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Preface

About this edition
The ICE Manual of Blue-Green Infrastructure draws together an 
exceptional breadth of material to help practitioners explain the value 
of blue-green infrastructure (BGI) to others, embed BGI into new 
development projects, retrofit it to older ones and provide for its long-
term successful maintenance. BGI is defined in this manual as the 
‘managed network of terrestrial and water spaces found across our 
urban and rural landscapes that help deliver socio-economic and 
ecological benefits, supporting ecosystem functions and societal 
wellbeing’.

The core audience for ICE publications is engineers, but many 
ICE manuals, such as this one, have a much wider target audience. 
This manual is designed to be useful to engineers, masterplanners, 
landscape architects, water design specialists, ecologists and others 
in consultancy, development companies and local planning authorities. 
The manual is conceived as a practical document for use by 
practitioners already active in these fields, and the knowledge shared 
by our experienced author team will also benefit students working 
towards allied qualifications. The editors appreciate that readers may 
have diverse motivations, coming to this manual wanting to learn 
about the broad range of concepts or to research a specific topic. 
We would encourage all readers to take time to read widely across 
the manual, as one of the key benefits of BGI is its multifunctional 
nature – and across the chapters readers may find inspiration to draw 
additional features into current or future designs.

This manual seeks to illustrate that BGI is a rich and diverse 
component of the engineered landscape and that it provides a 
multitude of benefits. One of the striking features of publications on the 
topic to date is the way each author’s primary focus often influences 
the way they introduce and frame the concept of BGI. For example, 
where the primary driver for BGI is improving drainage, the term is 
explained as meaning a form of sustainable urban drainage system, 
working with habitats and thereby, almost by chance, also providing 
ancillary benefits to amenity and biodiversity. Another example is the 
very welcome creation of green infrastructure strategies by many local 
planning authorities, which often have a primary focus on amenity and 
public access. It is entirely understandable and acceptable for BGI 
designers and managers to have a primary focus in mind. However, 
whatever that core focus is, it is essential that the multifunctional nature 

of BGI is recognised. Failing to do so risks missing out on exceptional 
opportunities to deliver wider benefits.

 

The manual in context
ICE has a long history of publishing valuable resources for professionals 
working on engineering projects, with an online archive that holds 
documents stretching back to 1836. The addition of this new Manual 
of Blue-Green Infrastructure to the Institution’s suite of publications 
is very welcome. It has been increasingly recognised that engineers 
need to be environmentally and socially literate. ICE has shown real 
commitment to leading on key environmental and social topics in 
creating this manual.
Work on this manual started in 2018, when ICE issued a survey to 
gauge interest in the concept and the value of a new overarching guide. 
The results of the survey showed strong support, and the Institution’s 
subsequent choice to publish this Manual of Blue-Green Infrastructure 
shows three things: (a) the maturity of the concept and existence of 
knowledge on how to do it well, (b) the fact that it is a vital part of 
infrastructure engineering design, not something to be added on as 
an afterthought, and (c) the drive for those working in the engineering 
profession to contribute to the environment, society and the economy 
during a period of rapid environmental and social change.

The publication of this manual is particularly timely as we recognise 
that our society must respond to the intertwined global climate and 
biodiversity emergencies. It is noted that the bulk of the authoring 
effort took place in 2021, the year of COP26 (the 26th UN Climate 
Change Conference of the Parties) in Glasgow, Scotland, and the 
opening of COP15 (the UN Biodiversity Conference), chaired by China 
and hosted in Montreal, Canada. Moreover, 2020–2021 has been a 
time when the value to people of local publicly accessible green space 
has been evidenced, not through academic studies of impacts on 
physical and mental wellbeing, but by the direct experience of people 
during the lockdowns in response to the COVID-19 pandemic.

 

Getting the most from this manual
This manual includes introductory materials to the BGI concept and 
more specific, targeted, chapters focusing on particular project types, 
landscapes and approaches. The chapters exploring the ‘why’ of BGI 
– history, definitions and the overarching benefits and challenges for 
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Preface

the concept – can be found in Section 1. The primary focus of the 
manual, and the bulk of its content focuses on the ‘how’ – how 
to effect BGI solutions in the real world, with these chapters being 
found in Sections 2, 3 and 4. Section 2 explores a range of BGI types 
likely to be most relevant to the readership. Section 3 considers 
overarching issues for the management and maintenance of BGI 
and BGI standards. Section 4 explores examples of successful BGI 
projects from across the UK planning system.

We expect those reading this manual to already understand that 
BGI can have genuine value to our society, economy and the natural 
world. However, Section 1 provides more depth and context to the 
importance of BGI. It is designed to assist less experienced readers 
in deepening their own understanding, while providing valuable 
support to help more experienced and knowledgeable readers 
explain the concepts to others.

Within Section 2, different types of BGI are discussed, with 
guidance on key considerations in their design, creation, retrofitting 
and maintenance. No single chapter can cover an entire complex 
topic, so many chapters include signposting to other valuable 
resources, but each chapter gives an overview of key information 
and advice on the features it covers. For example, Chapter 7, on 
biodiverse roofs, considers brown, green and blue-green roof 

features, the elements that contribute to each type and an overview 
of methods of installation and maintenance. For specific features like 
roofs, specific maintenance concerns are covered in the focused 
chapter, whereas general features, such as parklands, are covered 
in an overarching maintenance section.

Section 3 provides additional insights into the overarching 
considerations for management and maintenance and BGI standards 
and is intended to be used in parallel with the guidance given in the 
chapters of Section 2. Section 4 provides an illustrated overview 
of the processes of planning, development, implementation and 
establishment of a number of cases of BGI installations from across 
the UK planning system.

As is usual in such Institutional publications, readers can find 
details of the author team for each chapter in the preliminary pages 
of the manual. However, the timing of this publication – created in 
almost its entirety under great personal and professional uncertainty 
wrought by the COVID-19 pandemic – has made the co-editors 
feel that we must add to this standard recognition of the authors’ 
contributions. We express particular thanks to all the author teams, 
delivering their excellent contributions within an ever changing and 
unpredictable set of circumstances and challenges, such as remote 
working and home schooling.
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1.4. Core principles of BGI 
Despite the current variation in how BGI is debated and 
the barriers to its use, it remains meaningful to strive for a 
working definition that can be used within a transdisciplinary 
policy and delivery environment, which supports the works 
in this volume. This multidisciplinary approach relates to the 
inclusion and sharing of knowledge between organisations 
within, and across, the natural, built and engineered disciplines 
to ensure that BGI practice is supported by an understanding 
of influence that economic, socio-cultural and political factors 
can, and should, have on sustainable development. It also 
argues for a greater awareness of the complexity of ecological 
functions and the options open to advocates to engage with 
the technical expertise of the hydrology and engineering 
sectors to deliver more effective investment, for example, 
through the creation of collaborative partnerships between 
water specialists, engineers, ecologists and planners to deliver 
sustainable drainage systems in new housing developments 
(Williams et al., 2019). Within the work of ICE, the alignment 
of engineering, in its broadest sense, with landscape and 
urban planning, hydrological planning, architecture, health 
and wellbeing, economic development and climate and 
environmental science is needed to facilitate synergies 
between existing design, delivery and management techniques. 
Therefore, the exchange of best practice, as well as knowledge 
of urban and environmental systems between disciplines is 
vital. What is noteworthy within the literature is the acceptance 
of this interactivity, especially between policy-makers, 
delivery agents, communities of interest and land managers 
(Seiwert and Rößler, 2020; Venkataramanan et al., 2020). In 
addition, there is a growing appreciation of the added value 
that engineering professionals can bring to these discussions, 
that is, in terms of their technical expertise in developing 
green walls, roofs and water management. This is discussed 
extensively in the academic literature tracing the antecedents 
and transferable knowledge between disciplines, as reported 
by Garmendia et al. (2016), Koc et al. (2017) and Matsler et 
al. (2021a). It may however be more practical to focus on the 
complementarity of what BGI offers to each discipline than to 
continue to create siloed definitions. Moreover, we promote the 
view that engaging with a set of principles, which are grounded 
in 20 years of BGI research, practice and evaluation, may be 
a more appropriate approach to meaningful engagement with 
BGI.

The evolution of BGI thinking has led to a discussion 
of the role of a broad range of stakeholders from across the 
natural and built environment to engage with complex urban 
or environmental issues more readily, and to move debates 
about urban greening, ecosystem services and socio-ecological 
benefits into a multidisciplinary space. This transition provides 
scope for organisations, including CIRIA and ICE, to integrate 
their own techniques and understanding of the technical 

specifications embedded within the principles they promote as 
BGI.

Drawing from these previous discussions, we have identified 
the following 12 principles that underpin the character and 
value of what ‘good BGI’ looks like for advocates in built 
environment policy and practice: 
 
n provides critical infrastructure for our cities, countryside and 

coasts, which needs to be part of design schemes from the outset

n transcends rural, peri-urban and urban boundaries

n	 creates	high-quality	spaces	that	provide	multifunctional	benefits	to	
people, society, the economy and nature

n improves connectivity between people, place and nature to 
facilitate movement across connective elements (waterways, 
habitat corridors and footpaths or cycle routes)

n is a managed network of green features that supports diverse 
ecological and socio-economic activities

n includes water resources in its various elemental forms (blue 
infrastructure) as core components, conceptually and in practice

n	 delivers	socio-cultural,	ecological	and	economic	benefits	through	
investment and maintenance of a variety of BGI elements

n promotes socio-economic and ecological policy and practice 
integration

n operates at and across a number of spatial and temporal scales

n	 has	 elements,	 functions,	 networks	 and	 benefits	 that	 are	 not	
static but evolve as a landscape (and its socio-economic needs) 
diversifies

n needs to be accessible and inclusive to all 

n needs to be actively managed for the long term; concomitant with 
the need for greater placekeeping.

However, there is a need to acknowledge that not all BGI 
projects, policies or resources can or should deliver all 12 
principles simultaneously. Alternatively, they offer a suite of 
thematic areas that BGI advocates can draw from to develop 
the most appropriate form of investment.

Working with these 12 principles, we can propose that 
BGI be positioned as a foundational part of spatial planning 
and landscape and urban development. Moreover, as a first 
principle of planning, BGI should be recognised as being 
of equal importance to other forms of infrastructure, that is, 
homes or transport. Allocating such a position to BGI would 
help navigate several of the limitations of current planning 
praxis by instilling the concept with greater legal, financial or 
policy leverage.

It is important to view these principles as guides and not 
requirements, although the emerging National GI Standard 
in England may lead to a shift in such thinking (see Chapter 
15), as BGI delivery is not currently a statutory requirement 
in UK planning. Consequently, the principles of BGI that have 
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Coastal and marine blue-green infrastructure

coastal settings. These techniques can be used in denser, more 
urban areas where other more natural nature-based solutions, 
such as salt marsh recreation, managed realignment, sand dune 
restoration and large-scale projects like sand engines, typically 
have limited feasibility, owing to urbanisation and land 
reclamation. These more natural measures are thus included in 
Figure 4.1 as nature-based features but are not considered here 
as part of coastal BGI.
 
Geographical limits of coastal and 
marine BGI
The coast is a dynamic transitional zone that extends from the 
sea (i.e., the marine part of coastal and marine BGI) onto land 
adjacent to the coast and includes a wide range of wave- and 
tide-dominated habitats, from subtidal seagrass communities 
to mudflat and salt marshes (or beaches, dunes or rocky 
shores) in the intertidal zone to supratidal communities, such 
as vegetated shingle. The coastal–marine zone is thus a very 
diverse zone with a range of landforms that reach from fully 
submerged subtidal seagrass meadows to more vegetated and 
estuarine salt marshes and supratidal coastal meadows. The 
diversity of coastal and marine habitats emphasises the broad 
extent of the coastal–marine zone, encompassing estuaries, 
sheltered and open coasts, as well as nearshore subtidal marine 
environments. Coastal systems are dynamic, responding to 
changes in conditions, such as sea level, over time and in space 
– these dynamics are well-illustrated from historic records, 

recent erosion rates and future predictions (e.g., Rennie et al., 
2021), which show an acceleration in coastal erosion rates and 
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Figure 4.1 Continuum showing coastal BGI between conventional grey engineering and natural systems, as well as the three broad types of coastal BGI: green-
grey, hybrid and habitat creation (adapted from Naylor et al. (2020) and Suedel et al. (2021)

Figure 4.2 Spatial extent of coastal and marine BGI (hereafter, coastal BGI), 
in the present day and the future, illustrating likely future changes in the 
land–sea boundary as coastal climate-change impacts (e.g., sea level rise, 
storminess) increase or intensify, causing increased coastal erosion
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(approximately £273 000 of which related to the greening), 
this bridge crosses the A556 dual carriageway to provide farm 
access (Figure 6.14). The ‘greening’ element of the bridge 
was provided to give a connection for large mammals and 
bats, owing to the severance of habitats as a result of the new 
A556. While no specific monitoring of the bridge has been 
undertaken, badgers have been recorded using the structure.
 
Design summary
The structure has an hourglass shape, with the farm track 
positioned on the northern side, maximising the width of the 
wildlife corridor over the structure. A timber post-and-rail 
fence, with stock-proof mesh runs either side of the farm 
track. The design used a drainage geocomposite as a combined 
water attenuation and drainage layer, allowing a soil depth of 
600 mm.
 
Cockrow Green Bridge, M25, Junction 
10, National Highways – designer, 
Atkins; contractor: Balfour Beatty
This bridge has yet to be constructed; however, it provides a 
useful example of how heathland could be created on a structure. 
The structure will be a replacement of a non-motorised user 
and accommodation bridge, to provide multifunctional use for 
authorised vehicles, non-motorised users and wildlife (Figure 
6.15). The bridge will link two parts of a Special Protection 
Area, and will improve connectivity between islands of 

heathland. The aim is to address the severance impacts 
associated with historical development of the strategic road 
network and to reduce the physical and psychological barrier 
to movement of people and the physical barrier to wildlife 
created by the existing A3 road.

As shown in Figure 6.15, the proposed green element 
includes heather turfs from adjacent heathland, along with 
translocated gorse and gorse and broom seeding, as well as 
a line of upended tree stumps (to provide refuge for reptiles), 
boulders (a basking resource for reptiles), sandy scrapes and 
mounds (for reptiles and invertebrates).
 
Design summary
The design is for a flat, two-span fully integral bridge 66 m 
long and 31 m wide, of which 25 m is the green element. 
Pretensioned precast concrete beams, with a reinforced 
concrete deck slab cast in situ, are supported on abutments 
in verges and an intermediate supporting central reserve. At 
abutments, the superstructure end diaphragms are supported 
on reinforced concrete sleeved columns that are hidden behind 
reinforced soil walls. This abutment arrangement reduces the 
designed earth pressures, reducing the reinforcement quantities 
and sections sizes required. The reinforced soil walls in front 
of the abutments hide the structure’s columns (behind) and 
provide feature facing panels, giving a variety of aesthetic 
options. The intermediate support is a reinforced concrete leaf 
pier. The maximum depth of the subsoil is 600 mm. An access 
track has a tarmac surface and gravel aggregate. Fencing of 

Figure 6.14 Views of A556 green bridge, Cheshire (image credits: top left, Karl Heath; bottom left and right, Chris Burrows)
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and ease of street cleaning are other considerations.
Tree support
Newly planted trees require support while their roots grow 
and stabilise within the ground. This could be via above-

ground wooden stakes or below-ground root ball anchoring 
systems. The latter use ties underground but require specialist 
knowledge and are only suitable for larger trees. Wooden 
stakes must allow for the tree to move gently and for the trunk 

Figure 10 TiHL – full page width
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Figure 9.10 Setting the brief for planting trees in hard landscapes (reproduced from TDAG, 2014; © TDAG Trust)

Type Suitable context Maintenance Cost

Mulch Where space is available for open planters

In hard-surfaced areas with low footfall and wide 
pathways

Underneath other systems, e.g., grates

Mulch needs replenishing from time to time.

Unsuitable for mechanical sweeping.

Very low

Loose aggregate In wide footways and hard-surfaced areas with low 
or occasional footfall

Aggregate needs refilling from time to time.

A regularly replenished ring of mulch is 
needed around the trunk.

Unsuitable for mechanical sweeping.

Low

Porous paving self-
binding aggregate

In wide footways and hard-surfaced areas with low 
or medium footfall

Aggregate needs refilling and loosening 
from time to time.

A regularly replenished ring of mulch is 
needed around the trunk.

Unsuitable for mechanical sweeping.

Low

Flexible permeable 
rubber surfacing

Footways and hard-surfaced areas with medium or 
high footfall

A regularly replenished ring of mulch is 
needed around the trunk.

Medium

Porous paving resin-
bound aggregate

Footways and hard-surfaced areas with medium or 
high footfall

Subject to cracking by roots, and clogging. Low

Tree grating or grille Footways and hard-surfaced areas with medium or 
high footfall or vehicle access

Frame subject to deformation from to 
settling or root pressure.

Traps litter, which requires manual cleaning.

Mulch should be laid under the grating or 
grille and regularly replenished.

Low

 Table 9.2 Different type of surface coverings for urban areas (modified from TDAG, 2014)
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habitats on verges is an inherently expensive option owing to 
traffic management requirements.

While the benefits of this changed approach may be 
most obvious at scale, there is no minimum area to which 
this alternative specification might apply. Indeed, small-
scale safety improvements at a single junction or roundabout 
to replace topsoil and a high maintenance burden with bare 

mineral and almost no future management may be the primary 
motivation for change, with wildflowers and more biodiversity 
gain a secondary consideration.

In many situations, low-nutrient substrates will equate to 
the use of subsoil, bare mineral or, at most, a very thin layer 
of topsoil applied to a finished landform, discussed in Section 
10.5 ‘Potential issues in using low-nutrient substrates and 

Blue-green infrastructure on highways

The A354 Weymouth relief road was constructed in 2009–2011 in advance of the London Olympics, when Weymouth held the sailing events. 
There were complex environmental issues involving incursion into woodlands forming a Site of Special Scientific Interest (SSSI) and a grassland 
nature reserve, and protection of bats. The northern half of the route was constructed within the Dorset Area of Outstanding Natural Beauty 
(AONB). A substantial environmental mitigation and enhancement package was delivered (Dorset LNP, 2020).

The verge slopes of Cretaceous chalk, Portland limestone and sands and clays, and Corallian limestone and clays were treated with either 15 mm 
topsoil derived from semi-improved grassland along the route or left as bare mineral. A calcareous seed mix of 30 species was hand scattered 
on the slopes at 2 g/m2. It was critical to achieve reasonably rapid vegetation establishment, owing to the AONB setting, and three wildflowers 
were included to achieve this: kidney vetch, common bird’s-foot trefoil and ox-eye daisy (Figure 10.3). Sown in the late summer, these species 
germinated in autumn and started flowering the following summer.

Kidney vetch was the first wildflower to flower in profusion in the second growing season after sowing. Every year since construction, the slopes 
produce a spectacle of wildflowers now including abundant pyramidal orchid alongside over 140 other plant species, and the slopes sustain 
substantial populations of widespread butterfly species, such as marbled white, as well as abundant small blue and Adonis blue, both nationally 
declining species.

Critically, there has been no requirement for routine maintenance of the slopes in 10 years, a situation likely to continue for the next 10–20 years, 
although 0.6 ha does require occasional control of invasive buddleia. Stock-proof fencing was included in the landscape design to enable sheep 
grazing, which has happened occasionally but is currently not essential to maintain the biodiversity gains. This low-fertility specification has 
delivered species-rich grassland that requires almost nil cost to maintain. Public access was built into the scheme design and the wildflower 
slopes provide a popular walk for communities nearby.

Case Study 10.1 A354 Weymouth relief road – low-nutrient soils on cutting slopes

Figure 10.3 (a) Common bird’s-foot-trefoil (© Phil Sterling); (b) cowslips (© Phil Sterling); (c) kidney vetch (© Phil Sterling); (d) ox-eye daisy (© Stephen 
Brown); (e) small blue butterfly, a declining species nationally but now abundant on the verges (© Tim Melling); (f) pyramidal orchid (© Phil Sterling)

(a)

(d)

(b)

(e)

(c)
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