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Abstract 

Future smart cities require ‘green infrastructure’ (GI). Features of GI are long established including urban parks and landscaping. More recently, GI terminology has become normalised and internationalised. Hence, a significant task for the second chapter is to clarify GI definitions, functions, benefits and emphases. This chapter also provides the necessary background to GI and gives a particular focus to the linkages and connectivity within the GI systems. These connective linkages are attributed a primary function within the context of place and their social, environmental and economic impacts. The ability and requirements to maximise other benefits are then explored, ultimately aiming for connective GI that optimises multi-functional benefits within the parameters of its primary function, be that for example a cycleway or flood management drainage system. GI has a recognised role to play in promoting sustainable approaches to urban development, and in tandem with provision of ecosystem services. We consider the role of GI at different scales, and different opportunities of retrofitting for existing developments or new developments. Rather than providing a best practice guideline, we illuminate key GI issues in relation to on-going management and future proofing via a case study. 
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Introduction 

As a descriptive term – green infrastructure (GI) was conceived in the USA (Benedict and McMahon 2002) with a focus on a strategic approach to land conservation and planning,  weighted towards ecological processes.  It has some resonance with the world of civil engineering with its comparable ‘grey infrastructure’ including pavements, roads, railways etc. that link and interlink within and between settlements. Continuing the colour theme - GI can also encompass wetlands, such as watercourses and coastal environments, sometimes referred to more specifically as blue infrastructure.   The general term GI, has developed and broadened to describe a network of green and blue spaces within urban and rural environments (see Box 1). Greenways or green corridors are other common terms applied to linear features of GI, (Ahern 1995), whereas the terms green spaces and green belts do not imply that connecting function (Fabos 1995, Jongman and Pungett 2004, Natural England 2009).  GI can also be included in part, within the ‘public realm’, with the larger more obvious elements including public parks and sports pitches and on a smaller scale – roadside verges and street trees; however the public realm also includes ‘hard’ landscape such as pavements and seating. For GI, whilst connectivity or green linkages are often crucial, the parallel with the civil engineering term infrastructure is perhaps misleading, but UK policy and local GI implementation practice stress its anthropogenic connectivity role.  Box 1 below summarises key GI components.  This is followed by a detailing of the broader benefits of GI, and the concept and benefits of ecological networks are subsequently described.  The chapter also considers issues in relation to valuing GI and uses a case study to generate design and management guidelines.
	· Parks and Gardens – urban parks, country and regional parks, formal gardens.

· Amenity Greenspace – informal recreation spaces, housing greenspaces, domestic gardens, village greens, urban commons, other incidental space, green roofs.

· Natural and semi-natural urban greenspaces - woodland and scrub, grassland (e.g. downland and meadow), heath or moor, wetlands, open and running water, wastelands and disturbed ground), bare rock habitats (e.g. cliffs and quarries).

· Green corridors / blue corridors – rivers and canals including their banks, road and rail corridors, cycling routes, pedestrian paths, and rights of way.

· Other - allotments, community gardens, city farms, cemeteries and churchyards.




Box 1.
 A green infrastructure typology: 

GI has multiple anthropic and biocentric spinoffs.  An illustration of this could be for example as a mechanism for addressing climate change, mitigation, and adaptation by planting trees along corridors to provide a potential means to cut carbon emissions. An associated provision of cycling and walking routes helps climate change adaptation by, for example strengthening synergistic flood defences.  Additionally, GI tightens physical communication linkages that instils a greater awareness of, and sympathy towards, the aesthetic and quality of well-being within urban landscapes.  Increased population pressures and demands for improved quality and potential of living space further increase the demands on GI.  However, GI (and green spaces more generally) frequently improves the quality of living space and, consequently, stimulates adjacent property values (RICS 2011, Mell et al 2013).  For many urban and sub-urban populations, the provision of sufficient high quality and more easily accessible GI within new developments can also reduce anthropogenic pressures on protected areas in the adjacent countryside via activities such as dog walking and cycling. 
GI spans a spectrum of different scales from the international (for example mammal migration routes across Africa) to the very localised (for example roof gardens).  There has also been a gradual movement more particularly towards an understanding and implementation of habitat connectivity initiatives on farmland and within the wider countryside (Watts et al 2005, Donald & Evans 2006, Arponen et al 2013).  Such initiatives on farmland in the UK have been predominantly supported by EU funded agri-environment schemes, which have promoted relatively simple ecological networks using connecting linear habitats such as field margins or hedgerows.  These operate more at the individual farm level, but increasingly landscape scale initiatives incorporating contiguous units are being valued and encouraged. (Franks & Emery 2013).  The focus of GI within these initiatives and within this chapter is on the provision of linkages and connectivity between the more substantial green spaces, and also includes the recognised importance that can and should be given to key linkages between the urban and the wider rural hinterland. The linkages between the urban fringe and the surrounding countryside can, for example in many parts of the UK, incorporate an increasing proportion of fragmented land holdings, such as industrial units, market gardens, hobby and lifestyle farmers, and equestrian uses which are particularly challenging to a holistic or strategic approach to GI. An attempt to address urban fringe challenges is recognised, for example, in the development of England’s Community Forests. (Blackman & Thackeray 2007, Mell 2008).  
Benefits of GI
The key social, environmental, and economic benefits of GI have been highlighted (eg Natural England 2009, Roe and Mell 2011, Benedict & McMahon 2012, eftec 2013) and include a varied range of themes that can be appropriately categorised. The key point is that GI is multifunctional - it provides a wide range of benefits (see Box 2), and has the potential to do so simultaneously and from the same area, length or unit of land.  Not many GI projects can deliver the full range of benefits, and the objectives required and targeted must be first identified and the GI designed and/or developed to deliver maximum benefits. 
BOX 2 
 Benefits of Green Infrastructure (adapted from eftec 2013)

	Social:

· Aesthetic appeal - ensuring a more attractive place for people to live, work and visit. 

· Informal recreation - opportunities for outdoor relaxation, play and access to nature.

· Improving health and well-being – providing safer, more aesthetic, and practical opportunities for exercise.

· Transport routes – provision of sustainable routes for cycling and walking.

· Local food production - in allotments and gardens. 

Environmental benefits:

· Habitats – addressing fragmentation of habitats and species isolation by providing wildlife corridors and linkages.

· Climate change adaptation - eg flood alleviation.

· Temperature buffering – eg shading by trees and urban heat island effect.

· Improving air and water quality.

Economic benefits: 

· Investment - a more attractive area to business investors and potential residents.

· Increase visitor spend - a more attractive area for tourists and visitors.

· Generating employment - attracting new businesses and residents to the area, increasing workplace occupancy rates and increasing the number of jobs in the area.

· Reduction of environmental costs - managing flood risk, storage of water during droughts, reducing urban heat island effect, improving air quality, and filtering diffuse pollution.

· Health benefits – reduction of negative impacts on health through improved air quality and surroundings which encourage activity and improve mental health and well-being.

· Promoting food production - enabling increased and local productivity.


The most pragmatic and potentially effective approach to delivering GI benefits is the identification of a primary function or functions which provides the impetus for the inclusion and ongoing management of the GI within the urban environment.  These primary functions are highly likely to be more economically rationalised, such as drainage and flood management features (Benedict & McMahon 2002, Ellis 2013) or cycle access routes (Vandermeulen et al 2011).  Multifunctionality is achieved via the secondary functions for example through enhancement of the greener elements that can provide socio-cultural benefits and also promote more natural systems, such as reducing urban heat island effect, improving air quality, reducing noise levels, and filtering diffuse pollution. These overlapping benefits are a particular advantage of GI and align constructively with the ecosystem based approach, enabling the assessment and valuation of the services provided by GI (see also Chapter 12 for further details). The socio-cultural benefits of GI, including the contribution to general health, well-being, and quality of life that access to GI can provide,  are also becoming increasingly recognised (DEFRA 2011, Benedict & McMahon 2012). GI can also address the discontinuity between people living in urban areas and nature  (Maller et al 2006) and  help to meet targets for the proximity of urban dwellers to green space for example within the models of Accessible Natural Greenspace Standards (Pauleit et al 2003, NE 2010).  

The benefits derived from components of GI may have an identified importance to the local communities (Bengston et al 2004), which is worthy of protection to create a designation to identified parts of GI, for example through the local planning system (DETR 2012, Planning Practice Guidance, 2014). 
Ecological networks

In high density developed countries such as the UK with increasingly fragmented and isolated landscapes, designated protected wildlife sites are critical but not a panacea.  Many less resilient and more sessile species are particularly vulnerable to changes to their environments.  With little potential to re-create large expanses of contiguous natural habitats, one approach to counter these conditions is to link high quality sites to provide an increased expanse of suitable habitats, ie to ensure ecological connections.  Such a network of sites, associated buffer zones, wildlife corridors and smaller wildlife-rich sites that can also act as ‘stepping stones’, can be described as an ‘ecological network’.  The concept and the implementation of ecological networks has increased in urban and rural biodiversity policies (Lawton et al 2010, DETR 2012), with its neat summary of the need for more, bigger, better, and joined up, and the potential to integrate this philosophy and function within GI. 

There is a suggested logic and intuitive appeal to biodiversity benefits of ecological networks, and the ability and greater ease of movement of species.  However, for many species the linear networks and stepping stones provide an important but lower quality habitat rather than a physical connection between wildlife rich nodal habitats (Dawson 1994, Ignatieva et al 2011).  More specifically evidence suggests that the relative quality of individual sites are more important for plants and invertebrates than networks for dispersal, but that these networks are important for more vagile groups of species such as small mammals (Angold et al 2006).  There is also other evidence demonstrating the variations in use of these by different taxa (eg Gilbert-Norton et al 2010), but this only highlights the importance of identifying the key objectives of components of GI, and where relevant and appropriate any targeting of specific species or groups of species. 
It can therefore be suggested that for significant sections of biodiversity, more effective resources and efforts would be better directed at management of green spaces such as parks (Miller et al 2015, DEFRA 2015).  

There are opportunities here to include and incorporate innovative design technologies within GI, for example to facilitate movements across barriers such as road networks that have become a more established ecological tool within more rural environments. (Corlatti et al 2009, Clevenger & Wierzchowski, 2006).  In addition, an important and related challenge to any wildlife friendly management of green spaces and potentially any GI connectivity features, requires almost a paradigm shift in mindset within many public and corporate bodies in respect to the priorities of active management of sites.  This could range from high levels of management through to specific examples that embrace a non-intervention approach involving minimal management. 
Development and the value of GI
The multifunctional benefits of incorporating GI into new developments or retro-fitting it into existing settlements are outlined in the section above, and summarised in Box 2. However these benefits are not necessarily realised by those making the financial investment in GI. For example, a local authority which improves the quality of the GI in its ownership in the form of public parks is likely to see an increase in usage of those parks.  This should in turn lead to improved mental and physical health outcomes for the parks users, with a parallel decrease in the need for medical interventions or days off through ill health, however this will not equate to a financial gain for the local authority, although it could be seen as an important part of that Council’s leadership and place making roles.  It may develop financial gains for other public sector bodies, such as in this case health authorities and those providing health-related benefits payments. The challenge remains to be able to demonstrate the economic benefits most directly attributable to, for example, a particular government department, agency or business.   
For commercial land owners and developers this lack of direct return for investment is potentially even more unbalanced. A developer establishing a large new residential development will only gain financially from some of the multifunctional benefits that might accrue from the creation of high quality GI.  Some of these financial benefits are more tangible as outlined earlier, for example properties that are close to well-designed parks are likely to achieve a higher price and may well sell more quickly (Kong et al 2007, Jim & Chen, 2010, Netusil et al 2014).  Specific elements of GI may enable development to come forward on sites that would otherwise be considered as un-developable, for example due to flood risk. A significant sustainable urban drainage scheme incorporated into the site GI may reduce flood risk to such an extent that development becomes feasible and financially viable.
	GI and Ecosystem Services

A number of GI features effectively provide operational ecosystem services, that is the services that are provided by nature and benefit people (MA 2010, NEA 2011), and they face a similar costing challenge analogous to that associated with valuing these services.  The tools that are available to value some elements of GI are interlinked with the delivery of ecosystem services, and can estimate the economic value of these services. There has been a surge in studies attempting to address the financial issues and practicalities surrounding their valuations (Gómez-Baggethun & Barton 2013, Jones et al 2016).  It is not developed here but the general concept of ecosystem services are addressed further in Chapter 12.


A commitment on behalf of developers to deliver high quality GI may also play a role in shifting the planning balance by providing public benefits to both new and existing communities that are perceived by determining authorities (for example local planning authorities in England) to outweigh the potential harm that the development may cause, thereby ensuring that planning permission is granted, where it might otherwise be unacceptable.  Those authorities that have the power to permit development may also need to provide guidance and policy on the quality and quantum of GI that they expect to see in new developments, making clear their expectations and thereby not only ensuring that high quality GI is designed in and implemented from the start of the development process, but also enabling developers to estimate the potential overall costs of development. It may even encourage developers to better understand how the provision of GI can actually reduce some costs, for example flood alleviation features.  Local planning authorities in the UK have addressed this in a number of different ways.  Some have prepared stand-alone GI strategies, for example Swindon Borough Council (2011), others have adopted supplementary planning guidance on GI to augment the guidance available from government or institutional organisations such as Natural England (2009) or the Landscape Institute (2011).  Most have provided clear policy frameworks through local plan policies, often based on those local GI strategies, (see Box 3).
High quality, well integrated and carefully designed green infrastructure (GI) and landscape provision is crucial to the long-term success of new developments, ensuring that the maximum multi-functional benefits are achieved for those that live in, work at, and visit new developments.  The spaces in between new buildings, the surrounding areas, and the connections between a new development and the existing townscape or landscape, are equally important to the design of the structures themselves.  The detail of the GI and landscape provided on a development site will be related to various factors including the nature of the site itself, and the type, size and impact of the development.  Improved GI and high quality landscape is also of great benefit when introduced into existing built areas.  

Given the emphasis on the quality of green infrastructure in enabling it to achieve the desired multi-functional benefits, it has become increasingly important to be able to evidence that quality, particularly for developers who are promoting their schemes as being of significant value for GI.  There are a number of existing benchmarks or standards that developers or decision makers can use, however they are limited in their scope with respect to GI.  The University of the West of England and Gloucestershire Wildlife Trust are currently piloting a GI benchmark (Smith et al 2016), which should enable developers and planners to understand how to achieve the best GI options possible. The benchmark works on a points-based system and covers all stages from design through to long-term management.


	Box 3   – A Case Study
Achieving Effective GI on development sites - design and management guidelines

Adapted from: Cotswold District Local Plan 2011-2031, (CDC 2016)
Cotswold Distinct Council has incorporated GI into more general design advice (CDC 2016) – the Cotswold Design Code, which is included within the emerging local plan.  Once formally adopted this design guidance will have considerable weight in the determination of planning applications.  In order to maximise the multi-functional benefits which the Council hopes will be achieved, the guidance emphasises not only the initial design of the GI but also its long-term management and the involvement of the local community.  Key principles are outlined in brief:



	Key Principles



	a
	National and local standards and best practice
	The amount, type and design of GI should be informed by the appropriate national and local standards, guidance and best practice, including the Accessible Natural Greenspace Standard from Natural England and the national allotment provision recommendations from the National Society of Allotment and Leisure Gardeners.

	b
	Local character
	The design of newly created elements of GI and landscape should be inspired by and enhance the character of the existing GI, landscape, biodiversity and built environment of the site and the wider area.

	c
	Existing landscape features
	GI design and distribution should be informed by existing landscape, ecological and historical features.  For example stone walls, hedgerows, trees and ponds should be retained and successfully integrated into the GI network.

	d
	Heritage assets
	A new development site may include or fall within the setting of historic buildings, structures, and archaeological sites.  The GI network should be designed, used and managed in such a way as to protect and enhance the heritage assets and their settings, preserving key views and buffer areas.

	f
	On-site GI network
	This should function as a network of interconnected green (and blue) spaces, which fulfil various functions including: formal sport, recreation, pedestrian and cyclist routes, accessible natural green space, structural landscaping, SUDS (Sustainable Urban Drainage Systems), and wildlife habitat.  Most of the elements of the GI should be multi-functional.

	g
	Distribution of GI across the site
	The GI network should be designed to ensure that all residents, employees and visitors have convenient access to green spaces.  This should be achieved through dispersal of meaningful and usable areas across the site.  Elements of the GI should be of sufficient size to be functional and easily managed.  The GI and landscape provision should be located so that it makes best use of and enhances important local views.

	h
	GI and landscape provision on individual plots
	The landscape design of individual plots and the areas immediately surrounding them (e.g. roadside verges) should be of high quality and should reflect the landscape, ecological and built character of the area.  Private spaces such as gardens should be of an appropriate size for the dwelling provided, and should be designed to ensure privacy and adequate daylight.  Private spaces should be clearly recognisable as such, through the use of suitable boundary treatments.

	i
	Inter-relationship with off-site GI
	The on-site GI should be designed to ensure that it links physically with off-site GI to maximise opportunities for ecological connections, footpath and cycle links, continuity of landscape features, etc.

	j
	Off-site GI enhancements
	Where possible enhancements to off-site GI assets should be achieved, for example increasing public access to nearby land, and better management of wildlife sites in the locality.

	k
	Sustainable drainage solutions
	The principle approach to the SuDS infrastructure should be to ensure that as much of it as possible is provided on the surface, mimicking the natural drainage of the site.  This will reduce the burden on the existing sewerage system.  The SuDS infrastructure should not only serve a drainage role, but also contribute to the visual amenity and the wider environmental performance of the development.  Its management should be fully integrated with the management of other aspects of GI.

	l
	Green features on buildings
	Green features (living roofs and walls, bird or bat boxes, etc) should be incorporated into new and existing buildings.

	m
	Biodiversity enhancements
	Opportunities should be taken within all areas of GI (and the built environment) to enhance biodiversity through species choice, creation of new habitats, land management etc.  There should be linkages with existing biodiversity assets and networks, and increasing access to nature for people.

	n
	Species choice
	Within planting schemes, species choice should be guided by appropriateness to the local area (with an emphasis on native species); suitability for its function (for example winter screening); value for wildlife; and resilience to climate change.

	o
	Street trees
	Wherever possible street trees should be planted to improve amenity and environmental performance.  Street trees can also be used to help to define the character of different areas of a development and improve legibility.

	p
	Road junctions
	The landscape design of new or significantly altered road junctions, particularly at visually prominent locations, should be of high quality, reflect the landscape character of the area, help to give a sense of place, and ensure greater legibility.

	q
	Pedestrian and cycle routes
	The walking and cycling network, which will form part of the GI, should encourage “active travel”, in line with the highway user hierarchy principle.  On-site routes should link to off-site non-vehicular routes, particularly those that lead to key destinations such as shops, schools and railway stations.  These routes should be designed so that they are also available to the existing residents and businesses in the locality, and they should be implemented early in the delivery of the development.

	r
	Healthy lifestyles
	GI should be designed to encourage healthy lifestyles for all, including: encouraging walking and cycling; provision of formal and informal sports facilities; providing volunteering opportunities; and food production.

	s
	Provision for all sectors of the community
	The amount, distribution and type of GI across a site (and any off-site GI enhancements) should be based on an assessment of the needs of the new residents and other users of the site.  Consideration should also be given to helping to meet any shortfall in existing provision.

	t
	Accessibility
	The majority of the GI should be accessible, both physically and socially, to all sectors of the community, providing safe, attractive, welcoming and engaging spaces for local people.  It should meet the needs of all sectors of the community, including “hard to reach” groups and those who may require specific provision (eg seating for those with limited mobility).

	u
	Timing of “construction” of GI
	Where appropriate, elements of the GI network should be “constructed” in advance of built development.  Where this is not appropriate, the timing of their “construction” should be tied to the relevant phase of built development.

	v
	Long-term Management
	The management and monitoring of GI should usually be controlled by a management plan.  The plan should clearly set out who will be responsible for the management of the GI and landscape provision.  Management plans should be implemented in full and regularly reviewed.  Where appropriate the local community should be involved in the management of GI.


Conclusion

GI is a long established concept, and an increasingly dynamic field with new initiatives ranging from policy context through to implementation. Chapter 2 assimilated and summarized the generalities of GI and reflected on its substantive benefits.  Crucially, the chapter also considered the incorporation of multifunctional GI within built environment planning and development. The chapter noted the limitations of attempts to monetise GI’s positive spinoffs, and acknowledged the challenges in cost benefit analyses of its correlated ecosystem services.  The chapter suggests a pragmatic approach to the design and implementation of GI focusing on the more immediate and localised functional benefits that are simpler to justify in financial terms, for example the delivery of ancillary water-related or public access services, and on its connectivity roles.  Other more intangible GI benefits can be mediated through smart city plans and are difficult to isolate and quantify but might include reduction in crime, biodiversity protection or more remote impacts such as cleaner air.
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