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The lessons of the UK 2007 summer floods together with the legislation contained in the Flood &
Water Management Act have highlighted the control and management of urban pluvial flooding as a
priority objective for a variety of stakeholders in the water industry. Of particular concern to the lead
responsible authorities is the identification and quantification of “critical drainage areas” together
with their potential mitigating measures. In addition, the Pitt review recommendations and the
regulations of the Act specify that sustainable drainage systems (SUDS) should comprise the primary
mitigating drainage controls and that the decision-making process should fully involve public
engagement. In response to these influencing drivers, there has been an increasing interest in the
development and application of combined 1D/2D modelling to identify and quantify surface water
flooding associated with extreme storm event overland flows. A number of coupled modelling
approaches have emerged such as TUFLOW to identify such exceedance flows although many, such
as the EA surface water maps have been based on airborne LiDAR with restricted vertical and spatial
resolution and also have lacked detailed consideration of contributing sources such as “permeable”
areas in the generation of overland flows. In addition, none of these models have included a
capability to also select and locate appropriate SUDS measures within the prescribed flood areas and
have also been largely developed as technical engineering tools with little recognition of their public
engagement or “awareness-raising” capabilities.
A coupled 1D/2D (STORM or InfoWorks/FloodArea) surface water modelling approach has been
developed (within the context of the EU SWITCH 6th Framework Programme) to identify and
quantify exceedance overland flooding (distribution, depths, flow paths, velocities), based on a GIS
platform utilising a 0.5 metre raster grid cell and high resolution (±2cm) mobile ground LiDAR
undertaken by Arup as a partner in the SWITCH project for detailed micro-topographical DEM
mapping. The coupled model utilises a more extensive landuse coverage than previous approaches
and also considers the contributions of wetted open space and “permeable” areas to urban overland
flows during extreme storm conditions. The 2D FloodArea surface water model utilises the “rollerball” procedure to determine flow paths and depths across the LiDAR surveyed microtopography.
This coupled GIS model has been further integrated into a multi-criteria analysis (MCA) procedure to
develop a tool (SUDSLOC) for selecting appropriate SUDS mitigating controls and locating them
optimally within the identified critical drainage area. The MCA is related to six influencing criteria
(including flooding, water quality, ecology etc), with benchmarked indicators used to derive a
preferred rating and scoring matrix for each SUDS type. The Decision Support system has been
developed using the Visual Studio.net 2003® development environment with the support of ESRI®
Arcgis library 9.1® . It is composed of two main interfaces which are viewed simultaneously: the GIS
interface and the user-interface.
The GIS interface consists of a screen where different shapefiles and raster layers can be viewed. The
GIS interface utilises current map tools (e.g. zoom, pan, refresh, up and down layer, add and remove
layer) to enable users to interact with the map. The user-friendly interface is a multiple-page dialog
box enabling users to access a catalogue of information, performance, maintenance and cost databases
as well as pictures relating to 15 different stormwater SUDS types. The topographic layer of Master
Map® data together with GLUD source maps have provided information on urban landuse types.
Further refinement to discriminate between specific land use areas e.g. car parks, “other”
impermeable hard standing areas, open spaces, derelict land, pavements and verges has been achieved
using images obtained from Google Earth 2007 and by referring to data obtained from ©2008

Infoterra Ltd & Bluesky. Soil data were obtained from the relevant Ordnance Survey of Great
Britain geological map and from the SOILSCAPETM Website. The current existence of flat roofs
presented the most problematic aspect, and initial allocations were achieved by analysing remote
sensing data available within Google Earth and later verified and calibrated by ground survey.
Detailed groundwater data has been obtained from Birmingham University who are also partners in
the SWITCH project.
The structure of the combined modelling approach is shown in Figure 1. The user-friendly nature of
the matrix structure and mapped output provides an adaptable means of engaging public awareness
and discussion. Further modules in the SUDSLOC tool are available to assess flood damage costs and
the water quality performance of the SUDS devices. The integrated GIS-based approach has
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been tested within the 170ha Eastside urban regeneration area of Birmingham based on a 4.5 ha
section of the Eastside catchment and which explores its value as both a planning and communication
tool in preliminary flood risk assessment.
Figure 2 shows the micro-topography derived from the
high resolution LiDAR survey and the value of having such detailed impervious surface elevations
and sidewards-looking survey is clearly illustrated with access pathways, basement entries and belowground warehouse loading bays etc., being clearly defined.
Rainfall data from an extreme event which occurred on the 13 -14 June 2007 have been used with the
STORM model to derive surface water flows within the 4.5 ha section of the development area shown
in Figure 2. This >1: 80 storm event generated a total of 35 mm over a 10 hour period with a
maximum intensity of 0.6 mm/min and caused widespread pluvial flooding in the area from a

combination of sewer surcharging, overland flow and groundwater flooding. The nodal surface water
pipe (PIPE12) shown in Figure 2 receives the flows from three upstream sewered sub-catchments; it is
Figure 2. LiDAR topographic image for a 4.5 ha section of the Birmingham Eastside
development area
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these three minor branch sewers which comprise the 4.5 ha experimental catchment, that have been
used in the preliminary testing of the model. The simulation outcome predicted by the STORM
model for the PIPE12 nodal link to the three sewered sub-catchments for the experimental 4.5 ha
Eastside development is shown in the left hand diagram to Figure 3. The hydraulic capacity of this
160mm separately sewered pipe system is exceeded by flows greater than 0.2 m3/s and thus
surcharged overflows from the PIPE12 manhole occurred frequently during this extreme event as seen
Figure 3. Predicted Flow Distribution and Exceedance Overflows

from the left hand diagram in Figure 3. The rapid response and exceedance overflow of such small
diameter surface water drainage systems during extreme events, as illustrated in the surface water
flood map in the centre of Figure 3, is now recognised as being a major issue for urban pluvial
flooding.
The problem can only be successfully resolved by the introduction of management
strategies which actively utilise source controls, as illustrated by the right hand diagram in Figure 3.
The developed SWITCH SUDSLOC tool allows the user to identify and add a particular type of
SUDS to a GIS-based urban landuse distribution. The tool interacts through the mouse cursor symbol
(shown by a parachute symbol in Figure 4), to select an appropriate SUDS locations. As the cursor
moves across the screen, the cursor image changes automatically in relation to whether the site area is
suitable or not for the particular SUDS being considered. Locations within the Eastside experimental
subcatchment where the SUDSLOC tool considers that both green roofs and porous paving are

Figure 4. Snapshot of the three BMP site selection tools (A: Potential Areas tool, B: Site-by- Site
tool and C: ADD BMP tool).

possible drainage solutions, cover some 40% (1.8 ha) and 30% (1.35 ha) of the total 4.5 ha surface
area respectively. The STORM model was then re-run with these SUDS types in place with the
simulation outcome shown in the right hand diagram of Figure 4. The sewer overflow times remain
much the same as previously predicted, but the severity and incidence of surcharging is reduced with
a 32% reduction in total flow volume being achieved. It is also clear that a considerable ‘damping
down’ of the flow variability in response to the rainfall fluctuations is predicted with the SUDS
controls installed.
It is clear that GIS-based platforms utilising coupled 1D/2D modelling approaches can help identify
critical drainage areas and identify pluvial flood risks resulting from complex urban surface-sewer
interactions as well as supporting stakeholder evaluation of the performance effectiveness of differing
SUDS controls. Such modelling tools can facilitate the design, selection and location of SUDS source
controls to make “space for flood water” and to ensure minimum adverse effects on proposed as well
as existing development.
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