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1.1 Introduction

With more than 80% of the global population living on land that is prone to flooding, the 
devastation and disruption that flooding can cause will undoubtedly worsen with climate 
change (Lamond et al., 2011). The built environment has become more susceptible to 
flooding because urbanisation has meant that landscapes, which were once porous and 
allowed surface water to infiltrate, have been stripped of vegetation and soil and have been 
covered with impermeable roads, pavements and buildings, as shown in Figure 1.1 (Booth 
and Charlesworth, 2014).

Surface water policy, to address flooding‐related issues, differs widely across various 
regions and countries. For instance, in the UK, which is made up of four individual countries 
(England, Scotland, Wales and Northern Ireland), Scotland has policies that have enabled 
sustainable drainage to be implemented as a surface water management strategy for about 
the past 20 years; whereas, England, Wales and Northern Ireland have yet to completely 
embrace sustainable drainage devices in their planning policies and guidance, and hence it 
is not yet widely implemented (Charlesworth, 2010).

1.2 Surface Water Management

The Victorians (1837–1901 in Britain) undoubtedly made remarkable strides towards 
innovative approaches to the water resource challenges of their day. Facing the dual 
 contests of addressing rapid population expansion and industrial urbanisation, a need 
developed for high capacity systems to deal with societal water supply and treatment. 
Comparable approaches were exported or developed independently across the globe, as 
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4  Sustainable Surface Water Management

other nations faced similar challenges. In the UK, by a combination of philanthropy, public 
subscription and corporate vision, the infrastructure that would provide the vastly 
increased urban areas with sufficient clean water and the ability to discharge the surplus 
was put in place; and with it came the notion of the management of water as a single prob-
lem with one overarching solution: the provision of drains. However, while the solutions 
created by the Victorian engineers were magnificent in their day, the legacy of putting 
water underground seems to have created a collective mental block for many (Watkins and 
Charlesworth, 2014).

Nowadays, as mentioned earlier, urbanisation has had a transforming effect on the water 
cycle, whereby hard infrastructure (e.g. buildings, paving, roads) has effectively sealed the 

Figure 1.1 An example of a flooded car park where the impermeable asphalt surface is retaining 
stormwater runoff.
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urbanised area (Davies and Charlesworth, 2014). As a consequence, excessive surface water 
runoff now exacerbates river water levels and overloads the capacity of traditional under-
ground ‘piped’ drainage systems; this in turn contributes to unnecessary pluvial flooding. 
To many people, the solution is simply to replace the existing pipes with higher capacity ones. 
However, as Water UK (2008) states, bigger pipes are not the solution for bigger storms. 
Therefore, society should be encouraged to look towards more sustainable solutions.

1.3 Sustainable Surface Water Management

‘Sustainable drainage’ means managing rainwater (including snow and other precipitation) 
with the aim of: (a) reducing damage from flooding; (b) improving water quality; (c) pro-
tecting and improving the environment; (d) protecting health and safety; and (e) ensuring 
the stability and durability of drainage systems (Flood and Water Management Act, 2010).

Based on an understanding of the movement of water in the natural environment, sustain-
able drainage systems (SuDS) can be designed to restore or mimic natural infiltration  patterns, 
so that they can reduce the risk of urban flooding by decreasing runoff volumes and attenuat-
ing peak flows. The choice of phrase or term that is applied to describe the approaches used 
can vary between countries, contexts and time. In the UK, for instance, SuDS is the most 
widely used term; whereas elsewhere in the world other relevant terms include surface water 
management measures (SWMMs), green infrastructure, green building design, stormwater 
control measures (SCMs), best management practices (BMPs), low impact development 
(LID) and water sensitive urban design (WSUD) (Lamond et al., 2015). However, whichever 
term is used, the benefits and challenges are similar (Tables 1.1 and 1.2).

The typical design of any SuD system follows a step‐wise hierarchy of various measures, 
commonly known as the ‘surface water management train’ (Figure 1.2), which minimises 
stormwater runoff and pollution via a series of devices/processes that store and convey 
stormwater at different scales: (i) prevention (e.g. land use planning); (ii) source control 
(e.g. green roofs, rainwater harvesting, permeable paving); (iii) site control (e.g. vegetation 
or gravel filtration); and (iv) regional control (e.g. retention ponds, wetlands) (Woods 
Ballard et  al., 2007, 2015). The primary goals of the original SuDS train placed equal 
emphasis on water quality and water quantity, together with amenity and biodiversity, 
which enabled the creation of the SuDS triangle (Figure 1.3a) (CIRIA, 2001). Subsequent 
iterations of the goals has enabled the creation of the SuDS square (Figure 1.3b) and, with 
much wider recognition of the role that SuDS can play in adapting to climate change 
 challenges, the creation of the SuDS rocket (Figure  1.3c). The flexibility and multi‐ 
functional nature of SuDS are the main drivers pursued in the chapters of this book.

1.4 Organisation of the Book

This book emphasises the SuDS philosophy and elaborates the sustainable surface water 
management agenda with a wealth of insights that are brought together through the 
experts who have contributed. By integrating physical and environmental sciences, and 
combining social, economic and political considerations, the book provides a unique 
resource of interest to a wide range of policy specialists, scientists, engineers and subject 
enthusiasts.
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The book comprises seven sections, which are collated into 29 chapters. Section 1  provides 
an introduction to the book and offers an initial background into surface water manage-
ment issues and challenges (Chapter 1). Section 2 places sustainable surface water manage-
ment in context, through its historical context, contemporary surface water strategy, policy 
and  legislation and operations and maintenance (Chapters 2–4). Section 3 utilises the facets 
of the functions of sustainable drainage systems, to explore quantity and quality issues, 

Table 1.1 Examples of the benefits offered by sustainable drainage systems.

Sustainability SuDS can provide an important contribution to sustainable development.
SuDS are more efficient than conventional drainage systems.
SuDS help to control and identify flooding and pollution at source.
SuDS help to promote subsidiarity.
SuDS can help to minimise the environmental footprint of a development.
SuDS are a clear demonstration of commitment to the environment.

Water quantity SuDS can help to reduce flood risk by reducing and slowing runoff from a 
catchment.
SuDS can help to maintain groundwater levels and help to prevent low river flows 
in summer.
SuDS help to reduce erosion and pollution, as well as attenuating flow rates and 
temperature by increasing the amount of interflow.
SuDS can reduce the need to upgrade sewer systems to meet the demands of new 
developments.
SuDS can help to reduce the use of potable water by harvesting rainwater for some 
domestic uses.

Water quality SuDS can reduce pollution in rivers and lakes by reducing the amount of 
contaminants carried by runoff.
SuDS can help to reduce the amount of wastewater produced by urban areas.
SuDS can reduce erosion and thus decrease the amount of suspended solids in river 
water.
SuDS can help to improve water quality by reducing the incidence of 
misconnection to foul sewers.
SuDS can help to reduce the need to use chemicals to maintain paved surfaces.
SuDS can prevent pollution by reducing overflows from sewers.

Natural 
environment

SuDS can help to restore the natural complexity of a drainage system and as a result 
promote ecological diversity.
SuDS help to maintain urban trees.
SuDS help to conserve and promote biodiversity.
SuDS can provide valuable habitats and amenity features.
SuDS help to conserve river ecology.
SuDS help to maintain natural river morphology.
SuDS help to maintain natural resources.

Built environment SuDS can greatly improve the visual appearance and amenity value of a 
development.
SuDS help to maintain consistent soil moisture levels.

Cost reductions SuDS can save money in drainage system construction.
SuDS can save money in the longer term.
SuDS can allow property owners to save money through differential charging.
SuDS can help to save money by reducing the need to negotiate wayleaves and 
easements.
SuDS can save money through the use of simpler building techniques.

Source: List of benefits derived from CIRIA (2001).
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together with biodegradation, geosynthetics, biodiversity and amenity, (Chapters 5–11). 
Section 4 attempts to untangle the complex relationship of the multiple benefits of surface 
water drainage systems, through natural floodwater management, energy generation and 
reduction, carbon sequestration and storage, plus the use of rainwater harvesting as a water 
saving device and its use in ecosystem services (Chapters 12–16). Section 5 announces the 

Table 1.2 Examples of the challenges posed by sustainable drainage systems.

Operational issues There is no consensus on who benefits from SuDS.
There is a belief that SuDS may present maintenance challenges.
There may be concerns that the colonisation of SuDS may be too successful.
SuDS may present a target for vandals.

Design and standards SuDS are not promoted by the Building Regulations.
There are no standards for the construction of SuDS.
SuDS require input from too many specialists.
SuDS may be seen as untried technology.
The guidance on how to build SuDS is limited or unclear.
It is difficult to predict the runoff from a site.
SuDS can be difficult to retrofit to an existing development.

Management/operational 
framework

SuDS require new approaches to enable full participation.
Planning, design and construction of SuDs will require better coordination.
SuDS can require multi‐party agreements that may be difficult to set up.
SuDS present challenges in setting up long‐term management and 
ownership agreements.
SuDS can be difficult to implement because of the variability of roles and 
responsibilities within local authorities and other bodies.
Sewerage undertakers may be reluctant to adopt foul sewers when they 
are only sewers serving developments using SuDS.

Source: List of challenges derived from CIRIA (2001).
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Figure 1.2 The SuDS surface water management train (adapted from CIRIA, 2001).
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implementation of integrating sustainable surface water management into the built environ-
ment, through an interesting scrutiny of the cost benefits that can be derived, the possibility 
of sustainable drainage retrofit and conversion opportunities, and their use in the land-
scapes of motorway service areas, alongside human attitudes and behaviours towards sus-
tainable drainage  systems (Chapters 17–21). Section  6 contextualises global sustainable 
surface water management, through the use of examples from Brazil, New Zealand, South 
Africa and the USA, among others (Chapters 22–28). Section 7 congregates various aspects 
detailed in the earlier chapters by offering a summary of the book and propositioning many 
insights of the teachings that can be learnt for the future of sustainable surface water 
 management (Chapter 29).
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Figure 1.3 Goals of the SuDS management train (a) the SuDS triangle (CIRIA, 2001); (b) the SuDS square 
(Woods Ballard et al., 2015); (c) the SuDS rocket (Charlesworth, 2010).
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