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Introduction 
Since the unprecedented 2007 floods the different stakeholders of the water and 
environment have been encouraged to work more closely with one another so as to 
develop integrated solutions for flood alleviation in the urban environment.  For practitioners, 
and in particular hydraulic modellers, Surface Water Management Plans (SWMPs) have 
demanded greater breadth and technical skill to develop these solutions, and it is quite 
clear that there is a lot to learn and exciting times ahead.  Whilst arguably SWMPs should 
provide a more robust framework for managing not just floods, but the water and the 
environment as a whole (e.g. water quality), it also means that previous techniques, methods 
and systems of regulation are questioned.  Of course, of particular interest at the moment for 
SWMPs is the mapping of those areas that are at risk of flooding. 
 
In this paper, the authors intend to share some of the experiences they have recently had 
with strategic flood risk mapping and integrated modelling to demonstrate that the 
Environment Agency’s (EA’s) traditional flood risk mapping approach is not the whole story 
for the urban environment.  It will show that whilst this emerging paradigm shift towards 
managing the flooding mechanisms more holistically should be better, the use of future flood 
mapping is going to either require significant thought, or a major shakeup of how the water 
and environment is managed. 
 
Birmingham City’s Strategic Flood Risk Assessment 
Fairly recently the authors finished assisting Birmingham City Council (BCC) prepare their first 
level of the Strategic Flood Risk Assessment (SFRA) for the city.  In PPS25 these documents are 
described as tools for decision makers to ensure that land use planning is better integrated 
with the needs for making space for water, and so that buildings are built more resilient and 
resistant too.  While in many ways one could easily rebrand this tool as a strategic SWMP, the 
SFRA for the largest local authority in Europe has revealed not only areas where flooding has 
happened in the past which are outside of the EA’s Flood Map, but also perhaps where the 
management of floodwater has been going wrong for some time.   
 
In figure 1 the reported flooding locations of the respective sources (fluvial, surface water, 
sewer, groundwater, canal breach) for the Perry Bar district of Birmingham are shown along 
with a modelled Flood Zone map of the River Tame.  On first inspection it is immediately 
obvious that there are flooding locations outside of the Flood Zone map to the west by 
Handsworth Wood for example (sewer [yellow squares] and groundwater sources [pink 
squares]).  Although this is partly masked by the fact that the surrounding brooks (Hilltop 
Brook, Handsworth Brook, Perry Hill Brook) do not have corresponding Flood Zone maps, it 
does highlight that the Flood Zone map does not always reveal all areas that are at risk of 
flooding.  This is not to say that the Flood Zone map is not identifying areas at risk of flooding, 
as quite clearly the reported fluvial flooding locations (blue squares) south of Witton do tie up 
quite nicely with the mapping, but rather that the Flood Zone map only shows part of the 
story.  Looking to the south of this cluster of fluvial flooding locations (blue squares) one will 
see that there are sewer flooding locations both in and around the Flood Zone map too.  For 
practitioners undertaking flood risk assessments and developing flood alleviation schemes, 
this highlights that the flooding mechanisms are complex and the traditional approach of 
dissecting this environment into rivers and sewers may not really resolve the issues.  However, 
what this also means for those areas that are situated outside of the Flood Zone map is that 
the flood risk planning framework (PPS25 in this case) may not actually pick these up as areas 
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at risk of flooding.  For “Mrs Jones” this may mean that she may continue to be flooded by 
what practitioners would term “Surface Water Flooding”, but then again it is certainly 
encouraging to see that the EA’s first generation of national susceptibility to surface water 
flooding maps tie up quite well with recorded incidents within Perry Bar (Figure 2).  However, 
the question most practitioners are probably wondering, or should do now, is whether PPS25’s 
Flood Zone bandings should be extended to include these areas that caused so much 
devastation during 2007 regardless of whether it is greater than 1 ha, or has flooded in the 
past? 
 
The solution to this problem is quite easy on the face of it, “just create and use maps which 
do show all those areas at risk of flooding”.  However, if someone fresh to the industry was to 
scratch beneath the surface even they will quickly realise that the layers of institutional 
responsibility make it hard to facilitate despite that technically this is becoming a reality.  To 
the layman, this problem is also compounded by the fact that the EA’s Flood Zone maps are 
really known as the “Flood Maps”, and means that the true risk of flooding is not being 
conveyed to those which do really need to understand. 
 
Wood Brook Integrated Urban Drainage Model / Surface Water Management Plan 
The Wood Brook catchment is an area of Birmingham where the authors have been 
fortunate enough to have been able to develop a fully Integrated Urban Drainage (IUD) 
model in advance of bespoke hydraulic software such as the Integrated Catchment Model 
that MWHSoft are currently developing.  While the approach and debate about the tool’s 
(InfoWorks CS) appropriateness for representing the river environment are beyond the scope 
of this paper, the model is fully verified against actual flood surveys and calibrated against a 
short term flow survey, and is then robust enough for discussion on the various differences this 
model has with more traditional techniques (further details of this study area available on 
Wallingford Software’s user case studies).  Of course for this paper, the interest is what flood 
maps does this tool produce, and how one should go about doing this for a model that 
includes the many mechanisms of flooding without compromising the regulatory standards 
currently in place (e.g. mapping of sewer flooding).  Without any national guidance, fairly 
difficult if the truth be known.  However, appreciating that this may be one of the first 
attempts at such mapping, the method that has been used for the Wood Brook is outlined to 
not be the “holy grail”, but more as a first attempt at a new generation of flood mapping. 
 
Fully IUD Flood Mapping 
The very nature of the ever changing demands of the urban environment makes it a difficult 
beast to manage, and of course map in terms of risk of flooding.  The slightest shift of a kerb, 
the re-development of a building, or the construction of a fence are all elements that can 
influence the route and therefore the extent of flooding.  In the model developed of the 
Wood Brook all of these features were modelled as best as they could be to reflect that 
moment in time, along with the mechanisms that could generate flooding (below ground 
sewer network, brook and above ground flows that allow all of the systems to interact).  In 
terms of flood risk, the only source that was not explicitly modelled was the risk of pluvial 
flooding, or collection of flood water in sinks that are not connected to the systems already 
mentioned, as the model uses subcatchments to generate flow.  Although techniques for a 
top down approach are slowly becoming realised which the authors have experience of, 
this “un-modelled” flood risk is currently accounted for by overlaying the predicted flood 
levels of the model over a Digital Terrain Model (DTM) such as LiDAR, and exported as a 
“flood contour”.  When flood contours like this are exported from hydraulic software such as 
InfoWorks CS the true risk of flooding is thus shown.  The problem with this approach is what 
depth of flooding should be taken as the depth which would cause flooding rather than as 
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nuisance for exporting as a flood contour.  Like other mapping techniques, a map is needed 
that clearly conveys the risk so as not to be “too noisy”.  
 
For the Defra Upper Rea IUD pilot where several modelling platforms where used to 
understand the benefits and hurdles of IUD modelling, a depth 0.05m of flooding was taken 
as the depth where floodwater would cease to no longer be a nuisance.  This was partly 
because this is the minimum flood depth quoted in the flood risks to people guidance, and 
probably because the height of a dropped crossing is a good indicator (nominally 25mm 
plus footpath crossfall of 25mm).  Since then of course, this guidance has been revised to 
reconcile information provided in the ‘Flood Risks to People Methodology’ (FD2321/TR11) 
and the ‘Framework and Guidance for Assessing and Managing Flood Risk for New 
Development’ (FD2320/TR22) which highlights that while 0.05m is a depth at which the 
hazard starts, the hazard really begins after a depth of 0.1m (note: authors opinion).  That 
said a firm working within the insurance industry has quoted 0.025m, as the depth at which 
flood mitigation can have most benefit.  So really there isn’t one school of thought on this 
issue, nor a common consensus.  With this in mind, for the purposes of generating a surface 
water flood map for the Wood Brook, the authors adopted 0.1m as the depth at which 
floodwater would cause flooding, as this is also the depth that is likely to get over kerbs and 
flood properties.   
 
In Figure 3 the respective flood contours for the different 1% AEP (1 in 100 year event) storm 
types (both seasons and various durations) have been meshed together to provide a worst 
case flood map (note: flood contours have been plotted onto the filtered LiDAR DTM, as 
using the unfiltered would have included things like bushes etc).  For a small catchment 
within Birmingham, one initially sees the scale of the true flood risk, and the areas where there 
are very small extents of flooding.  Appreciating that this could be classed as nuisance 
(noise) a series of filters have been applied to remove areas of flooding that are of a certain 
size.  The following figures show the following filters: 

 Figure 4 – 1% AEP and a filter to show all flooding greater than 20m2; 
 Figure 5 – 1% AEP and a filter to show all flooding greater than 50m2; 
 Figure 6 – 1% AEP and a filter to show all flooding greater than 100m2. 

 
Inevitably while it is difficult to decide what level of flooding should be screened out, the 
authors feel that a filter of 50m2 removes majority of what could be classified as noise 
(roughly a 7m x 7m square).  Although these model runs and flood maps have not 
considered climate change scenarios, population changes, and the economic losses to 
people and environment, the numbers of properties at risk do make interesting reading 
(Table 1). 
 

Flood Map Properties at Risk 
1% AEP (Figure 3) 1063 
1% AEP >20m2 (Figure 4) 910 
1% AEP >50m2 (Figure 5) 804 
1% AEP >100m2 (Figure 6) 667 

Table 1 – Properties at flood risk in a 1% AEP event 
Note: numbers of properties have been calculated using OS Address point data meshed into the MasterMap 
buildings layer to remove duplicate Address points at a block of flats for example 
 
A summary of the fully IUD flood mapping method is provided below: 

 Simulate a full range of storm durations and seasons for the required return period 
event; 

 Plot model runs on filtered LiDAR DTM to export flood contours for the respective storm 
types simulated above; 
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 Mesh the respective flood contours together to produce a maximum flood extent for 
the required return period; 

 Remove all areas that are less than 50m2 by applying a filter so as to remove the 
noise of the map; 

 
Another interesting aspect of the Wood Brook project in regards to flood risk mapping, has 
been the revelation that a brain injury centre had been built in an area that was deemed to 
not be at risk of flooding.  Unfortunately for the brain injury centre, the exceptional rainfall 
that fell during the 2008 event proved otherwise, and something which of course the fully IUD 
model has unravelled too (Figure 7). 
 
The Pennan Flash Flood Study 
During the 2007 floods where the risk of flooding outside of the Flood Zone map in urban 
areas was highlighted, the village of Pennan was inundated by a flash flood that deposited 
large quantities of debris and sediment.  Situated on a hill side on the boundary between 
two watercourse catchments, flood maps had not identified this as a risk for the village. 
 
Following a series of post flood event surveys where it was discovered that the debris and 
sediment came from both the hill side and from the cliff face, the authors were asked to 
develop a model for an alleviation strategy.  Using the same tool (InfoWorks 2D) used in the 
urban setting of the Wood Brook, a 2D model was created of the hillside and associated 
features (e.g. buildings and kerbs) to investigate the surface water flood risk component.  To 
ensure that the 2-D model of the ground surface reflected the mechanisms of the 2007 flash 
flood, it was simulated with 2007 rainfall recorded at a nearby gauging station.  As well as 
reproducing the reported flooding, it also highlighted additional flooding mechanisms and 
associated areas at risk that was later verified as a problem area by both Aberdeenshire 
County Council and local residents.  Although none of this was shown on any flood risk maps, 
the mapping of the risk could not have been done using the method already outlined in this 
paper.  The nature of the hillside meant that flows were fast and did not produce a great 
deal of depth.  It was attempted to be mapped in accordance with the flood hazard 
guidance, but even this did not really convey the real risks of flooding for Pennan.  In fact the 
best way was to map the risk was in terms of velocity, as this showed which areas of the cliff 
were more susceptible to surface water flooding.  
 
Conclusions 
The events of the 2007 floods have certainly altered the approach of flood risk management 
in England and Wales.  However, there is still a large amount of uncertainty about what 
SWMPs will deliver, and how they will integrate with the many strategies that are already in 
place.  This is not to say that the SWMP approach is not a good one, as it certainly is, but 
rather how the results of these plans will affect others is yet to be seen (could a SWMP 
replace a SFRA for example).  Throughout this paper the authors have tried to show that 
SWMPs will require a new type of flood risk mapping that will either require significant 
thought, or a major shakeup of how the water and environment is managed.  Although more 
questions have probably been asked (such as “do we need to change the mapping we 
currently use”) than answered in this paper, the industry needs to respond by developing 
national guidance of surface water flood mapping whilst ensuring it is flexible enough to 
capture situations that do not fit into whatever box that it ends up looking like.  That said, it is 
felt the flood mapping technique used for the Wood Brook is a good case study to use for 
developing these techniques for the urban environment. 
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Figure 1 – Perry Bar Flood Zone map and historical flooding locations 

 

Fluvial flooding within the Flood 
Zone. 

Sewer flooding within the Flood 
Zone. 

Sewer and groundwater flooding 
outside of the Flood Zone. 
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Figure 2 – Perry Bar National Susceptibility Surface Water flooding maps and historical flooding 

locations

Sewer flooding locations tying up 
with the EA’s surface water 
susceptibility mapping  
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Figure 3 –1% AEP Flood Map for the Wood Brook 
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Figure 4 –1% AEP Flood Map >20m2 for the Wood Brook 
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Figure 5 –1% AEP Flood Map >50m2 for the Wood Brook 
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Figure 6 –1% AEP Flood Map >100m2 for the Wood Brook 
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Figure 7 – IUD Model showing the brain injury centre at risk of flooding in the Wood Brook  

 

Brain injury centre  


