
WaPUG Autumn Meeting 2000 Paper 02

Page 1 of 9

The Challenges of Urban River Regeneration

J. R. West, BSc, PhD, CEng, MICE - School of Civil Engineering, The University of Birmingham

P. Webster, BSc, MSc, PhD, DIC - Hydro-Logic Ltd

A. Gurnell, BSc, PhD, DSc - School of Geography and Environmental Sciences, The University of Birmingham.

G. Petts, BSc, PhD - School of Geography and Environmental Sciences, The University of Birmingham

J.P. Sadler, BSc, PhD PhD - School of Geography and Environmental Sciences, The University of Birmingham

C.F. Forster, BSc, PhD, DEng, DSc, CEng, FIChemE - School of Civil Engineering, The University of
Birmingham.

Introduction
The history of the Tame catchment mirrors closely the development of the West Midlands conurbation which it
drains (Fig. 1).  The river was once renowned for its fishing, but following rapid urban and industrial
development, the river has served as little more than an open drain for much of the twentieth century.  Poor
water quality and an unsightly appearance have resulted in a catchment strategy of river concealment, rather
than promoting access to the river corridor.  This is exemplified by the rectangular concrete channels which
constitute the main channel as the Tame flows parallel to the elevated section of the M6 Motorway through the
north of Birmingham for a length of about 3 km.  However, progressive improvements in river water quality have
provided an opportunity for rehabilitation of the river and its corridor.  This opportunity has been recognised by
the Catchment Management Plan(1) and the West Midlands Local Environment Agency Plan (LEAP)(2).  The area
has also been the focus of support under the NERC Thematic Programme, URGENT (Urban ReGeneration of
the ENvironmenT).  The project, which is described in this paper, has been supported principally by NERC under
this programme, with additional support from the Environment Agency.

There are two principal objectives of the project.  The scientific objectives are concerned with identifying the
controls over the river’s ecology.  Specifically, the project seeks to investigate the relative importance of the
boundary conditions of flow regime, water quality regime and habitat on the ecology of urban rivers.  The various
interactions, which are implied by this hypothesis, are illustrated conceptually in Fig. 2.  At a more practical level,
the project also seeks to identify particular actions, which will help to improve the ecology of the River Tame.  To
this end, a Project Steering Group has been formed, with members drawn from the Environment Agency, Severn
Trent Water, City and Borough Councils.  The study area for the project is limited to the catchment draining to
the Lea Marston Purification Lakes, which facilitate on-line purification.  It is referred to as the Tame catchment
in the remainder of the paper, even though the catchment extends beyond this point.

River flow regime
The hydrological impacts of urbanisation are well documented in textbooks on water resources and hydrology
(e.g. Shaw, 1994)(3).  These generally refer to the increased proportion of runoff occasioned by the conversion of
natural surfaces to relatively impermeable ones, and the reduced response time of drainage basins induced by
the higher flow velocities of both piped and channel flow.  These factors, in combination, generally result in
increased incidence of flooding.  Furthermore, unless supported by wastewater discharges, baseflows are
reduced.  The combined effect of these impacts on the high and low flow regime is to steepen flow duration
curves, or put more simply, to render urban catchments more flashy.

River flow is monitored at seven sites in the Tame as shown in Table 1; the sites on each of the tributaries are
located close to the tributaries’ confluence with the Tame.  In addition, level data are available for additional
sites, providing useful information on catchment response.  The data in Table 1 confirm that the Tame catchment
is  unique in a UK context in terms of the extent of urbanisation within the catchment.  By way of comparison, the
largest gauged Thames tributary catchment in the London area is the Brent at Monk’s Park, with an area of 116
km2 and URBEXT1990 value of 40%.  It is clear that the data from the Tame provide a valuable opportunity to test
the generally held views of catchment response.



WaPUG Autumn Meeting 2000 Paper 02

Page 2 of 9



WaPUG Autumn Meeting 2000 Paper 02

Page 3 of 9

Figure 2 Principal links between project components

The estimation of the percentage of rainfall which is classed as direct runoff remains a critical issue in
engineering hydrology.  For the urbanised Tame subcatchments the PR shows a general increase with event
rainfall to a value of about 20 mm.  For event rainfall in excess of this value, PR appears largely constant for a
given subcatchment in the range 25-35%.  The design PR from use of equations in the FEH (approx. 45%)
exceeds the event PR for most events and is closer to the PR for a natural catchment, given by the SPRHOST
value (approx. 45%).

Table 1 River flow gauges in Upper Tame catchment

Gauge Reference Area (km2) URBEXT1990(%) SPRHOST(%)

28081 Tame at Bescot 174.2 42 34.0

28003 Tame at Water Orton 405.7 40 34.2

28004 Tame at Lea Marston 801.8 27 36.3

28039 Rea at Calthorpe Park 74.1 33 34.9

28066 Cole at Coleshill 119.7 31 39.6

28094 Blythe at Castle Farm 199.4 5.2 39.1

28108 Bourne at Shustoke 46.2 27 38.2

Notes: Catchment descriptors obtained from the FEH CD-ROM (Institute of Hydrology, 1999)

URBEXT1990 refers to the urban area in 1990 based on the ITE Land Cover Map

SPRHOST is the standard percentage runoff for a natural catchment
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The explanation for these low values of PR is mainly related to the configuration of the stormwater drainage
system.  A significant proportion of the Tame catchment drains to combined sewers.  These in turn drain to the
Black Country Trunk Sewer (BCTS), which terminates at Minworth Sewage Treatment Works, whose effluent
discharges to the Tame downstream of Water Orton.  The capacity of the BCTS at the Works is 25 m3/s.  It is
thus possible for the sewer system to exert a strong modulating influence over the response of the river.

Work by Mohd Soom (1998)(4) has sought to investigate the flood frequency curves for four sites in Table 1.
Flood frequency curves for the catchments have a tendency to flatten for return periods in excess of 5 years.
This pattern has been observed by others in the Tame catchment(5) and urban catchments in Liverpool(6).  The
causes of this phenomenon have not yet been investigated in detail.  However, a major factor in the Tame
catchment is likely to be the presence of numerous minor flow obstructions in the tributary channels.  These
comprise small culverts and bridges, whose conveyance may be reduced by debris during flood events.  They
give rise to (secondary) flood storage effects, secondary, since they are not specifically planned.  Nonetheless,
they are potentially important in attenuating the contribution to the main channel, and, therefore, reducing peak
flows.  In overall catchment management terms, there is a balance to be struck between tolerating some
(relatively) minor flooding problems within a catchment in order to ease the risk of flooding on the main channel.

It is clear from the analysis of the flood events from the Tame, that its response to flood events is very different
from that presented in textbooks.  Urban areas can respond in very different ways, depending upon their age,
which impacts upon the stormwater drainage configuration and upon the presence of secondary storage effects.
The analysis of large urbanised areas demands that some effort be made to characterise the urban area, if it
departs from the contemporary style of separate drainage, with limited secondary storage effects.  Future
hydrological research will seek to develop simple models of catchment response which are able to reflect these
important features.  These models will also be configured to reflect the impact of management strategies which
are presented in Table 2.

River water quality regime
Given the diversity of activities within the catchment, it is unsurprising that the water quality problems are
complex in nature and distribution.  The progressive consolidation of sewage treatment facilities at Minworth has
led to a reduction in baseflows throughout the Upper catchment.  Approximately one third of the dry weather flow
at Water Orton is derived from STW effluent, with an unknown proportion from trade discharges.  However, it is
under wet weather conditions that the greatest threats are posed.  WRc (1998)(7) load estimates have indicated
that the daily wet weather loads exceed the dry weather loads for most catchments and determinands.  This is
consistent with the industrial nature of much of the catchment and the number of CSOs within it.

The importance of wet weather events has been investigated through the preparation of numerous scatter plots
of determinand concentrations against river flow for Water Orton.  In general, these have resulted in plots with
reasonable trend, although most plots are characterised by a considerable scatter.  Inspection of flow and water
quality time series has illustrated clearly the first flush effect, whereby pollutant concentrations often peak in
advance of the flow peak.

An important feature of the events with major DO impacts is the long dry antecedent period.  The events have
also served to reinforce the fact that critical water quality conditions are rarely associated with critical storm/flood
conditions, which is not to say that storms are unimportant in determining water quality, but rather that the
(quality) problems cannot be tackled by some ‘design event’ approach.  The application of continuous flow and
water quality models is clearly impractical in resolving such complexity.  However, it would seem that the
philosophy adopted in the SIMPOL procedures advocated in the UPM procedure has the potential to offer a
pragmatic approach to the resolving this complexity(9).
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Table 2 Approach to modelling of individual components

DETERMINISTIC
STOCHASTIC

⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐ STEADY-STATE ⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒
Subject Model Category Subject Model

Observed storm Data Rainfall Design storm IDF curves
Flow, qual., sed. Data Sewers

Hydrology, routing SSFM River flow Design flood Flood frequency
DO, BOD etc SSQM River qual
Erosion, dep. SSQM River sed

Vegetation
Inv/Vert
Habitat

⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐ EVENT ⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒
Subject Model Category Subject Model

Observed storm Data Rainfall Design storm FSR, Stormpac
Flow, qual., sed. H’WORKS Sewers Flow, qual., sed. H’WORKS

Hydrology, routing Unit hyd., ISIS River flow Design flood Unit hyd., ISIS
DO, BOD etc MIKE11 River qual DO, BOD etc MIKE11
Erosion, dep. ISIS River sed Erosion, dep. ISIS

Vegetation
Hab Exp. tanks Inv/Vert

Velocity, weed ISIS, 2D Habitat

⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐⇐ CONTINUOUS ⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒
Subject Model Category Subject Model

Observed series Data Rainfall Time series (gen.)
Flow, qual., sed. H’WORKS Sewers Flow, qual., sed. SIMPOL,H’WORKS
Rainfall-runoff CATCHMOD River flow Time series (gen.)

DO, BOD Mass bal., kinetic River qual DO, BOD etc SIMPOL, SIMCAT
River sed

Regular survey Observations,PCA Vegetation
Regular survey Observations,PCA Inv/Vert

Velocity, weed, sed PHABSIM,
Rule based model

Habitat PHABSIM?

Notes: Event Pertaining to storm/flood events
IDF Intensity-Duration-Frequency curves
PCA Principal component analysis
SSFM Spreadsheet flow models
SSQM Spreadsheet quality model

As with the hydrological work, a key feature of the water quality investigation is the development of simple
models of catchment response which can be used to investigate the impact of management strategies (Table 2).

Hydroecological characteristics
Whilst the flow and water quality regimes have important influences on river ecology, the  physical
characteristics of the river channel are also of  fundamental importance in determining the faunal communities
which may be present. Tools have been developed for estimating the potential of less-impacted, rural rivers to
support particular macroinvertebrate communities (e.g. RIVPACS), but these tools are not applicable to urban
river channels. There are no equivalent tools available for urban rivers.  This component of the project, therefore,
aims to identify the physical characteristics of urban rivers and to classify distinct river channel types within the
heavily modified channels of the Tame catchment which may support different ecological communities.
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The project work has involved (i) the development of a hierarchy of spatial elements of urban river channels;  (ii)
definition of the distinctive properties of channels at each scale within the hierarchy; (iii) design of a relational
database within which information on these properties can be stored; and (iv) classifications of urban rivers
based upon analysis of the data.  The key spatial level is the stretch, since this is a length of channel, which is
subject to a single type of engineering modification. The other spatial scales represent aggregates or
subdivisions of stretches.

The information accumulated from secondary sources (catchment and sector levels), purpose specific surveys
(sector level) and a combination of new and archive surveys (unit, habitat, patch levels) has been entered into a
relational database using Microsoft Access. The database can be queried to address site-specific issues or to
support multivariate data analyses which can generate classifications of urban rivers.

So far analysis has focussed on the stretch to habitat levels. Five classes of urban river stretch have been
identified (semi-natural; lightly modified, modified, moderately modified, heavily modified), which relate to distinct
types of boundary material, planform and bank/bed reinforcement. Clear but unexpected patterns in the
frequency and diversity of physical habitat types have been identified within the five classes of urban river
stretch(10). These results (i) underline the fact that there is a great variety in the physical characteristics of urban
rivers and thus enormous potential for investigating the complexity of their hydroecology; (ii) demonstrate a clear
link between physical features at different spatial scales (stretch and habitat); (iii) suggest that even in urban
river channels which have been heavily modified by engineering intervention, a diversity of types of physical
habitat can still be supported.

The study of macroinvertebrates within the Tame catchment aims to develop biological methods for assessing
environmental quality for application in urban watercourses.  The large number of potential contaminants, from
diffuse and point sources, makes comprehensive chemical analysis either impossible or prohibitively expensive.
Furthermore, the critical concentration, above which a chemical may cause significant ecological harm, is often
unknown, while synergy between chemicals may have greater ecological impact than could be predicted. The
sampling design aims to discriminate between the influences of water quality and flow regimes, and physical
habitat. Thus, macroinvertebrate sampling has focussed on river channels within the Tame catchment which are
subject to differing flow and water quality regime. Within these channels, macroinvertebrate sampling has been
undertaken within river units and habitats possessing a range of different physical characteristics. The variety of
species and  environmental tolerances of Chironomids(11) makes them particularly useful as environmental
indicators in urban environments.  Field survey work and subsequent laboratory work has helped to identify the
distribution and deformities of Chironomid larvae at the sampling sites on a seasonal basis.

Modelling strategies
There are two principal objectives to the modelling work which is being undertaken on the project.  Firstly, the
modelling is an essential component of scientific enquiry, in providing a basis for hypothesis testing. Secondly, it
provides an opportunity for developing predictive relationships for use in managing urban catchments.

The models need to reflect the broad components, whose interaction have been illustrated in Fig. 2.  This
represents a significant challenge, in view of the complex interactions, which vary in time, and are influenced by
a combination of local effects and (upstream) catchment effects.  A hint of this complexity is revealed by Table 2,
which shows the range of models that is being employed in simulating the different components of Fig. 2.

A key use of the modelling tools will be to investigate the impact of various management strategies on the
ecology.  An outline of these actions is presented in Table 3, and shows the wide range of applications for the
models.  Two broad approaches are evolving to meet this need to predict the effects of management impacts:
statistical and deterministic.

Overview of modelling
It is axiomatic that each modelling approach will lead to advancement towards the scientific objectives of the
project.  Of interest to the wider community is the extent to which the models can be used to investigate the
impact of management strategies.  The statistical approach may certainly provide a rapid means of appraisal for
large catchments. However, the work completed to date on the catchment has demonstrated the complex
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manner in which it responds to environmental and anthropogenic changes.  The extent to which the statistical
approach is able to reflect this complexity is not clear.  Stringent validation procedures will be required for any
models arising from the statistical approach to ensure that they have sufficient predictive capability.

Table 3 List of possible management strategies

Type Strategy Reference

Sustainable urban drainage Source control (ie tanks) LEAP (Issues 4 & 5)

Baseflow contribution LEAP (Issue 14)

Dilution flows Use Birmingham GW LEAP (Issue 13)

Flood storage
Flood attenuation and water

quality improvement

Sewerage
CSO performance

(tanks and screens)
LEAP (Issue 6)

Sewage treatment STW modifications LEAP (Issue 6)

Pollution from urban areas Surface runoff LEAP (Issue 4)

Pollution from urban areas First flush LEAP (Issue 4)

River corridors Improved habitat LEAP (Issue 3)

Habitat provision Provide refuges LEAP (Issues 1 & 4)

Channel modifications Increase available habitat

The rigour of the deterministic approach should be better able to cope with the complexity of the physical,
chemical and biological processes.  However, the application of the component models to the urban
environment usually requires extensive resources. In particular, the specification of relevant model boundary
conditions represents a distinct challenge.

The statistical and deterministic approaches are arguably not mutually exclusive.  Their use in tandem may point
the way towards a workable system, which retains some of the physical rigour of the deterministic approach.
The framework for a decision support system, based upon this fusion of approaches, is under development.  The
system is based upon an extension of the PHABSIM concept of habitat suitability and its combination with flow
duration curves to yield habitat duration curves.  The curves are developed for vegetation and fauna, each stage
being modulated by appropriate concentration of critical determinands.  The framework has been tabled at
Steering Group meetings and been cautiously welcomed.  Although its derivation represents a considerable
challenge, its structure is consistent with perceived needs of managers for identifying and prioritising
rehabilitation strategies on a catchment scale.  Once the priorities have been identified, use may be made of
more detailed simulation strategies, as shown in Table 2, as a basis for design work.

Concluding comments
1. The hydrological response of historically urbanised catchments does not accord with generally held views of

urbanised catchments.  The stormwater drainage system and the secondary storage within the catchment
can exert a powerful modulating influence over the flood response.

2. The water quality regime is subject to even greater complexity in historically urbanised catchments.  In
particular, critical water quality conditions are seen to occur for moderate storm events.  The analysis of
continuous time series is essential to advance the understanding of stochastic and deterministic controls
over river water quality.

3. The establishment of a comprehensive database describing the hydroecology of the river network and its
corridor is an essential pre-requisite to urban river management.  The derivation of various purpose-specific
classifications of urban rivers is an important building block in the understanding of urban catchments.
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4. The investigation of catchment management strategies demands the application of appropriate simulation
models.  To be of operational value, these need to incorporate the principal physical, chemical and
ecological mechanisms which prevail in urban catchments.  It remains a significant challenge to combine
these in such a way as to achieve adequate fidelity of models, within the constraints of practicality and data
availability.

5. There is pressure to meet this challenge due to public demand for environmental improvement and the
inevitable limitation of financial resources to achieve this.  There is, accordingly, an unquestionable need for
a reliable decision support system, by which catchment managers can target funds efficiently and effectively
to enhance the urban environment.
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Discussion
No questions on this paper
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