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We publish a version of the National Risk Assessment, which is a confidential 
document, as the National Risk Register7.  

The 2014 National Risk Assessment considered two flooding risks: coastal flooding 
and inland flooding, summaries of which can be found in the 2015 National Risk 
Register. The inland flooding risk focused almost exclusively on the risk of fluvial 
(river) flooding, with some potential combined or additional impacts from surface 
water flooding. In the course of reviewing these risks for the 2016 NRA, new 
modelling has confirmed the potentially severe consequences of surface water 
flooding and the different distribution of risk across the country for fluvial and surface 
water floods, with surface water flooding being a particular risk in large urban areas.  

The 2016 National Risk Assessment will therefore include separate fluvial and 
surface water flood risks in place of a single ‘inland flood’ risk. This recognises the 
different characteristics of surface water flooding and river flooding, which will allow a 
more targeted approach to planning for and managing the risk of surface water 
flooding at both the national and local level. 

In addition, the Department for Communities and Local Government, working with the 
Department for Environment, Food and Rural Affairs, the Environment Agency and 
key stakeholders will be carrying out a review of planning legislation, government 
planning policy and local planning policies concerning sustainable drainage in 
relation to the development of land in England, as set out in the Housing and 
Planning Act 2016. This review will make a constructive contribution to the work of 
the Adaptation Sub-Committee of the Committee on Climate Change and inform their 
2017 progress update on the National Adaptation Plan.  

4.7 Long term (post-2021) strategy 
The Government has prioritised investment in maintaining and improving flood 
defences in England over this parliament with a record level six-year commitment to 
1,500 schemes. This is set to drive down total risk by 5%, better protecting 300,000 
homes and providing £30 billion in economic benefits by 2021.  On top of this Budget 
2016 included an additional boost to spending on flood defence and resilience of 
over £700 million up to 2021. Funding from this uplift has already been committed to 
provide additional support for schemes in areas of high risk that were affected by the 
winter floods and an increase in spending on maintaining defences.  

With the evidence of this review in hand, the Department for Environment, Food and 
Rural Affairs (Defra) will now turn its attention to investment after 2021 and the 
Government’s role in supporting the resilience of communities and the wider 

                                            

 
7 https://www.gov.uk/government/publications/national-risk-register-of-civil-emergencies 
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minutes.  This is the same space and time sampling that is used operationally 
in the Flood Forecasting Centre to produce flood warnings, and the 
consistency of approach provides additional confidence in the methods we 
have used to stress test the Environment Agency flood models.  

 

 

Figure 7: Example of monthly rainfall accumulations from Met Office’s 1.5km resolution model (UKV) 
for the ‘base case’ (left panel) and the plausible worst case scenario based on a 30% uplift (right 
panel) for the southern England case study for January 2014.  

 

We have also considered the potential for climate change over the review’s 10-year 
time horizon to contribute to record breaking rainfall, but have concluded that no 
further uplift needs adding.  

• With the exception of the Exe (see above), the scenarios have been based on 
very recent events, so that the potential impacts of past climate change have 
already been factored in, and the scenarios are consistent with current 
greenhouse gas concentrations. These events have also occurred in the 
current rain-rich/flood-rich period associated with long-period natural variations 
in UK climate (figure 1).  

• Natural weather and climate variability dominates the UK’s rainfall and 
flooding and will continue to do so for the review’s time horizon of the next 10 
years. The trend in rainfall due to climate change over this period is very small 
in comparison19 (figure 8 and figure 9), and contained within the proposed 
percentage uplifts in rainfall used to stress test the Extreme Flood Outlines.  
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Figure 8: Probability of exceeding the 95th percentile of the observed baseline distribution for 
England/Wales winter precipitation. The black and blue lines use the conditional 1-year cumulative 
PDFs, but for two different baseline periods that reflect multi-decadal variability in UK rainfall. The red 
line is an estimate of the fraction of realizations that exceed the 95th percentile of the observed 1961–
1990 distribution at each time point after adjustment to reflect the deficiencies in the amplitude of 
natural variability in the UKCP09 model data. Taken from Sexton and Harris (2015)19. 

 

Figure 9: Natural variability and climate change in UK rainfall. Projections for winter rainfall in 
response to historical forcings, followed by the A1B scenario from the UKCP09 regional model 
simulations. Grey shading and lines show percentiles of anomalies in the variables relative to 1961–
1990, calculated from 1-year mean probability distribution functions for every year between 1860 and 
2100. Coloured lines show three individual realisations of year-to-year variation. Thick black lines 
show observed annual global and England/Wales precipitation time series up to winter 2014/15. 
(Taken from Sexton and Harris (2015)19).  
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Longer term future climate change  

Current assessments of future climate risk are based on past climate records and on 
future climate projections derived from UK Climate Projections produced in 2009 
(UKCP09)16. UKCP09 provides an assessment of the likelihood of possible future UK 
long-term (30-year) averages based on large ensembles of climate simulations that 
explored various sources of uncertainty. The headline message based on these 
projections is for a trend towards ‘hotter, drier summers and milder, wetter winters’ by 
the end of the century.  

• High flows and flooding are expected to increase over the century because of 
increased rainfall, particularly in winter.  Increased sub-daily rainfall intensities 
would lead to more flash flooding.  

• In terms of sea level rise, with the warming we are already committed to over 
the next few decades, a further overall 11-16cm of sea level rise is likely by 
2030, relative to 1990, of which at least two-thirds will be due to the effects of 
climate change10. In terms of extreme sea levels and storm surge these will 
continue to be dominated by natural variability and with little evidence of any 
trends.    

• Recent events have emphasised that it will be the volatility of the UK’s 
weather at the regional and local level that will be critical for determining future 
climate risk. This will increasingly be a juxtaposition of natural variability and 
climate change. The next set of UK Climate Projections due to be published in 
2018 (UKCP18) is designed with this in mind and will deliver a more robust 
approach to assessing the impacts of climate change and in particular 
changes in the frequency and intensity of extreme rainfall and in storminess. 
This information is essential for assessing the UK’s future risk from flooding to 
underpin actions to mitigate that risk and make us more resilient and better 
prepared.  
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Annex 3 – Modelling for flood risk management 

Overview 

Flood risk modelling provides key evidence to understand risk and the potential 
impacts of flooding on people and communities.  Flood risk modelling allows us to 
raise awareness of risk in advance of flooding, and to plan for, forecast and warn of 
impending flooding.  Modelling is used to design new defences to reduce flood risk, 
prioritise spending on maintenance, and manage flood risk to future development. 

Models are a simplified representation of reality and are never perfectly accurate. 
They are limited by the data that we use to build them, and by the way that they 
represent reality.  But if we use them carefully, understanding the way that the 
uncertainties affect the decisions that we are making, then they can be extremely 
powerful and informative.   

Models may reflect risks from different sources of flooding – for example flooding 
from rivers, the sea, surface water or reservoir breach.  They may cover the whole of 
England, a catchment, or a single settlement.  The outputs from models are often 
used – separately or together – to develop datasets, such as flood maps, to make the 
information easier to understand and use.  

Our models 

The Environment Agency has many kinds of models for different purposes, with 
some overlaps in use.  They can however broadly be split into hydrological and 
hydraulic models. 

Hydrological models generally take rainfall or river flows, together with catchment 
information, as inputs, and can provide information on the resulting river flows 
downstream.  These models allow us to take account of the many factors that 
influence river flows, such as catchment size, land use, steepness, roughness and 
catchment saturation.  They help us to understand the complex non-linear 
relationship between rainfall and river flow and are often used to provide inputs to 
hydraulic models. 

Hydraulic models generally use river flows, and river and ground surface information 
(as well as information on flood defences and other structures such as bridges) as 
inputs, and enable us to assess the extent, depth and velocity of flooding that would 
result from a given flow.  The Environment Agency hold over 2000 local detailed 
models, covering nearly 70% of all properties at risk of flooding from rivers and sea; 
each of these models covers an area from a few kilometres of river to a catchment. 



72 

Scenario Used 

In discussion with the Met Office and the National Oceanography Centre (NOC) it 
was determined that a plausible stress test scenario would be for a storm surge 
similar to December 2013 to coincide with a recent Highest Astronomical Tide (HAT).  

 

Figure 15: Great Yarmouth case study – observed December 2013 flood extent and the Extreme 
Flood Outlines. 

The Environment Agency analysed the observed data from the December 2013 
event to separate the storm surge residual (the part of the tide resulting from 
meteorological factors including wind stress and atmospheric pressure) from the 
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astronomic tide at that time. This was then combined with the gauged record of the 
most recent HAT, in September 2015, ensuring that the surge residual was phased 
correctly against the HAT to maximise the peak total water level. The resulting total 
tide curve, which peaks at 3.58m, is shown in figure 16 below.  

 

Figure 16: Elements used to create the stress test tidal surge scenario. 

In order to assess the impact of this stress test coastal scenario, its peak level was 
compared to a set of detailed modelled ‘design scenarios’ generated from the 
detailed local model for the Great Yarmouth coast. The closest match was to a 
slightly more stringent scenario, with a peak tide level of 3.65m, which is 0.07m 
higher than that required for the stress test coastal scenario.  The modelled design 
tide curve has a more prolonged peak than the stress test scenario tide curve, with a 
higher preceding tide, causing higher water levels in the Yare prior to the peak. 

Consequently the results from using this slightly more stringent scenario in the case 
study provides a precautionary view of the impact of the stress test scenario.  

Results 

For the Great Yarmouth case study, the flood levels would increase by 0.26m, 
compared with the observed flood levels in December 2013, as shown in Table 7. 
The difference in flood extent between the December 2013 extent and the increased 
surge level in the case study is significant (figure 17). Due to increased overtopping 
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of defences it more than doubles the area of the flood extent, covering an additional 
2km2. 

 

Figure 17: Great Yarmouth case study – observed December 2013 flood extent and the modelled 
stress test scenario.  Note that some differences are due to seepage through defences in December 
2013, which is not modelled.  
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Table 7: Results for the Great Yarmouth study area. 

Gauging 
station 
location 

Dec 2013 
flood levels 
(mAOD) 

Scenario Flood 
Level: December 
2013 surge peak 
coinciding with 
HAT (mAOD) 

Difference 
between 
observed 
and extreme 
surge 
scenario (m) 

Modelled flood 
levels for the 
published 
Extreme Flood 
Outlines 
(mAOD) 

Difference 
between 
extreme surge 
scenario and 
Extreme Flood 
Outlines (m) 

Great 
Yarmouth 3.32 3.58 0.26 3.59 0.01 

 

Should a flood of this magnitude happen, it would mean an additional 1700 
properties would flood in the Great Yarmouth study area compared to the December 
2013 tidal surge, when 20 properties were flooded. 

The levels from this case study are very similar to those used in the Extreme Flood 
Outlines (figure 18). However, the Extreme Flood Outlines excludes the effect of 
flood defences, so more flood water can inundate the floodplain hence its extent is 
much greater as a result. 

Conclusions 

The stress test case study scenario would lead to a significantly larger flood extent 
than that seen in December 2013. The analysis shows that additional property 
flooding would also be likely. 

Although the stress test case study flood extent is much smaller than the EFO in 
total, there are areas adjacent to the seafront where the extent is slightly greater. The 
results show that a small number of additional properties (0 – 100) which are 
currently outside the existing EFO may potentially be affected by flooding. However, 
since the modelled scenario is slightly worse than the stress test scenario as 
originally defined, the impact on the ground is likely to be overestimated and should 
be seen as a conservative estimate.  

The predominant risk of flooding is due to the tidal surge propagating up the channel 
of the River Yare. There is currently a scheme to reduce the consequences of this 
effect underway to improve the flood defences through Great Yarmouth. 
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Figure 18: Great Yarmouth case study – modelled stress test scenario and the Extreme Flood 
Outlines. 
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Case Study 6:  Tidal Thames in London study area (Thames Estuary 
between Teddington and the Thames Barrier) 

 

 

 

Figure 19: The Thames Barrier, Thames Estuary. 

 

Introduction 

The flood risk to the tidal Thames floodplain is managed by a combination of walls, 
embankments and barriers, most notably the Thames Barrier (figure 19). The 
Thames Barrier and associated walls and embankments have been designed to 
contain, at a minimum, tidal water levels that have a 0.1% chance of occurring in any 
one year. This minimum standard of protection is currently estimated to continue up 
to 2070 even with considerations of projected sea level rise. The standard of 
protection now is considerably higher. 

The storm surge of 6th December 2013, combined with the astronomical tide, formed 
the highest tidal levels at Southend (4.1mAOD) since the construction of the Thames 
Barrier in 1982. This level has been exceeded six times since 1911, most notably in 
1953 when the tide reached 4.6mAOD. This is quite an outlier, with the second 
highest level being 4.24mAOD in 1949. 
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Downstream of Teddington there is also a risk of flooding from the fluvial flows in the 
Thames. During February 2014 the flow immediately upstream of Teddington 
reached 507 cumecs. This peak flow has been exceeded only seven times since 
1883, most notably in 1894 when the discharge was reported as 806 cumecs. 

Scenario Used 

The stress test scenario used was a combination of extreme fluvial flow and tidal 
peak based on ‘worse versions’ of recent extreme events, to test whether the current 
flood risk management system across the case study area (figure 20) would prevent 
flooding. 

The combination of extreme rainfall and tidal surge was agreed in discussion with the 
Met Office and the National Oceanographic Centre (NOC). The rainfall scenario 
would be based on winter 2013/14 records with a 30% uplift. This would be taken as 
coinciding with the storm surge that caused the December 2013 peak tide, 
superimposed on top of the highest recorded astronomical tide (HAT). 

Fluvial 

Firstly, the increase of flows due to extreme rainfall was derived using previous work 
undertaken for the Oxford case study. Using statistical methods the increased flows 
were seen to translate to a 27% average increase at Kingston which pushes the peak 
flow up to 644 cumecs which has a 2.86% chance of occurring in any one year. 

 

 

Figure 20:  Thames case study area.  
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Tidal 

The astronomical peak on the 6th December 2013 was 3.13mAOD at Southend. The 
storm surge raised the peak tidal level to 4.1mAOD (figure 21). If the same storm 
surge had occurred on the highest astronomical tide (3.52mAOD) the tidal level 
would have reached 4.5mAOD (approximately 1% chance of occurring in any one 
year at that location) (figure 22). 

 

Figure 21: Observed tide at Southend 5th to 6th December 2015. 

 

Figure 22: Combined tide and surge used for test scenario. 
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Hydraulics 

To model the flow and the tide in the estuary, the Thames tidal flood forecast model, 
(based on the Flood Modeller Pro software) was used with a steady state discharge 
of 644 cumecs and the tidal boundary of the 2013 residual surge transposed onto the 
highest astronomical tide. A barrier closure was modelled when the tide reached 
1mAOD after the first low tide at the Thames Barrier. 

Results 

Any tide above 3.7mAOD would most likely precipitate a Thames Barrier closure 
given an above average river discharge at Teddington. For this reason a closure was 
modelled and the resulting water levels can be seen in table 8.  

Table 8: Water level results comparison.  

 
Location 

Observed event Stress test 
scenario 

Difference 
between 
stress test & 
observed 

Modelled flood 
levels for the 
published EFO 
(mAOD) 

Difference 
between 
stress test and 
EFO (mAOD) 

Teddington 4.78 
Feb 2014 

5.67 0.89 7.10 -1.43 

Thames 
Barrier U/S 

2.96 
Dec 2013 surge 

2.10 -0.86* 6.20 -4.10** 

Thames 
Barrier D/S 

4.50 
Dec 2013 surge 

5.40 0.90 6.20 -0.80 

Southend 4.10 
Dec 2013 surge 

4.50 0.40 4.95 -0.45 

*The level is lower because of closure timing. It is desirable to re-open as soon as 
possible for river traffic. For this reason later closures are often used to ‘take the top 
of the tide’. For a combined high flow and tide the barrier would most likely be closed 
earlier. 

**The difference here is very large because the EFO excludes the effects of flood 
defences, such as the Thames Barrier. 

 

Under this scenario, there is no overtopping within the tidal Thames between 
Teddington and the Thames Barrier. However, there is likely to be some flooding 
upstream around the Teddington area, possibly with flows coming around the 
defences on the land side and flowing into the study area. The stress test flood 
extent is illustrated in figure 23. 
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Figure 23: Thames case study – modelled stress test scenario and the Extreme Flood Outlines. 

Conclusions 

For this stress test the water level at Southend reaches a level of 4.5mAOD and 
precipitates a routine Thames Barrier closure just after the low tide before the peak. 
Due to the high standard of protection provided by the Thames Barrier and 
associated defences there is no overtopping in the study area. Low lying areas would 
be inundated with between 66 and 521 properties at risk (table 9). To put this into 
perspective; there has been no flooding to the properties on this area since the 
Thames Barrier was operational. 

Table 9: An upper and lower estimate of properties flooding in this scenario. 

 Properties within 

 
Extreme Flood Outlines 

Stress test: upper 
projection  

Stress test: lower 
projection  

Residential 1,644 436 34 

Non-residential 179 85 32 

Total 1,823 521 66 

The area at flood risk under the stress test scenario would be well within the 
published Extreme Flood Outlines.  
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Annex 6 - Principles and advice to inform communicating 
about flood risk  
 

The Communication Sub-group of the Scientific Advisory Group has been involved 
during the National Flood Resilience Review in offering guidance on the 
communication of the science underlying the estimation of flood risk.  This document 
summarises some of the general advice it provided and its intended audience is 
groups that in the future may be involved in the communication of flood risk. 

Think carefully about the audience for any communication and do 
not address ‘the public’ as an undifferentiated aggregate of 
individuals 

Estimates of flood risk will be anticipated and received by different public 
constituencies with greater or lesser degrees of flood experience and specialist 
knowledge.  In any communication a decision should be made on which ‘public’ to 
prioritise as the target audience, whilst not losing sight of others who might be 
attentive to the findings. Communications should be comprehensible to an intelligent 
non-specialist. This requires a logical structure, clear articulation, arguments 
expressed without (or with clear explanations of) ‘in house’ language (specialist 
terminology, acronyms etc.), and with critical reflection on disciplinary norms and 
presumptions, for example about what constitutes valid evidence or how flood risks 
are interpreted and understood. 

Avoid implying that target audiences are ignorant and simply 
require ‘education’ 

In the past much communication has concentrated simply on information transfer and 
‘educating’ the public8. However, the most engaged publics are likely to be those 
individuals, businesses and communities that have experienced flooding first-hand 
and therefore have heightened concerns and knowledge about the management of 
flood risk. These ‘flood active’ publics tend to be highly aware, well informed, and 
motivated to help themselves and others ahead of, or in conjunction with, flood 
management agencies. ‘Flood active’ publics are particularly likely to want to know 

                                            

 
8 Often referred to as the ‘knowledge deficit’ model of communication, best practice today is to take a 
more sophisticated approach about knowledge interchange with different audiences 
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how any analysis and proposals improve or make a difference to the management of 
the flood risk with which they live.  

Make data public and collect as well as disseminate information 

Enable communities affected by flooding to themselves engage in exploring flood 
risks by making rainfall and flow gauge data publically available at an appropriate 
level of granularity.  Facilitate their becoming ‘citizen scientists’ and collecting data 
helpful to future flood risk estimation and planning, including both scientific data and 
experiential information. 

Provide an early explanation of the logic and structure of the 
central tenets and argument of any communication 

Offer a clear account of connections between rainfall, river flows, and floods (and 
tides, where relevant).  Provide information about the various sources that have been 
used, individually or in combination, in reaching conclusions. Diagrams and images 
(including photographic images) when used appropriately can assist in 
communicating these complex relationships more effectively.  Be clear about the 
different components of flood risk, for example the probability of an extreme weather 
event and the chance that it has damaging consequences.  Be explicit about whether 
flood risk estimates take into account existing flood defences.  

Don’t overclaim 

Be clear and precise about the scope of any flood risk estimate and the types of 
flooding that it does and does not cover (for example: river, coastal, surface water 
and groundwater).  Be aware that insurance contracts may use definitions of flooding 
that differ from common usage.  

It is also important to convey clearly and consistently that flood risk estimation, like 
any other forecasting exercise (e.g. weather forecasting), has to deal with 
uncertainties. These uncertainties are inherent to the exercise and not (necessarily) 
the product of deficient techniques. This is best communicated by consistently using 
appropriate verbs (e.g. estimate, forecast, simulate) to describe the scientific 
techniques used in the management of flood risk. This helps to focus minds on what 
makes flood risk estimates reliable as estimations rather than undermining their utility 
by a misplaced and misleading emphasis on their empirical precision. 
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Express estimations of the likelihood of events in intuitive, 
consistent and unambiguous ways 

The technical literature often uses highly specific quantitative measures such as one 
in a thousand year return rate. In the context in which they are used (assuming 
disciplinary norms), these are often appropriate; the specialist reader understands 
the underlying assumptions, for example that the probabilities will not change over 
time (stationarity), that they are based on a model incorporating our current 
understanding of the world (which may change), and that they apply to a single 
geographical location. Other readers will not necessarily make such assumptions; so 
model-based quantitative measures should be avoided or used with great care when 
seeking to communicate flood risk. 

It is often helpful to frame the likelihood of a flooding event over timescales that are 
relevant to particular audiences.  For example the probability of one in a hundred 
year flood occurring during the extent of a typical mortgage (30 years) is about one in 
four. 

Agree on appropriate terminology—choosing, for example, whether to use 
probability, chance, or likelihood. Explain (at the beginning) what this means and how 
it relates to different spatial and temporal scales. Once chosen, the terminology 
should be used consistently throughout. 

Events that are rare at any one location may still occur quite frequently somewhere in 
the country, depending on the degree to which they are spatially correlated.  Non-
technical audiences are frequently confused by, for example, ‘one in a thousand year 
floods’ occurring somewhere every few years.  It is particularly important if 
quantitative estimates are used to be very clear about their spatial context, and the 
aggregate likelihood of such events occurring over larger geographic areas.  

Make uncertainties and levels of confidence in the estimations 
transparent 

There are a great many uncertainties associated with component elements of flood 
risk estimation. These estimates typically rely on models, and uncertainties can arise 
due to (i) our inability to estimate all the inputs to the model, (ii) our choice of the 
particular structure of the model which may not be the most appropriate because of 
our limited knowledge of the system, and (iii) our failure to anticipate everything that 
might occur in the future.  Different types of model (for example meteorological, 
hydrological or economic) are affected to different degrees by the three types of 
uncertainty.  Be clear what uncertainties are and are not included in any risk 
estimates. 
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The likelihood of flooding is not purely a product of rainfall, river flows and 
geography. There are uncertainties about the likelihood that a rainfall event of a 
given magnitude will trigger flooding in any particular locality that relate to the 
influence of human–environment interactions on the impact of that rainfall (e.g. 
preparedness; the effectiveness of flood defences and management agencies etc.).  
The extent to which estimations take into account human–environment uncertainties 
should be made clear. 

Probability estimates may include precise statements (e.g. tossing a fair coin will 
come up heads half the time) or judgements (e.g. a statement about who is likely to 
win the next general election). Expressions of judgement are the only way to deal 
with some categories of uncertainty, and formal ways of summarising the judgements 
of groups of people with differing expertise are available. Both modelling and expert 
opinion can valuably be used to estimate flood risk, though it should always be made 
clear how estimates are obtained 

A valuable way to communicate estimates of events subject to multiple uncertainties 
is to use a ‘reserved vocabulary’ or a consistent set of terms.  An example of this 
approach is that taken by the Intergovernmental Panel on Climate Change (IPCC), 
which includes both numerical estimates and verbal interpretations of the degrees of 
uncertainties and levels of confidence that attach to different of its key statements 
(see Tables 1 and 2 below).   

Take particular care with terminologies that have a more vernacular 
use 

Many terms and concepts have both specialist and more vernacular uses and should 
therefore be used with caution. For example, the concept of a ‘realistic scenario’ has 
a specific meaning in the insurance and disaster risk avoidance communities but is 
likely to be interpreted differently by other groups. Use of the term ‘realistic’ might 
even alienate communities with experience of flood events by pitting first-hand 
realities against the abstractions necessary to any form of flood risk estimation. 
(There is nothing so real as wading through water up to the tops of your wellington 
boots.) In this case, ‘plausible’ might be a better choice. A further example is the term 
‘climate model’, which, after several decades of media attention, might be assumed 
automatically to have something to do with climate change.  

Any document seeking to communicate flood risk should be carefully proof read to 
identify such ambiguities. Where they exist, either different words should be chosen 
(and used consistently) or the meanings of the words in the context of the document 
should be clearly articulated. 
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Table 1: Likelihood scales used by IPPC Working Group  
 

Terminology9 Likelihood of occurrence/outcome 

Virtually certain > 99% probability of occurrence 

Extremely likely > 95% 

Very likely > 90% 

Likely  > 66% 

More likely than not > 50% 

About as likely as not 33 to 66% 

Unlikely < 33% 

Very unlikely  < 10% 

Extremely unlikely < 5% 

Exceptionally unlikely < 1% 

*Note: The ‘extremely likely,’ ‘more likely than not,’ and ‘extremely unlikely’ 
categories are not included in the IPCC guidance. See the simpler table at: 
https://www.ipcc.ch/pdf/supporting-material/uncertainty-guidance-note.pdf 

 

 

Table 2: Confidence scales used by IPPC Working Group 
 

 Degree of confidence in being correct 

Very high confidence At least 9 out of 10 chance of being correct 

High confidence About 8 out of 10 chance 

Medium confidence About 5 out of 10 chance 

Low confidence About 2 out of 10 chance 

Very low confidence Less than 1 out of 10 chance 

                                            

 
9 Source: Interacademy Council 2010, Climate Change Assessments: Review of the Processes and 
Procedures of the IPCC <https://www.ipcc.ch/pdf/IAC_report/IAC%20Report.pdf>) 

https://www.ipcc.ch/pdf/supporting-material/uncertainty-guidance-note.pdf
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Annex 7 - Advice on longer term improvements to 
modelling extreme flooding 
 

The Scientific Advisory Group confirmed that existing modelling approaches are 
robust, but it noted a number of areas where development would be beneficial to 
improve our understanding of flood risk. This annex summarises the advice provided 
by the Scientific Advisory Group on longer term improvements to modelling and 
associated developments. 

Develop a more integrated flood risk modelling approach  

Build on available tools and the work done for the review, by closer linking of global 
and regional weather models to hydrological and flood models, along with other 
relevant factors, to provide a more robust probabilistic assessment of potential 
impacts, as shown in figure 1.     

There are compelling scientific arguments for fully coupling the atmosphere-land-
ocean system to deliver robust evaluations of the risks from natural hazards.  Such 
an approach would allow flood risk management strategies to be tested under 
different scenarios.  By combining with the latest generation of climate models it 
would allow the simulation of a range of future scenarios and help to improve 
understanding of how flood risk may change in response to climate change.  This 
approach would need to work across the national, catchment, and local scales to 
ensure that a comprehensive picture of flood risk is created.  This work is an ideal 
opportunity for collaboration and shared learning across academic disciplines and 
between Government bodies and industry.  

A significant amount of work has been undertaken or is underway in these areas.  
Some aspects of the integrated approach are in place already for operational flood 
forecasting through the Flood Forecasting Centre, and greater alignment of flood 
forecasting and future flood risk assessment approaches would be optimal.  Before 
progressing this recommendation it would be necessary to refine the needs more 
fully.  It will also be important to ensure that this approach fits with, for example, early 
work by the Environment Agency to update the National Flood Risk Assessment 
(NaFRA2), and developments in coastal and estuarine modelling 
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Figure 1 - Schematic showing the key elements of an integrated flood risk approach.  

The arrows indicate status: implemented (solid green), partially implemented (dashed green) or 
currently experimental (dashed red). 

 

Undertake further work to assess the likelihood of extreme flood 
events happening anywhere in the country, as likelihood is 
generally only expressed at the local level   

Analysing information about rainfall, flows and floods will enable a better 
understanding of the national level of risk posed by flooding at a local and distributed 
level.  Whilst extreme floods are rare at individual locations there is a higher 
probability that they will happen somewhere in the country.  Understanding the 
confidence in these assessments is essential for them to be used as part of decision-
making. 

Use information from historic sources to extend flood records  
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This can have an impact on flood estimates but it is rarely used in the UK. Using data 
from historic sources, for example newspaper reports, photographs, and sedimentary 
records, will supplement the observed record of flooding.  Making greater use of this 
information would improve planning and management of extreme events in the 
future.  Collating, storing and accessing this information in a way which enables it to 
be accessed by a wider range of users will be a key consideration. 

Develop further the statistical methods to reduce uncertainties in 
flood estimation  

There is scope for improvement by combining the latest statistical methods with 
modelling approaches. There is a high degree of natural variability in the nature and 
frequency of flooding in the UK.  Methods should be developed to better understand 
this variability and how it may alter due to future climate change. 

Flood risk and the associated impacts should be reviewed on a 
regular basis, and a programme for undertaking this on a five year 
basis should be established   

This will enable the latest developments in scientific understanding (such as the 2018 
UK Climate Projections), newly-available techniques (including those developed in 
other sectors), and any changes in underlying trends, to be taken into account. This 
programme should also examine whether the necessary skills, IT capability, and data 
are available.
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Annex 8 - Temporary defences  

Illustrations of barrier types and summary of strengths, weakness 
and purchase costs of temporary barriers 

Example temporary barrier types 

 
Tube 

 
Filled container 

 
Frame barrier  

 
Flexible free-standing barrier 

 
Filled container 

 
Rigid free-standing barrier 
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Summary of strengths, weaknesses and costs of temporary barriers (capital 
costs of barrier only)  
Barrier Type Strengths Weaknesses Typical purchase 

cost for 100m of 1m 
high barrier10 

Tubes Quick and easy to deploy 
Reusable 
Require small storage 
space 

Very vulnerable to vandalism 
Can move under extreme load 
or when overtopped 
Need to source and dispose of 
water 
Need constant supervision 
once in place 

£30k 

Filled 
containers 

Relatively unskilled labour 
required 
Small storage space 
Height can be increased 
whilst in service 
Can adapt to uneven 
terrain 
Can use locally available 
fill material 
Low security requirement 

High pressure on bedding 
surface, especially when 
stacked 
Need to source and dispose of 
fill material 
Some can be re-used but only 
a limited number of times 

£4k - £35k 

Frame barriers  Adapt well to various 
terrain conditions (except 
hard surfaces). 
Easily cleaned and 
reusable. 
Minor repairs to 
membrane can be made 
under service conditions. 

Membrane is susceptible to 
strong winds (especially before 
flood peak). 
High bearing pressure on soil. 
Susceptible to leakage at low 
water levels. 
High transportation and 
storage requirement. 
Membrane susceptible to 
accidental tear damage. 

£12k - £50k 

Flexible free-
standing 
barriers 

Quick and easy to install 
(usually requiring only 
hand tools) 
No equipment or 
machinery required for 
installation 
Small storage space 
required 
Easily transportable in 
cars and small pick-up 

Susceptible to leakage at low 
water levels 
Skirt may twist or flap under 
heavy winds and current 
Susceptible to vandalism and 
accidental tear or puncture 
Membrane is susceptible to 
heavy winds (especially before 
flood peak) 

£19k - £35k 

                                            

 
10 Source: Environment Agency (2011) Evidence report SC080019 Temporary and Demountable 
Flood Protection Guide 
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Barrier Type Strengths Weaknesses Typical purchase 
cost for 100m of 1m 
high barrier10 

trucks 

Rigid free-
standing 
barriers 

Quick and easy to install. 
Most products do not 
require large equipment 
or machinery for 
installation 
Low mobilisation, 
demobilisation and clean-
up requirements 
Easily cleaned and 
reusable 

Significant seepage may occur 
under the barriers in uneven 
terrain due to their rigidity 
Some units require large 
storage areas 
Some units have high bearing 
pressure on bedding surface. 

£15k - £47k 
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Annex 9 - Temporary defences pilot 

General assessment of the applicability of temporary barriers to 
protect different types of local infrastructure 

 

 

Further information can be found in FloodProBE co-funded by the European 
Community Seventh Framework Programme for European Research and 
Technological Development (2009-2013)  
http://cordis.europa.eu/project/rcn/93521_en.html

Type of 
infrastructure 

Temporary barrier suitability 

Data centre Temporary barriers can be used if there is sufficient area around the building 
to build a barrier. Most of the communication centres will be located in urban 
areas. Therefore it will not be possible to use this method much of the time. 

Drinking water 
treatment works 

Temporary barriers can be placed around the plant to prevent flooding of the 
installations and the buildings.   

Waste water 
treatment works 

Temporary barriers can be used to prevent flooding of the installations and the 
buildings. 

Electricity Temporary barriers can be used. Surface substations have a large space 
demand.  The flexibility of electricity connections should be taken into account 
especially in cases when high flood levels are expected.  

Energy storage 
(tank farms) 

Permanent barriers are needed because of the high risk when one of the fuels 
would leak.  Because of this, temporary barriers are not an obvious choice. 

Hospitals Temporary barriers are not the preferred option because they close off the 
hospital and make it impossible for vehicles to enter or exit the premises.  It 
could be an option if the access is located on higher ground or to protect 
specific departments where access or encirclement is not a danger to patients 
or staff. 

Ambulance/fire 
stations 

Temporary barriers are not feasible if it would block access to vehicles.  They 
may be used to protect buildings and assist recovery. 

Airports Temporary barriers are a feasible option if the entire airport is enclosed. For 
example, in 2009 a $24million system has been implemented at the airport of 
Saint Paul (USA). It is 1km long and takes about 48 hours to install. 

http://cordis.europa.eu/project/rcn/93521_en.html

