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Introduction
This paper demonstrates that catchment-wide surface water modelling can effectively be used
in high level applications. It also demonstrates that well designed surface water mapping
outputs can facilitate the spatial and qualitative understanding of flood risk and be used as
effective tools in flood risk management.

Summary of Methodology
The adopted catchment-wide 2D approach is based on a distributed hydrological model with a
large number of relatively small sub-catchments; these generate and discharge surface runoff
into a 2D terrain model of the catchment.
The method has been applied to 5-200km2 area catchments with distributed sub-catchments
having areas ranging between 0.1km2 to 0.5km2. It has been applied where there is good
quality terrain data with an accuracy of +/- 0.15m, however mostly within +/- 0.050m. The
grid density in the 2D terrain model has been set between 2m and 10m.
For each sub-catchment the FEH rainfall model has been applied to estimate the net rainfall
based on the sub-catchment permeability (using SPR HOST estimate), the storm duration
(base case assumed as 1hr) and the degree of urbanisation (URBEXT estimate).
Two scenarios have been investigated. With the Existing Situation scenario, the capacities of
the pipe network systems have been broadly taken into account by reducing the net rainfall by
a constant value (assumed as a base case 6mm/0.5hr by testing the model against the July
2007 storm event – see below). For the Do Nothing scenario, it has been assumed that all pipe
network systems and gullies are blocked or have failed (no reduction to the net rainfall).

Model Testing
The model has been tested in a number of studies and in particular on the Ravensbourne
Catchment. The catchment is located in south-east London, it has an area of 184km2 and the
lower part is clay geology and highly urbanised. The upper part is permeable chalk and it is
mainly rural. The catchment has a downstream tidal boundary at the confluence of the River
Ravensbourne and the River Thames at Deptford.
The model has been tested against
Tidal boundary
the July 2007 short intense rainfall,
to verify flooding locations and
where possible flood depths. The
model confirmed flooding at five
locations however it was only
possible to test against flooded
depths at one location (Hither
Green). The measured flood depths
were around 1.3m which coincided
with the modelled flood depths,
when assuming a constant rainfall
intensity of 6mm/0.5hr that is lost
in the pipe network systems.
Previous hydrological studies for
urban catchments in the Thames
Region by the Environment Agency adopted 3mm/0.5hr (as opposed to 6mm/0.5hr) for longer
storm duration events.
The model has also been tested against 20 years of historic records of flooded properties, from
all sources in the Ravensbourne catchment. The figure above indicates that from the 1400
records of flooding, 56% fall within the 1% average probability Surface Water flood extent
estimates.
It is concluded that the model has captured a substantial proportion of surface water flooding
and has identified the areas at high risk from short intense storms. The areas at high risk can
then be investigated in more detail locally, with methods that take full account of the pipe
network systems. The following estimates could then be reviewed and improved
a) Soil permeability and geology
b) Level of urbanisation
c) Performance of the pipe network system and downstream conditions (surcharge or free
flow)
d) Terrain levels
e) Catchment extents
f) Other storm durations (as opposed to only 1hr) and potential interactions with the fluvial
and tidal sources of flooding (IUD studies)

Improved Mapping Techniques
Well designed surface water mapping outputs can facilitate the spatial and qualitative
understanding of flood risk. A number of examples are shown below:

Flood Frequency Map
This figure identifies the flood extents of the different return periods analysed. It shows zones
which will be flooded to any depth or hazard. Each zone shows the likelihood of the area
flooding. This is the same principle as traditional flood extent maps, such as the Environment
Agency Flood Zones.

Flood Depth and Velocity Map
This figure represents the velocities and depths that indicate flood hazard at each location for a
single return period (the maximum depth and velocity during the specific storm event).

Critical Flood Depth Map
This figure identifies the likelihood of a critical flood depth of a being exceeded. For this
study the critical depth has
been defined as 0.3m above
ground, which is dangerous
for the public and vehicles.

Critical Flood Hazard Map
This figure identifies likelihood of a critical Flood Hazard being exceeded. For this study the
critical flood hazard is 1.5. A
flood hazard of 1.5 represents
approximately the lower limit
of the ‘danger for most’ orange zone.

Critical Flood Duration Map
This figure identified the likelihood (or frequency) that a critical flood duration will be
exceeded. For this study the critical flood duration has been defined as areas that will be
flooded for greater than two
hours.

Effects of Climate Change Map
This figure identifies the effect of climate change over the next 100 years. It shows where the
likelihood (or frequency) of exceeding the critical hazard of 1.5 will change as a result of
climate change. For this study
climate change has been
modelled by increasing rainfall
by 20%.

Effects of Infrastructure Failure Map
This figure identifies the effect of blockages and infrastructure failure (Do Nothing scenario
when compared to the Existing Situation base case). It shows the change in likelihood
(frequency) of an area exceeding the critical flood hazard of 1.5. This type of map could be
used to present the justification and prioritisation of maintenance programmes.

Applications
There are a number of high level plans that could use the type of maps illustrated above and
for any source of flooding (as opposed to only surface water flooding).
Each of the map types explored here use deterministic flood modelling. All have the potential
to be applied to probabilistic modelling when the tools are fully developed.
An outline Surface Water Management Plan could benefit from this approach and mapping as
it will enable to identify surface water flood risk areas and in particular Critical Drainage
Areas for short intense storms. One method is to identify the number of properties at risk
within the 1 in 5, 1 in 20 and 1 in 100 year flood extents from the Flood Frequency Map. As
this method does not however take account of the potential hazard/flood damages, a better
approach would be to identify the number of properties where the flood hazard is higher than
1.5 (within the ‘danger for most and for all’ zones) for different return period events from the
Flood Frequency Critical Hazard Map. A Critical Drainage Area for short high intense storms
could then be defined as the area where the number of properties within the 1 in 100 year
Critical Hazard Map is above a certain threshold. Other potential existing and future uses are
summarised in the table below.

Strategic Level Plans

Flood
Frequency
Map

Flood Depth and
Velocity Map

Critical
Hazard
Map

Potentially useful

Not relevant

Spatial Planning
Planning Policies
Asset Management Plan
Asset Investment
Strategy
Surface Water
Management Plan
Water Cycle Strategy
Catchment Strategy (for
all sources)
Flood Awareness Plan
Flood Forecasting &
Warning Plan
Emergency Response
Plan
Disaster Recovery Plan
Key:

Very useful

Critical
Depth Map

Critical
Duration
Map

Effect of
Climate
Change Map

Effect of Drainage
Infrastructure Failure
Map

