




















FRMRC | addressed eight Research Priority Areas (RPA) identified as being of key importance
by end-users and stakeholders at the workshops organised by EPSRC during 2002:

1. Project management (integration of RPAs)

2. Land use management

3. Real time flood forecasting; including work on the potential of dual polarisation
radar and distributed, semi-distributed and Transfer Function modelling.

4. Infrastructure management

5. Whole systems modelling: including work on 2D flood inundation modelling and
benchmarking models such as Lisflood.

6. Urban flood management: Explicit modelling of water exchange between
surcharged flow in a piped system and the surface flow on the streets during a
flood, when these two systems form a multiple-looped network involving a
complex interaction of flows.

7. Application of advanced GIS-based analytic tools to predict flood flow paths by
effective utilization of digital terrain models, detailed surface cover (land-use)
images, spatially and temporally variable rainfall, and other data. Stakeholder and
policy

8. Geomorphology, sediments and habitats

9. Risk and uncertainty

A 2nd phase of the programme (FRMRC Il) is currently funded from 1 October 2007 until 31
December 2011. A particular feature of the 2nd phase is the concerted effort to focus on
coastal and urban flooding. In addition, the Consortium continues to provide internationally
leading research in the area of Land Use Management in the context of the generation of
floods during extreme rainfall.

7. General overview of requirements for flood related data

Generation of floods in upstream areas is generally under-represented in flood data and
analysis. For low flows, the role of source areas largely dominates the hydrograph, even
downstream, with residence times of weeks. The main impact on floods is through
establishing antecedent conditions. In the floods themselves, the timing of source area
response is of secondary importance, but the quality of runoff is absolutely vital, and,
because source area response is highly non-linear, depends critically on those antecedent
conditions.

Rainfall patterns, accurate in space, time and intensity are an important key to rain storm
generated floods, and, to a lesser extent for snowmelt floods (rain on snow), along with
temperature. Snowmelt is more of an issue in areas of low or moderate relief, where all the
snow melts together, than in more mountainous areas, where there is enough altitudinal
banding of temperature to spread out the snowmelt. In Scotland there is a particular need
for more recent daily precipitation data since a significant number of the Scottish records at
the BADC / MIDAS end during the last decade. Downstream, more depends upon flood-
wave dynamics.



Travel of rain storms and flood peaks around larger catchments is again very dependent on
good rainfall data. Radar is particularly important in this respect, although in some remote
areas data from geostationary satellites may be important. Volunteer rainfall monitoring
can also be important to calibrate extreme events.

In well developed flood plains there has been a lot of work on inundation dynamics, but in
the piedmont areas, where flood plains are more variable in presence and / or width, the
dynamics are not so well established and may, along with reservoirs etc, have significant
impact on downstream events.

All of the above argues for maintaining detailed archives of flood events, holding data for
the entire catchment.

As far as coastal flooding is concerned it would be highly desirable to have lidar survey data
before and after storm events so that the best possible data for testing models of coastal
change and to assist in developing these models to allow better prediction of extreme storm
impacts in the future are available. Further, flood mapping of events would be useful,
especially if this can be linked to data on the speed of a flood.

One of the perennial problems is the provision of, and access to, accurate ocean data
pertaining to coastal flood locations. An improvement to the existing tide gauge and wave
buoy network would be very welcome.

8. Pluvial flooding

Flooding may arise in several different ways: (i) through the inability of natural water
courses to cope with excessive rainfall — fluvial flooding; (ii) through the inability of urban
drainage systems (UDS) to cope with excessive rainfall — sewer surcharging; and (iii) direct
runoff over land causing local flooding in areas not previously associated with natural or
manmade water courses — pluvial flooding. Often these types of flooding occur together as a
result of intense local rainfall for example the floods of June 2007 in Sheffield and
Tewkesbury.

Following the floods in 2000 a new EA strategy has been developed ‘Making space for
water’. This strategy articulated the need for a risk-based approach, improvements in spatial
planning and land use as well as the more traditional types of defence. There is a need to
act upon:

e Planning: inappropriate flood plain development.

e Integrated urban drainage: About 40% of flood damage was due to short duration
rainfall (1-6 hours), and 80% of recent floods were due to surface water drainage Design
criteria for urban drainage protection measures were based upon 1 in 10 year return
period events; for river flooding 1 in 100 year events; and for coastal defences 1 in 200
year events.




e Resilience and infrastructure: Critical national assets are at risk from flooding.

The resultant Government Report (the Pitt Review) stressed the need for better analysis and
forecasting of storms in and near urban areas.

To forecast where intense rainfall will ‘pond’ on the surface away from natural water
courses requires detailed knowledge of the ground surface and the urban morphology. The
Environment Agency (EA) airborne laser data set provides such information from which the
EA has produced a map of the envelope of surface water flooding, assuming no absorption
by the sewerage and drainage systems. The method excludes buildings, and uses a single
rainfall event of 6.5 hours duration and 0.5% probability (a 200 year return period rainfall
event), routing water over a grid of 5 km x 5 km cells using Manning’s equation.

This approach may be too limiting, and could lead to overstatement of the extent of
flooding. The map is more likely to be accurate for steeper areas where inundation is
influenced by topography rather than drainage and buildings. The map is likely to be less
accurate over large, flat areas. There will be locations susceptible to surface water flooding
outside of the ‘less’ susceptible areas of the map. The map is intended to help Local
Resilience Forums and Regional Resilience teams plan their emergency response to surface
water flooding. The data should only be used when supported with other information. It
provides therefore only a general indication of areas which may be more likely to suffer
from surface water flooding.

However, the Environment Agency is now working on fine tuning this type of map by using
improved models and by looking at the most appropriate basis for planning. The flooding
locations are being pre-computed for use with the real-time NWP rainfall forecasts. A
surface water inundation / spreading / drainage model directly coupled to real-time rainfall
(pseudo-ensemble) forecasts might provide a better approach than using the pre-calculated
maps, although this remains to be investigated.

9. Consideration of flood data sets being used by researchers worldwide

Scientists worldwide are seeking to further understand and forecast floods, and require very
similar data sets to those described earlier in this report. Major field programmes such as
COPS (The Convective and Orographically induced Precipitation Study) centred in Bavaria,
Germany and MAP (Mesoscale Alpine programme) centred in Switzerland have
complemented similar earlier research field programmes in the UK (CSIP — Convective Storm
Initiation Project) and in the USA (IHOP — International H20 Project focused upon improved
characterisation of the four dimensional distribution of water vapour and its application to
improving the understanding and prediction of convection). However these programmes do
not always focus on hydrological data gathering. Recent UK hydrological field programmes
include CHASM and LOWCAR. Major international hydrological model inter-comparisons
have been carried out in HEPEX, which concluded that the relative merits of both lumped
and distributed models depend upon the use to which they are being put.
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10.Summary of the data requirements

The FREE Data Management Plan lists the output from the Project. We conclude that in
many cases the research needs of many future projects can be met through the use of
existing data sets. The exceptions to this might include very specific data on specialized
physical processes e.g. the interaction of urban drainage and surface flows from heavy
rainfall; the interaction of extreme rainfall and overland flows; wind driven coastal sediment
movement; and the influence of changes in atmospheric boundary layer moisture on
extreme rainfall generation. Also there are parts of the world where hydrometeorological
processes remain poorly understood notably in remote regions of Africa, Asia, South
America and in the polar regions.

In section 6 very specific needs for future flood research were articulated. The main
priorities for UK research relate to data relevant to,

e data relating to the interaction of urban drainage and surface flows in cities;
e data relating to improvements in forecasting extreme short-period rainfalls;

e specification of antecedent conditions and high flows in the upper parts of
catchments; and

e observations of coastal morphology.
11. Proposals for the next steps

It is recommended that a proposal for an integrated research programme be developed
around the science associated with using the data articulated in section 10. The research
programme would be developed after consideration of the outputs of FREE, and further
consultation with the communities likely to be involved.
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