva Lessons Learned Recommendations Progress – October 2016 
 
No. Recommendation Owner Progress 

A. Flood prevention and preparation for emergencies 

1. That work should be undertaken to map the key 
infrastructure in the city, utilising data from partner 
organisations where possible. 

Director of City 
Development 

Being taken forward as part of the 
Leeds Flood Resilience Board 
framework 

2. That consideration is given to how community resilience 
can be increased by building local flood groups, drawing 
best practice from existing groups such as Garforth. 

Director of City 
Development / Assistant 
Chief Executive (Citizens 
& Communities) 

Being taken forward as part of the 
Leeds Flood Resilience Board 
framework 

3. That the emergency handbook be revised, including the 
production of a ‘quick guide’, and testing to take place 
working with key stakeholders. 

Director of Strategy and 
Resources 

Revised version almost 
completed and in test phase. 
Work to support a digital version 
also in test phase. 

4. That out of hours arrangements be reviewed, including 
those for the Christmas closedown, with consideration 
given to more flexible arrangements for out of hours 
resourcing such as voluntary call lists. 

Director of City 
Development / Director of 
Strategy and Resources 

Review work being completed 
and recommendations made 

B. Procedures for dealing with flooding incidents 

5. That those teams with On Call arrangements reflect on 
their experience from Storm Eva and any improvements 
that can be made to existing procedures. 

All Directors with on call 
services 

Review work completed and 
recommendations being taken 
forward by Chief Officers 

6. That the responsibilities between Flood Risk Management Director of City Responsibilities discussed and 
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and Resilience and Emergencies Team in relation to flood 
incidents be agreed and clearly communicated. 

Development / Director of 
Strategy and Resources 

further work being progressed on 
gaps identified 

7. That lessons learned from Storm Eva regarding the single 
point of contact with the Council be taken into ongoing 
improvements to the Contact Centre and related services. 

Assistant Chief Executive 
(Citizens & Communities) 

Changes made and further 
discussions as part of service 
review 

C. Key provisions and resources 

8. That the sandbag policy be reviewed to provide greater 
clarity to all on when the council will provide sandbags. 

Director of City 
Development 

Policy reviewed and update 
drafted, due shortly to be 
consulted on prior to 
implementation 

9. That guidance be produced on the circumstance in which 
sandbags are effective and on other measures that can be 
taken to protect properties safely. 

Director of City 
Development 

Guidance being rolled out and 
links available on council website 

D. Public Awareness, engagement and communications 

10. That the communications team consider how social media 
communication can be better coordinated during an 
emergency event. 

Director of Strategy and 
Resources 

Revisiting of the communications 
policy undertaken and 
opportunities to use technology 
being taken forward by the 
sustainable development lab 

11. That alternative communication channels arrangements for 
during an emergency incident be established, building on 
best practice examples. 

Director of Strategy and 
Resources 

WhatsApp communications group 
established as alternative channel 

12. That work takes place to look into what a strategic 
coordination approach to volunteering during a flooding 

Assistant Chief Executive 
(Citizens & Communities) 

Being taken forward as part of the 
Leeds Flood Resilience Board 
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response would look like, involving partners from the third 
sector and community flood groups. 

framework 

13. That a pro forma be developed to assist in the production 
of internal communication updates during an emergency 
response. 

Director of Strategy and 
Resources 

Pro forma produced and agreed 

E.  Partnership working and cooperation 

14. That further consideration be given to the collection, 
collation and use of data and intelligence from the council 
and partners to assist in flood response and recovery. 

Director of City 
Development / Director of 
Strategy and Resources 

Being taken forward as part of the 
Leeds Flood Resilience Board 
framework and also internally with 
options on data collation for 
emergencies under discussion 
with relevant teams 

15. That lessons learned from the multiagency West Yorkshire 
Resilience Forum debrief be used to improve the 
cooperation between partners in future emergencies. 

Director of Strategy and 
Resources 

Completed and improvements 
being taken forward by WYRF as 
part of ongoing developments  

16. That feedback be provided to central government 
departments on the onerous nature of reporting required of 
local authorities during the response and recovery phases 
of Storm Eva, and the inadequacy of their guidelines in 
relation to a major urban area such as Leeds. 

Chief Executive Feedback to various lessons 
learned exercises and directly to 
Government departments 
completed 
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Annex 3: Case studies of Flood Affected Businesses receiving 
significant Council Assistance 
  

The following case studies are just two examples of a number where Leeds 
City Council has offered significant assistance to a business following the 
impact of Storm Eva flooding. The company names & specific locations 
have been removed from the report to reflect the sensitive nature of the 
information. 

1 Company A 

1.1 Background 

1.2 Major high tech manufacturer based in Leeds operating from four industrial 
/office units located in the Storm Eva flood affected areas. 

1.3 On the 26th December 2015, three of the four units were flooded. The 
business lost two months of production and significant damage was incurred 
through the loss of essential production machinery, work in progress and 
business stock. The business was insured for flood damage and a multi- 
million pound claim was submitted by the company to their insurers to 
compensate for the loss of equipment, stock and business interruption.  

1.4 The company faces a 460% increase in insurance premiums at their current 
Leeds sites and a significant excess for flood related damage for any future 
claims. The company is a large business (in excess of 250 employees) and 
owned by outside shareholders. Local management are under significant 
pressure from shareholders to relocate the business out of Leeds to a site 
away from the flood plain. Flood insurance cover was obtained on a 
temporary basis while relocation options were considered. 

1.5 The company approached the Council in January 2016 to help with 
relocation. The brief was to find a site which met Company A’s requirements 
and enable relocation to take place within the next 12 months. 

1.6 The Council Response 

1.7 The Council’s Economic Development Service allocated a senior officer to 
manage the council’s interactions with the business as part of the Key 
Account Management (KAM) programme. The Council identified a number of 
potential sites – three in Leeds and one in the wider city region.  

1.8 Two of the sites in Leeds were private sector owned land which would 
require a developer to come forward swiftly with a new development meeting 
the requirements of Company A. The Council intervened on behalf of 
Company A to encourage the developers to come forward with potential 
development options. The Council brokered an introduction to a 
neighbouring authority to enable Company A to consider the site outside of 
the Leeds District. Company A also pursued a fourth option, a vacant 
leasehold site which had recently come on to the market. 
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1.9 Throughout the last nine months the Council ‘s Economic Development 
Service has worked proactively supporting Company A – identifying possible 
relocation sites, advocating on behalf of Company A with local developers, 
advocating internally in the Council with regulatory services such as 
Planning and Environment. The Council has also worked with Company A 
on a six figure financial assistance package funded through the Local 
Enterprise Partnership and is considering providing business rate relief to 
secure this investment in Leeds.  

1.10 Company A has identified a relocation option in Leeds which meets its 
requirements. Support provided by the Council has safeguarded over 200 
good quality jobs in Leeds and helped to secure a multi-million investment 
which brings a vacant 50,000 sq ft industrial unit on the Leeds flood plain 
back into use.   

2. Company B      

2.1 Background 

2.2 Small online distribution business operating in Leeds based in the Storm Eva 
affected areas. On the 26th December 2015 Company B’s premises were 
flooded up to a depth of 4ft. The business incurred a significant loss of stock 
and damage to equipment. The business was under insured and suffered a 
large uninsured loss.    

2.3 Company B was up & running within a week of the flood but severe 
reputational damage was incurred due to the impact on deliveries, 
particularly to a key customer (one of the UK’s leading supermarkets). 

2.4 Company B is unable to obtain Flood insurance at their current premises. 
The business is unable to put in place robust recovery plans at its current 
location and is therefore seeking to relocate to new premises.     

2.5 Company B approached the Council in January 2016 for financial 
assistance. 

2.6  The Council Response 

2.7 The Council’s Economic Development Service provided a £2,500 recovery 
grant to help with clean-up costs and 100% rates relief was provided for an 
initial three months. The Economic Development Service followed up with a 
resilience grant of £5,000 to help the business install a new racking system 
which was above the Storm Eva flood levels. The Council helped the 
business to apply for a total of £99,000 from the LEP Flood grant to help the 
business relocate to new premises in Leeds within 3 miles of its current 
premises. 

2.8 The Council is currently considering a request for rates relief to help the 
business with a significant increase in overheads associated with the new 
premises. 
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2.9 Support provided by the Council has enabled Company B to continue to 
trade, safeguarding 28 jobs, and the Council’s support has been critical in 
enabling the business to relocate to secure its long term future. The 
business has ambitious plans to grow with the potential of up to 30 new jobs 
to be created over the next three years.          
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