





Tidal

The astronomical peak on the 6™ 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).

Tidal graph: December 5th (18:00) - 6th (23:59) 2013 at
Southend
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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.

Observed event | Stress test Difference Modelled flood Difference
Location scenario between levels for the between
stress test & published EFO stress test and
observed (mAOD) EFO (mAOD)
Teddington 478 5.67 0.89 7.10 -1.43
Feb 2014
Thames 2.96 2.10 -0.86* 6.20 -4.10**
Barrier U/S Dec 2013 surge
Thames 4.50 5.40 0.90 6.20 -0.80
Barrier D/S Dec 2013 surge
Southend 4.10 4.50 0.40 4,95 -0.45
Dec 2013 surge

*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

Stress test: upper

Stress test: lower

Extreme Flood Outlines

prOJect|on projection
ReS|dent|aI 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 public®. 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

® 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-quidance-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

® 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>)
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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
(NaFRAZ2), 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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Barrier Type

Strengths

Weaknesses

Typical purchase
cost for 100m of 1m

trucks

high barrier '

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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