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Abstract

Urbanisation — the demographic transition from rural to urban — can pose challenges
for urban areas by increasing pressure on urban ecosystem services. In meeting these
challenges, urban planning and design is increasingly looking towards techniques
that work with rather than against nature. Despite this, the impact of urban land
use/management on urban ecosystem services is currently little understood and urban
land use planning stakeholders have limited means by which to assess the impacts of
their decisions on urban ecosystem services. The overarching aim of this thesis
therefore is to understand, develop, trial and evaluate new approaches to urban
planning that can operationalise key aspects of the ecosystems approach.

The interdisciplinary research approach adopted had three main stages: 1)
review, assessment and synthesis of technical evidence to inform the development of
principles and technical guidance for ecosystems approach based urban land use
planning; 2) development and trialling of new tools, models and guidance for
considering ecosystem services in urban planning; and 3) evaluation of new tools,
models and guidance. The research methods used are document review, rapid
evidence assessment (REA), action research and semi-structured interviews.
Geographic information system (GIS) technology has been used to integrate
qualitative data from the evidence assessment with existing spatial datasets to
develop new spatial models for urban land use planning.

This thesis has demonstrated how existing technical principles and theories
from discrete natural science and social science disciplines (e.g. planning, landscape
ecology and hydrology) can be combined with existing spatial datasets to produce
tools, models and guidance for ecosystems approach based urban land use planning.
In this regard, a new approach to urban planning has been developed comprising the
following elements: 1) a suite of ecosystems approach guiding principles; 2) three
new spatial models to prioritise land use/management intervention for specific urban

ecosystem services; and 3) supporting technical guidance.
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Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

1. Introduction

For the first time in history, more than half of the world’s population now lives in
urban areas, a trend predicted to continue as global population growth is sustained
during the 21* century (UN, 2012; WHO, 2013). This process of urbanisation — the
demographic transition from rural to urban — creates both challenges and
opportunities for urban areas. Urbanisation can result in increased pressure on urban
services and systems (EEA, 2010a; Mostafavi, 2010) such as transport, water supply,
waste management, protection against natural disasters, education, greenspaces and
recreational opportunities. Conversely, urbanisation can drive innovation and
economic growth and support increased vitality and cultural diversity (ibid). This
thesis explores a specific urbanisation problem concerning the way in which urban
land is used and managed for the provision of key land based urban services or urban
‘ecosystem services’ (MA, 2005; Davies et al, 2011; Mace et al, 2011; Scottish
Government, 2011c; UKNEA, 2011).

The impact of urban land use/management on urban ecosystem services is
currently little understood. Also, urban land use planning stakeholders currently have
limited means by which to assess the impact of their decisions on urban ecosystems

and the services that they provide. These are the key gaps this thesis addressed.
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This Chapter is structured as follows: Section 1.1 defines urbanisation and
characterises the urbanisation problem that remains to be tackled. Section 1.2
discusses how the concept of ecosystem services can be a means of framing the
urban natural environment as a help rather than a hindrance to sustainable
urbanisation. Section 1.3 argues that urban planning could provide a possible
framework for operationalising ecosystem services thinking. Finally section 1.4
defines the aims, objectives and purpose of this thesis including an outline of its

overall structure.

1.1 The problem of urbanisation

urbanisation / noun: 1 the demographic transition from rural to urban. 2 the
social process whereby cities grow and societies become more urban

More than half of the world’s population now lives in urban areas — that is, our cities,
towns and other settlements (UN, 2012; WHO, 2013). Numerically, this equates to
some 3.6 billion people or 52.1% of the world’s total population (UN, 2012). This
phenomenon is particularly pronounced in the developed world — in North American,
European and Oceanic countries, a majority of people have lived in urban areas since
the 1950s and 77.7% of people in these regions are currently classed as urban
dwellers (ibid).

In land terms, urban areas’ occupy 0.5% of the world’s total land area (EC,
2010; Schneider et al, 2009) meaning, therefore, that most of the world’s population
lives on only one two hundredth of its land. This phenomenon is illustrated on Figure
1.1 using Europe as an example. Furthermore, the number of people living in urban
areas is predicted to increase significantly (UN, 2012) as people move to towns and
cities in search of a better quality of life. Indeed by the middle of the 21% century it is
anticipated that the global urban population will almost double, increasing to
approximately 6.4 billion by 2050 (WHO, 2013). Projected trends in urban
population growth by major geographical region are indicated on Figure 1.2.

! Defined by Schneider et al (2009 p.2) as “places dominated by the built environment” that are
greater than 1km? including cities, towns and other settlements
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Figure 1.1 Extent and location of urban areas in Europe in 2010
(Adapted from Schneider et al, 2009; UN, 2012)

Combining these two metrics, population density provides a measure of the
number of people per unit area of land. High population densities occur where large
numbers of people live together in the same place. For example, the population
density of London (UK) is 5,163 people/km? (London Councils, 2013), in Shanghai
(China) there are 3,700 people/km? (Shanghai Municipal Population and Family
Planning Commission, 2012) and in New York (US) there are 10,640 people/km?
(US Census Bureau, 2008). This is in contrast to more rural/remote areas where
population densities are generally much lower — the average population density in the
Sutherland area of the Scottish Highlands (UK) for example is only 1.1 people/km?
(The Highland Council, 2013).

Wherever population densities are high and large numbers of people live
together in the same place, there will inevitably be high demand for the goods and
services on which those people rely — from food, housing and education to transport,
jobs and recreation. In densely populated urban areas (such as the global examples
listed above), this issue can be particularly pronounced in relation to the ‘urban
sprawl’ effect (Hasse and Lathrop, 2003; Kumar Jat et al, 2008; Schneider et al,
2009) whereby demand for land resources can increase pressure on the ecosystem
services that urban land provides (TEEB, 2011; UK NEA, 2011). Furthermore, many
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of these land based ecosystem services cannot readily be substituted by technology
and often have to be provided at the locus of the demand e.g. biodiversity and

protection against natural hazards like floods and landslides (ibid).
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Figure 1.2 Trends in urban population by major geographical region as a percentage of
total population

(Adapted from UN, 2012)

Compounding these issues, the world’s urban centres have historically been
(and in many cases still are) subjected to unplanned and unregulated development
that has acted to degrade the land and disrupt and damage many of the natural
processes that underpin the ecosystem services it provides (Davies et al, 2011;
UKNEA, 2011; Scottish Government, 2013a). In modern terms, we would now
describe this form of development as being ‘unsustainable’ whereby the
consideration of environmental® issues has been absent from decision-making,
contributing to environmental/land degradation. Indeed Stock and Burton (2011)
highlight how many ‘real-world’ sustainability problems occur at the ‘interface’ of
human and natural systems.

Whilst urbanisation can create problems, it is important to recognise that

there can also be substantial benefits associated with urban areas — not least the

% And potentially a range of social and human development issues also e.g. access to education, access
to healthcare, provision of safe and accessible neighbourhoods etc
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economies of scale associated with utilities and other essential services which can be
delivered much more efficiently in large urban areas than in more remote, rural areas
(Davies et al, 2011 p.364). There are also pro-urbanisation arguments centred around
the advantages of concentrating intensive human impacts in one place (Mills, 2007;
Schneider et al, 2009) as opposed to more dispersed models of urbanisation that
would see many smaller, diffuse impacts distributed across the land. In reality, many
of these more diffuse impacts may occur anyway as rural land based enterprises (e.g.
agriculture, forestry, energy production, extractive industries etc) are fundamental for
the production of goods and services consumed in urban areas. A key challenge
therefore is to increase the efficiency of urban service delivery, thereby reducing
urban demand for goods and services. In line with this, Mills (2007 p.1849) describes
cities as “both the chief cause of and solution to anthropogenic global changes”.

As these global trends of urbanisation play out over the coming decades,
there will inevitably be increased pressure on the world’s urban areas. Furthermore,
we will have to develop and choose between a range of potential governance,
planning, design and engineering strategies in our response to these pressures — for
example, do we accept increased urban sprawl, whereby the extent of urban areas
increases, or do we endeavour to make more effective use of the urban land resource
that we have? This research seeks to help answer some of these questions by
improving our practical understanding of how urban land use/management decisions
can impact urban ecosystems and ecosystem services. This is achieved in part by
exploring new ways of planning, designing and delivering key land based urban
services — ecosystem services — that can work with rather than against natural
systems — this is the essence of the ecosystems approach which is described in
further detail at sections 1.2 and 3.2.

Regardless of the specific mix of urbanisation problems experienced in towns
and cities at any one time, there are a growing number of external, global pressures
that can act to shock or stress urban systems and, in doing so, act to aggravate locally
felt urbanisation problems. As we have seen above, urbanisation occurs when people
move from rural to urban areas, when towns and cities grow and when societies
become more urban. Regardless of the model of urbanisation followed, urban areas

will always have higher population densities than more rural areas and therefore
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demand for goods and services will be higher. Under these conditions, the
introduction of uncertain external pressures can act to shock or stress the delicate
balance of urban systems, especially when these systems have not been designed
with flexibility and resilience in mind (Leichenko, 2020; Olsson et al, 2012).

One of the most significant external pressures affecting urban areas today is
global climate change and its locally felt impacts (Emmanuel and Kruger, 2012;
Leichenko, 2010; Olsson et al, 2012; Scottish Government, 201la; Scottish
Government, 2013a; Wamsler et al, 2013). Climate change is a highly complex
problem — although it is environmental in nature, it impacts or is impacted by a broad
range of global issues including poverty, economic development, biodiversity,
population growth, sustainable development and resource management (UNFCCC,
2013). Furthermore, the specific nature of climate changes and therefore the impacts
of climate change are not evenly distributed around the world. For example,
anticipated climate change in Sub-Saharan Africa is likely to result in less rainfall
and increased average temperatures (Kotir, 2010). In terms of impacts, this is
predicted to cause increased drought, decreased agricultural production and multiple
human health problems including malnutrition and higher incidences of infant
mortality (ibid). On the other hand, climate change in Scotland is forecasted to result
in warmer, wetter weather with increased incidences of extreme weather events
including heavy downpours and very strong winds (Scottish Government, 2013b).
Key impacts of climate change in Scotland therefore are flooding and storm damage
to property and infrastructure (as well as potentially positive impacts such as longer
growing seasons and less demand for heating in winter months).

Leichenko (2010 p.164) reports how the concept of resilience is gaining
increasing prominence within the literature on cites and climate change and goes on
to describe how references “generally refer to the ability of a city or urban system to
withstand a wide array of shocks or stresses”. Furthermore, Leichenko (ibid)
suggests that there are four categories within urban climate change resilience
literature and practice: 1) urban ecological resilience; 2) urban hazards and disaster
risk reduction; 3) resilience of urban and regional economies; and 4) promotion of

resilience through urban governance and institutions. In this regard, climate change
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and urban climate resilience should arguably be key considerations in the
development of integrated, forward looking urban land use/management strategies.

1.2 Ecosystem services and the ecosystems approach
As described in section 1.1, there are many potential problems associated with

increased urbanisation. Compounding this, major external pressures (especially
global climate change) can act to shock and stress the often delicate balance of urban
systems, potentially impacting the delivery of key urban services, including
ecosystem services. In terms of the urban land resource in particular, urbanisation
and urban sprawl can constrain the availability and impact the quality of many urban
ecosystem services such as flood storage, micro-climate regulation, semi-natural
habitats, biodiversity, recreational space, habitat networks and urban agriculture
(EEA, 2006; EEA, 2010a; EEA, 2010b). Crucially, this includes the ‘green’ and
‘natural environment’ type land uses within towns and cities that provide a backbone
of greenspace and semi-natural habitats, supporting urban ecosystem function (EEA,
2006). As mentioned in section 1.1, many urban ecosystem services are also context
specific in nature and need to be provided at or near to the locus of demand (TEEB,
2011; UKNEA, 2011). For example, flood storage services cannot just be provided in
one catchment, rather, they need to be provided on a catchment by catchment basis.
Similarly, the recreation services provided by urban parks and other greenspaces
cannot just be provided in one neighbourhood — they need to be provided throughout
the urban area to meet the needs of local communities.

Despite the importance of urban ecosystem services, their consideration in
urban planning decision-making, as in more rural sectors such as agriculture and
forestry, has often been absent or over-looked (MA, 2005; UKNEA, 2011) and
“nature has sometimes been taken for granted and undervalued” (Defra, 2011 p.3).
Globally, patterns of human development over the latter half of the 20™ century have
resulted in more rapid and extensive changes to ecosystems than in any other
comparable period of human history and these changes, whilst contributing to net
gains in human wellbeing and prosperity, have resulted in the degradation of many
services provided by ecosystems (MA, 2005; UKNEA, 2011). Crucially, there is
concern that the ability of future generations to obtain benefits from ecosystems will
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be diminished unless ecosystem degradation is halted (ibid). In an urban context,
these are the issues and challenges that this thesis seeks to address.

In recent years however there has been growing recognition of the natural
environment’s vital role supporting societal wellbeing and prosperity (CBD
Secretariat, 1992; CDB Secretariat 2013; EC, 201la; Defra, 2011; Scottish
Government, 2011c; UKNEA, 2011; EC, 2013a; Scottish Government, 2013g). This
recognition has crystallised around the concept of ecosystem services (ibid).
Crucially, the ecosystem services concept recognises that a healthy natural
environment, through its constituent landscapes, ecosystems and habitats, provides a
range of advantages or benefits that are essential for societal wellbeing and
prosperity (MA, 2005; Haines-Young and Potschin, 2008; Hughes and Brooks, 2009;
Defra, 2011; Scottish Government, 2011c; UKNEA, 2011; Baker et al, 2013). This
notion of the natural environment providing advantages or benefits supporting
human wellbeing is the definition of ecosystem services adopted in this thesis.

The central premise of the ecosystem services concept is the protection and
enhancement of biodiversity®, the logic being that by emphasising the natural
environment’s role supporting human wellbeing and prosperity (see Figure 1.3),
governments, corporations, private individuals and other stakeholders will be driven
to take action to protect and enhance the natural environment (CBD Secretariat,
1992; CDB Secretariat 2013a). There are however wider, more operationally
focussed benefits of considering ecosystem services in planning and decision-making
processes that set the context and rationale for much of this research. These issues
are discussed in further detail at section 3.2.

The Millennium Ecosystem Assessment (MA) was called for in 2000 by the
then United Nations (UN) Secretary-General Kofi Annan (Brown et al, 2011). The
MA assessed the consequences of ecosystem change for human wellbeing (ibid) and
the conceptual framework established through the MA process has formed the basis

for much of the subsequent development in ecosystem services science and policy

® The ecosystem services concept originates from the UN Convention on Biological Diversity (CBD)
which is premised on the notion of biodiversity underpinning all ecosystem services. By this logic
therefore the protection and enhancement of biodiversity is of central importance to human wellbeing
and prosperity. The ecosystems approach is cited as the primary framework for action under the
Convention: https://www.cbd.int/ecosystem/default.shtml [accessed 02/01/14]
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(Baker et al, 2013). In particular, the MA established the now widely accepted
framework for ecosystem services that links the natural environment and ecosystem
services with constituents of human wellbeing (MA, 2005; UKNEA, 2011; Brown et
al, 2011) as indicated on Figure 1.3.
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Figure 1.3 The Millennium Ecosystem Assessment (MEA) ecosystem service typology
showing linkages between services and human wellbeing

(Source: MA, 2005)

The UK National Ecosystem Assessment (the UKNEA) was a direct response
to the 2000 MA, in particular the House of Commons Environmental Audit
Committee recommended in 2007 the undertaking of a full MA-style assessment for
the UK to enable the identification and development of effective policy responses to
ecosystem service degradation (House of Commons Environmental Audit
Committee, 2007). The UKNEA drew on the best available evidence and most up-to-
date conceptual thinking and analytical tools to develop and improve the MA
assessment methodology (Brown et al, 2011). Given the UK based focus of this
thesis (see sections 1.4 and 2.1.4), the UKNEA and its post-MA theoretical and
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methodological developments are of particular relevance and are discussed more
fully at section 3.2. In summary however, the findings of the UKNEA raise stark
concerns for the health and integrity of the UK’s natural environment and ecosystem

services. Key findings from the UKNEA are shown in Box 1.1 and on Figure 1.5.

Box 1.1 Key findings from the UKNEA

(Source: UKNEA, 2011a p.5)

e “The natural environment, its biodiversity and its constituent ecosystems are
critically important to our wellbeing and economic prosperity but are constantly
undervalued in conventional economic analyses and decision-making;

e Ecosystems and ecosystem services have changed markedly in the past 60 years
driven by changes in society;

e The UK’s ecosystems are currently delivering some services well, but others are
in long-term decline;

e The UK population will continue to grow, and its demands and expectations
continue to evolve. This is likely to increase pressures on ecosystem services in a
future where climate change will have an accelerating impact both here and in the
world at large; and

e Actions taken and decisions made now will have consequences far into the future
for ecosystems, ecosystem services and human well-being. It is important that
these are understood, so that we can make the best possible choices, not just for
society now but also for future generations”

As is evident from Box 1.1 and Figure 1.5, there is clearly a pressing need to
address ecosystem service degradation in order to safeguard their integrity and
availability for future generations. Of particular relevance to this research, population
growth and urbanisation both raise concerns over the management of urban
ecosystems for key urban ecosystem services (especially those that cannot readily be
substituted by technology — see section 1.1), an issue that is compounded by future
uncertainty (UKNEA, 2011) and the absence of comprehensive tools to support
strategic planning for urban ecosystems and ecosystem services. In particular, Figure
1.5 highlights the importance of urban ecosystems providing key cultural and
regulating services — especially environmental settings (local places) and climate,

hazard, noise and air quality regulation.

10
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Figure 1.4 Trends in ecosystem service flows from UK broad habitats since 1990
(Source: UKNEA, 2011)

Note: The UKNEA is based on eight recognised broad habitats found within the UK. UKNEA (2011)
recognise that the classification of ecosystems is distinctly overlapping with that of habitats, meaning
therefore that the eight broad habitats above can be considered synonymous with ecosystems. The
Figure depicts the relative importance of these broad habitats in delivering ecosystem services (dark
green cells indicate greater importance) as well as trends in the flow of ecosystem services from these
habitats since 1990. Although many services provided by the broad habitats are described as having
shown ‘some improvement’ or ‘no net change’, many services have been assessed as showing
deterioration. Crucially, many services provided by urban areas (highlighted in red) are deteriorating,
especially key regulating services including climate, hazard (encompassing flood storage) and noise
regulation as well as soil quality.

These are key challenges and issues that this thesis seeks to help address. In

particular, this thesis argues that a pressing ‘real-world” urban sustainability issue
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(Stock and Burton, 2011) is the impact of inappropriate land use/management on the
functioning of urban ecosystems and the ecosystem services that they are able to
provide (EEA, 2010a; Davies et al, 2011; UKNEA, 2011). Adopting an ecosystems
approach to urban land use planning may provide part of the solution. This sort of
approach is predicated on a subtle shift in emphasis — from viewing the land, the
natural environment and ecosystems merely as a backdrop to absorb the impacts of
development to something that provides a range of tangible services that can support
development and human wellbeing objectives (Baker, 2010; Baker et al, 2013).

The ecosystems approach is described as “a strategy for the integrated
management of land, water and living resources that promotes conservation and
sustainable use in an equitable way” (CBD Secretariat, 1992). More recent
interpretations have framed the ecosystems approach as a means of working with
nature for the delivery of multiple benefits (Scottish Government, 2011c; SNH,
2012). There is now a wide range of literature (e.g. Davies et al, 2011; UKNEA,
2011; Sheate et al, 2012; Baker et al, 2013; Gore et al, 2013; Helming et al, 2013;
Partidario and Gomes, 2013) and policy (e.g. EC, 2011a; EC, 2011c; Defra, 2011;
EC, 2013; Scottish Government, 2011c; Scottish Government, 2013d) supporting the
assertion that the ecosystems approach can be used, in a variety of decision-making
and planning contexts, to help protect and enhance biodiversity whilst
simultaneously identifying complementarity and opportunities for the delivery of
multiple benefits, thereby helping to drive down the costs of infrastructure and
service delivery. The aim of this thesis is to identify practical ways of
operationalising the ecosystems approach in urban land use planning.

The potential application of the ecosystems approach within urban planning
and design has been discussed within the literature (Chan et al, 2006; Defra, 2008;
Davies et al, 2011; Sheate et al, 2012; Gaston et al, 2013; Labiosa et al, 2013). At the
project scale, urban design is increasingly looking towards techniques that work with
rather than against the natural processes that underpin urban ecosystem function.
This is the case for design issues such as resilient buildings, zero waste systems and
water sensitive design (Susdrain, 2012; Gret-Regamey et al, 2013). In particular, the
use of more traditional engineered interventions to address problems of urban

sustainability (e.g. air conditioning, flood defence, drainage etc) is increasingly being
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questioned due to cost, environmental impact and lack of flexibility, especially with
respect to future uncertainty (CIWEM, 2007; Wild et al, 2010; Scottish Government,
2011a; Susdrain, 2012; Scottish Government, 2013a).

What is often found to be lacking however are practical tools, techniques and
modelling/scenario evaluation frameworks that allow urban planners and designers to
take a more strategic view of their town or city in order to better understand and plan
for the impact of urban land use/management options on whole ecosystems and the
goods and services that they provide (Chan et al, 2006; Gret-Regamey et al, 2013;
Labiosa et al, 2013). This specific gap is what this thesis seeks to address.

1.3 Urban planning — an integrating framework to help solve urbanisation
problems
Although there is no one recognised definition of urban planning, its central purpose

is arguably to support better decision-making about the future use of land in urban
areas. In this manner, effective urban planning can be used to discuss, rationalise,
plan for and help to address urbanisation problems described at section 1.1.

The American Planning Association (2013) describe urban planning as a
means of improving the welfare of people and communities by creating more
convenient, equitable, healthy, efficient and attractive places for present and future
generations. The APA (ibid) go on to describe how the role of planners is to “...help
create broad visions for towns and cities through the use of research, technical
analyses, consultation with stakeholders, design and the production of a plan”. The
plan sets out the vision and objectives for the area and also the strategies that will be
put in place to deliver the vision and achieve the objectives.

In England, the National Planning Policy Framework — the NPPF — (DCLG,
2012) describes how the purpose of planning (including urban planning) is to achieve
sustainable development in the built, natural and historic environments, for the
benefit of economic and social progress. The NPPF includes a suite of policies
covering a range of planning issues — from town centres, transport and the green belt
to healthy communities, flooding and climate change — that must be taken into

account in the preparation of local plans (ibid). Local plans are required to set out the
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strategic priorities for the plan area over an appropriate timescale* including inter
alia broad locations for strategic developments, land use designations, site
allocations to promote development and the flexible use of land, identification of
land that is inappropriate for development and a clear strategy for enhancing the
natural, built and historic environments (ibid).

The Scottish Government (2013c) describes how the planning system makes
decisions about the future development and use of land in towns, cities and the
countryside. The planning system “considers where development should happen,
where it should not and how development affects its surroundings. It balances
competing demands to make sure that land is used and developed in the public's
long-term interest” (ibid). Similarly to the US and English® systems, the Scottish
planning system is also ‘plan-led’ and is based on a hierarchy of development plans
at different scales — national, regional and local. Development plans in Scotland
“...set out how places should change and what they could be like in the future. They
say what type of development should take place where, and which areas should not
be developed. They set out the best locations for new homes and businesses and
protect places of value to people or wildlife” (Scottish Government, 2013d).

Reflecting on the above, key tenets of urban planning in the US, England and
Scotland include: 1) wusing urban planning to help balance competing
objectives/demands on land use; and 2) the use of a plan to convey an agreed vision,
objectives and strategy for future land use and development within the urban area.
Furthermore, the plan is not simply a document that sits on a shelf. In Scotland and
England for example, the process of deciding whether or not to grant or refuse
planning permission (the consent required by a proponent in order to legally progress
a development) is made in accordance with the extant development plan which is a
statutory document underpinned by relevant primary legislation (DCLG, 2013;
Scottish Government, 2013e). In this manner, the development plan is also a key

mechanism for delivering the agreed land use and development strategy for the urban

* DCLG (2012) suggests that an appropriate timescale is 15 years

> The Scottish and English planning system share the same overarching legislative framework — the
Town and Country Planning Act 1990, http://www.legislation.gov.uk/ukpga/1990/8/contents
[accessed 21/09/13]
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area including provision for the protection® and enhancement’ of ‘green’ and ‘natural
environment’ type land uses and the ecosystem services they provide.

Crucially therefore, legislative frameworks for urban planning, such as those
in place for England and Scotland, can provide the legal basis or ‘teeth’ for
progressing the urban sustainability agenda in relation to land use/management and
impacts on urban ecosystem services. By virtue of their design, legislative
frameworks are often very broad, setting out objectives and targets for what must be
achieved but without providing much in the way of guidance or instruction for how.
The delivery of statutory objectives and targets is then supported through research,
guidance, best-practice and also the expertise of the professionals whose job it is to
implement the legislation. In the case of planning (including urban planning) in
Scotland for example, there is an extensive portfolio of statutory planning guidance
covering many policy issues including flooding (Scottish Executive, 2004),
openspace (Scottish Government, 2008), green infrastructure (Scottish Government,
2011b) and environmental impact assessment (Scottish Government, 2013f).
Accordingly, there is always an opportunity to improve urban planning practice and
process through the development, testing and adoption of new approaches, guidance
and practice. This is an opportunity that this thesis seeks to exploit through the
development of practical tools, techniques and modelling/scenario evaluation

frameworks that can feed into and inform urban planning practice.

1.4 Aims, objectives and structure of the thesis
As outlined in the sub-sections above, the key problem addressed by this research is

urbanisation and the pressure that urbanisation can place on urban land and the urban
ecosystem services it can provide (see section 1.1). This problem needs to be
investigated because there is currently a limited practical understanding of how urban
land use/management decisions can impact urban ecosystem services (see section
1.2). Furthermore, although urban planning may potentially provide a useful
integrating framework for addressing urbanisation problems (see section 1.3), there

® e.g. through the use of Tree Preservation Orders (TPOs) and Conservation Areas
http://www.legislation.gov.uk/ukpga/1990/8/part/\/111/chapter/l/crossheading/tree-preservation-orders
and http://www.legislation.gov.uk/ukpga/1990/9/contents [accessed 21/09/13]

" e.g. through the use of Section 106 agreements
http://www.legislation.gov.uk/ukpga/1990/8/section/106 [accessed 21/09/13]
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is a need for better tools, techniques and modelling/scenario evaluation frameworks
to help urban land use planners consider the impacts of their decisions on urban
ecosystems and ecosystem services (see section 1.2). As such, the overarching aim of

this research is:

To understand, develop, trial and evaluate new approaches to urban planning

that can operationalise key aspects of the ecosystems approach

This overarching aim is supported by five more detailed objectives as per Box 1.2.

Box 1.2 Research Objectives

1. To identify urban ecosystem services that are particularly important to urban
centres in northern Europe

2. To understand how urban land use/management can impact the functioning of
urban ecosystems and the provision of certain urban ecosystem services

3. To identify existing approaches to urban planning that may have potential to
operationalise the ecosystems approach and to evaluate their utility in this regard

4. To develop new approaches to urban planning that can operationalise key aspects
of the ecosystems approach and inform practical urban land use/management
decision-making and green infrastructure project design

5. To evaluate the appropriateness and utility of the new approaches with respect to
their adoption in urban planning practice

This research has adopted a qualitative approach, based on grounded theory,
which has sought to develop an improved understanding of the relationship between
urban land use/management and certain urban ecosystem services. Qualitative data
collected and analysed through this research has then been integrated with existing
spatial datasets in a Geographic Information System (GIS) to develop new spatial
models for urban land use planning, based on the principles of the ecosystems
approach. Ecosystem services — the central concept in this research — can be defined
as the advantages or benefits provided by a healthy natural environment that are

essential for societal wellbeing and prosperity (see section 1.2).
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Figure 1.5 Geographical location of Glasgow in Europe

(Source: EC, 2013c)

The research has purposefully focussed on three specific urban ecosystem
services — 1) flood storage; 2) runoff reduction; and 3) ecological connectivity — and
a specific study site which, in this instance, is a specific urban centre — Glasgow (see
Figure 1.5). The rationale for the selection of these ecosystem services and study site
is explained at sections 2.1.4 and 3.2.5. The selection of specific ecosystem services
and study site has influenced the scope and parameters of this research, especially in
relation to the participants in the study. Participants in this regard include: 1) land
use/management planning experts; 2) a group of land use/management planning
stakeholders from Glasgow City Council (GCC) constituting a ‘social setting’ in the
terms of one of the research methods used; and 3) the various documents and
literature reviewed as part of the evidence assessment method.

The subsequent Chapter of this thesis — Chapter 2 — describes the

methodology adopted in this research including the overall research design, the
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theoretical framework and the specific data collection and analysis methods adopted.
As outlined in sections 2.2.3, 2.2.7 and 2.3.2, a Rapid Evidence Assessment (REA)
methodology has been used to collate, analyse and synthesise technical data from
existing literature on the impact of urban land use/management on the three specific
urban ecosystem services considered in this research. In this regard, a key aspect of
the data collection methodology adopted in this research is focussed on the REA (a
literature review type approach), the outputs of which are documented in three
‘evidence assessment’ Chapters (see Chapters 3 — 5). As such, this thesis does not
include a formal literature review Chapter given the literature-based focus of a key
part of the methodology (see section 2.3.2). As part of the research, a literature map
has been developed (see Appendix 1) to develop an understanding of the
relationships between different categories of literature. This has been particularly
important given the interdisciplinary nature of the research and the literature
considered (see section 2.1.3).

Chapter 3 is the first of the four evidence assessment Chapters in the thesis. It
analyses the urban land use planning system in Scotland, highlights key opportunities
for consideration of urban ecosystem services and characterises the urban natural
environment for the purposes of ecosystems approach based urban land use planning.
It then goes on to introduce and explain the theory and science of ecosystem services
and the ecosystems approach that has underpinned this research, thereby arguing the
case for the use of these concepts in urban land use planning. Chapter 3 also explains
why certain urban ecosystem services have been focussed on in this research.

Chapter 4 is the second of the four evidence assessment Chapters. It provides
the technical basis for the two water management related ecosystem services — flood
storage and runoff reduction — that have been considered in this research in the
development of new tools and techniques for urban land use planning. It discusses
the catchment based approach to sustainable Flood Risk Management (FRM) as well
as the key hydraulic and hydrological principles that provide the technical basis for
later Chapters in the thesis. It then provides an analysis of four key approaches to
natural flood management (NFM) that can be used in urban catchments and that have
been integrated with the new tools and techniques developed through this research.
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Chapter 5 is the third of the four evidence assessment Chapters. It provides
the technical basis for the ecological connectivity ecosystem services that have been
considered in this research in the development of new tools and techniques for urban
land use planning. It explains the theory of landscape ecology and landscape metrics
before exploring the principles, tools and techniques available for modelling
landscape connectivity. It then discusses the key principles of conservation
management before arguing the case for the use and management of urban habitat
networks for the provision of multiple benefits.

Chapter 6 is the last of the four evidence assessment Chapters. It documents
the review and evaluation of existing ecosystems approach based urban land use
planning frameworks. This includes an evaluation of each approach and a synthesis
of the main findings. It also highlights where and how the strengths, weaknesses and
key methodological innovations identified from existing practice have informed the
development of the new tools and techniques as part of this research.

Chapter 7 describes the new spatial models that have been developed in this
research to help urban land use planners better consider the impacts of their land
use/management decisions on urban ecosystems and ecosystem services. This
includes a summary explanation of the structure, process and function of the new
models, thereby arguing the case for their wider use in urban land use planning
practice elsewhere. Crucially, the development of the new spatial models has been
directly informed by the evidence assessment described in Chapters 3 — 6.

Chapter 8 introduces the new guiding principles and technical guidance for
ecosystems approach based urban land use planning that have been developed
through this research. This includes an explanation of the specific data analysis
approach used in this case. Crucially, Chapter 8 then goes on to explain how the new
spatial models (see Chapter 7), guiding principles and technical guidance can be used
to inform the development of integrated urban land use/management strategies. This
includes a newly developed process for integrating model outputs with key stages of
the Local Development Plan (LDP) process, in line with the Planning etc (Scotland)
Act 2006. Finally, Chapter 9 presents the conclusions of the thesis including a
summary of key findings and recommendations for future research and for future

practice.
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2. Methodology

As described at Chapter 1, the overarching aim of this thesis is “to understand,
develop, trial and evaluate new approaches to urban planning that can operationalise
key aspects of the ecosystems approach”. In essence, this is a sustainability research
project focussed on improving institutional responses to natural environment
challenges by combining research on the ecological and social components (Stock
and Burton, 2011) of urban systems, including policies and institutions (i.e. urban
land use plans and local authorities). As such, the research has adopted an
interdisciplinary approach drawing on qualitative research methods from the social
sciences in conjunction with theories from the natural sciences.

Box 1.2 identified the five Research Objectives that this thesis has set out to
achieve. Cresswell (2009) describes how in qualitative studies, research questions are
used instead of objectives or hypotheses which are used more commonly in
quantitative or mixed methods studies. Although this research uses purely qualitative
research methods (see sections 2.3 and 2.4), defining clear objectives was an
important part of the overall framing of the research, especially given the pressing
need for sustainability research to contribute to effective, practical outcomes (Stock
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and Burton, 2011). In addition however, Research Objectives Nos. 1, 2 and 3 (i.e. the
three objectives that relate specifically to the collation of qualitative data — see
sections 2.2 and 2.3) have been framed as Research Questions to help guide the use
of key qualitative methods in the research (e.g. helping to clarify the relationship
between data requirements, research methods and the overall aim and objectives of
the research). As such, the three headline Research Questions are:

1. Which ecosystem services are particularly important for urban centres in
northern Europe?

2. How does urban land use/management impact the functioning of urban
ecosystems and the provision of certain urban ecosystem services?

3. What can be learnt from existing ecosystems approach based urban land

use planning frameworks?

The remainder of this Chapter describes the overall methodological approach
adopted in this research including the research design, specific use of theories and an
explanation of the interdisciplinary nature of the approach (section 2.1), the overall
research process followed in terms of the individual steps and the sequence of events
therein (section 2.2), the specific data collection methods adopted (section 2.3) and
the approach adopted in the analysis of the various data produced throughout the

research (section 2.4).

2.1 Research design and theoretical framework
Cresswell (2009 p.3) defines research designs as “plans and procedures for research

[...] informed by the nature of the research problem being addressed, the researcher’s
personal experiences and the audiences for the study”. The remainder of this section
outlines the specific research design adopted in this thesis (section 2.1.1), describes
the theoretical framework used (section 2.1.2), explains the rationale for the
interdisciplinary nature of the research (section 2.1.3) and describes how a pilot

urban centre was selected for the study (section 2.1.4).
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2.1.1  Research design
Cresswell (2009) identifies three main types of research design in the human and

social sciences: 1) qualitative; 2) quantitative; and 3) mixed methods. Within these
three broad approaches, Cresswell (ibid) highlights how the researcher then needs to
consider and make decisions about the worldview assumptions they bring to the
study, the selection of an appropriate procedure of enquiry (or research strategy) and
specific methods of data collection, analysis and interpretation. Although this
research has adopted an interdisciplinary approach (see section 2.1.3), only
qualitative methods have been used. As such, a qualitative research design was
considered appropriate. The different elements of the research design are discussed
further below. Firstly however it is important to understand the rationale behind the
use of a qualitative approach.

The nature of the research problem under investigation has a key influence
over research design choice. As outlined in Chapter 1, the research problem
investigated in this thesis is urban sustainability with a particular focus on the
relationship between urban land use/management, the provision of certain urban
ecosystem services and the need for better tools, techniques and modelling/scenario
evaluation frameworks to support urban land use planning in this regard. As such, a
key characteristic of this research problem is the need to better understand a concept
or phenomenon because little research has been done on it (Cresswell, 2009) — i.e.
how urban land use/management can impact the provision of urban ecosystem
services and then how this information might be framed within new tools and
techniques for urban land use planning. In this regard, a qualitative approach is
considered to be most appropriate given its more exploratory nature and the
flexibility it affords for the consideration of multiple variables (Cresswell, 2009;
Bryman, 2012). This is in contrast to a quantitative approach for example which will
generally feature a smaller number of defined variables (ibid). Another key factor
influencing research design choice is the personal experiences of the researcher. The
author comes from a qualitative background (environmental and sustainability policy
and assessment) and regularly uses qualitative techniques in his professional work
including strategic environmental assessment (SEA) practice and research (e.g.
Phillips and Sheate, 2010; Sheate and Phillips, 2014) and social research for central
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government (e.g. Phillips et al, 2014). As such, qualitative techniques were the
obvious choice in this regard due to their familiarity and the benefits of this
familiarity for research efficacy, quality and deliverability. This latter issue was
particularly pertinent as this PhD research was undertaken alongside fulltime
professional work at Glasgow City Council (GCC) and then Collingwood
Environmental Planning (CEP) Ltd (see section 2.3.3).

As discussed at the start of this sub-section, there are three main components
of research design: 1) philosophical worldview; 2) strategies of enquiry; and 3)
research methods (Cresswell, 2009). Cresswell (ibid) highlights how philosophical
ideas can have an important influence on research practice, even though they are
often largely hidden within research outputs. In this regard, the researcher is advised
to make explicit the philosophical ideas they espouse given the implications of these
for other aspects of research design — i.e. they can be seen as a “general orientation
about the world and the nature of research that a researcher holds” (Cresswell, 2009
p.6). As such, this study is approached through a pragmatic worldview. Crucially,
pragmatism arises out of “actions, situations and consequences rather than antecedent
conditions [and it has] a concern with applications — what works — and solutions to
problems” (Cresswell, 2009 p.10). Given this, pragmatism can be seen as having a
keen focus on the pressing problems of the day, an issue that is particularly important
in the field of sustainability research where effective research outcomes are essential
— I.e. identifying practical solutions to ‘real world’ system problems (Stock and
Burton, 2011).

Arguably, there are also close parallels between pragmatism and the adoption
of interdisciplinary approaches as per this research (see section 2.1.3). In particular,
interdisciplinary approaches are considered vital for sustainability research which
itself is focussed on addressing the practical ‘real world’ problems faced by
humanity (ibid). From a personal stance, the author is undoubtedly a pragmatist —
working at the interface of research and practice, the resolution of real world
sustainability problems are the focus of his professional work® Most notably,

pragmatism has influenced the research approach in terms of its keen focus on

® The author is a senior consultant at CEP Ltd, an independent consultancy specialising in strategic
and practical sustainability issues: http://www.cep.co.uk/What we_do.html [accessed 18/04/14]
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finding solutions to the urban sustainability problems outlined above and in Chapter
1. In particular, the emphasis has been on identifying workable solutions now that
can be improved upon in the future — i.e. demonstrating the overall efficacy of new
theories and approaches has been more of a priority than debating the minutiae.

Cresswell (2009 p.11) defines strategies of enquiry as “the types of
qualitative, quantitative and mixed methods designs or models that provide specific
direction for procedures in a research design”. The specific strategy of enquiry
adopted in this research however is harder to align directly with the social research
methods literature. In particular, the interdisciplinary nature of the research (see
section 2.1.3) means that it is hard to pin it down to particular epistemological and
ontological orientations (indeed this has been identified as a challenge of
interdisciplinary research more generally including the potential for epistemological
and ontological incompatibilities — see Stock and Burton, 2011). This issue is
compounded by the fact that most interdisciplinary research (including this research)
deals with environmental or natural resource issues (including land) where the
interaction between human systems and ecosystems is the focus of investigation
(ibid). In terms of epistemological considerations for example, this research draws on
commonly held theories from the natural sciences (see section 2.1.2) to develop new
urban planning tools and techniques, designed for integration with institutional and
policy frameworks, that are themselves predicated on social action (e.g. engagement
of stakeholders and the public in policy formulation).

The resolution of these issues comes back to the pragmatic worldview
described above. In essence, this research recognises how practical, interdisciplinary
sustainability research is needed to address ‘real world’ sustainability problems, such
as population growth, urbanisation and urban sprawl (see section 1.1). As such, this
thesis argues for interdisciplinary research methodologies that can incorporate the
practices and norms of the natural science model whilst recognising the need to
emphasise how individuals interact with their social world (Bryman, 2012),
including with institutions and policy-development processes. This, in essence, is the
ecosystems approach — i.e. the overarching theoretical framework adopted in this
research (see section 2.1.2).
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Given this, the strategy of enquiry that aligns best to the approach adopted in
this research is grounded theory. Grounded theory is considered to be the most
widely used framework for analysing qualitative data (Bryman, 2012) and can be
used to derive “general, abstract theories of a process, action or interaction”
(Cresswell, 2009 p.13). A grounded theory strategy is predicated on the use of
multiple stages of data collection and refinement to identify themes, concepts,
categories, hypotheses and, ultimately, formal theories (Cresswell, 2009; Bryman,
2012). Whilst the overall thrust of grounded theory is based on an inductive approach
— 1.e. using observations and findings to develop theories — there is inevitably a
degree of iteration between data, extant theories and any new theories that the
research may propose (Bryman, 2012). This sort of iterative approach has been
adopted in this research as described at section 2.2.

The final component of Cresswell’s (2009) framework for research design is
the specific research methods used for data collection, analysis and interpretation.
Section 2.3 provides a more detailed explanation of the data collection methods used
and section 2.4 outlines the specific data analysis and interpretation approaches
utilised. In summary however a grounded theory approach has been used for data
analysis and interpretation and specific data collection methods are as follows:

e Document review
e Rapid evidence assessment (REA)
e Action research

e Semi-structured interviews

2.1.2  Description of the theoretical framework adopted in this research

As mentioned at the start of this Chapter, this research draws on extant theories from
the natural sciences in order to develop improved institutional responses to natural
environment challenges and urban sustainability problems. As such, the research has
been approached with a distinct theoretical lens or perspective (Cresswell, 2009) that
has provided an overall theoretical framework on which the research design has been
based (see section 2.1.1). Bryman (2012) describes how theory is normally

something that emerges from the collection and analysis of qualitative data yet he
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also highlights how qualitative data can be used to test extant theories as well. In this
regard, whilst this research has developed new theories for urban land use planning,
the collection, analysis and interpretation of qualitative data underpinning the new
theories has been undertaken within a framework of existing theories, primarily from
the natural sciences (i.e. there are elements of both an inductive and deductive
approach).

Ecosystem services provide the overarching theoretical framework adopted in
this research. The theory of ecosystem services is based around the processes that
link human societies and their wellbeing with the natural environment (MA, 2005;
Mace et al, 2011), emphasising “the role of ecosystems in providing services that
bring improvements in wellbeing to people” (Mace et al, 2011 p.2). As discussed
briefly at section 2.1.1, many of the ‘real world’ problems faced by humanity today
are located at the interface of human and natural systems (Stock and Burton, 2011).
In this regard, ecosystem services can provide a common framework within which
different disciplines can align through interdisciplinary approaches (ibid).

This research argues that the use of ecosystem services as a theoretical
framework has the potential to bring focus to ‘real world’ problems through common
objectives. This sentiment is echoed by Stock and Burton (2011 p.1096) who
describe how interdisciplinary studies into ‘real world’ problems “force participants
from a variety of unrelated disciplines to cross boundaries to create new knowledge”
(Stock and Burton, 2011 p.1096). Given this, although ecosystem services can be
regarded as a theoretical framework in its own right, a key strength of the theory lies
in its integrated nature (Baker et al, 2013). In practice, this means that the
overarching ecosystem services theoretical framework is underpinned and supported
by many other theories from discrete disciplines, supporting interdisciplinarity.

This includes theories from the social as well as natural sciences. For
example feminist perspectives, critical theory and racialised discourses (Cresswell,
2009) are arguably considered within the ecosystems approach which includes key
principles on considering all forms of relevant information (including indigenous and
local knowledge) and involving all relevant sectors of society in decision-making
(CBD Secretariat, 2013a). Although the theory of ecosystem services is underpinned

by discrete theories from many separate disciplines, this research has a finite scope
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(informed by findings under Research Question No.1 — see section 2.2.2) and
therefore a finite consideration of related theories. This is indicated on Figure 2.1.

Overarching
Ecosystem Services and the Ecosystems Approach } theoretical
framework

Discrete
theories from
separate
disciplines

Landscape Hydrology & Physical Planning
Ecology Hydraulics Geography Theory
[Chapter 5] [Chapter 4] [Chapter 4] [Chapter 3]

Ecology
[Chapter 3]

Figure 2.1 The theoretical framework and sub-theories adopted in this research

Note: The Figure depicts the relationship between the overarching theoretical framework adopted in
the research and the discrete theories from separate disciplines that support and underpin this
framework. The Figure also indicates where the discrete theories from separate disciplines are treated
elsewhere in this thesis — i.e. the three main evidence assessment Chapters that have underpinned the
development of the new theories for urban land use planning.

2.1.3  The rationale for an interdisciplinary research approach

Stock and Burton (2011 p.1091) describe integrated research as “all categories of
sustainability research involving integrated multiple disciplines”. As discussed in
sections 2.1.1 and 2.1.2, this type of approach can be particularly useful for
addressing ‘real world’ problems at the interface of human and natural systems. The
problem addressed in this research — i.e. urban sustainability with a particular focus
on the relationship between urban land use/management, the provision of certain
urban ecosystem services and the need for better tools and techniques to support
urban land use planning in this regard — falls within this category and, as such, the
adoption of an integrated research approach has been considered appropriate.

Stock and Burton (ibid) define three broad categories of integrated research:
1) multidisciplinary; 2) interdisciplinary; and 3) transdisciplinary. The approaches
are considered within a hierarchy whereby multidisciplinary approaches are the least
integrated and transdisciplinary the most. Stock and Burton (ibid) characterise
interdisciplinary research approaches variously though key characteristics include the
use of an iterative research process (section 2.2), a problem solving focus (section
2.1.1), the involvement of multiple disciplines and the crossing of epistemological

boundaries (section 2.1.1). These key characteristics and others have helped to shape
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the approach adopted in this research as outlined in sections 2.1.1, 2.1.2 and 2.2. In
particular, this research focuses on close integration and cooperation in order to
bridge disciplinary viewpoints. As described at section 2.1.2 and shown on Figure
2.1, this approach has been framed within the overarching theoretical framework of
ecosystem services which, by its very nature, is an integrating concept. Chapter 3
includes a detailed discussion of ecosystem services theory as it relates to the aims,

objectives and questions posed by this research.

2.1.4  Choosing a pilot urban centre

As described at section 1.4, a key part of the overall aim of this research is the
development, trialling and evaluation of new approaches to urban planning that can
operationalise the ecosystems approach (see Research Objectives Nos. 4 and 5 in
Box 1.2). As explained at section 2.1.1, this research has been approached through a
pragmatic worldview whereby the intention has always been for the research to help
identify practical solutions to ‘real world’ urban sustainability problems (see Chapter
1). In this regard, key aspects of the research have focussed on a pilot urban centre
whereby the new approaches developed in this research have been tested in one
location to understand their applicability in other contexts as well. In this regard, the
research process has been influenced by policy, legislation, institutions, data
availability and stakeholders of relevance to the specific pilot urban centre. This has
influenced various aspects of research design including the choice of methods and
the scope of data collection. The focus on a pilot urban centre will undoubtedly
influence the scope and wider applicability of the research findings and conclusions.
This is discussed at section 9.4.

As outlined at section 1.4, Glasgow (Scotland, UK) has been used as the pilot
urban centre. Cresswell (2009) describes how the researcher’s personal experiences
are one of the criteria for selecting a research design (including the location, situation
or context where the research will take place). The author’s professional career to
date has focussed on Scotland and Glasgow, including three years working for
Glasgow City Council (2010 — 2013) as an environmental planner/strategic
environmental assessment (SEA) officer. As such, the author’s experience and

familiarity with relevant Scottish legislation, policy, research, data and stakeholders
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made Glasgow an obvious choice for a pilot urban centre. Access to stakeholders and

data (especially at GCC) was seen as a particular strength in this regard.

2.2 Description of the research process

Section 2.1 describes the overall research design and theoretical framework that has
underpinned this research. Section 2.2 builds on this, describing the overall research
process adopted in terms of the individual steps and the interaction therein. Each step
Is described individually including the following information: 1) links to specific
Research Objectives; 2) links to specific data collection and/or analysis methods
used; and 3) cross-references to later Chapters of the thesis where relevant results
and/or analysis are documented. The overall process followed in this research is
indicated on Figure 2.2 and summarised in Table 2.1.

Table 2.1 Research process summary

Research step Research | Data collection and/or | Relevant thesis
Objectives | analysis method(s) Chapter(s)

Step 1: Review key policy and 1 Document review Evidence assessment —
literature and scope the research Chapter 3
Step 2: Initial review and 2 REA; Coding; and Evidence assessment —
assessment of technical literature Integrative diagrams Chapters 3,4 and 5
Step 3: Review and evaluation of 3 Document review; and | Evidence assessment —
existing approaches Criteria based Chapter 6

evaluation
Step 4: Initial development of 4 Use of ArcGIS Spatial models —
spatial models Chapters 7 and 8
Step 5: Pilot spatial models 4 Action research; and Spatial models —

Use of ArcGIS Chapters 7 and 8
Step 6: Follow-up review and 2 REA,; Coding; and Evidence assessment —
assessment of technical literature Integrative diagrams Chapters 3,4 and 5
Step 7: Validate key findings All Semi-structured Evidence assessment —
through expert interviews objectives | interviews; and Coding | Chapters 3, 4 and 5
Step 8: Refine spatial models 4 Use of ArcGIS Spatial models —

Chapters 7 and 8

Step 9: Develop ecosystems 4 Coding; and Integrative | Spatial models —
approach principles and technical diagrams Chapter 8
guidance
Step 10: Evaluate new theories and | 5 Criteria based Conclusions — Chapter
approaches evaluation 9

2.2.1  Overall approach — grounded theory
As described at section 2.1.2, this research has adopted a strategy of enquiry loosely

based on grounded theory. A grounded theory approach derives general abstract
theories from multiple stages of data collection and analysis to understand
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relationships between emerging categories (Cresswell, 2009; Bryman, 2012; Dick,
2012). In practical terms, this research has used a grounded theory type approach to
develop an understanding of the relationship between urban land use/management
and the provision of certain ecosystem services (broadly akin to ‘concepts’ and
‘categories’ in terms of grounded theory literature). This understanding has then been
used to develop and trial new approaches to urban land use planning that integrate
the principles of the ecosystems approach (broadly similar to ‘hypotheses’ and
‘theories’ in terms of grounded theory literature). Within this thesis, the
‘understanding’ aspect has been framed as an evidence assessment (see Chapters 3 —
6) that provides the technical basis for developing the new ‘approaches’ (see
Chapters 7 and 8). Where relevant, the sub-sections below align the process followed

in this research to the process and outcomes of a grounded theory approach.

2.2.2  Review key policy and literature and scope the research

Step 1 collected and analysed data that directly supported Research
Obijective/Question No.1. The main purpose of Step 1 was to identify ecosystem
services that are particularly important for the sustainability of urban centres located
in northern Europe. In essence, Step 1 acted as a scoping exercise, identifying the
key urban ecosystem services that then became the thematic focus of the research in
subsequent data collection and analysis steps (e.g. which aspects of the literature to
focus on as part of the REA in Steps 2 and 6 and what questions to pose to the
experts in Step 7). The focus on northern Europe reflects the use of Glasgow as a
pilot urban centre (see section 2.1.4).

Step 1 used a document review methodology to analyse key European Union
(EU) and Scottish Government policies and reports to form a view on the challenges
facing northern European urban centres (and Glasgow/Scotland) and therefore the
urban ecosystem services that could potentially help to address these challenges. In
this regard, Step 1 can be considered as an initial data collection stage within a
grounded theory approach — i.e. it identified ‘coarse’ outline themes in terms of the
ecosystem services that focussed subsequent stages of the research. In terms of
grounded theory therefore, Step 1 produced outputs that can be considered broadly

similar to ‘concepts’, which are defined as the “building blocks of theory” (Bryman,
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2012 p.570). The methodology adopted in Step 1 is described at section 2.3.1. The
results of Step 1 are outlined at section 3.2.5.

Step 1: Review key policy and
literature and scope the research

\1/ \1/ L Year one
Step 2: Initial review Step 3: Review and [2011-2012]
=3 and assessmentof  <-> evaluation of existing <--
technical literature approaches

1

1

1

1

1

i

1

E Step 4: Initial development of
I spatial models Year two

b [2012 -2013]
i
1
1
1
1
1
1

Step 5: Piloting of spatial models

Step 6: Follow-up review and
assessment of technical literature

\’

Step 7: Validate key findings
through expert interviews

|

Step 8: Refine spatial models

Year three
[2013-2014]

Step 9: Develop ecosystems
approach principles & technical
guidance

Step 10: Evaluate new theories and
approaches

Figure 2.2 Schematic summary of the research process

Note: The Figure depicts the overall process followed in this research in terms of individual research
steps and the interactions therein. Research steps that were particularly iterative are illustrated with
red dashed lines. The Figure also provides an approximate indication of when individual research
steps took place within the three year programme (2011 — 2014).

Key

Data collection Data analysis & interpretation

2.2.3 Initial review and assessment of technical literature

Step 2 collected and analysed data that directly supported Research
Objective/Question No.2. The main purpose of Step 2 was to collate initial data
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around the Step 1 themes to form an outline view of how urban land
use/management might contribute to the enhancement and protection of the urban
ecosystem services identified at Step 1. Crucially therefore Step 2 needed to identify
the relevant disciplines and theories that could be investigated, through the relevant
literature, in order to develop an understanding of how urban land use/management
can impact the urban ecosystem services identified at Step 1. This is discussed at
section 2.1.3.

Step 2 adopted a methodology based on the UK Government’s Rapid
Evidence Assessment (REA) approach (REA Toolkit Government Social Research
website, undated). In practice this involved the identification and assessment of key
literature relevant to the disciplines that provide the theoretical framing for the
ecosystem services considered in the research® (see Figure 2.1). As such, this data
provided the initial basis for thinking about hypotheses and potential new theories for
ecosystems approach based urban land use planning. In terms of grounded theory
therefore, Step 2 was an integrated data collection, coding and constant comparison
process (Bryman, 2012; Dick, 2012) producing outputs that can be considered
broadly similar to ‘categories’, defined as “concepts that have been elaborated so that
they can be regarded as representing real-world phenomena” (Bryman, 2012 p.570).
In particular, Step 2 took the coarse themes/ecosystem services identified at Step 1
and developed an initial understanding of how these can be influenced, in an urban
context, through practical land use/management action on the ground — i.e. the
translation of broad themes identified in strategic policy into more practical themes
that can be understood in specific ‘real-world’ urban planning contexts. The
methodology adopted in Step 1 is described at section 2.3.2. The results of Step 2 are
integrated with the results of Step 6 in Chapters 3, 4 and 5.

2.24  Review and evaluation of existing approaches

Step 3 collected and analysed data that directly supported Research
Objective/Question No.3. Step 3 recognised that examples of urban land use

planning frameworks adopting the ecosystems approach were likely to be available

° An REA is different from a systematic review of literature as it is more defined in terms of its scope
(e.g. there is less potential for ‘snowballing’). This is explained further at section 2.3.2.
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for study. The main purpose of Step 3 therefore was to identify and evaluate existing
approaches, highlighting relevant lessons from existing practice — i.e. the
identification of possible extant theories that could be considered in conjunction with
data produced through other research steps, to help formulate hypotheses and new
theories for urban land use planning. In this regard, Step 3 was undertaken in parallel
with Step 2, supporting the integrated analysis of data and potential hypotheses and
theories. Step 3 used a document review methodology to evaluate key documents
relating to the existing land use planning frameworks considered (three examples). In
this instance, the Convention on Biological Diversity (CDB) ecosystems approach
principles (CBD Secretariat, 2013a) were used as criteria for the document review
and evaluation to provide a focus on the key issues that mattered for the research —
i.e. how were ecosystem services and the ecosystems approach being considered and
what could be learnt for wider practice? Similarly to Step 2 therefore, Step 3
produced outputs that can be considered broadly similar to ‘categories’ in terms of
grounded theory. The methodology adopted in Step 3 is described at section 2.3.1.
The results of Step 3 are described at Chapter 6.

2.2.5 Initial development of spatial models

Step 4 was an integrated data analysis step that directly supported Research
Obijective No.4. In practical terms, the main purpose of Step 4 was to link the initial
understanding of urban land use/management’s potential impact on key urban
ecosystem services (Steps 1 — 3) to existing spatial datasets and spatial analysis
techniques that could be used to develop practical tools, techniques and
modelling/scenario evaluation frameworks to support urban land use planning. In
terms of grounded theory, Step 4 explored the ‘concepts’ and ‘categories’ identified
through Steps 1 — 3, in an integrated manner, to scope initial ‘hypotheses’ and
‘theories’ for ecosystems approach based urban land use planning. Hypotheses are
defined as “initial hunches about relationships between concepts” and theories as “a
set of well-developed categories that are systematically related through statements of
relationship to form a theoretical framework that explains some relevant
phenomenon” (Bryman, 2012 p.570). In essence, Step 4 provided the space to

explore the relationships between the ‘concepts’ and ‘categories’ identified at Steps 1
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— 3. In practice, this exploration was facilitated through the integrated use of ArcGIS
software, relevant existing spatial datasets, the suite of ArcGIS geoprocessing tools
and ArcGIS ModelBuilder. In this manner, qualitative data from Steps 1 — 3 was
integrated with spatial analysis in the GIS through the development of initial spatial
models™®. The specific analysis methodology adopted in Step 4 is described at section
2.4.1. The results of Step 4 analysis are integrated with the results of Step 8 in
Chapters 7 and 8.

2.2.6  Piloting of spatial models
Step 5 collected and analysed data that directly supported Research Objective No.4.

The main purpose of Step 5 was to provide a platform for testing the initial
‘hypotheses’ and ‘theories’ for ecosystems approach based urban land use planning
developed at Step 4 (i.e. the initial spatial models). In practice, the Step 4 spatial
models were piloted in live projects whilst the researcher was employed at Glasgow
City Council (GCC). In this regard, an action research based approach was used
whereby the researcher and members of a social setting (i.e. relevant urban land use
planning stakeholders) collaborated to further develop the problem diagnosis (Steps
1 — 3) and to refine the potential solutions to this problem (Bryman, 2012; Dick,
2013) — i.e. the new ‘hypotheses’ and ‘theories’ for urban land use planning. An
additional objective was to develop knowledge and understanding, as part of
practice, within the social setting (Dick, 2013) —i.e. relevant urban land use planning
stakeholders in Glasgow. A key outcome from Step 5 was an improved
understanding of information needs in terms of ecosystem service inputs to land use
planning decision-making processes. In terms of grounded theory, Step 5 further
explored the ‘concepts’ and ‘categories’ (Steps 1 — 3) and helped to refine the initial
‘hypotheses’ and ‘theories’ for ecosystems approach based urban land use planning
(Step 4). The specific data collection and analysis methodology adopted in Step 5 is
described at section 2.3.4. The results of Step 5 are integrated with the results of
Steps 4 and 8 in Chapters 7 and 8.

19| this regard, although the methodology adopted in this research is primarily qualitative, there is a
small element of mixed methods given the use of quantitative spatial datasets (e.g. habitats, elevation).
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2.2.7  Follow-up review and assessment of technical literature

Step 6 collected and analysed data that directly supported Research
Objective/Question No.2. As indicated on Figure 2.2, Step 6 was iterative with Steps
2 and 3. The main purpose of Step 6 therefore was to develop and refine data
collection from Steps 2 and 3 in response to the analysis at Steps 4 and 5, thereby
addressing data deficiencies/gaps highlighted by the pilot phase at Step 5. Step 6
adopted the same data collection methodology as Step 2 (see section 2.3.2). In terms
of grounded theory therefore, Step 6 can be regarded as a further iteration of the data
collection, coding and constant comparison processes (Bryman, 2012; Dick, 2012)
undertaken at Step 2. In Step 6 however, a key objective was to saturate the
‘categories’ (ibid) identified at Steps 2 and 3 to provide a robust basis for developing
the initial ‘hypotheses’ and ‘theories’ from Steps 4 and 5 into more substantive
theories. In practical terms, the saturation of ‘categories’ directly informed the scope

and structure of the three evidence assessment Chapters — 3, 4 and 5.

2.2.8  Validate key findings through expert interviews
Step 7 collected data that supported all five Research Objectives. The main purpose

of Step 7 was to engage land use/management planning experts, through a semi-
structured interview process, in order to validate key findings from the preceding
Steps, especially those that informed the evidence assessment — i.e. Steps 1, 2, 3 and
6. In this regard, Step 7 gathered expert views on the initial hypotheses and theories
that underpinned the initial development of spatial models at Steps 4 and 5. In terms
of grounded theory therefore, Step 7 can be regarded as an additional data collection
process that contributed to the further saturation of categories and, crucially, the
testing of hypotheses (Bryman, 2012; Dick, 2012). The specific data collection
methodology adopted in Step 7 is described at section 2.3.3. The results of Step 7 are
integrated with the three evidence assessment Chapters — 3, 4 and 5 and the

conclusions at Chapter 9.

2.2.9  Refine spatial models

Step 8 was an integrated data analysis step that directly supported Research
Objective No.4. Step 8 involved a similar process to Step 4 although it was based on

refined ‘categories’ and ‘hypotheses’ following input from Steps 5, 6 and 7. The
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specific analysis methodology adopted in Step 8 is described at section 2.4.2. The
results of Step 8 analysis are integrated with the results of Step 4 in Chapters 7 and 8.

2.2.10 Develop ecosystems approach principles and technical guidance

Step 9 was a further integrated data analysis step that directly supported Research
Objective No.4. The main purpose of Step 9 was to review all data collected,
analysed and documented as part of the evidence assessment (Chapters 3, 4, 5 and 6)
as a final refinement of the new hypotheses and theories for urban land use planning
developed through all preceding steps. In practice, Step 9 resulted in the
development of the following: 1) an overarching set of guiding principles for
ecosystems approach based urban land use planning; and 2) technical guidance to
support stakeholders to interpret and act on spatial model outputs (see Step 8) in the
development of integrated urban land use/management strategies. In terms of
grounded theory therefore, Step 9 was a final further refinement of hypotheses
testing and checking that resulted in the development of theory (Bryman, 2012). This
thesis argues that the theories/theoretical framework developed through this research
— i.e. the new tools, models and guidance for ecosystems approach based urban land
use planning — can be considered ‘formal’ as per Bryman (ibid). In effect, the new
theories developed through this research are based, in part, on existing theory and
research as per the theoretical framework outlined at section 2.1.3 and Figure 2.1.
The specific analysis methodology adopted in Step 9 is described at section 2.4.1.
The results of Step 9 analysis are integrated with the results of Step 4 and 8 in
Chapters 7 and 8.

2.2.11 Evaluate new theories and approaches

Step 10 was an analysis step that directly supported Research Objective No.5. The
main purpose of Step 10 was to evaluate the new theories and approaches developed
through the preceding steps. In practice, Step 10 adopted the same approach as Step
3 —i.e. using the CBD ecosystems approach principles as evaluation criteria to form
a view on the degree to which the new theories and approaches might support an
ecosystems approach to urban land use planning. The specific analysis methodology
adopted in Step 10 is described at section 2.4.1. The results of Step 10 are described
in Chapter 9.
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2.3 Data collection methods
This section describes the four key data collection methods adopted in this research

including the rationale behind their use. Cresswell (2009) describes how qualitative
research must purposefully select the participants, sites and documents that will help
the researcher understand the research problem. This includes specifying the type of
data that will be collected and protocols for recording data. Where relevant, the sub-

sections below provide this information.

2.3.1 Document review

Bryman (2012) highlights how existing documents can be a useful source of data
though cautions that data collection in this regard must be undertaken in a structured
manner to ensure that the meaning of the material uncovered can be understood. A
document review methodology was adopted in Steps 1 (section 2.2.2) and 3 (section
2.2.4). Key methodological issues were: 1) the choice of documents to review; and 2)
the selection of criteria with which to review the documents.

In Step 1, EU and Scottish Government policies and official reports were
reviewed to scope urban ecosystem services for consideration in subsequent steps of
the research (see section 2.2.2). In terms of Bryman’s (ibid) categorisation of
documents, EU and Scottish Government policies and official reports would be
described as official state documents. In this regard, the documents reviewed in Step
1 are considered to be authentic, credible and representative (ibid). Documents were
identified for review initially on the basis of the researcher’s existing knowledge™ of
EU and UK/Scottish Government policy on urban land use, sustainability, climate
change, natural environment and ecosystem services. These documents are
highlighted in Table 2.2. Additional relevant documents were identified from the
initial list and reviewed also (see Table 2.2). The review was undertaken on the basis
of broad review criteria to identify urban ecosystem services that might be

particularly relevant in northern European urban centres:

e Geography

! Based on seven years’ professional experience in the fields of environmental and sustainability
policy and assessment.
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o Does the document refer specifically to urban centres in northern
Europe/the UK/Scotland?
e Urban nature
o Does the document refer to urban nature/the natural environment?
o Does it discuss the benefits of urban nature?
e Urban challenges
o Does the document discuss pressures/challenges facing urban areas?
o Does it outline green infrastructure/ecosystem service/nature based
responses to these challenges?
e [Ecosystem services
o Does the document refer explicitly to urban ecosystem services?

In Step 3, documents relating to example ecosystems approach based land use
planning frameworks were reviewed to identify possible lessons for wider practice.
Three example approaches for the review were identified on the basis of the author’s
knowledge and awareness*? of UK based practice and through informal discussions
with colleagues and associates. As such, it is important to stress that Step 3 was
intended to be illustrative rather than exhaustive — i.e. it was intended to identify
possible broad lessons for wider practice as opposed to specific hypotheses or
theories (see section 2.2.4). In this regard, two of the three examples reviewed were
known to the researcher — this was seen as pragmatic in terms of ensuring access to
relevant documents for the review.

Once the three examples had been identified, documents were identified for
review through: 1) internet searches; 2) reviewing organisation websites; and 3)
contacting named/known individuals. All three examples were in the public sector.
As such, the reports reviewed would be described as official state reports in terms of
Bryman’s (2012) categorisation of documents. In this regard, the documents
reviewed in Step 3 are considered to be authentic, credible and representative (ibid).
Documents were collated and then reviewed using review criteria — the CBD

ecosystems approach principles were framed as criteria in this regard (see Table 2.3).

12 1bid
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A simple data collection protocol was used to store document review data for

analysis at a later stage (see Table 2.4).

Table 2.2 Documents considered in the Step 1 document review

Document

Review criteria

Geography

Urban
nature

Documents identified on the basis of the researcher’s existing knowledge

The European Environment State and Outlook 2010: Urban
Environment (EEA, 2010a)

Adapting to Climate Change: Towards a European Framework
for Action (EC, 2009)

Europe 2020: a Strategy for Smart, Sustainable and Inclusive
Growth (EC, 2010)

Our Life Insurance, Our Natural Capital: an EU Biodiversity
Strategy to 2020 (EC, 2011)

Getting the Best From our Land — a Land Use Strategy for
Scotland (Scottish Government, 2011d)

UK National Ecosystem Assessment Urban Chapter (Davies et
al, 2011)

Flood Risk Management (Scotland) Act 2009: Delivering
Sustainable Flood Risk Management (Scottish Government,
2011a)

Additional documents identified through the initial review
The European Environment State and Outlook 2010: Land Use
(EEA, 2010b)

Scottish Climate Change Information: UKCP09 Compendium
(SCCIP, 2009)

Scotland’s Climate Change Adaptation Framework (Scottish
Government, 2009c)

Scottish Planning Policy (Scottish Government, 2010b)

Y

N

Y

Y
Y

Y

Y/N

Y/N

N

N
Y

Urban
challenges

Y/N

Y

Y
Y/N

Ecosystem
services

Y/N

Y/N

Y/N

Y/N

N

Y/N
N

Note: The Table indicates where the review criteria were met in each of the documents reviewed. Y =
criteria met; N = criteria not met; and Y/N = criteria met to a degree (e.g. urban nature was discussed

but not in terms of the benefits that it can provide).

The overall review in Step 3 was guided by the use of specific research

questions. These informed the development of the review criteria (see Table 2.3) and

the overall focus of the review. The findings of the Step 3 review, as documented in

Chapter 6, have also been framed in terms of the research questions which are:
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e To what degree have the CBD ecosystems approach principles been

considered in the example land use planning frameworks? Which principles

have been considered?

e What types of method/approach have the example land use planning

frameworks used to consider the CBD principles in their land

use/management planning?

e What are the main strengths and weaknesses of the example land use

planning frameworks in terms of how they have considered the CBD

principles?

Table 2.3 Evaluation criteria for the Step 3 document review

(Adapted from CBD Secretariat, 2013a; Phillips et al, 2014)

CBD ecosystems
approach principle

EsAl

EsA2

EsSA3

EsA4

ESA5

EsA6

EsA7

Evaluation criteria for Step 3 document review

1.
2.

N

Does the approach define ecosystems or landscapes?

Does the approach operate at a spatial scale such that it is likely to
encompass multiple ecosystems?

Does the approach consider the effects of land use/management on adjacent
ecosystems, either implicitly or explicitly?

Does the approach discuss ecosystem processes/intermediate services?
Does the approach discuss ecosystem structure?

Does the approach include specific methodologies for evaluating land
use/management impacts on ecosystem structure and function?

Does the approach refer to environmental limits?

Does the approach define specific environmental limits (e.g. for
environmental state or ecosystem service indicators)?

Does the approach include specific methodologies for evaluating land
use/management impacts on environmental limits?

Does the approach work at the ecosystem or landscape scale?

What is the rationale for spatial delineation of the area of land encompassed
by the approach (e.g. based on administrative boundaries or natural
features)?

Is the temporal scope of the approach sufficient such that ecosystem
restoration projects can be planned and delivered effectively?

Does the approach set long term objectives (e.g. >10 years)?

Does the approach discuss the varying temporal scales and lag effects that
characterise ecosystem processes and their restoration?

Does the approach recognise the dynamic nature of landscapes and
ecosystems?

Does the approach discuss how change is inevitable?

Does the approach discuss the costs and benefits associated with land
management for different objectives?

Does the approach attempt to integrate non-market values of ecosystem
services with decision-making?

Does the approach consider how grants, incentives and regulation can be
used to influence land use/management objectives (including private
objectives)?
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CBD ecosystems Evaluation criteria for Step 3 document review
approach principle
1. Does the approach have an overarching objective on the conservation of
biodiversity?
EsA8 2. Does the approach seek to balance the use and conservation of biodiversity?
3. Does the approach employ a specific mechanism in place to help balance
the conservation and use of biodiversity?
1. Does the approach seek to engage the public and affected communities in
land use/management decision-making?

= 2. Does the approach employ specific consultation and engagement
techniques?
1. What steps does the approach take to decentralise land use/management
ESAL0 planning to local levels? o N
2. Is there evidence of decentralisation of land use/management decision-
making happening in practice?
1. What steps does the approach take to glean knowledge and ideas from all
EsALL sectors of society to inform land use/management decision-making?

2. Is there evidence of diverse information, innovation and practice informing
decision-making?
EsA12 e Asper EsAll
Note: See Table 3.8 for full details of the CBD ecosystems approach principles.

Table 2.4 Data collation protocol for Step 3 document review

Document reference Notes Relevant evaluation criteria
Title/Author/ e Brief notes outlining how the List the criteria from Table
Year specific reference supports or 2.3 to which the

Page number works against ecosystems note/reference applies
Paragraph approach principles as informed

number by the evaluation criteria

e Brief notes on methods/approaches
evidenced that may be useful in
other land use planning contexts

2.3.2  Rapid evidence assessment

The overall approach to this research is loosely based on grounded theory (see
section 2.2.1). In this regard, data has been collected and analysed to inform the
development of new hypotheses and theories for urban land use planning. In practical
terms, this involved developing an understanding of the relationship between urban
land use/management and the provision of certain®® urban ecosystem services to then
develop new tools, techniques and modelling/scenario evaluation frameworks for
urban land use planning (see sections 1.4 and 2.1.1). The ‘understanding’ component
of this approach was predicated on the collection of qualitative data from key

technical literature relating to the ecosystem services under consideration*,

'3 The research focussed on specific urban ecosystem services as defined through Step 1 of the
research — see sections 2.2.2, 2.3.1 and 3.2.5
“ Ibid
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especially Scottish Government policy, guidance documents and other official

reports, articles from peer reviewed academic journals and relevant gray literature.

Table 2.5 Research questions addressed in the Rapid Evidence Assessment (REA)

Overarching Detailed research questions
question

Urban land use planning and ecosystems approach questions

1. What opportunities are there to integrate consideration of the natural
environment and ecosystem services into urban land use planning in
Scotland?

2. How can the urban natural environment be characterised and defined for
the purposes of ecosystems approach based urban land use planning?

3. What is the relationship between ecosystem health/function and ecosystem
services? How can ecosystems be managed for the provision of specific
ecosystem services?

How does urban | 4 \yhich ecosystem services can the urban natural environment provide?

land Which services are particularly important for northern European urban
use/management centres?
impactthe | 5 \yhat are the key principles of the ecosystems approach and how can they

functioning of
urban ecosystems
and the provision
of certain urban
ecosystem
services?

be operationalised in decision-making processes?

Urban land use planning and water management questions

1. What are the key natural processes that influence the hydrology of urban
catchments?

2. How can the management and use of urban land influence the provision of
water management related ecosystem services in urban areas?

3.  What are the main techniques available for land use/management based
urban water management?

Urban land use planning, landscape ecology and habitat network questions

1. What factors influence species movements in urban areas?

2. How can the management and use of urban land influence the provision of
ecological connectivity related ecosystem services in urban areas?

3. What are the potential multiple benefits of natural/semi-natural habitats and
habitat networks in urban areas?

Note: The overarching question shown above relates directly to Research Objective No.2 as outlined

at the start of this Chapter. The REA research questions were framed in terms of the key ecosystem

services identified through Step 1 of the research (see sections 2.2.2 and 3.2.5).

Given the broad scope of theories underpinning the ecosystem services
considered in this research (e.g. from landscape ecology and hydrology to urban
planning/design and physical geography — see Figure 2.1), it was considered
necessary to adopt a fairly streamlined approach to the review of technical literature
and collection of data from this literature (reflecting the researcher’s pragmatic
worldview — see section 2.1.1). In this regard, a full systematic review (Bryman,
2012) of literature was considered to be too unwieldy. Instead, an approach based
loosely on the UK Government’s Rapid Evidence Assessment (REA) approach was

used (REA Toolkit Government Social Research website, undated; Twigger-Ross et
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al, 2014). REAs can be used to provide a balanced assessment of what is already
known about a policy or practical issue (e.g. ecosystems approach based urban land
use planning) through the use a systematic review methodology to search and then
critically appraise existing research (ibid). This level of detail was considered
appropriate to provide a broad understanding that could underpin the development of

new urban planning approaches.

Table 2.6 Literature interrogation and data collation protocol for Steps 2 and 6

(Adapted from: Public Health Resource Unit, 2006; Twigger-Ross et al, 2014)
Screening protocol — review the abstract/executive summary
Are the findings, scope, objectives Yes | No
relevant? Should the reference be retained
Is the approach adopted thorough, for detailed interrogation?

- . Yes | No
rigorous and appropriate?
Reference categorisation protocol

Yes | No

Tick all that apply
Which of the scoped in ecosystem services from e Flood storage

Step1 is the reference relevant to? e  Runoff reduction
e Habitat networks
Which of the detailed research questions (see List all that apply

Table 2.5) is the reference relevant to?
Technical review and data collation protocol
Theory: ldentify, record and reference all relevant information that can support the theoretical basis
and understanding of the research across the following disciplines:
Ecology
Landscape ecology
Hydrology
Hydraulics
Physical geography
e Planning
Policy: Identify, record and reference all relevant information that can support an understanding of
the policy framework for ecosystems approach based urban land use planning. This should focus on
the key ecosystem services considered in the research and cover the following:
e European Union (EU) policy
e UK Government policy
e Scottish Government policy
Technical information: Identify, record and reference all relevant technical information:
e Example approaches, for example
o SuDS use in specific contexts
o River restoration strategies/approaches for specific contexts
e Technical principles that can be applied in a range of contexts, for example
o Principles of conservation management
o Influence of land use on natural drainage processes
o Factors influencing the hydraulic properties of the floodplain
o Factors influencing runoff generation
Note: Technical principles are potential parameters for spatial models and/or can help to scope data
requirements for models. Example approaches provide guidance for interpreting and acting on model
outputs in the development of integrated urban land use/management strategies.
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The data collection component of the REA type approach adopted in this
research involved three main stages: 1) defining the research questions; 2)
developing the search strategy; and 3) data/evidence gathering. Data analysis
methods are outlined at section 2.4.1. A question-led approach can help provide a
clear statement that can be investigated and acts as the driver for all data collection
from the literature (REA Toolkit Government Social Research website, undated,;
Twigger-Ross et al, 2014). The research questions considered are shown at Table
2.5. The questions were framed in terms of the key ecosystem services identified
through Step 1 (see sections 2.2.2 and 3.2.5).

In terms of search strategy, literature was identified initially on the basis of
the researcher’s existing knowledge of the field (see section 2.3.1). This was
supplemented with literature recommended by colleagues, associates and experts.
For example, key Scottish Government policy and guidance on Flood Risk
Management (FRM) were made known to the researcher by the Principal FRM
Engineer at Glasgow City Council (GCC). Additional relevant literature was
identified from the initial list also. This initial approach to search strategy can
therefore be considered as ‘expert-led’ (Twigger-Ross et al, 2014). Following this,
relevant databases were interrogated using defined key words for each research
question identified at Table 2.5. For example, the question — what are the key natural
processes that influence the hydrology of urban catchments — was searched on using
the following key words and search strategy: hydrological processes AND urban
AND catchment. A similar approach was adopted for each research question using

the following databases:

e Abstracts in New Technology and Engineering
e Civil Engineering Abstracts
e Engineering Village
o Compendex
o Inspec
o GEOBASE
e Ecology Abstracts
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e Environmental Engineering Abstracts

e Sustainability Science Abstracts

Based on an initial review of the literature and the key ecosystem service
themes identified through Step 1 of the research (see section 2.2.2), a draft literature
map was developed to provide a visual summary of relevant research done by others
(Cresswell, 2009) as well as government policy and guidance in this instance. This
helped to organise the literature before it was interrogated systematically as part of
data/evidence gathering. A final map of the literature considered in this part of the
research is provided at Appendix 1. Once the literature had been organised in this
manner, it was then interrogated as per the protocol outlined at Table 2.6. Data
collated through this process was kept in note format — the synthesis of the REA type

process adopted in this research is documented in Chapters 3, 4 and 5.

2.3.3  Action research

Year 2 of the research (see Figure 2.2) was undertaken while the researcher was
employed at Glasgow City Council (GCC) as an environmental planner/strategic
environmental assessment (SEA) technical officer. The research problem under
investigation was highly relevant to GCC who were in the process of preparing their
Local Development Plan (LDP) Main Issues Report (MIR) at the time (see section
3.1). As such, it was considered useful for both parties if key aspects of the research
were undertaken collaboratively with GCC. In this regard an action research
approach was adopted in Step 5 of the research (see section 2.2.6) while the
researcher had ready access to urban land use/management planning stakeholders
constituting a ‘social setting’ in terms of the literature (Bryman, 2012).

Dick (2013) highlights how an action research approach can be useful where
there is a wish to involve people in the system being researched (i.e. urban land use
planning) and/or a wish to bring about change at the same time as the research. Both
of these characteristics applied in this instance. Firstly, it was considered useful and
appropriate to involve land use/management planning stakeholders in order gather
their views on the initial spatial models developed at Step 4 (see section 2.2.5) and to

develop an understanding of stakeholder’s practical information needs in terms of
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ecosystem service inputs to urban land use planning processes. Secondly, land
use/management stakeholders in GCC had expressed a wish to learn more about
ecosystem services and the ecosystems approach, particularly in relation to informing

proposals within the LDP MIR that was being developed at the time.

Diagnose problem Research Steps 1-3

4

Develop potential solutions to

T Research Step 4

Pilot potential solutions in live GCC
project

e 3 &

Use outputsto Discuss outputs
Discuss outputs support at technical Research Step 3 involve
in internal funding bids stakeholder people in the system being
meetings for greenspace consultation L_ researched and bring about
projects event

Use of outputs
in reports,
documents &
consultations
change and learning at the

same time

Ecosystem
services

Improved

Increased understanding of

Improved

awareness of understanding of

ecosystem services lflct_)rpora‘[ed the strengths and practical
within relevant

information needs
and the ecosystems LDP MIR weakngsses of _the for urban land use
approach potential solution .
planning

proposals

Participant Outcomes Researcher Outcomes
Figure 2.3 Overall action research approach in the testing of spatial models — Step 5
(Adapted from: Bryman, 2012; Dick, 2013)

Note: The dashed line indicates the start of the action research based approach in Step 5. Blue boxes
indicate how participants were involved in the action research — i.e. improving the potential solutions
to the problem identified at Step 4. The boxes at the bottom indicate the outcomes of action research
for the participants (left-hand side) and the researcher (right-hand side).

Figure 2.3 provides a schematic representation of the action research
methodology adopted in Step 5. In this instance, the process of diagnosing the
problem and developing a potential solution to the problem (Bryman, 2012) had been
undertaken by the researcher independently of the participants in Steps 1 — 4 of the
research (see section 2.2). In this regard, participant input was used to reflect on and
improve the potential solution (i.e. the new spatial models developed at Step 4)
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which was tested through a live GCC project™. The involvement of participants was
facilitated through a variety of means as indicated by the blue boxes on Figure 2.3
e.g. discussing outputs in internal meetings and using outputs in reports, documents
and consultations. Appendix 12 provides an example report detailing how the initial
spatial models informed practical land use/management decision-making at GCC
through their application scoping sites in a live project — the Glasgow 2014
Multifunctional Greenspace Project (MGP)¥. The report at Appendix 12
demonstrates the applied application and success of the spatial models informing

decision-making and supporting funding bid applications (see section 9.2.1 also).

2.3.4  Semi-structured interviews

Semi-structured interviews with experts were undertaken at Step 7 to validate and
refine the evidence assessment undertaken at Steps 2, 3 and 6. The interviews also
provided key data that helped to shape the hypotheses and theories developed in the
research, especially the development of ecosystems approach principles and
technical guidance at Step 9 (see section 2.2.10). An outline interview schedule was
developed comprising mostly open-ended questions and some multiple choice
questions. The questions were general in their frame and the interview protocol (see
Table 2.7) allowed further questions to be asked as the interview progressed

(Bryman, 2012). A full interview schedule is included at Appendix 2.

Table 2.7 Interview protocol for Step 7
(Adapted from: Cresswell, 2009; Bryman, 2012; University of Strathclyde, 2013)

Introducing the interview

e Introduce the research
o The researcher —who | am
o The university and the department
o Interviewees provided with a copy of the research framework: 1) title; 2) aims; and 3)
objectives
e Introduce the interview
o Structure

15 The initial spatial models were used to identify sites and potential interventions as part of the
Glasgow 2014 Multifunctional Greenspace Project (the MGP) — one of nineteen ‘greener theme’
legacy projects being developed as part of the Glasgow 2014 Commonwealth Games. Further
information on the MGP and the use of the spatial models in this regard is provided at Appendix 12.
Emﬁttp://www.qlasqow.qov.uk/index.aspx?articleid:11143 [accessed 20/04/14]

Ibid
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Introducing the interview
o How the data will be recorded
e Outline how the interview data will be collated and used
e Outline the ethical considerations
o Chatham House rules — no attributable quotations used in the thesis unless with prior
consent of the interviewee
o Consent forms
Undertaking the interview
e Answers recorded in interview notes as a written record
e Questions to be asked exactly as written on the interview schedule
o Keep totime
o No more than 1 hour for the whole interview
o Allow interviewees to develop trails of thought but ensure all questions are asked
Ask additional questions as required
Final thank you statement to acknowledge the time the interviewee spent during the interview

Five expert interviews were undertaken. Interviewees had a range of expertise

(see Table 2.8), gained from 15-25 years professional work, but were recruited from

the author’s existing network. Given that all interviewees were known to the author

there is a risk that such familiarity may lead to biased responses. This risk was

mitigated by: 1) where possible, ensuring that interviewees were in senior positions

within their respective organisations; and 2) ensuring that the interview protocol was

followed closely (see Table 2.7). Interviews were carried out in accordance with the

University of Strathclyde’s ethical code of practice (University of Strathclyde, 2013)

including the specific measures outlined in the intervention protocol at Table 2.7.

Detailed interviews were undertaken lasting approximately one hour and comprising

28 questions.

Table 2.8 Step 7 expert interviews — interviewee expertise

Interviewee reference | Interviewee expertise
Woodland ecology; land use of all kinds; practical conservation

I-1 management (i.e. nature reserves); practical management of various
ecosystems; access
1-2 Land use planning; ecology

Landscape architecture; urban design; working at a range of scales from
detailed design and implementation up to masterplan and urban strategy
Management; flood risk management (FRM); contaminated land;
environmental management

Landscape scale urban planning; strategic physical planning; making
I-5 projects happen on the ground; people and place — improving peoples’
lives by addressing poor landscape quality

1-3
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Question 2.2 in the interview schedule (see Appendix 2) asked interviewees
to describe their expertise. The responses to this question provide a broad indication
of the types of expert interviewed at Step 7. Responses to this question are indicated
in Table 2.8 along with a reference for each interviewee that has been used

throughout the thesis.

2.4 Data analysis methods
This section describes the two key data analysis methods adopted in this research

including the rationale behind their use.

2.4.1  Analysis of qualitative data
As described at sections 2.1 and 2.2, this research has adopted a qualitative approach

based loosely on grounded theory. As such, the data analysis methods have also been
qualitative and based on grounded theory principles. A key principle in this regard is
the identification of core concepts from the data and then the linking of these
concepts to develop categories (Trochim, 2006; Cresswell, 2009; Bryman, 2012;
Dick, 2012). These concepts and categories then form the basis for the development
of hypotheses and then substantive and formal theories (ibid). Trochim (2006)
defines three key analytical strategies for qualitative data, each of which have been

adopted, to varying degrees, in the analysis of data in this research:

e Coding — a process for categorising qualitative data and for describing the
implications and details of these categories

e Memoing — a process for recording the thoughts and ideas of the researcher
as they evolve throughout the study

e Integrative diagrams — an analytical tool used to pull all of the detail
together and to help make sense of the data, with respect to emerging

hypotheses and theories
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Source of qualitative data Initial codes allocated during data collection

A |

Relevant ecosystem services from Step 1

Relevant REA research questions

Relevant theory or theories

Data from the REA
(Steps 2 and 6)

Policies and policy context

Example approaches
Technical information <

Technical principles

Relevant ecosystems approach principles
Data from review and

evaluation of existing Relevant evaluation criteria
approaches (Step 3)

Relevant research questions

Figure 2.4 Initial codes allocated during data collection at Steps 2, 3 and 6

As intimated at sections 2.3.1 and 2.3.2, coding was, in part, undertaken
simultaneously with data collection. In particular, the initial concepts identified
through Step 1 — i.e. the ecosystem services considered in the research (see sections
2.2.2 and 3.2.5) — provided a framework for key data collection steps. In this regard,
initial concepts and categories informed data collection protocols in Steps 2, 3 and 6
(see Tables 2.4 and 2.6), allowing data to be allocated to broad codes as it was
collected (see Figure 2.4). The data was then subject to further analysis and coding,
informing the synthesis of data as documented in the four evidence assessment
Chapters in this thesis (see Chapters 3, 4, 5 and 6).

Memoing and integrative diagrams were used throughout the research. As
indicated at sections 2.1 and 2.2, many factors influenced the research process
including discussion and sharing of ideas with colleagues, associates, experts and of
course the action research participants from Glasgow City Council (see section
2.3.3). As such, Memoing was a useful analytical device to keep track of emerging

ideas, hypotheses and theories as the research developed. In practice, this equated to
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keeping notes within several notebooks during the lifetime of the project. Integrative
diagrams were particularly helpful given the interdisciplinary nature of the research
(see section 2.1.3 and Figure 2.1). The use of integrative diagrams in this regard
helped to make sense of relationships between emerging hypotheses and theories,
which often spanned multiple disciplines. Key examples of the use of integrative
diagrams in this research can be found at Figures 3.10, 4.9 and 4.15 and Table 4.7.

2.4.2 Integrating qualitative data with existing spatial datasets in ArcGIS

The analysis of qualitative data from the REA (see sections 2.3.2 and 2.4.1) was used
to identify key technical principles governing the impact of land use/management on
the ecosystem services considered in this research e.g. the impact of slope on runoff
generation (section 4.7.2), the impact of river morphology on flow velocity (section
4.5.3) and the impact of land use on landscape permeability for species (section
5.2.1). In effect, these are all factors that influence the value or importance of
ecosystem services in a given context — e.g. runoff reduction services will be more
valuable/important on steeply sloped ground located within catchments at risk of
flooding. These factors are sometimes referred to as causal variables (CEP and
Geodata Institute, 2008a; Eigenbrod et al, 2010; Sheate et al, 2012). Causal variables
can help to illustrate the causal relationships between ecosystem services and the
contextual factors that influence their value/importance. More often than not, causal
variables are distinctly spatial in nature and can therefore be usefully considered
within spatial analyses, facilitated through the use of Geographic Information
Systems (GIS) technology.

A GIS combines hardware, software, data, people, procedures and
institutional arrangements to collect, store, manipulate, analyse and display
information about spatially distributed phenomena for the purpose of inventory,
decision-making and/or problem solving (Jankowski, 2008; Ormsby et al, 2009;
ESRI Overview webpage, undated). Crucially, the nature of GIS is such that it can
work with a range of data, including qualitative and quantitative data, in a variety of
ways. In particular, spatial features (polygons, lines, and points) stored in a GIS can
be given attributes to link them to related datasets, recognising that there is more to a

spatial feature than just its shape and location (Ormsby et al, 2009). Also, spatial
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features in a GIS can be analysed and integrated on the basis of their attributes e.g.
through spatial models that solve problems analytically as part of a decision support
system (ibid). In this regard, there are many examples of GIS applications that
integrate qualitative data to add depth to spatial analyses or to further illustrate a
spatial problem. For example, Jankowski (2008) discusses how the use of
participatory GIS (P-GIS) tools can help the public to become more meaningfully
involved in decision-making processes that affect communities and natural resources.
Similarly, McCall (2003) outlines how P-GIS and the use of mobile GIS technology
to capture qualitative data can be used as a means for greater participation in spatial
planning. Ormsby et al (2009) explain how fields can be added to spatial datasets to

capture any number of qualitative (or quantitative) attributes of spatial features.

Table 2.9 Causal variables and spatial datasets used in the new spatial models

Ecosystem | Causal Spatial datasets used in modelling

service variable/contextual factor
Fluvial flood risk: flood e SEPA 1/200 year fluvial flood extent — identifies the
extent and receptors spatial extent of the flood hazard
affected under 1/200 year e OS MasterMap — identifies receptors affected by the
event, anticipated location flood hazard (e.g. homes, roads etc)
of flooding within the
catchment

e SEPA Water Framework Directive (WFD)

Morphology: presence and pressures and measures dataset — identifies the
location of culvert and broad location of culvert and realignment pressures
realignment pressures e Historic map tiles — identifies the historic, pre-

modification route of the watercourse

=
.2
IS
£
e
=
E
% = e PANSGS5 openspace — identifies floodplain openspace
SR that may be providing flood storage services
g E already and/or that could be enhanced
S T e Glasgow and Clyde Valley (GCV) Integrated
T & Floodplain vegetation: Habitat Network (IGN) Model data:
z type and location of o Habitat patches — identifies existing
2 existing vegetation cover, floodplain habitat that could be providing
ks ecological potential to flood storage service
g create new natural/semi- o Lowr/high dispersal habitat network —
& natural habitat — floodplain identifies potential area for habitat
woodland and wetland expansion within the floodplain

o Biodiversity opportunities — identifies
potential habitat expansion sites within the
floodplain that are not within an existing
functional habitat network

Floodplain topography: o LiDAR topographical polylines — used to evaluate
floodplain cross-section
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Ecosystem

service

Runoff reduction

Ecological networks

See Chapters 5 and 7 for

See Chapters 4 and 7 for further information

further information

Causal

variable/contextual factor

gradient, presence and
location of fine scale
topographical features in
the floodplain

Pluvial flood risk: flood
extent under 1/200 year
event

Topography: location of
steeply sloped ground

Surface waterbodies:
location, immediate
catchment area

Impermeable ground:
location, immediate
catchment area

Habitat patches: location,
size

Functional habitat
networks: location, size

Ecological potential of
land for habitat
establishment: location,
value

Spatial datasets used in modelling

gradient of the floodplain cross-section

GCC 1/200 year pluvial flood extent — identifies the
spatial extent of the flood hazard and informs land
use/management change for the enhancement of
runoff reduction services

LiDAR topographical polylines — used to construct
a Digital Elevation Model (DEM) and identify areas
of steeply sloped ground

GCC waterbodies dataset — identifies the location of
surface waterbodies and their immediate catchment
(i.e. natural drainage features)

OS MasterMap — used to identify large areas of
impermeable ground as a proxy for artificial
drainage features

Glasgow and Clyde Valley (GCV) Integrated
Habitat Network (IGN) Model data:
o Habitat patches — identifies existing habitat
that could be protected and/or enhanced
o Lowr/high dispersal habitat network and
biodiversity opportunities data — integrated
to identify management interventions to
protect functional connectivity and prime
sites for habitat creation that can
contribute to enhanced functional
connectivity

This research has used GIS technology to integrate causal variables (as

identified through the analysis of qualitative data — see Figure 2.2 and sections 2.3.2

and 2.4.1) with existing spatial datasets. Table 2.9 links the ecosystem services

considered in this research to causal variables and spatial datasets. In essence, new

spatial models have been developed that link existing spatial datasets with newly

identified causal variables to identify where land use/management change may be

required to protect or enhance the key ecosystem services considered in this research
(see sections 2.2.2 and 3.2.5).

53



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

Existing spatial datasets

Technical
ArcGIS geoprocessing tools Causal Variables ‘ principles identified
\l/ through the REA

ArcGIS ModelBuilder

!

Integrated spatial analysis

|

Model outputs — geographic
locations where land
use/management may be required to
enhance ecosystem services

!

Recommendations for land use
policy

Figure 2.5 Analysis approach — integrating qualitative data with existing spatial
datasets in ArcGIS

Note: Technical principles identified through the REA (see sections 2.3.2 and 2.4.1 and Figure 2.2)
identified causal variables — the factors that influence the value/importance of ecosystem services in a
given context. The causal variables data then informed the spatial analysis and the new spatial models
thus: 1) identifying spatial datasets that could elucidate the causal variables in the spatial modelling
(see Table 2.9); 2) helping to select geoprocessing tools and the setting of parameters therein (e.g.
buffer distances, parameters for select operations); and 3) defining the integration sequence
constructed in Arc ModelBuilder.

The overall approach to the GIS based analysis is shown at Figure 2.5
including examples of how qualitative causal variables data have informed the
analysis. The research has used ESRI’s ArcGIS software package including the full
suite of geoprocessing tools (including spatial analyst'’ and 3D analyst®). The new
spatial models have been constructed using ArcGIS ModelBuilder which is an
application that allows users to create, edit and manage spatial models. Models in
this regard are defined as “workflows that string together sequences of geoprocessing
tools, feeding the output of one tool into another tool as input” (ESRI What is
ModelBuilder webpage, 2012). Chapter 7 provides a detailed account of the

structure, process and function of the three new spatial models.

Y ESRI — What is the ArcGIS Spatial Analyst extension pages:
http://resources.arcgis.com/en/help/main/10.1/index.html#/What is the ArcGIS Spatial Analyst ext
ension/005900000001000000/ [accessed 22/04/14]

8 ESRI — What is the ArcGIS 3D Analyst extension pages:
http://resources.arcgis.com/en/help/main/10.1/index.html#/What_is_the ArcGIS 3D Analyst_extensi
on/00g8000000wv000000/ [accessed 22/04/14]
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The preceding Chapter describes the methodology adopted in this research.
Chapter 3 overleaf is the first of the evidence assessment Chapters (see section 2.2)
analysing the urban land use planning system in Scotland, the theory and science of

ecosystem services and the interactions therein.
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3. Urban land use planning and the ecosystems approach
As described at section 1.4, the overarching aim of this research is “to understand,

develop, trial and evaluate new approaches to urban planning that can operationalise
key aspects of the ecosystems approach”. In order to meet this overarching aim, a
substantive evidence assessment has been undertaken as documented in Chapters 3,
4, 5 and 6. The approach taken to the evidence assessment is described in the
methodology Chapter at section 2.2. Section 2.4 describes how the data collated
through the evidence assessment has been analysed to support other objectives of the
research, especially the development of new approaches to urban planning that can
operationalise aspects of the ecosystems approach (see Box 1.2).

The overall output of the evidence assessment is the development of a suite of
new guiding principles for ecosystems approach based urban land use planning (see
Appendix 3. The principles provide the overall framing for the new urban land use
planning approaches developed through this research (see Chapters 7 and 8) and are
intended to be of practical use in other urban planning contexts also. The evidence
assessment has also informed the development of specific guidance to help
practitioners interpret and act on outputs from the new models in the development of

integrated urban land use/management strategies (see Chapters 7 and 8 and
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Appendices 4, 5 and 6). This is the first of four chapters documenting the evidence
assessment that has underpinned this research. The focus of this chapter is on urban
land use planning in Scotland (section 3.1) and ecosystems approach concepts
(section 3.2). In line with this focus, Chapter 3 has addressed five key research
questions that informed the data collection activities undertaken (document review,
REA and semi-structured interviews — see sections 2.3.1, 2.3.2 and 2.3.4) as well as
providing a framing for the key findings of this part of the evidence assessment as
discussed in the conclusions Chapter at section 9.2. The research questions

considered within this part of the evidence assessment are as follows:

e What opportunities are there to integrate consideration of the natural
environment and ecosystem services into urban land use planning in
Scotland?

e How can the urban natural environment be characterised and defined for the
purposes of ecosystems approach based urban land use planning?

e What is the relationship between ecosystem health/function and ecosystem
services? How can ecosystems be managed for the provision of specific
ecosystem services?

e Which ecosystem services can the urban natural environment provide? Which
services are particularly important for northern European urban centres?

e What are the key principles of the ecosystems approach and how can they be

operationalised in decision-making processes?

3.1 Urban land use planning — frameworks and opportunities in Scotland
Drawing on examples from the US, the UK and Scotland, section 1.3 provided an

introduction to key urban land use planning concepts and objectives. Based on the
examples considered, section 1.3 concluded that a key objective of urban land use
planning is to help balance competing objectives/demands on land use. It also
highlights how a plan document is frequently used to convey an agreed vision,
objectives and strategy for future land use and development within the urban area.

Chapter 6 looks specifically at existing examples of ecosystems approach based land
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use planning to identify elements of good-practice and gaps for consideration in this
research, especially in relation to Research Objective No.4 (see Box 1.2).

The key purpose of this section therefore is to take a more detailed look at the
existing system for urban land use planning in the pilot urban centre considered in
this research — Glasgow (Scotland/UK)™. In doing so, the intention is to identify
tangible opportunities within the existing plan-development process whereby the new
urban planning approaches developed through this research (see Chapters 7 and 8),
as well as ecosystems approach principles more generally, can be integrated. This
has helped to ensure that recommendations developed through this research (see
Chapter 9) are practical and grounded in reality (i.e. linking specific outputs from
the tools and models developed through this research to tangible decision-making
windows within the plan-development process). The remainder of this section
includes details of the land use planning system in Scotland (section 3.1.1), an
analysis of the process for developing statutory urban land use plans in Scotland to
identify opportunities for integrating ecosystems approach principles (section 3.1.2),
a review of policy, practice and concepts used to define ‘green’ and ‘natural
environment’ type urban land uses (section 3.1.3) and a review of Scotland’s national
level strategy for land use (section 3.1.4). As discussed at section 2.2.8, key findings
from the expert interviews are included, where relevant, as a key component of the

evidence assessment.

3.1.1  The land use planning system in Scotland

The Scottish Government (2013h) describe the purpose of the planning system in
Scotland thus: “the planning system is used to make decisions about the future
development and use of land in our towns, cities and countryside. It considers where
development should happen, where it should not and how development affects its
surroundings. The system balances different interests to make sure that land is used

and developed in a way that creates high quality, sustainable places™. In essence, the

19 As discussed at sections 1.4 and 2.1.4, it has been necessary to use a pilot approach under Research
Objective No.4 for pragmatic reasons, primarily concerning access to data and local stakeholders.

2 Although key aspects of this research are specific to the pilot urban centre (e.g. the analysis of the
Scottish land use planning system at section 3.1), Research Objectives Nos. 2, 3 and 4 are all of wider
relevance (see Box 1.2). The strengths and weaknesses of the research in this regard (as well as
recommendations for future research) are discussed at section 9.1.
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planning system exists to regulate the use of land and buildings by granting or
refusing planning permission (Scottish Government, 2009a). The planning system is

split into three main components (Scottish Government, 2013h):

e Development Plans: the planning system in Scotland is plan led. The plans set
out how places should change into the future

¢ Development Management: the process for making decisions on planning
applications®. Legislation requires that decisions on planning applications be
guided by policies in the development plan

e Enforcement: the process that makes sure development is carried out correctly

and which can be used to take action when it has not

Table 3.1 Types of development plan in the Scottish planning system

(Source: Scottish Government, 2013i)

Type of development plan Details

Strategic Development Plans | SDPs set out a vision for the long term development of the city

(SDPs) regions and deal with region wide issues such as housing and
transport

Local Development Plans LDPs set out where most new developments will happen and

(LDPs) policies that will guide decision making on planning applications

The Town and Country Planning (Scotland) Act 1997 as amended by the
Planning etc (Scotland) Act 2006 together provide the legal framework for the
Scottish planning system. As well as providing the legal basis for development
management and enforcement (see above), planning legislation requires the
production of Strategic and Local Development Plans (SDPs and LDPs) as detailed
at Table 3.1 (Scottish Government, 2013i). SDPs are developed by strategic planning
authorities® and LDPs by local planning authorities®*. Development plans must be

updated every five years (ibid). In addition to planning legislation, the Scottish

2! proponents require consent before they can legally progress a proposed development. The process
of obtaining this consent is through planning applications.

22 Such as the Glasgow and Clyde Valley Strategic Development Planning Authority (GCVSDPA):
http://www.gcvsdpa.gov.uk/ [accessed 03/01/14]

%% Such as Glasgow City Council: http://www.glasgow.gov.uk/index.aspx?articleid=2944 [accessed
03/01/14]
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Government planning series (see Table 3.2) establishes national level policy, strategy
and guidance supporting the work of strategic and local planning authorities.

Table 3.2 Details of the Scottish Government planning series

(Adapted from: Scottish Government 2009b; Scottish Government, 2013h)

Document Details

Scottish Planning Policy (SPP) SPP is the statement of Scottish Government policy on
nationally important land use planning matters

National Planning Framework (NPF) | The NPF is the Scottish Government’s strategy for
Scotland’s long term spatial development

Circulars Circulars contain Scottish Government policy on the
implementation of legislation or procedures
Planning Advice Notes (PANS) PANSs provide advice and information on technical

planning matters
Note: Statements of Scottish Government policy in the SPP, NPF and Circulars may be material
considerations to be taken into account in the development of SDPs and LDPs plans and in
development management decisions.

This research focuses on the development plan component (LDPs in
particular) of the Scottish planning system, as opposed to development management
or enforcement. As part of the expert interview process (see sections 2.2.8 and 2.3.4
and Appendix 2), experts were asked — to your mind, what are the three most
important policies or regulatory frameworks that affect urban land use
planning in Scotland? All five interviewees highlighted development plans
(including SDPs and LDPs — see Table 3.1) in this regard whilst one interviewee
couched development plans in terms of the primary legislation that provides the legal
basis for the statutory planning system in Scotland — i.e. the Planning etc (Scotland)
Act 2006. This finding supports the thesis’ focus on LDPs. Additional policies and
regulatory frameworks highlighted were River Basin Management Plans (RBMPs)
and the Water Framework Directive more generally (three interviewees), the Nature
Conservation (Scotland) Act 2004 (one interviewee), the Scottish Land Use Strategy
(one interviewee) and the Flood Risk Management (Scotland) Act 2009 (one
interviewee).

Interviewees were also provided with a list of key Scottish ‘land use delivery
mechanisms’ (Phillips et al, 2014) that included the various components of the
statutory planning system (see Tables 3.1 and 3.2), key guidance notes from the

Scottish Government planning series (see Table 3.2) and the statutory plans and
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guidance documents associated with the Flood Risk Management (Scotland) Act
2009 (see Chapter 4). Additional mechanisms that didn’t fall into these categories
were RBMPs, the Climate Change (Scotland) Act 2009 and the Scottish Land Use
Strategy (see section 3.1.4). The full list of land use delivery mechanisms considered
is provided at Appendix 2. Interviewees were first asked to identify which of the
mechanisms they were familiar with (Question 4.3 — see Appendix 2) and then to
prioritise, from this selection, what they felt were the five most important
mechanisms for integrating the natural environment and ecosystem services into
urban planning (Question 4.4 — see Appendix 2). Question 4.4 results are indicated
on Figure 3.1. As is evident from Figure 3.1, LDPs were considered to be the most
important land use delivery mechanism in this regard (four interviewees) with
Scottish Planning Policy (SPP) and Development Management joint second (three
interviewees). SDPs, RBMPs, Flood Risk Management Strategies and the Scottish
Land Use Strategies were highlighted by two interviewees each. As such, this finding

is also supportive of the thesis’ focus on LDPs.
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Figure 3.1 Expert interview Question 4.4 results — to your mind, what are the five most
important land use delivery mechanisms for integrating the natural environment and
ecosystem services into urban planning?

Note: Question 4.4 was based on a list of 16 potential land use delivery mechanisms provided by the
researcher at Question 4.3. At Question 4.3 interviewees were asked to highlight which land use
delivery mechanisms they were familiar with — the highlighted mechanisms then informed Question
4.4. Five experts were interviewed (see section 2.3.4).
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In addition to key findings from the expert interviews described above, there
are also a number of practical reasons as to why LDPs may provide a useful
opportunity to integrate ecosystems approach principles with urban planning. In
particular, LDPs for urban local authorities (e.g. Glasgow) establish the spatial
framework and policy for land use and development in urban areas, they are
strategic, spatially explicit and at a suitable spatial scale (i.e. they cover whole cities
and are therefore likely to encompass key landscape features such as water
catchments and contiguous areas of habitat network — see Chapters 4 and 5).
Crucially, planning legislation in Scotland requires that decisions on planning
applications (i.e. development management) are made in accordance with policies in
the extant development plan (Scottish Government, 2009a). As discussed at section
1.3 it is this provision that gives development plans in Scotland (and elsewhere in the
UK) their legal ‘teeth’ i.e. the statutory basis for driving forward a desired land use
and development strategy (see section 1.3 for further information). The rationale for
this research therefore is to develop new approaches to urban planning (including
tools, models and guidance) that can inform the development of LDP strategy and
policy from an ecosystems perspective. By improving policy and strategy, the
intention is to contribute to better development management and enforcement (see
section 8.3 for further information).

The Scottish Government (2009a) highlight how the purpose of the planning
system is to balance competing demands to make sure that land is used and
developed in the public’s long term interest. In doing so, the planning system should
support the Scottish Government’s overarching objective of sustainable economic
growth i.e. building a sustainable economy in conjunction with protection of the
environment for future generations (ibid). This objective for the planning system
chimes well with the ecosystem services concept and the principles of the
ecosystems approach (see sections 1.2 and 3.2). As this thesis will go on to argue,
there exists a key opportunity within urban land use planning practice to better
consider the role played by ‘green’ and ‘natural environment’ type urban land uses
providing key urban ecosystem services and supporting economic, social and

environmental objectives (see section 3.1.3).
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Figure 3.2 The statutory Local Development Plan (LDP) development process and
integration with strategic environmental assessment (SEA)

(Source: Scottish Government, 2009b)

Note: starred timescales (*) in the typical timings column indicate statutory time periods.

3.1.2

The LDP-development process

The statutory basis for the LDP-development process is set out in the Planning etc

(Scotland) Act 2006. The Scottish Government’s practical guidance on developing

LDPs is set out in Planning Circular 1/2009 on Development Planning (Scottish
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Government, 2009b) and PAN 1/2010 on Strategic Environmental Assessment
(SEA) of Development Plans (Scottish Government, 2010a). Within the statutory
LDP-development process there are a number of key stages that could potentially
provide tangible opportunities for the integration of ecosystems approach principles.
Furthermore, the legislation describes a number of statutory provisions for LDPs, the
development of which could potentially be informed and improved through
consideration of ecosystems approach principles (see Table 3.3). The potential utility
of these decision windows providing an opportunity for the integration of ecosystems
approach inputs, as per this research, are discussed at section 8.3.

The statutory LDP-development process is shown on Figure 3.2 highlighting
the nine key stages involved (shown in bold in the second column). Crucial to these
is stage two — the development and publication of the Main Issues Report (MIR). The
MIR is central to the Scottish Government’s aspirations for a modern development
planning regime — MIRs are intended to stimulate genuine debate on the proposed
approach and alternatives to land use and development in the plan area as well as
front-loading the LDP-development process to avoid delays later on (Scottish
Government, 2010a). In this manner, MIRs are intended to encourage and facilitate
debate on the content of the proposed LDP (Scottish Government, 2009b).

Scottish planning legislation requires that LDPs contain a spatial strategy,
that they are concise map-based documents and that they focus on specific main
proposals for land use and development within the plan area (Scottish Government,
2009a; Scottish Government, 2009b; Scottish Government, 2010a). The MIR
contains a summary of these ‘big ideas’ and is the focus of stakeholder and public
engagement on the LDP (Scottish Government, 2009b). As such, this thesis argues
that the development of the MIR is the most useful opportunity whereby ecosystems
approach principles and key outputs from the new approaches developed through this
research could potentially be used to inform the overall LDP-development process
(see section 8.3 for further information).

The MIR’s focus on strategic proposals (for where development and land use
change should and should not take place) and consideration of reasonable
alternatives are particular strengths in this regard (e.g. the MIR-development stage

could be a key opportunity to consider spatial priorities for important ecosystem
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services such as flood storage and habitat networks). Additionally, the Scottish
Government (2009b) highlight how MIRs should be informed by a sound evidence
base which could potentially include inputs such as ecosystem service maps (see
section 8.2). Scottish planning legislation also sets out a number of key provisions
that local planning authorities are legally required to include within MIRs. These
statutory provisions are outlined at Table 3.3.

Although the MIR stage is a strong candidate there are other key decision-
making windows within the LDP-development process that could also be utilised for
the integration of ecosystems approach principles. In particular, the development and
publication of the Proposed Plan (following consultation on the MIR) and post-
modification Proposed Plan (following consultation on the Proposed Plan) could
provide opportunities (see Figure 3.2). At both of these junctures, there is potential
for new provisions to be included and/or for significant updates to MIR stage
proposals to be made (Scottish Government, 2009b; Scottish Government, 2010a).
Despite this, the MIR is the strategic focus of the LDP-development process
(including the key issues outlined above and at Table 3.3) and is felt to offer the most
useful opportunity for the integration of ecosystems approach principles. The
important role of the MIR and early engagement in the LDP-development process
more generally was highlighted in the expert interviews (see sections 2.2.8 and 2.3.4)
in response to question 4.6 (see Appendix 2) — from what you know about the
Local Development Plan (LDP) process, what do you think is the most useful
stage to integrate consideration of urban ecosystem services into plan-

development? Key responses include:

“Right at the start before the plan is even thought about — up front

engagement. At the MIR or even before” (I-1)

“Before — the whole process should be informed by these issues” (1-3)

“Right at the beginning and through the MIR [formulating] what the

vision is _for land use in the area” (1-5)
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Scottish Ministers expect LDPs to be concise, map-based documents with a
focus on the specific main proposals for the plan area. In meeting this requirement,
local planning authorities have the option of presenting some of their plan material in
supplementary guidance, especially minor proposals and detailed policies (Scottish
Government, 2009b). Common types of supplementary guidance include
development briefs and masterplans (i.e. plans that provide a detailed explanation of
how the authority would like to see particular sites or small areas developed),
strategies or frameworks on specific issues (e.g. guidance on the location of large
windfarms, openspace strategies etc) and detailed policies (Scottish Government,
2009a). Given the nature of many supplementary guidance issues therefore, there is
potentially an argument for considering ecosystems approach principles at this level

of decision-making also. This issue is discussed further at section 9.3.

Table 3.3 Statutory provisions for inclusion in LDP Main Issues Reports (MIR)

(Adapted from: Scottish Government, 2009b; Scottish Government, 2010a)

Provision Details

Spatial strategy | e  Local planning authorities are required to set out general policies and
proposals for land use and development in the plan area along with
reasonable alternatives to these policies and proposals

e For LDPs within the city regions® (e.g. Glasgow), the spatial strategy
includes site specific proposals only

e Proposals within the MIR will inform the final choice of spatial strategy at
the proposed plan stage

Policies MIRs are not expected to include the detailed wording of planning policies that

will appear later in the proposed plan. Instead, the focus MIR on strategic policy

issues only including:

o Highlighting the new or changed issues that require a policy response (e.g.
new flooding legislation, new regeneration priorities)

e Anexplanation of the broad changes to policies or policy areas as opposed
to setting out their detailed wording

e Anexplanation and summary of the policy areas that are being brought
forward from the extant development plan unchanged

e Adiscussion of the policy alternatives considered to date

e Addiscussion around potential policy issues that could be covered by
supplementary guidance (e.g. the design and layout of housing allocations
for a specific area, openspace strategy, renewable energy strategy etc)

24 Scotland’s main city regions (Aberdeen, Dundee, Edinburgh and Glasgow) are covered by Strategic
Development Plans (SDPs) that set out a vision for long-term development including issues of
regional importance such as transport and housing (see Table 3.1). SDPs establish a ‘high level’
spatial strategy including broad development areas but not site specific detail. As such, LDPs within
the city regions are not required to develop a high level spatial strategy, rather they refer to the extant
SDP to inform the development of their site specific spatial strategy.
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Provision Details

Proposals e The MIR sets out proposals for where land use change and development

should and should not occur within the plan area

e Proposals must be site specific and set out clearly on a map showing the
location and intended use of proposed sites

e The MIR stage is the key opportunity for developers and others (e.g.
community, conservation and other interest groups) to put forward
suggestions for proposed sites

e The MIR must consider individual sites as part of a comprehensive spatial
strategy (i.e. what is the combined impact of all proposed sites in terms of
strategic land use and development issues)

3.1.3  Urban land use, openspace and green infrastructure

Urban areas can contain many different types of land use. LDPs are required to set
out proposals for how land use change and development should and should not
occur. The agreed land use strategy in adopted LDPs then informs development
management decisions (see section 3.1.1). In terms of Scottish planning legislation
(see section 3.1.1), statutory land use classes are defined in the Town and Country
Planning (Use Classes) (Scotland) Order 1997. In order to reflect specific local
circumstances (e.g. the presence of a particular heritage asset, energy resource etc),
local planning authorities can define a range of additional land uses in their LDPs
with guidance from SPP, relevant PANs and Circulars (see Table 3.2). Figure 3.3
depicts an extract of the spatial strategy for Perth city centre taken from Perth and
Kinross Council’s LDP Proposed Plan. Crucially, the plan shows a range of different

existing and proposed land uses in the urban area including:

e Residential o City centre secondary uses
e Employment e Commercial centres

e Mixed use e Openspace

e Town and neighbourhood centres e Green corridors

As discussed at sections 1.2 and 3.2, the primary focus of this thesis is on
‘green’ and ‘natural environment’ type urban land uses. It is these land uses that
provide a backbone of greenspace and semi-natural habitats within a wider urban
matrix, supporting urban ecosystem function and providing key land based urban
ecosystem services (the landscape ecology principles that provide part of the
rationale for this framing are outlined in Chapter 5). In terms of Scottish planning
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policy, these land uses are captured under the umbrella land use category of
‘openspace’ (Scottish Government, 2008; Scottish Government, 2010b). As part of
the expert interview process (see sections 2.2.8 and 2.3.4 and Appendix 2), Question
3.2 asked — to your mind, what are the key components of the urban natural
environment? The intention of this question was to explore how expert views of
what constitutes the urban natural environment compares to policy (see below) and
to tease out any additional subtlety that could be incorporated with the tools, models
and guidance developed through this research (see Chapters 7 and 8). The views of
the experts in this regard were broad though some common elements did emerge.
Key responses are shown below with common themes highlighted in bold:

“Structural habitat. Also, access and functionality as human values

are important” (1-1)

“River valleys, fragmented habitats (primarily woodland), less
intensively managed openspaces such as grassland meadows and
some components of more formal parks. I wouldn’t really consider
parks and gardens and amenity greenspace [...] as their primary

function does not mimic the natural environment” (1-2)

“Could be a whole range of things though scale and significance is
important — parks and openspaces are key in Glasgow due to the
number of large Victorian parks. Infrastructure corridors — road, rail
and canals. Water network and river corridors. Public useable space
— allotments and school estates. Vacant and derelict land. Areas of

semi-natural habitat will exist within all of the above” (1-3)

“Green infrastructure — blue/green corridors that provide
connectivity for surface water and biodiversity — this includes natural
and engineered corridors and canals as a historic feature. Areas of
limited human activity including natural/semi-natural greenspace

and vacant and derelict land ” (1-4)
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“What's outside peoples’ doorstep/window — what people can interact
with immediately e.g. private gardens. Urban landscapes are not very
rich — some components are richer where development pressure is
less e.g. river valleys” (I-5)

Site Reference LDP Land Uses Policy Reference LDP Land Uses Policy Reference
[  settement Boundary W renseot intrastructure Policy TA1
Resdental - New Road

w-wr [ Housing - proposal Policy RO1 I Town and Neighbourhood Centre  Policy RCY
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Figure 3.3 Example LDP spatial strategy — an extract from the Perth and Kinross LDP
Proposed Plan showing land use in Perth

(Source: adapted from Perth and Kinross Council, 2012)

Note: The plan above has been adapted from the Perth and Kinross LDP Proposed Plan. It shows the
proposed spatial strategy for central Perth which is the main urban centre in the plan area.

The Scottish Government (2008) recognise the importance of openspace land
use within towns and cities, in particular its role supporting personal and community

wellbeing, providing the setting for a wide range of social interactions, allowing
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individuals to interact with the natural environment, providing habitats for wildlife
and helping to define the character and identity of settlements. Local planning
authorities are required to undertake an audit of the openspace resource within their
area (including an assessment of the degree to which the current resource meets the
needs of the community) and to develop an openspace strategy to guide and improve
the management and development of this resource (ibid).

Crucially, the purpose of the planning system is then to protect this resource
where it is valuable and valued (ibid) by incorporating openspace land uses with the
LDP spatial strategy and developing specific policy on the protection and
enhancement of openspace. PANG5 on Planning and Openspace (ibid) defines the
statutory typology for openspace shown at Table 3.4. The PANG5 typology has been
adopted in this research to define and categorise the different green/natural

environment type land uses that provide key land based urban ecosystem services.

Table 3.4 PANG5 openspace typology

(Source: Scottish Government, 2008)

Category

1.

Public parks and
gardens

Description

Areas of land normally enclosed, designed, constructed, managed and
maintained as a public park or garden. These may be owned or managed by
community groups

2. Private gardens | Areas of land normally enclosed and associated with a house or institution
or grounds and reserved for private use
3. Amenity Landscaped areas providing visual amenity or separating different buildings
greenspace or land uses for environmental, visual or safety reasons and used for a variety
of informal or social activities such as sunbathing, picnics or kickabouts
4. Playspace for Areas providing safe and accessible opportunities for children’s play, usually
children and linked to housing areas
teenagers
5. Sports areas Large and generally flat areas of grassland or specially designed surfaces,
used primarily for designated sports (including playing fields, golf courses,
tennis courts and bowling greens) and which are generally bookable
6. Green corridors | Routes including canals, river corridors and old railway lines, linking
different areas within a town or city as part of a designated and managed
network and used for walking, cycling or horse riding, or linking towns and
cities to their surrounding countryside or country parks. These may link
green spaces together
7. Natural/semi- Avreas of undeveloped or previously developed land with residual natural
natural habitats or which have been planted or colonised by vegetation and wildlife,
greenspace including woodland and wetland areas
8. Allotments and Areas of land for growing fruit, vegetables and other plants, either in
community individual allotments or as a community activity
growing spaces
9. Civic space Squares, streets and waterfront promenades, predominantly of hard
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Category Description

landscaping that provide a focus for pedestrian activity and can make
connections for people and for wildlife

10. Burial grounds Includes churchyards and cemeteries
11. Other functional | May be one or more types as required by local circumstances or priorities
greenspace

Note: The PANG65 openspace typology has been adopted in this research as the definition for the
‘green’ and ‘natural environment’ type urban land uses that can be managed to provide key land based
urban ecosystem services (see sections 1.2 and 3.2 for further information).

As described at section 1.2, this thesis has explored the degree to which an
ecosystems approach to urban land use planning may be able to support the
protection and enhancement of biodiversity whilst simultaneously delivering
multiple benefits from urban land use. Current Scottish Government planning policy
on openspace (Scottish Government, 2008; Scottish Government, 2010b) reflects this
notion to a degree (e.g. PANG5 identifies a number of social, environmental and
economic benefits of openspace land use at p.3) though the concept of
multifunctional openspaces providing a broad range of multiple benefits is arguably
not filtering through to LDP policy. For example openspace policy within the Perth
and Kinross LDP Proposed Plan (Perth and Kinross Council, 2012) focuses on the
more socio-economic functions of openspace/cultural ecosystem services (i.e. public
access and community facilities) with little consideration of provisioning or
regulating services.

Conversely, the concept outlined in this thesis and indeed elsewhere in the
literature and policy on ecosystem services and sustainable urban land use (see
sections 3.2 and Chapter 6) is one where urban openspace is truly multifunctional
and fully integrated with the delivery of relevant urban services (e.g. flood risk
management, access, biodiversity etc). In this manner, urban openspace moves from
being a maintenance burden providing limited ecosystem services (Woodland Trust,
2011) to a valued resource providing diverse ecosystem services supporting a broad
range of objectives in an integrated manner.

This concept is beginning to be recognised in Scottish Government planning
policy — for example the proposed update to the SPP (Scottish Government, 2013))
focuses more on green infrastructure than openspace (as is the case in the extant
SPP). In particular, the proposed SPP highlights how “green infrastructure is

important to the health and wellbeing of our communities and the natural processes
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which provide a wide range of services on which our society and economy depends”
(Scottish Government, 2013j p.38). Crucially, green infrastructure is referenced in
the SPP in a variety of contexts and in relation to a broad range of benefits and land
based ecosystem services including climate change mitigation and adaptation, water
management, sustainable urban drainage, flood risk management, place-making,
habitat networks/ecological connectivity, biodiversity, access, recreation and
renewable energy (ibid). Green infrastructure is also central to the Scottish
Government’s planning guidance on Green Infrastructure Design and Placemaking
(Scottish Government, 2011b) which includes a useful review of practice elsewhere,
a comprehensive analysis of the ecosystem services that well designed green
infrastructure can provide and guidance for its use and application at a variety of
scales (see Figure 3.4). Further examples of green infrastructure interventions at

different scales are provided at Figure 3.5.

Figure 3.4 The role green infrastructure at different scales

(Source: Scottish Government, 2011b)

Note: The Figure shows examples of green infrastructure at a range of scales for sites and places (e.g.
buildings, streets, neighbourhoods) and for the connections between those places (e.g. cycle routes,
green links and corridors, canals etc). At finer scales (e.g. buildings and gardens), green infrastructure
is less about land use/defined land parcels and more about specific infrastructure intervention within
defined areas of land — e.g. the green roofs, permeable paving and SuDS incorporated within a
housing development to provide water management services. At broader scales (e.g. neighbourhoods
and strategic places), the focus of green infrastructure is more concerned with different types of
green/natural environment land uses such as those defined in PANG5 (see Table 3.4).

The green infrastructure concept is increasingly being recognised at the EU
level also. In particular, the EC has recently published a communication on green
infrastructure (EC, 2013a) outlining important links between green infrastructure and

key EU policies in areas such as climate change and disaster risk management,
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regional policy and territorial cohesion and natural capital (especially in relation to
land and soil, water and nature conservation). Crucially the communication includes
a definition of green infrastructure (EC, 2013a p.3): “a strategically planned network
of natural and semi-natural areas with other environmental features designed and
managed to deliver a wide range of ecosystem services. It incorporates green spaces
(or blue if aquatic ecosystems are concerned) and other physical features in terrestrial
(including coastal) and marine areas. On land, GI is present in rural and urban
settings”. The EC definition arguably chimes well with the concept described at
section 1.2 of urban ecosystems, comprised of greenspace and semi-natural habitats

within a wider urban matrix, providing a range of urban land based ecosystem

services.
Green infrastructure planning at Green infrastructure planning at
the neighbourhood scale the town or city district scale

* Street trees

* Rain gardens

* Swales

* Small scale attenuation basins
* Roof gardens and green roofs
* Pocket parks

* Collective and/or private gardens [
* Community growing spaces b
* Urban plazas

* Ponds and small woodlands
« Footpaths

« City parks and gardens

« Urban canals and waterways

* Multi-userroutes

* Urban commons

« Urban forest parks

 Country parks and estates

« Continuous waterfronts

* Municipal plazas

* Major sports and recreational spaces
* Regional SuDS schemes

Figure 3.5 Green infrastructure planning/design at different scales

(Adapted from Landscape Institute, undated)

Note: The Figure highlights the role of different types of green infrastructure when planning and
designing intervention at different scales. In particular, planning at the neighbourhood scale (left hand
diagram) may incorporate consideration of specific infrastructure interventions e.g. water management
features such as swales and rain gardens, green roofs through to individual street trees (see section
4.7.3). Planning at the town or city district scale (right hand diagram) is more likely to focus on land
use/defined areas of land such as parks and gardens, estates, large scale civic spaces and sports
grounds.

3.1.4  Getting the best from our land — Scotland’s land use strategy

In addition to the statutory planning system and development plan process described
at sections 3.1.1 and 3.1.2, Scotland also has a national level Land Use Strategy
(LUS) entitled Getting the best from our land (Scottish Government, 2011d). The
LUS is a statutory requirement of Scotland’s climate change legislation — the Climate

Change (Scotland) Act 2009 — recognising the key role of land use/management
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contributing to climate change mitigation and adaptation. Crucially, the LUS
recognises that Scotland’s land is not performing as best as it could, even though the
demands placed on the land are ever increasing and often conflicting — from the
production of energy, food, fibre and timber to flood risk management, maintenance
of water resources, climate regulation and tourism (Scottish Government, 2011d,
Scottish Government, 2013g; Phillips et al, 2014).

As opposed to the development of a new land use delivery mechanism, the
Scottish Government’s approach to the national level LUS is focussed on the use of
strategic principles for sustainable land use (Scottish Government, 2011d; Phillips et
al, 2014). Based on the premise that there are already a broad range of existing land
use delivery mechanisms in Scotland (including the statutory planning system
considered in this research and described at sections 3.1.1 and 3.1.2), the rationale
behind this approach is that the LUS’ strategic principles can be integrated with these
existing mechanisms, without recourse to any additional processes or mechanisms
for delivering land use. Key findings from the recently completed LUS Delivery
Evaluation Project support this rationale (Phillips et al, 2014).

The Scottish Government have developed the LUS Principles to align with
principles of sustainable development as well as key Government policy and
priorities that inform land use decision-making across Scotland (Scottish
Government, 2011d). Crucially, the LUS Principles have been designed to reflect the
principles of the ecosystems approach and the Scottish Government have developed
an information note on applying an ecosystems approach to land use to support
implementation (Scottish Government, 2011c). As such, the LUS Principles are a
key consideration in this research and in the development of new approaches to
urban planning therein (see Chapter 8 and Appendices 4, 5 and 6). Although the
principles are Scottish, they are arguably strategic and general enough to be of wider
relevance and will certainly be relevant to land use/management planning elsewhere
in northern Europe (see section 3.2.5).

Furthermore, Phillips et al (2014 p.121) highlight how “...there is no one
perfect method or approach to support land use/management planning and delivery
that can be used in all circumstances or for all ten LUS Principles” and how ...the

methods and approaches identified through the [LUS Delivery Evaluation Project]
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can be used as an initial basis for the development of land use delivery methods

though this should be supplemented by wider research etc”. As such, the tools and

methods developed through this research are, in part, intended to support the

integration of the strategic LUS Principles within urban land use planning as per the

statutory LDP process as a specific land use delivery mechanism (see Chapters 7 and

8 and Appendices 4, 5 and 6). The LUS’ ten Principles for sustainable land use

principles are shown at Table 3.5.

Table 3.5 Scotland’s Land Use Strategy — principles for sustainable land use

(Adapted from Scottish Government, 2011d; Phillips et al, 2014)

Category
Principle A

Principle B

Principle C

Principle D

Principle E

Principle F

Principle G

Principle H

Principle |

Description

Multiple benefits

Opportunities for land use to deliver multiple benefits should be encouraged
Regulation

Regulation should continue to protect essential public interests whilst placing as light
a burden on businesses as is consistent with achieving its purpose. Incentives should
be efficient and cost-effective

Primary use

Where land is highly suitable for a primary use (for example food production, flood
management, water catchment management and carbon storage) this value should be
recognised in decision-making

Ecosystem services

Land use decisions should be informed by an understanding of the functioning of the
ecosystems which they affect in order to maintain the benefits of the ecosystem
services which they provide

Landscape change

Landscape change should be managed positively and sympathetically, considering
the implications of change at a scale appropriate to the landscape in question, given
that all Scotland’s landscapes are important to our sense of identity and to our
individual and social wellbeing

Climate change

Land-use decisions should be informed by an understanding of the opportunities and
threats brought about by the changing climate. Greenhouse gas emissions associated
with land use should be reduced and land should continue to contribute to delivering
climate change adaptation and mitigation objectives

Vacant and derelict land

Where land has ceased to fulfil a useful function because it is derelict or vacant, this
represents a significant loss of economic potential and amenity for the community
concerned. It should be a priority to examine options for restoring all such land to
economic, social or environmentally productive uses

Outdoor recreation

Outdoor recreation opportunities and public access to land should be encouraged,
along with the provision of accessible green space close to where people live, given
their importance for health and well-being

People and decision-making

People should have opportunities to contribute to debates and decisions about land
use and management decisions which affect their lives and their future
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Category Description

Principle J Land use and the link with daily lives
Opportunities to broaden our understanding of the links between land use and daily
living should be encouraged

Note: Emphasis and principle titles in the above are taken from Phillips et al (2014) and are not
directly referenced in the LUS.

3.2 Ecosystems, ecosystem services and the ecosystems approach
Urban land use and the ecosystems approach are central concepts of this research

which aims to build on existing practice and ideas in the development, trialling and
evaluation of new approaches to urban planning that can operationalise key aspects
of the ecosystems approach (see Box 1.2). Section 3.1 looks in some detail at the
Scottish planning system in order to identify potential opportunities whereby
ecosystems approach principles can be integrated. Section 1.2 introduces the
ecosystem services concept and outlines some of the main issues and problems that
have led to the growing recognition of the natural environment’s role supporting
wellbeing. It outlines the findings of ecosystem assessments undertaken at the global
and UK levels and introduces the ecosystems approach as a strategy for integrating
ecosystem services with decision-making.

Section 3.2 takes a more detailed look at the science of ecology and the
ecosystem services concept (section 3.2.1), identifies a typology of ecosystem
services and examines the relationship between urban land use/management and the
provision of urban ecosystem services (section 3.2.2), explores the potential
relevance and utility of ecosystem services in practical policy decision-making
(section 3.2.3) and outlines the principles of the ecosystems approach (section 3.2.3).
Finally, section 3.2.5 explains the rationale behind the consideration of certain urban
ecosystem services in this thesis.

In doing so, the intention is to understand and characterise key aspects of the
ecosystems approach that can be operationalised in urban land use planning systems
(Research Objective No.4) as well as helping to identify key ecosystem services that
can be provided by ‘green’ and ‘natural environment’ type urban land uses (Research
Objective No.2). Furthermore, the material developed through this section has
informed the new suite of principles for ecosystems approach based urban land use

planning developed through this research (see Appendix 3). Chapters 4 and 5 look in
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more detail at the specific role of urban land use/management planning in the
provision of flood storage, runoff reduction and ecological connectivity ecosystem

services.

3.2.1  Ecosystems and environmental limits

The definition of an ecosystem that is used most widely is taken from the United
Nations (UN) Convention on Biological Diversity — the CBD (MA, 2005; UKNEA,
2012; Mace et al, 2011). The CBD (UN, 1992 p.3) defines an ecosystem as “a
dynamic complex of plant, animal and micro-organism communities and their
non-living environment interacting as a functional unit”. The first half of the
definition (highlighted in bold) represents the biotic or living (biological) component
of ecosystems and the latter half the abiotic or non-living (chemical and physical)
component (Mace et al, 2011). It is the interactions between biotic and abiotic
components of ecosystems that truly define them as systems (UKNEA, 2012) and
these interactions “ultimately determine the quantity, quality and reliability of the
ecosystem services” that flow from ecosystems (Mace et al, 2011 p.5).

As shown on Figure 3.6, the UKNEA (Mace et al, 2011) has developed this
concept by framing land, air, water and all living things as the fundamental elements
that underpin the biological, physical and chemical components of ecosystems.
Crucially, the specific nature of these components then determines the functioning of
ecosystem processes from which ecosystem services are derived (ibid). It follows
therefore that changes in these interdependent components (e.g. species loss, land use
change, waterbody modification etc) can bring about changes in the functioning of
ecosystem processes and the supply of ecosystem services (ibid). This issue has been
considered in the development of the new spatial models in this research (see
Chapter 7)/

Building on the above, ecosystem function can be defined in terms of three
key aspects: 1) ecosystem structure; 2) ecosystem composition; and 3) ecosystem
processes (UKNEA, 2012; CBD Secretariat, 2013a). The effective functioning of
ecosystems — via these three key aspects — is dependent on the biotic and abiotic
components of ecosystems and the interactions therein. Healthy ecosystems are

structurally and compositionally diverse (UKNEA, 2011). For example, a robust
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forest ecosystem would likely contain a number of different tree species (in addition
to various species of bird, invertebrate, mammal etc) spanning a range of different
age classes — from saplings and young trees at one end of the spectrum through to
canopy trees and dead wood at the other. In contrast, a commercial conifer plantation
under a clear fell silvicultural system may contain just one tree species (e.g. Picea
sitchensis) and trees of one age class only (i.e. when maturity is reached the whole
forest is clear felled ready for restocking). Healthy ecosystems are also dependent on
the effective functioning of the three core ecosystem processes: 1) solar energy flow;
2) nutrient cycling; and 3) water cycling (UKNEA, 2012; CBD Secretariat, 2013a).

Social feedbacks,

instifutional interventions and responses Drivers of Change

(Direct and Indirect) Euture
Demographic, economic, socio-political, .
technological and behavioural scenarios
Management practices for the UK

Environmental changes

Human Well-being: Ecosystem

Services

B Economic value
B Hedlth value
¥ Shared (social) value

Ecosystems

Figure 3.6 Overall conceptual framework adopted in the UKNEA
(Source: Mace et al, 2011)

Note: The figure above depicts the overall conceptual framework adopted in the UKNEA showing the
links between ecosystems, ecosystem services, goods, human wellbeing and the drivers of change that
can affect ecosystems and ecosystem services. Crucially, the UKNEA conceptual framework makes
explicit the relationship between ecosystems/ecosystem function and the provision of ecosystem
services (shown on the right-hand side of the diagram). Ecosystem function in this regard is expressed
in terms of the fundamental elements of air, land, water and all living things underpinning the
biological, physical and chemical components of ecosystems and the interactions therein.

Biodiversity is another crucial factor in ecosystem function and ecosystem
services (Mace et al, 2011) though the importance of different aspects of biodiversity
in this regard is not fully understood (UKNEA, 2012). As with ecosystems, the most
widely used definition of biodiversity is taken from the CBD (UN, 1992 p.3):
“biological diversity [biodiversity] means the variability among living organisms

from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems
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and the ecological complexes of which they are part: this includes diversity within
species, between species and of ecosystems”. Although the relationship between
biodiversity and ecosystem services is not fully understood, there are a number of
useful conceptual framings for thinking about this relationship (Mace et al, 2011). In
particular, the notion that biodiversity plays an important role in the fundamental
ecosystem processes that underpin ecosystem services (ibid) is a crucial concept for
this research (e.g. the role of soil biological communities supporting the effective
functioning of nutrient cycles, the role of structurally®® diverse forest ecosystems
controlling runoff and supporting the effective functioning of the water cycle etc). In
this manner, urban biodiversity, and its protection and enhancement through
appropriate land use/management, is construed as a central premise of ecosystems
approach based urban land use planning.

Recognising the important role played by biodiversity (including diversity
within species, between species and of ecosystems) underpinning ecosystem
function, the way in which species interact with their physical environment is also
crucial for ecosystem services. In particular, the maintenance of biodiversity (and
therefore key aspects of ecosystem function as described above) is dependent on the
ability of species to migrate, disperse and interact, facilitating interbreeding,
colonisation, natural regeneration etc (Watts et al, 2005; Smith et al, 2008; Corbett et
al, 2009; Jones-Walters, 2009; Briers, 2011, SNH, 2011). These landscape scale®®
ecological processes are reliant on effective ecological networks to facilitate species
movements beyond the bounds of individual habitat patches (IALE, undated; Watts
et al, 2005; Gutzwiller and Forman, 2002; Smith et al, 2008; SNIFFER, 2008; SNH,
2011; James et al, 2013; Matthies et al, 2013; Phillips, 2013; Forest Research, 2014;

% Structurally diverse forest ecosystems in this regard could be managed under a continuous cover
forestry (CCF) silvicultural regime i.e. management supports trees of a range of age classes meaning,
therefore, that there is always a degree of mature forest cover (in contrast to a clear-fell regime for
example. The potential role of CCF regimes in urban forestry has been considered in this research —
see Chapters 7 and 8. See Forest Research’s continuous cover silviculture pages for further
information: http://www.forestry.gov.uk/fr/INFD-63CCQB [accessed 04/04/14]

% The notion of ‘landscape scale’ has been described variously though the definition used in this
research has been adapted from SNH (2014a) and Forest Research (2014), namely that the particular
definition of ‘landscape scale’ depends on the research question being addressed. In any event, both
definitions recognise that landscape scale working is likely to examine issues at an extensive scale
covering several square kilometres (e.g. water catchments) as opposed to the individual site scale. See
section 5.1.1 for further information.
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SNH, 2014a). As discussed at section 3.1.3 (see Figure 3.3 also), this issue can be
particularly important in urban areas where the ‘green’ and ‘natural environment’
type land uses that provide the backbone of greenspace and semi-natural habitats are
often located within a matrix of more hostile/less permeable urban land uses such as
residential and commercial areas, paved surfaces and roads (James et al, 2013;
Matthies et al, 2013; Phillips, 2013). As such, the maintenance and enhancement of
urban landscape permeability is a vital component of urban ecosystem function,
supporting the provision of key urban ecosystem services. Further information on the
principles of landscape ecology is provided at Chapter 5. Ecological connectivity
ecosystem services have been considered in the new spatial models developed in this
research (see section 7.4).

The UKNEA (2012) recognises how the notion of an ecosystem as a spatially
defined, functional unit is largely a human construct, designed with management in
mind. In line with this approach, ecosystems can be defined (e.g. for management
and planning purposes) as areas which share similar features across the following

key characteristics (ibid):

e Climatic conditions

e Geophysical conditions

e Dominant use(s) by humans

e Surface cover (based on type of vegetative cover in terrestrial ecosystems)
e Species composition

e Resource management systems and institutions

In line with this characterisation approach, it is perfectly reasonable (as per
UKNEA, 2011) to define and manage urban areas as ecosystems. In this manner,
urban areas — as ecosystems — are comprised of biological, physical and chemical
components interacting through urban ecosystem processes to produce urban
ecosystem services. Importantly for this research and urban planning more generally,
these components can be managed (within the constraints of environmental limits as

discussed below) to manipulate ecosystem processes and urban ecosystem services.
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The conceptual approach adopted in this research (in order to develop new
approaches to urban planning that can operationalise key aspects of the ecosystems
approach as per Research Objective No.4) is to frame the green/natural environment
type urban land uses (see section 3.1.3) as the spatial ‘building blocks’ of urban
ecosystems. In principle these ‘building blocks’ can then be managed, through urban
land use planning, for the provision of key urban ecosystem services. This premise
has been tested through this research as discussed further at Chapters 7 and 8.

The final crucial aspect of ecosystem function considered in this research is
the concept of environmental limits “which can be seen as defining the boundaries of
sustainability” (SNIFFER, 2010 p.5). The concept recognises that there are limits to
the pressure that can be placed on ecosystems while maintaining their integrity and
capacity to provide ecosystem services. Where such limits are exceeded, ecosystems
can undergo substantial change, often with a loss of biodiversity, breakdown of
ecosystem function and degradation of ecosystem services (Haines-Young et al,
2006; SNIFFER, 2010; CBD Secretariat, 2013a). This is indicated on Figure 3.7.

(a) Simple linear change (b) Zone of rapid change (c) Threshold response
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Figure 3.7 Identification of limits and thresholds in natural systems
(Source: Haines-Young et al, 2006)

Note: The figure above depicts three possible responses of a natural system to external pressure. In
each case, the dotted line represents some kind of limit beyond which the system is judged to be
damaged or at risk. In the context of the ecosystems approach, such limits are important as they can
imply a breakdown of ecosystem function and loss or degradation of ecosystem services.

The literature recognises two key approaches for defining environmental
limits: 1) threshold limits based on biophysical thresholds, established threshold
relationships or breaking points — e.g. a known pollution concentration that is

tolerable by an indicator species before it suffers drastic population decline; and 2)
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non-threshold limits based on societal preferences — e.g. the number of wind turbines
tolerated in a given landscape (Haines-Young et al, 2006; SNIFFER, 2010).
Regardless of the approach adopted, there will always be a degree of uncertainty
involved and policy-makers and natural resource managers are encouraged to adopt a
precautionary approach, through the use of policy options and management
interventions e.g. application of a ‘buffer zone’ as systems begin to approach
threshold or non-threshold environmental limits (ibid).

Given this, the environmental limits concept is potentially a useful tool for
policy-makers and natural resource managers, helping to guide policy and
management decisions towards the protection of ecosystem function and ecosystem
services. For the purposes of this research, environmental limits are defined as “the
level of some environmental pressure, indicator or environmental state or benefit
derived from the natural resource system beyond which conditions are deemed to be
unacceptable in some way” (Haines-Young et al, 2006 p.11). Furthermore, SNIFFER
(2010) suggest that the following types of indicator can be used to define limits:

¢ Anindicator reflecting a pressure on the ecosystem (e.g. discharge of a pollutant
to water, development pressure resulting in the removal of vegetation and
building over greenspace in urban catchments);

e Anindicator reflecting the state of the ecosystem (e.g. presence/absence of a
certain aquatic species); and

¢ Anindicator reflecting the ecosystem services derived from the ecosystem (e.g.

the availability of drinking water, natural flood storage etc).

This research argues that the environmental limits concept should be part of
the framing for ecosystems approach based urban land use planning (indeed it is a
principle of the ecosystems approach as outlined at section 3.2.4). In particular, the
definition and indicators outlined above have been used to frame the tools, models
and guidance developed in this research as part of the new approach to urban land
use planning. In doing so, this thesis argues that environmental limits can help urban

planners to think spatially about where land use/management change may be
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required to enhance ecosystem services, especially where this may be required to
prevent an environmental limit being reached or to help restore ecosystems where

that limit has already been exceeded (see Chapter 7 and section 8.2).

3.2.2  Ecosystem services — a generic typology

Section 1.2 introduces the concept of ecosystem services — for the purposes of this
research, ecosystem services are framed in terms of healthy natural environments
(comprised of landscapes, ecosystems and habitats) providing a range of advantages
or benefits that are essential for societal wellbeing and prosperity (MA, 2005;
Haines-Young and Potschin, 2008; Hughes and Brooks, 2009; Defra, 2011; Scottish
Government, 2011c; UKNEA, 2011; Baker et al, 2013). Section 3.2.1 provides an
outline of key established theoretical concepts, taken from the science of ecology,
concerning the way in which ecosystems function and the relationship between
healthy ecosystems and ecosystem service flows. The purpose of section 3.2.2
therefore is to further characterise the ecosystem services concept (including
consideration of key conceptual and methodological developments made as a result
of the UKNEA), to define a typology of ecosystem services. Section 3.2.3 then
explores the potential relevance and utility of ecosystem services in practical policy
decision-making?’.

The Millennium Ecosystem Assessment (MEA) was carried out between
2001 and 2005 with the aim of “assessing the consequences of ecosystem change for
human wellbeing and establishing the scientific basis for actions needed to enhance
the conservation and sustainable use of ecosystems and their contribution to human
wellbeing” (MA, 2005 p.5). The MEA framed ecosystem services as “the benefits
that people obtain from ecosystems” (ibid) and developed the categorisation for
ecosystem services (see Figure 1.3) that has since been adopted in ecosystem
assessments and policy elsewhere e.g. the UKNEA (Mace et al, 2011), the EU
resource efficiency programme (EC, 2011b) and the UK Natural Environment White
Paper (Defra, 2011). Crucially, the MEA’s framing of ecosystem services drew

attention to the integrated nature of the natural environment, especially the way in

27 Chapters 4 and 5 look specifically at how urban land use/management can impact the key
ecosystem services considered in this research as per Research Objective No.2 (see Box 1.2).
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which multiple constituents of human wellbeing®® are dependent on multiple
ecosystem services which, in turn, are dependent on multiple interactions between
the living and non-living components of ecosystems (see section 3.2.1). The
integrating nature of the ecosystem services concept has since been described as one
of its key strengths, especially as a means of encouraging policy-makers to think
holistically about the natural environment as an interdependent system and not just as
a series of discrete topics or issues that can be managed in isolation (Baker et al,
2013).

As described at section 1.2, the UKNEA was a direct response to the MEA.
However, as the UKNEA commenced in 2009, the approach adopted benefitted from
four years of conceptual and methodological developments (UKNEA, 2011).
Similarly to the MEA, the UKNEA framed ecosystem services as “the outputs of
ecosystems from which people derive benefits” as well as using the MEA’s four
broad headings for categorising ecosystem services — supporting, provisioning,
regulating and cultural (Mace et al, 2011 p.6). Crucially however, the UKNEA
introduced a further sub-categorisation under these broad headings that presents a
particularly useful conceptual framing for this thesis and practical natural
environment policy decision-making more generally.

In particular, the UKNEA (ibid) differentiates between three sub-sets of
benefits that are derived from ecosystems: 1) ecosystem processes/intermediate
services; 2) final ecosystem services; and 3) goods (see Figures 3.8 and 3.9).
Ecosystem processes/intermediate services can be construed as the key aspects of
ecosystem function described at section 3.2.1 (e.g. ecosystem structure, biodiversity,
ecosystem processes etc). Final ecosystem services are, in effect, the ‘raw materials’
provided by ecosystems including trees, crops and the ‘raw’ hazard regulation
benefits (e.g. flood storage) provided by ecosystems in the absence of any specific
management/alteration of the natural environment (see Figures 3.8 and 3.9).
Crucially, “people tend to intervene and/or manage ecosystems to influence the
delivery of final ecosystem services” (ibid) as these, in effect, provide the ecosystem

‘building blocks’ that can be manipulated, managed, engineered, manufactured or

%8 Such as adequate livelihoods, sufficient nutritious food, shelter, security from disasters, social
cohesion, access to clean air and water etc (see Figure 1.3).
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otherwise altered to produce the goods that people value (see Figure 3.8 and 3.9).
Goods are the ‘things’ that people value and that contribute directly to wellbeing
(ibid). Importantly, the UKNEA conceptual framework recognises that “many goods
can only be generated by applying manufactured capital (e.g. machinery) or human
capital (e.g. ingenuity) to final ecosystem services” (Mace et al, 2011 p.9). This
distinction has important consequences for this research as explained further below.

Other capital inputs People
Well-being value
Ecosystem processes/ . . . ShQ(eT]
Intermediate services Final ecosystem services | Good(s)* | Economic | Health social
Crops, livestock, fish Food g +/- oY)
Primary production Trees, standing Fibre g +/- o/
vegetation, peat N
Water cycling Water supply Energy £ +/- /8
Drinking water -
Soil formation Climate regulation W P £ it o/e
T _
- - - atural medicine 7S e o/
Nutrient cycling j290% Sipes! Teguaon Recreation/Tourism [ +/- /8
Detgxiﬁctlal,og & purification SR A —
Decomposition in air, soils & water - — S 47 /e
o isease/pest control
Pollination e 7% /6
Weathering = Equable climate
Hazard regulation £ +/- /8
Flood control
Ecological interactions Noise regulation £ +/- o/
Erosion control
s £ +/- /8
Evolutionary processes Wild species diversity Aesthetic/Inspiration /
e +/- o/8
Environmental settings Spiritual/Religious ©/®
Undiscovered ¢ 4/ ©/®
Undiscovered services Undiscovered
Cultural
Millennium Provisioning
Ecosystem
categories = b
Supporting

Figure 3.8 Ecosystem processes, services, goods and values used in the UK National
Ecosystem Assessment (UKNEA)

(Source: Mace et al, 2011)

Note: Where relevant, the three sub-sets of benefits provided by ecosystems adopted in the UKNEA
framework are also categorised in terms of the four broad headings for ecosystem services used in the
MEA (key indicated at the right-hand corner of the figure above). As described at section 3.2.1, the
ecological interactions ecosystem process/intermediate service shown on the figure above highlights
the important role played by ecological networks supporting biodiversity and underpinning all other
aspects of ecosystem process/function and ecosystem services. Ecological interaction is an additional
ecosystem process/intermediate process that was not considered in the MEA but one that is of key
relevance for this thesis and urban land use planning more generally, as described at sections 3.2.1 and
7.4 and Chapter 5.
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O — .

Final ecosystem Example ecosystem management Potential impacts of management Key goods available
services for delivery of desired goods on other final ecosystem services

Bl Trees, standing  |Land drainage Climate regulation +/-/? Fibre (timber)
vegetation, [peat] |Periodic thinning Water supply -/? Energy (biomass)
Agro-chemical inputs (fertiliser, Hazard regulation +/-/? Recreation/tourism?
herbicide etc) Wild species diversity - Flood control?
Peniodic clear-fell harvesting Environmental settings -/?
E [Trees, standing |Re-wetting of peat forming soils  |Climate regulation + Equable climate (GHG mitigation)
g vegetation], peat |(reversing land drainage) Peat + Flood control
E Hazard regulation + Aesthetic/inspiration +/-/?
s Trees/standing vegetation -
Wild species diversity +/?
Water supply Put forest into continuous cover  |Trees/standing vegetation -/? Fibre (timber)
silvicultural regime (reduce soil Hazard regulation +/-/? Energy (biomass)
erosion risk and protect water Wild species diversity +/? Recreation/tourism?
resources) Environmental settings +/? Flood control?
Hazard Reverse land drainage Climate regulation +/? Fibre (timber)?
w regulation Put forest into continuous cover  (Water supply + Energy (biomass)?
g silvicultural regime (i.e. yearround |Wild species diversity + Recreation/tourism
'E | vegetation cover) Trees/standing vegetation - Flood control
E Restore riparnian cover and promote |Peat +/2 Erosion control
formation of LWD dams Environmental settings +/? Equable climate (GHG mitigation)
Promote wet areas within the forest
Envir rtal  [Landscape sensitive forest design |Trees/standing vegetation -/? Recreation/tounism
settings Creation and maintenance of Wild species diversity +/-/? Aesthetic/inspiration
T foot/cycle paths Water supply +/-/2 Spiritual/religious?
% Put forest into continuous cover  |Hazard regulation +/-/? Flood control
() silvicultural regime (i.e. promote Erosion control
consistency and longevity of Equable climate (GHG mitigation)
landscape)

Figure 3.9 Forest ecosystem services and management for specific goods

(Adapted from Hart, 1991; MA, 2005; Starr, 2005; Haines-Young and Potschin, 2008; EEA,
2010c; Mace et al, 2011; Quine et al, 2011 — images are the author’s own)

Note: The figure above highlights key final ecosystem services provided by forest ecosystems,
categorised as per the MEA framework (first column). As described in the text above, final ecosystem
services can be regarded as ecosystem ‘building blocks’ that can be manipulated and managed to
produce the goods that are valued by people and important for wellbeing (see Figure 3.8). In line with
this distinction, the figure above highlights management examples (second column) that could be used
to manipulate the key final ecosystem services provided by forests for the provision of desired goods
(fourth column). In essence, this shows how different land management can affect ecosystem service
provision — a key premise of this research (see section 8.2). For example, hazard regulation final
ecosystem services can be managed to enhance flood control goods. Specific land management might
include reversal of land drainage (i.e. blocking land drains), using CCF silvicultural systems (i.e.
shifting to a system of permanent vegetation cover and therefore a greater degree of hydraulic
roughness — see section 4.7) and the restoration of riparian woodland/promotion of large woody debris
(LWD) dams to enhance the flood storage function of floodplain woodland. Crucially the third
column shows the potential impacts of land management on other final ecosystem services,
recognising that there can often be ecosystem services trade-offs and/or conflicts between
management objectives. For example, reversing land drainage, whilst beneficial for hazard regulation
(flood control), will likely be at the detriment of key provisioning services such as good quality timber
(i.e. as soil moisture content increases and aerobic soil processes breakdown).
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Although the purpose of these conceptual developments is to avoid double
counting in economic analyses (ibid), the distinctions outlined above offer two useful
concepts that have played an important role framing this research and the tools,
models and guidance developed therein®. Firstly, the notion that final ecosystem
services can be manipulated (i.e. to produce goods) to somehow alter their wellbeing
value for people is crucial. In essence, this recognises that ecosystem services can be
managed for specific ends, a central premise of this thesis which has developed new
approaches to urban planning that can target urban land use/management (i.e. a type
of human capital input as per Figure 3.8) for the provision of specific urban
ecosystem services (see Chapter 7 and section 8.2). The concept of managing
ecosystems and ecosystem services for specific ends/goods is illustrated on Figure
3.10 and variously in Chapters 4, 5, 7 and 8.

Secondly, the fact that ecosystem processes/intermediate services are
excluded from economic analyses within the UKNEA framework highlights their
irreplaceability and vital function within ecosystem services. In essence, this
recognises that ecosystems can’t just be managed for [final] ecosystem services;
rather ecosystems must also be managed for the protection and enhancement of
ecosystem health, as defined by the nine ecosystem processes/intermediate services
shown on Figure 3.8. This management objective is crucial to ensure the ongoing
supply of final ecosystem services from which valued goods can be obtained (see
section 3.2.1 also). This principle has been reflected in the new tools, models and

guidance developed in this research.

3.2.3  Ecosystem services and their potential role in decision-making

The rationale and utility of considering ecosystem services in decision-making is
explained variously by MA (2003), Carpenter et al (2006), De Smedt (2010), Baker
et al (2013), Geneletti (2013a), Helming et al (2013) and Partidario and Gomes
(2013). In particular, an understanding of the link between ecosystem change (e.g. as

a result of policy driving land use change) and change in ecosystem services (and

2 Although fundamental to the UKNEA’s overall approach, the language adopted in the tools, models
and guidance developed in this research (see Chapters 7 and 8) does not differentiate between
ecosystem processes, goods and services; rather it simply refers to ecosystem services
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ultimately human wellbeing) is seen as a key input to policy-development and
decision-making more generally (MA, 2003). A theoretical framing of this
relationship, based on ecological principles, is described at section 3.2.1. Practical
implications have been considered in the new tools, models and guidance developed
through this research (see Chapters 7 and 8).

Additionally, ecosystem services are considered to be particularly relevant at
the ‘science-policy’ interface by helping to translate the link between the natural
environment/ecological processes and human wellbeing in a manner that is
understandable and useful for policy-makers (Carpenter et al, 2006; Baker et al, 2013
Helming et al, 2013). In this manner, the use of ecosystem services can ensure that
relevant scientific knowledge and evidence informs decision-making (ibid). The risk
of not considering ecosystem services in decision-making is highlighted by Defra
(2011) and EC (2011b). In particular, EC (2011b p.12) outline how “our economic
prosperity and wellbeing depend on our natural capital, including ecosystems that
provide us with a flow of essential goods and services” and how “many of these
ecosystem services are used almost as if their supply is unlimited”.

The issues discussed above help to explain why the ecosystem services
concept is increasingly gaining prominence across many policy issues. Although the
concept originates from the CBD and has a key focus on biodiversity protection (see
section 1.2), it has a range of other practical applications in policy and ecosystem
management decision-making that are now coming to light (e.g. Baker et al, 2013;
Geneletti, 2013a; Helming et al, 2013; Partidario and Gomes, 2013). Table 3.6
outlines several practical benefits of ecosystem services for decision-making
processes in general (noting that Chapter 6 considers benefits relating specifically to
urban land use planning decision-making). Example policy areas and sectors where
ecosystem services are currently being applied to practical policy decision-making

are outlined below:

e Biodiversity protection and enhancement (e.g. EC, 2011a; Scottish
Government, 2013l);
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European policy impact assessment including ex ante evaluation, a key
example being the development of member state Rural Development
Programmes (RDPs) under Pillar 11 of the EU Common Agricultural Policy —
the CAP (e.g. Helming et al, 2013; Sheate and Phillips, 2014);
Strategic/national level land use policy (e.g. Scottish Government, 2011d);
Water management and river basin planning (e.g. EC, 2000);

Urban land use/management planning (e.g. EERA, 2008; GCV Green
Network Partnership, 2011; Sheate et al, 2012; Baker et al, 2013; Gaston et
al, 2013; Geneletti, 2013b; Partidario and Gomes, 2013; James, 2013;
Phillips, 2013); and

As a framing for an overarching national approach to action and policy on the

natural environment (e.g. Defra, 2011).

Table 3.6 General applications/benefits of ecosystem services for decision-making

(Adapted from Baker et al, 2013; Helming et al, 2013; Partidario and Gomes, 2013)

Application/benefit | Details

1. Supporting a o “Ecosystem services is an integrating concept which instead of dealing
holistic approach with discrete environmental ‘topics’ considers bundles of services that
to the natural flow from the environment” (Baker et al, 2013 p.8)
environment e Inthis manner, ecosystem services can help decision-makers to think

2. Understanding

about the environment more holistically, promoting consideration of
ecosystem health and function (i.e. ecosystem processes/intermediate
services — see Figure 3.8) which is essential for ecosystem services

Many policies “do not explicitly address ecosystem services but are

how the natural bound to cause impacts on ecosystem services as a side effect” (Helming
environment can et al, 2013 p.82)

support policy e  For these policies, ecosystem services can be used as a framing to
objectives communicate opportunities whereby the natural environment may be

able to support policy objectives (e.g. exploring the flood storage role of
urban greenspace as part of a flood risk management strategy)

¢ In this manner, ecosystem services can be used to help frame the natural
environment as a benefit rather than a hindrance or constraint

3. Stakeholder and | e  Ecosystem services can provide a useful means of engaging stakeholders
wider public and the wider public on decision-making that affects the natural
engagement environment

e Framing the environment in terms of ‘uses/benefits’ as opposed to
‘things’ (e.g. habitats, species, water quality, landscape etc) can help
non-technical stakeholders and the public to communicate perceptions
and uses of the natural environment ‘on their terms’ (e.g. this is where |
take my dog for a walk, this is where we go for a picnic on a nice day)

4. Castinga e Similarly to No.2 above, ecosystem services can demonstrate the value
different light on (monetary or non-monetary) of the natural environment
conflict between | o  These values can be used to explore different angles to conflicts between
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Application/benefit | Details

economic and economic and environmental objectives e.g. the economic case for a
environmental transport infrastructure project may not be so compelling when
objectives compared to loss of ecosystem services as a result of land use change

Note: The general decision-making applications/benefits of ecosystem services outlined in the table
above are all of relevance to urban land use planning. Chapter 6 also considers a range of specific
applications/benefits of ecosystem services for urban decision-making contexts.

Although, as described above, there is arguably a strong case for using
ecosystem services in practical policy decision-making, there are key problems and
weaknesses that need to be balanced against the strengths. Example weaknesses
include problems concerning the language of ecosystem services and communication
with stakeholders, the complexity of the concept as a result of its inherently
integrated nature, the contested nature of ecosystem service economic valuations®
(e.g. for use as an input to cost benefit analyses alongside more conventional costs
and benefits) and the additional resources required to consider ecosystem services,
such as additional data needs and expertise requirements (Sheate et al, 2012; Baker et
al, 2013; Phillips et al, 2014).

3.2.4  Key principles of the ecosystems approach

The purpose of this section is to outline the established principles for the ecosystems
approach. In conjunction with material in sections 3.2.1, 3.2.2 and 3.2.3, this section
provides the general science and policy framework for the ecosystems approach that
this research is based on (noting that Chapters 4 and 5 provide more detailed,
technical information on urban land use/management for the provision of the specific
ecosystem services considered in this research — see section 3.2.5).

As described at section 1.2, the ecosystems approach was originally
developed as a practical means of delivering the objectives of the CBD. At their fifth
meeting in May 2000, the Conference of the Parties (COP) of the CBD endorsed the
description, principles and operational guidance for the ecosystems approach® that

has played a key role informing this research (CBD Secretariat, 2000). Despite the

%0 For example Phillips et al (2014 p.97) found that “land owners/managers would require a proven
and consistent approach for ecosystem service assessment before data on ecosystem service values
would be accepted as an input to decision-making processes”

31 Following Recommendation V/10 of the CBD Subsidiary Body on Scientific, Technical and
Technological Advice (SBSTTA): https://www.cbd.int/recommendation/sbstta/default.shtml?id=7027
[accessed 13/01/14]
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availability of these principles and operational guidance (as well as other key
resources such as the CBD Secretariat hosted ecosystems case studies®* and
sourcebook pages™?), there is [at least] a perception that the ecosystems approach is
not being effectively integrated into conservation strategies or indeed other policies
affecting the natural environment and ecosystem services** (CBD Secretariat, 2006;
Fee et al, 2009; Labiosa et al, 2013). The potential lack of methodologies and tools
for adopting the ecosystems approach in urban land use planning, as with other
decision-making contexts, is a key issue addressed in this research as discussed at
Chapters 1 and 6.

The Parties to the CBD describe the ecosystems approach as ‘a strategy for
the integrated management of land, water and living resources that promotes
conservation and sustainable use in an equitable way’ (CBD Secretariat, 2000). This
definition, in conjunction with the CBD’s general approach (see section 1.2), is
broadly reflected in policy and action on the ecosystems approach across the key
contexts considered in this research — the EU (EC, 2011a; EC, 2011b; EC, 2013), the
UK (Defra, 2007; Defra, 2011) and Scotland (Scottish Government, 2011c; Scottish
Government, 2011d). This research has framed the ecosystems approach, in
particular, in terms of maintaining healthy, functioning ecosystems to ensure
consistent supplies of ecosystem services (e.g. in terms of the new spatial models’
focus on ecosystem processes/intermediate services — see sections 7.3 and 7.4). In
this manner, ecosystem health/function is considered on the one hand and ecosystem
services and societal wellbeing and prosperity on the other. The intention here is not
to pursue a less integrated approach, rather it aims to ensure that the natural
environment is managed towards an overall objective of maintaining health and

function as well as ecosystem service provision. This echoes the conceptual

%2 CBD Ecosystems Approach Case Studies pages: https://www.chd.int/programmes/cross-
cutting/ecosystem/cs.aspx [accessed 13/01/14]

%3 CBD Ecosystems Approach Sourcebook pages:
https://www.cbd.int/ecosystem/sourcebook/default.shtml [accessed 13/01/14]

% Clearly the CBD resources on the ecosystems approach are intended to be globally relevant and
therefore necessarily generic and potentially challenging to interpret elsewhere. In addition however,
there are elements of research and good-practice development in ecosystems approach based decision-
making elsewhere, including for key sectors such as urban land use planning as outlined further at
Chapter 6. The intention of this thesis is to build on the strengths of existing research in the
development of new practical approaches to urban planning that can operationalise key aspects of the
ecosystems approach (see Chapters 7 and 8)
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framework adopted by the UKNEA (Mace et al, 2011) as shown on Figures 3.6 and
3.8, especially the notion of ecosystem processes/intermediate services as separate to
and underpinning the provision of final ecosystem services (see section 3.2.2). Key
examples of how aspects of the ecosystems approach have been framed in EU, UK

and Scottish policy are provided at Table 3.7.

Table 3.7 Ecosystems approach considerations in key EU, UK and Scottish policy

(Adapted from Defra, 2007; EC, 2011a; EC, 2011b; Defra, 2011; Scottish Government,
2011c; Scottish Government, 2011d; EC, 2013)

Policy reference Ecosystems approach considerations

Defra (2007 p.10) “The ecosystems approach has been defined in various ways, but the core of
the approach lies in integrating and managing the range of demands placed
on the natural environment in such a way that it can indefinitely support
essential services and provide benefits for all”

EC (2011a p.5) “In the EU, many ecosystems and their services have been degraded, largely
as a result of land fragmentation. Nearly 30 % of the EU territory is
moderately to very highly fragmented. Target 2 [of the EU Biodiversity
Strategy to 2020] focuses on maintaining and enhancing ecosystem services
and restoring degraded ecosystems by incorporating green infrastructure in
spatial planning”

EC (2011b p.12) “Biodiversity underpins many of our ecosystems and is vital to their
resilience. Its loss can weaken an ecosystem, compromising the delivery of
ecosystem services and making it more vulnerable to environmental shocks.
Restoring degraded ecosystems is costly, and in some cases, change can
become irreversible”

EC (2013 p.2) “[Green infrastructure] is a successfully tested tool for providing ecological,
economic and social benefits through natural solutions. Green infrastructure
is based on the principle that protecting and enhancing nature and natural
processes, and the many benefits human society gets from nature, are
consciously integrated into spatial planning and territorial development”

Defra (2011 p.7) “The benefits we get from nature are often described as ‘ecosystem services’.
Natural resources (such as food, timber and water) and functioning natural
systems (such as healthy, fertile soils; clean water and air; and a regulated
climate) are vital support services for our wellbeing and security, and are
themselves sustained by biodiversity”

Scottish Government | “Land use decisions should be informed by an understanding of the

(2011c p.4) functioning of the ecosystems which they affect in order to maintain the
benefits of the ecosystem services which they provide”

Scottish Government | “We believe that there is potential for greater use of an ecosystems approach

(2011d p.1) to improve decision making, increase the quality of our natural
environment, and enhance the value which we obtain from it”

Scottish Government | “Consider natural systems — by using knowledge of interactions in nature

(2011d p.2) and how ecosystems function”

Note: Emphasis in the table above has been added by the author. The example quotes are intended to

highlight the crucial importance of considering ecosystem health and function (i.e. ecosystem

processes/intermediate services as the UKNEA) in addition to final ecosystem services as part of an
ecosystems approach. The policy examples in the table above exemplify this distinction.
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As described at section 3.2.1, ecosystems are interdependent and complex
and altering one aspect can have a significant impact on overall ecosystem function
and ecosystem service flows (see Figure 3.6). This may be particularly significant
where there is a risk of an environmental limit being reached (see Figure 3.7).
Accordingly, when evaluating the impacts of policy decisions on the natural
environment, the ecosystems approach shifts the emphasis from an assessment of
impacts on discrete environmental media (e.g. air, water, biodiversity etc) to an
assessment of impacts on whole ecosystems (Defra, 2007; Fee et al, 2009; SWT,
2009; Defra, 2011; CBD Secretariat, 2013a). The intention is to understand how the
complex, interdependent aspects of ecosystem function may change, when impacted
by a particular policy or policy option. Potential changes in ecosystem function can
be further categorised on the basis of impacts on ecosystem structure, composition
and process (ibid). As discussed at section 3.2.1, changes in ecosystem function can
also bring about changes in the supply of ecosystem services meaning, therefore, that
an understanding of potential changes in ecosystem function can support an
understanding of potential changes in ecosystem service flows also (see Figure 3.8
for further information).

In relation to wurban planning in particular, an identified key
challenge/obstacle to the adoption of ecosystems approach based decision-making is
a lack of practical tools, models and scenario evaluation frameworks that can allow
urban planners to think strategically about their towns and cities from an ecosystems
perspective (Chan et al, 2006; Gret-Regamey et al, 2013; Labiosa et al, 2013). This is
reflected by Fee et al (2009) who identified key institutional, technical and capacity-
related obstacles to adopting the ecosystems approach. Table 3.8 identifies general
principles for the ecosystems approach from the CBD and relevant UK and Scottish
policy (this builds on the key ecosystems approach considerations within sample EU,
UK and Scottish policies identified in Table 3.7). These principles (along with all
other analysis and synthesis in this Chapter) have underpinned the development of
the new urban planning approaches that are a key output of this research under
Research Objective 4 (see Chapters 7 and 8). They also provide part of the overall
framing to the suite of guiding principles for ecosystems approach based urban

planning developed through this research (see Appendix 3).
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Table 3.8 International, UK and Scottish principles for the ecosystems approach

(Adapted from Defra, 2007; Scottish Government, 2011c; CBD Secretariat, 2013a)

Principles from Scottish
Government (2011c)

Consider natural
systems: by using
knowledge of interactions
in nature and how
ecosystems function. This
implies a need to consider
the broad scale as well as
the local; and the long
term as well as the
immediate. Ecosystem
function often shows a
capacity to accommodate
some change, but a
significant impact may
result when a threshold is
crossed and capacity
exceeded

Take account of the
services that ecosystems
provide: including those
that underpin social and
economic wellbeing, such
as flood and climate
regulation, resources for
food, fibre or fuel, or for
recreation, culture and
quality of life. All these
services are supplied by
our ecosystems. There are
ways to account for some
of these services using
economic and other
measures to inform policy
and consider offsetting or
mitigation

Involve people: those

Principles from
Defra (2007)
Taking a more
holistic approach to
policy-making and
delivery, with the
focus on maintaining
healthy ecosystems
and ecosystem
services

Ensuring
environmental limits
are respected in the
context of sustainable
development, taking
into account
ecosystem
functioning

Taking decisions at
the appropriate
spatial scale while
recognising the
cumulative impacts
of decisions
Promoting adaptive
management of the
natural environment
to respond to
changing pressures,
including climate
change

Ensuring that the
value of ecosystem
services is fully
reflected in decision-
making

N/A

Principles from CBD Secretariat (2013a)

EsA_1: Ecosystem managers should consider
the effects (actual or potential) of their
activities on adjacent and other ecosystems

EsA_2: Conservation of ecosystem structure
and functioning, in order to maintain ecosystem
services, should be a priority target of the
ecosystem approach

EsA_3: Ecosystems must be managed within
the limits of their functioning

EsA_4: The ecosystem approach should be
undertaken at the appropriate spatial and
temporal scales

EsA_5: Recognising the varying temporal
scales and lag-effects that characterise
ecosystem processes, objectives for ecosystem
management should be set for the long term
EsA_6: Management must recognise the
change is inevitable

EsA_7: Recognising potential gains from
management, there is usually a need to
understand and manage the ecosystem in an
economic context. Any such ecosystem
management programme should: a) reduce
those market distortions that adversely affect
biological diversity; b) align incentives to
promote biodiversity conservation and
sustainable use; and c) internalise costs and
benefits in the given ecosystem to the extent
feasible

EsA_8: The ecosystem approach should seek
the appropriate balance between, and
integration of, conservation and use of
biological diversity

EsA_9: The objectives of management of land,
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Principles from Scottish | Principles from Principles from CBD Secretariat (2013a)
Government (2011c) Defra (2007)

who benefit from the water and living resources are a matter of
ecosystem services and societal choices

those managing them need EsA_10: Management should be decentralised
to be involved in decisions to the lowest appropriate level

that affect them. Their EsA_11: The ecosystem approach should
knowledge will often be consider all forms of relevant information,
central to success. Public including scientific and indigenous and local
participation should go knowledge, innovations and practices
beyond consultation to EsA_12: The ecosystem approach should
become real involvement involve all relevant sectors of society and

in decision making scientific disciplines

Note: The table above collates ecosystems approach principles from: 1) CBD Secretariat (2013a) —
Ecosystems approach principles; 2) Defra (2007) — Securing a healthy natural environment: an action
plan for embedding an ecosystems approach; and 3) Scottish Government (2011c) — Applying an
ecosystems approach to land use information note. The table has been organised to show the links and
cross-over between the principles in the three different policies. International and UK Government
principles have been categorised under the Scottish Government principles reflecting the specific
Scottish focus of this research (see sections 1.4 and 2.1.4). This analysis shows how the Scottish
principles (left-hand column) are broad and aggregated when compared to the International principles
in particular (right-hand column) which are numerous and specific. All these principles and the
analysis of links and cross-overs therein have played a key role informing the development of the new
approaches to urban planning in this research (see Chapters 7 and 8).

3.2.5  Prioritising ecosystem services for consideration in this thesis

The preceding sections introduce ecosystem services and the ecosystems approach
which provide the overall theoretical framework for this research (see section 2.1.2).
As per Box 1.2 however, Research Objective No.l seeks “to identify urban
ecosystem services that are particularly important in northern European urban
centres”. As described at section 1.4, this objective recognises the importance of
defining a realistic scope for the thesis in terms of the key urban ecosystem services
considered in subsequent objectives. The prioritisation of ecosystem services in this
regard has been undertaken with reference to key EU and Scottish Government
policies and reports to form a view on the challenges facing northern European urban
centres (and Glasgow/Scottish urban centres) and therefore the urban ecosystem
services that could potentially help to address these challenges (see sections 2.2.2
and 2.3.1). The ecosystem services considered in this thesis are: 1) flood storage; 2)
runoff reduction; and 3) ecological connectivity.

The more general focus on northern Europe recognises, as per section 1.1,
that many urbanisation problems can be influenced by key external factors,
especially global climate change. As such, this thesis argues that ecosystems
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approach based solutions to climate change related urbanisation problems are likely
to be applicable to urban centres with similar climates and facing similar climate
change impacts. This is the main rationale for the thesis’ focus on water management
related ecosystem services. This rationale is supported by the review of key EU and
Scottish Government policies and reports (see section 2.3.1) which frequently
highlight the importance of urban land use/green infrastructure and ecosystem
services contributing to urban climate change adaptation including flood risk
management (FRM). Ecological connectivity has been included given the inherent
importance of well-connected landscapes supporting biodiversity which, in turn,
underpins all aspects of ecosystem function and ecosystem services (see sections
3.2.1and 5.1).
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Figure 3.10 Expert interview Question 3.5 results — which services from the following
list do you think the urban natural environment provides?

Note: In Question 3.5, interviewees were provided with a list of ecosystem goods from the UKNEA
typology (see Figure 3.8). Five experts were interviewed (see section 2.3.4).

As described at sections 2.2.8 and 2.3.4, five land use/management planning
experts were engaged through a semi-structured interview process in order to collect
data that could validate (or otherwise) key findings that informed the evidence
assessment. As part of this process, Question 3.5 (see Appendix 2) asked the experts
which ecosystem services they thought the urban natural environment provides.
Interviewees were asked to frame their response in the context of a northern

European urban centre, such as Glasgow. Interviewees were provided with a list of
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the ecosystem goods® from the UKNEA typology (see Figure 3.8) and asked to tick
all applicable goods. Responses to this question (see Figure 3.10) indicate that in the
view of the experts interviewed, urban natural environments in northern Europe have
the potential to provide all 13 ecosystem goods identified in the UKNEA typology.
Goods/services identified under ‘other’ included healthy lifestyles (three

interviewees) and ecological networks (one interviewee).
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Figure 3.11 Expert interview Question 3.6 results — of the services you have identified,
which three do you consider to be most important?

Note: Question 3.5, asked interviewees to identify ecosystem services that they felt the urban natural
environment provides from a list of ecosystem goods taken from the UKNEA typology (see Figure
3.8). From the list of services at Question 3.5, Question 3.6 asked interviewees to prioritise the three
services they considered to be most important. As with Question 3.5, interviewees were asked to
frame their response in the context of a northern European urban centre, such as Glasgow. Five
experts were interviewed (see section 2.3.4).

From the list of applicable services identified at Question 3.5, Question 3.6
(see Appendix 2) then asked interviewees to prioritise the three services they
considered to be most important in the context of a northern European urban centre
(such as Glasgow). Responses to this question (see Figure 3.11) indicate a distinct
focus on key cultural ecosystem services — aesthetic/inspiration, recreation/tourism
and spiritual/religious. Two of the interviewees highlighted the relationship between

food and healthy lifestyles, noting that healthy lifestyles was one of the ‘other’

% Ecosystem goods were felt to be more intuitive to urban land use stakeholders than final ecosystem
services
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services identified in Question 3.5 by three of the five interviewees (see Figure 3.10).
The relationship between food (including community growing projects and
allotments) and healthy lifestyles was felt to be highly important for Glasgow given
particular aspects of the socio-economic context (e.g. high incidence of multiple
deprivation, poor health record etc). Crucially however, flood control was identified
by all five of the interviewees as a key ecosystem service for northern European
urban centres. Importantly, this finding supports the rationale for the thesis’ focus on
water management related ecosystem services (see Chapter 4).

Chapter 4 now explores how urban land use/management can impact the
functioning of the key water management related ecosystem services considered in

this thesis — flood storage and runoff reduction.
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4. Urban land use planning and water management
The overarching aim of this research is “to understand, develop, trial and evaluate

new approaches to urban planning that can operationalise key aspects of the
ecosystems approach” (see section 1.4). To meet this overarching aim, a substantive
evidence assessment has been undertaken as documented in Chapters 3, 4, 5 and 6.
The approach taken to the evidence assessment is described in the methodology
Chapter at section 2.2. Section 2.4 describes how the data collated through the
evidence assessment has been analysed to support other objectives of the research,
especially the development of new approaches to urban planning that can
operationalise aspects of the ecosystems approach (see Box 1.2).

The main output of the evidence assessment is the development of a suite of
new guiding principles for ecosystems approach based urban land use planning (see
Appendix 3). The principles provide the overall framing for the new urban land use
planning approaches developed through this research (see Chapters 7 and 8) and are
intended to be of practical use in other urban planning contexts also, as explained at
section 8.1. The evidence assessment has also informed the development of specific

guidance to help practitioners interpret and act on outputs from the new models in
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the development of integrated urban land use/management strategies (see Chapters 7
and 8 and Appendices 4, 5 and 6).

As outlined at sections 1.4 and 3.2.5, this thesis focuses on specific
ecosystem services. This is the second of four chapters documenting the evidence
assessment that has underpinned this research. This Chapter focuses on the specific
role of urban land use/management contributing to key water management related
ecosystem services — flood storage and runoff reduction. In particular, the evidence
in this Chapter has underpinned the development of the flood control model (see
section 7.2) and hydrological cycle model (see section 7.3). In line with this focus,
Chapter 4 addresses three key research questions that have informed the research
activities undertaken (REA and semi-structured interviews — see sections 2.3.2 and
2.3.4) as well as providing a framing for the key findings of this part of the evidence
assessment, as discussed at section 9.2. The research questions considered within this
part of the evidence assessment are as follows:

e What are the key natural processes that influence the hydrology of urban
catchments?

e How can the management and use of urban land influence the provision of
water management related ecosystem services in urban areas?

e What are the main techniques available for land use/management based urban

water management?

This Chapter starts by explaining the interrelationships between urbanisation,
drainage, climate change and flooding (section 4.1), it then goes on to discuss the key
principles of sustainable, catchment-based approaches to flood risk management
(FRM) with a focus on Scottish policy and guidance (section 4.2). The basics of
Flood Risk Assessment (FRA) are then introduced at section 4.3 and section 4.4
outlines the key principles of hydraulics that are fundamental to FRM and several of
the natural flood management (NFM) techniques considered in this research. The
final sections (4.5 — 4.7) collate, analyse and synthesise information on three key
land use/management based NFM measures that can be adopted in urban areas. The
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information here has played a crucial role informing the technical development of
new spatial models for the consideration of water management related ecosystem
services in urban planning (see sections 7.2 and 7.3). The three land use/management

based NFM measures subject to particular consideration in this research are:

1. River restoration (section 4.5)
2. Floodplain/riparian zone woodland planting and restoration (section 4.6)
3. Land use/management and sustainable drainage system (SuDS) measures for

reducing runoff at source and providing storm water storage (section 4.7)

Where relevant, additional land use/management based water management
measures have also been considered, to a degree, in the tools, models and guidance
developed in this research. These include the creation, restoration and enhancement
of floodplain wetland features (e.g. RRC, 2002; Scottish Government, 2011a;
Graham et al, 2012; Scottish Government, 2013a) and the construction of low level
bunds to provide structures for the temporary inundation of openspace by flood
waters (Nisbet et al, 2011a; Parliamentary Office of Science and Technology, 2011).
In reality, both of these measures are considered within section 4.7.3 on sustainable
drainage system (SuDS) measures for reducing runoff at source and providing storm
water storage (i.e. the SuDS components considered include engineered storage such

as detention basins and wetlands as an integral part of high quality retention ponds).

4.1 Urbanisation, drainage, climate change and flooding
In the parts of the world where climate change is contributing to wetter weather and

increased incidences of precipitation related extreme weather events (including most
parts of the UK), FRM is a crucial issue. Focussing in on Scotland, FRM is likely to
continue climbing the public policy agenda as flooding continues to be exacerbated
by climate change (Scottish Government, 2011a; Scottish Government, 2013a;
SEPA, 2012). Projected changes in winter precipitation rates for Scotland in 2080 are
shown on Figure 4.1, indicating the potential for significant increases (up to 70%) in
some parts of Scotland (including Glasgow). Additionally, hazard regulation, flood

control/storage etc are frequently discussed in the ecosystem services literature,
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particularly in an urban context (Baker et al, 2013; Defra, 2007; TEEB, 2011; Davies
et al, 2011 Scottish Government, 2011c; UKNEA, 2011; Sheate et al, 2012).

For the most part, flooding is a natural process that only becomes a societal or
public policy issue where flood hazards impact people and their livelihoods (Scottish
Government, 201l1a; Scottish Government, 2013a). This can include homes,
businesses, schools, hospitals as well as the other infrastructure and assets that
support our socio-economic systems such as road, rail and energy networks and
agricultural land. This crucial socio-economic aspect of flooding is reflected in the
Scottish Government’s guidance on sustainable FRM where flood risk is defined as a
measure of the likelihood of an event occurring in conjunction with the potential
consequences of the event (Scottish Government, 2011a). In effect, the likelihood of
a flood event occurring might be very high but if its consequences are minimal, the

risk associated with the flood will also be minimal. This is depicted on Figure 4.2.

10% probability 33% probability 50% probability 67% probability 90% probability
level — very unlikely level — unlikely to level — central level — unlikely to level — very unlikely

to be less than be less than estimate be more than to be more than

Change in precipitation (%)

Figure 4.1 Predicted change in winter mean precipitation rate (%) in Scotland under
high a emissions scenario by the 2080s

(Adapted from SCCIP, 2009)
Note: Approximate location of Glasgow depicted by yellow star.

As we have seen at section 1.1, urban areas are increasingly where most
people choose to live and it is urban areas therefore where the greatest concentration
of potentially vulnerable and/or valuable socio-economic receptors are located. In

essence, urban areas are where the consequences of flooding are likely to be most
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pronounced. Additionally, the urban landscape is frequently heavily modified
(Scottish Government, 2013a). This modification often extends to the loss of ‘green
and’ ‘natural environment’ type urban land uses (i.e. removal of vegetation and
building over greenspace — see section 3.1.3) which can contribute to the disruption
and degradation of the natural drainage processes (see Tables 4.1 and 4.6) that they
support (Susdrain, 2012; Scottish Government, 2011a; Scottish Government, 2013a;
Swan, 2010). Crucially, these natural drainage processes combine to provide natural

protection against floods and their absence can create significant problems.
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Figure 4.2 Relationship between likelihood, consequences and risk of flooding
(Adapted from Scottish Government, 2011a)
Note: Potential flood risk is indicated by the coloured cells in the centre of the matrix.

The frequent reference to urban flood risk management in the ecosystem
services literature (see above) should come as no surprise. Although flooding is a
component of the wider hydrological system with interdependencies operating at a
range of spatial and temporal scales (see section 4.7.1), the impacts of flooding are
felt locally and the demand for flood control goods and services will sometimes need
to be met at or near the locus of that demand (i.e. where flooding is known or

predicted to occur).

Table 4.1 Natural drainage processes

(Adapted from Susdrain, 2012; Scottish Government, 2011a; Scottish Government, 2013a)

Drainage process Details

Interception and The processes by which vegetation cover helps to control water
evapotranspiration balance

Infiltration The process by which surface water enters the soil

Attenuation The storage and slow release of surface water runoff
Conveyance The slow transportation of water on the surface
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In any event, demand will have to be met within the same hydrological
system — be that the catchment associated with a natural (e.g. a stream or burn®) or
artificial (e.g. a waste water treatment works or individual surface water drain)
drainage feature. In line with this, there are a range of practical land use/management
strategies that can be used to increase flood storage away from the locus of the
demand (i.e. the areas where the consequences of flooding will be severe such as
urban areas) but within the geographical area defined by the catchment. These
strategies aim to control the timing and magnitude of runoff in the catchment, thus
helping to reduce the likelihood of flooding at more vulnerable locations or at least
providing the relevant agencies with more time to issue flood warnings. This is
exemplified by the recent shift towards catchment scale FRM as endorsed by the
Floods Directive (Glasgow City Council, undated; EC, 2007; Scottish Government,
2011a; SEPA, 2012). Section 4.2 outlines the catchment based approach to
sustainable FRM (see Figure 4.3) with particular reference to the requirements of the
Flood Risk Management (Scotland) Act 2009.

Land management, including upland forest
management, can help to reduce runoff and
flood flows to downstream areas

Floodplains and wetlands that are
connected to rivers provide flood water
storage and help to prevent flooding
elsewhere in the catchment

Land and watercourses can be engineered
to encourage tlooding where 1t 1s safe to do
s0, reducing flood flows downstream

@ Green infrastructure in urban areas can

provide flood water storage and/or help to
slow down flood tlows

Flood warnings help communities respond
to tlood risks

Figure 4.3 A catchment based approach to sustainable flood risk management

(Adapted from Scottish Government, 2011a)

% The term burn is a Scots word meaning stream or small river. It’s use in this thesis has that meaning
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4.2 A catchment based approach to sustainable flood risk management
Figure 4.3 depicts the catchment based approach to FRM. This type of approach

offers a more sustainable, integrated means of delivering FRM actions that work with
rather than against nature, by restoring and enhancing the natural landscape features
that affect the timing, magnitude and duration of flood events (Scottish Government,
2011a; SEPA, 2012; Scottish Government, 2013a). In essence, catchment based
FRM balances the use of more traditional flood defence orientated strategies (that
mitigate the impacts of flooding in urban areas and other valuable/vulnerable
locations) with more sustainable catchment focussed actions (that mitigate the
sources of flooding). Wherever possible, this type of approach aims to reduce the
likelihood of flooding in population centres and other valuable/vulnerable locations,
thereby reducing overall flood risk and reducing the need for engineered flood
defences (e.g. embankments) at these locations (see Figure 4.2). The three key land
use/management based NFM approaches considered in this research (see sections 4.5
—4.7) are all designed for use within a catchment based approach to sustainable FRM
as per Figure 4.3.

The Scottish Government’s statutory guidance on sustainable FRM (Scottish
Government, 2011a) identifies five key outcomes for sustainable FRM in Scotland
(see Table 4.2). There are clear areas of synergy between these outcomes and urban
land use planning, as reflected in the Scottish Environment Protection Agency’s
(SEPA) technical guidance on Strategic Flood Risk Assessment (SFRA) and
Development Planning (SEPA, 2012). In particular, the SEPA guidance suggests that
linkages between the development planning and flood risk management planning
processes should be exploited to ensure that overall increases in flood risk are
avoided (SEPA, 2012). In essence, SEPA (ibid) encourage planning authorities to
use SFRA in conjunction with the land use and development planning process (see
section 3.1) to guide development away from areas where flooding is likely to occur
(e.g. through constraints mapping) and to protect/enhance those existing land uses
that control runoff at source (e.g. upper and mid catchment woodland) or provide

flood storage (e.g. functional floodplains, wetlands, ponds etc).

105



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

Table 4.2 Scotland’s guidance on sustainable Flood Risk Management (FRM) — key
outcomes and links with urban land use/management planning

(Adapted from Scottish Government, 2011a; SEPA, 2012)

FRM outcome Potential links with urban land use/management planning

1. Arreduction in the e Urban areas are where most people live and therefore where the
number of people, homes consequences of flooding are likely to be most pronounced
and property at risk of e Appropriate land use/management intervention can act to
flooding as a result of reduce runoff at source and/or provide increased flood storage
public funds being in urban catchments
invested in actions that e If designed and delivered effectively, these types of
protect the most intervention can reduce the number of people, homes,
vulnerable and those properties and businesses at risk of urban flooding, supporting
areas at greatest risk of this FRM outcome
flooding

2. Rural and urban e Many NFM approaches (including the specific urban land
landscapes with space to use/management approaches considered in this research) work
store water and slow by restoring natural landscape features to increase flood water
down the progress of storage capacity and reduce runoff at source (i.e. providing
floods flood storage and runoff reduction ecosystem services)

e The land use planning system can introduce policies to protect
areas of land that are already providing these services and/or
require new development to enhance or provide these services
(e.g. through planning conditions/planning gain — see sections
1.3and 3.1.1)

e  Accordingly, well planned land use/management intervention
can directly support this outcome

3. Integrated drainage that e Land use/management intervention that provides flood storage

decreases burdens on our and runoff reduction ecosystem services within urban

sewer systems while also catchments can increase the landscape’s capacity to retain
delivering reduced flood water (increase E;) thereby reducing runoff

risk and an improved e Recognising the high degree of interaction between different
water environment sources of flooding and natural and artificial drainage systems

in modified urban catchments, this type of intervention has
significant potential to reduce pressure on artificial drainage
infrastructure (including sewer systems and waste water
treatment plants), helping to reduce the incidence of untreated
sewage effluent discharge and contributing to water
environment outcomes

e The land use planning system can introduce specific policies on
integrated drainage and surface water management for urban
catchments. It can also direct land management policy to
enhance/restore the drainage processes provided by existing
‘green’ and ‘natural environment’ type urban land uses (see
Tables 4.1 and 4.6)

4. A well informed public e As FRM actions become more integrated with other policy
who understand flood risk agendas (e.g. land use and development planning) and exposure
and adopt actions to increases, the public may become more engaged with the
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FRM outcome Potential links with urban land use/management planning
protect themselves, their process and begin to adopt their own FRM actions (e.g.
property or their Property Level Protection®’)
businesses e The LDP process has statutory provisions around public

consultation which may see integrated flooding and land
use/management policies gaining increased public exposure.
Involving people in land use decision-making is also a key
principle of the Scottish Land Use Strategy (Scottish
Government, 2011d) — see section 3.1.4

5. Flood management e FRM that uses land use/management based structural measures
actions undertaken that is potentially more resilient than approaches based on ‘hard
will stand the test of time engineered’ structural measures such as embankments and
and be adaptable to future culverts for a variety of reasons. For example, culverts have a
changes in the climate defined capacity that may be difficult and/or expensive to

increase and ongoing maintenance costs of underground
infrastructure can be expensive (RRC, 2002)

e Achieving a greater balance between NFM and hard engineered
FRM measures arguably has the potential to increase urban
resilience to climate change related flooding impacts

The Scottish Government’s guidance on sustainable FRM (Scottish Government,
2011a) covers six main sources of flooding: 1) river or fluvial flooding; 2) coastal
flooding; 3) rainwater or pluvial flooding; 4) sewer flooding; 5) groundwater
flooding; and 6) reservoir flooding and flooding from other infrastructure (see Table
4.3 also). Furthermore, the guidance recommends that SEPA and the other FRM
stakeholders adopt the source-pathway-receptor-impact (SPRI) framework in the
development of FRM actions (ibid). Specifically, the guidance describes sources of
flooding as the weather events or conditions that result in flooding such as heavy
rainfall, rising sea level, waves, dam break, river flows etc (ibid).

The SPRI approach provides a useful framework for planning sustainable
FRM measures. Thinking in SPRI terms for example, there are arguably two key
land use/management based strategies for mitigating flooding in urban areas: 1)
reducing runoff at source, especially in the mid-upper reaches of urban catchments;
and 2) increasing flood and storm water storage capacity at various locations
throughout the catchment (Scottish Government, 2011a; SEPA, 2012). Both of these

strategies provide increased flood storage and help to reduce runoff at source,

%7 See for example the Environment Agency’s advice on ‘preparing your property for flooding’:
http://www.environment-agency.gov.uk/homeandleisure/floods/31644.aspx [accessed 04/04/14]
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thereby helping to reduce and/or delay peak flows (see sections 4.6 and 4.7). All of
the land use/management based NFM interventions considered in this research (see

sections 4.5 — 4.7) fit into one or both of these categories.

Table 4.3 Definitions of pluvial and fluvial flooding

(Adapted from Scottish Government, 2011a)

Type of Definition Source

flooding

Fluvial Occurs when the water draining from the surrounding River flows
land exceeds the capacity of the watercourse

Pluvial Caused when rainfall water ponds or flows over the Heavy rainfall

ground before it enters a natural or artificial drainage
system or watercourse, or when it cannot enter the
drainage system because the system is already full to
capacity

4.3 Flood risk assessment (FRA) — the fundamentals
The initial stage of Flood Risk Management (FRM) planning is understanding the

likelihood of flooding taking place at a given location — combined with an
understanding of the consequences of flooding (i.e. an analysis of local receptors and
their value and vulnerability), the technical stages of flood risk assessment (FRA)
help to build up a picture of the contributory factors to flooding in a given catchment
and an understanding of overall flood risk (i.e. the likelihood of flooding in
combination with the consequences of flooding). Using this knowledge, FRM
stakeholders can take steps to put in place suitable warning mechanisms, avoid the
exacerbation of flood risk and reduce the likelihood and impacts of flooding e.g.
though the use of structural FRM measures at the catchment scale that reduce runoff
at source and/or provide sustainable flood storage interventions away from
vulnerable receptors as well as traditionally engineered structural measures where
required (Scottish Government, 2011a).

Understanding the likelihood of flooding taking place in a given location will
involve hydrological and hydraulic modelling (SEPA, 2010; SEPA, 2012) to inform
the development of maps and plans that show the spatial extent of flooding.
Depending on the scale and complexity of the modelling undertaken, maps and plans
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may indicate other types of flood hazard® such as flood depth, flood flow pathways,
flood flow velocity, inundation rates and the order in which various parts of the
site/location are likely to flood, for a range of probabilistic return periods®® (SEPA,
2010; Scottish Government, 2011a).
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Figure 4.4 Flood extent for Tollcross Burn —short return period rainfall event

(Source: SEPA, 2014)

Note: The map above shows flood extent (dark blue areas) for the lower reaches of the Tollcross Burn
(northeast Glasgow) under a short return period rainfall event i.e. where the likelihood of flooding
happening in a given year is high (note how the flood extent shown on the map above is significantly
less than that shown on Figure 4.5 for the long return period event). Where valuable and/or vulnerable
receptors fall within the potential extent of flooding shown on the map above flood risk will be high
as both the likelihood and the consequences of flooding are high (see Figure 4.2 and Table 4.4).

The greater the probability of flooding (i.e. flood events with a shorter return
period) the lesser the extent of the flooded area as the associated rainfall event will

be less severe (i.e. there will be less water in the drainage system and lower flows).

%8 Other key flood hazards include: 1) flood duration i.e. how long it takes for flood waters to
dissipate; 2) water quality — heavy rainfall events can also result in sewer flooding/discharge of raw
sewage effluent to water courses; and 3) sediment content — certain land uses within a catchment (e.g.
agriculture, forestry) can be vulnerable to soil erosion during heavy rain (Scottish Government,
2011a)

%9 Return periods are statistical measurements that estimate the likelihood of an event occurring (e.g. a
flood) based on historic data over an extended period of time
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This concept is illustrated on Figures 4.4 and 4.5. The extant®® Scottish Planning
Policy (SPP) on flooding and drainage (Scottish Government, 2010; SEPA, 2012)
defines flood risk by way of a three tiered risk framework as outlined in Table 4.4.
The SPP risk framework (ibid) has informed the use of data in this research. In
particular, the flood control model (see section 7.2) has used existing fluvial and
pluvial flood maps showing flood extent for a 1 in 200 year rainfall event (i.e. 0.5%
probability of occurring in any given year or medium — high risk as per the SPP risk
framework shown at Table 4.4). Further information on the data is provided at

section 2.4.2.
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Figure 4.5 Flood extent for Tollcross Burn — long return period rainfall event

(Source: SEPA, 2014)

Note: The map above shows flood extent (light blue areas) for the lower reaches of the Tollcross Burn
(northeast Glasgow) under a long return period rainfall event i.e. where the likelihood of flooding
happening in a given year is low (note how the flood extent shown on the map above is significantly
greater than that shown on Figure 4.4 for the short return period event) Where valuable and/or
vulnerable receptors fall within the potential extent of flooding shown on the map above, flood risk
will be low as although the consequences of flooding are high, the likelihood of a flood taking place in
any given year is low (see Figure 4.2 and Table 4.4).

0 Recognising that a review of SPP is currently underway with the finalised SPP due to be published
in June 2014: http://www.scotland.gov.uk/Topics/Built-Environment/planning/NPF3-SPP-
Review/SPP-Review [accessed 15/02/14]
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Although this research has not involved the undertaking of any new FRA, a
brief appraisal of commonly adopted FRA methods has been necessary to inform key
aspects of the models, tools and guidance developed in this research (see Chapters 7

and 8) — for example, how do the characteristics of a catchment influence flood risk?

Table 4.4 Scottish Planning Policy (SPP) three tiered risk framework for flooding
(Adapted from Scottish Government, 2010 and SEPA, 2012)

Risk category Probability of flooding | Qualitative description of flooding

Little or no risk Annual probability of Under this flood risk category, the associated rainfall
flooding is 0.1%i.e. a1l | event is severe and the extent of the potential flooded
in 1000 year return area would be large. The probability of flooding
period however is low

Low to medium Annual probability of Under this flood risk category the associated rainfall

risk flooding is between event is moderately severe and the extent of the
0.1% and 0.5% ora lin | potential flooded area would be large-medium. The
1000 — 1 in 200 year probability of flooding however is low-medium

return period
Medium to high | Annual probability of Under this flood risk category the associated rainfall

risk flooding is0.5% oral | eventis more moderate and the extent of the potential
in 200 year return flooded area would be smaller. The probability of
period flooding however is considered to be medium-high

FRA methods rely on data on historical flood events, gauge data (rainfall and
river flow) and information on catchment characteristics to build up a picture of what
contributes to flood events in a particular catchment (Scottish Government, 2011a).
SEPA (2010) recommend the best-practice use of the Flood Estimation Handbook or
FEH (CEH, 2009) to derive design river flood flows (or simply design flow*") and/or
flow hydrographs for the catchment. In effect, the FEH approach is based on
physiographic catchment and channel characteristics/descriptors (e.g. size, land use,
topography, number of tributaries etc) and a database of model catchments and gauge
data (the FEH/Hi-Flows UK database) to estimate how an actual catchment is likely
to respond to rainfall events under different return periods. Other methods are

*1 SEPA (2010 p.10) highlight how design flow is often the most significant variable in determining
the risk of flooding at a site. In fluvial flood modelling, design flow is an estimation of flow in the
river channel for a given rainfall event (e.g. a 1 in 200 year/0.5% probability event etc). Flow is a
measurement of volume per unit time and is usually measured in m*/s. Once design flows have been
established, engineers are then able to assess other parameters (e.g. the shape, area and roughness of
the channel cross-section), using hydraulic modelling, to predict where flooding is likely to occur —
i.e. flooding is likely to occur where the capacity of the channel is insufficient to hold the volume of
water flowing through it.
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available and SEPA (2010) suggest that the approach described above (known as the
FEH statistical method) is not necessarily the best fit for all catchments®.

In line with the above, a key parameter considered in FRA when determining
design flows and modelling flood hazards (including flood extent) is catchment land
use. In effect, different land uses have different properties in terms of their hydraulics
(how rough or smooth they are), steepness and permeability. These properties affect
the functioning of the natural drainage processes listed at Table 4.6 which in turn will
affect the proportion of precipitation that drains to watercourses — i.e. runoff-
precipitation ratios or runoff coefficients (Kuchment, 2014). The runoff coefficient
of a catchment is an estimation of the integrated effect of catchment land use and
other factors (e.g. geology, soils, land form etc) on these different drainage processes
(ibid). In less modified catchments (i.e. where removal of vegetation and building
over of greenspace has been kept to a minimum), the proportion of precipitation
draining to watercourses will be lower as will runoff coefficients. In these cases,
flooding is less likely to occur as a high proportion of precipitation is retained by the
landscape. The opposite is true of more modified catchments. In modified urban
catchments therefore, these key principles of hydrology and hydraulics can provide
land use planners with the tools to consider how sustainable FRM objectives can be
integrated with plans and programmes. These principles have been integrated with
the new tools, models and guidance developed through this research (see Chapters 7
and 8).

4.4 Key principles of hydraulics for urban land use planning and water
management
A key factor influencing the efficacy of NFM measures (including those considered

in this research) is their impact on the hydraulic properties of the river/stream
channel, the floodplain or areas of land in the wider catchment. In general terms, the
greater the hydraulic ‘roughness’ of the land, river channel etc, the greater the flood

storage/runoff reduction effect is likely to be. There are inevitably variations to this

*2 For example, the FEH statistical method is often not suited to small catchments as there is a paucity
of small gauged catchments within the FEH Hi-Flows UK database (SEPA, 2010). Accordingly, there
may be a lack of suitable comparisons to be drawn with model catchments.
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rule®® but for the purposes of informing strategic urban land use planning (i.e. as per
the objectives of this research — see Box 1.2), this provides a useful general principle.
The remainder of this section introduces the key principles of hydraulics that can
have a bearing over how urban land is used and managed for water and flood risk
management objectives. These principles have been integrated with the new tools,
models and guidance developed through this research (see Chapters 7 and 8).

In simplistic terms, the hydraulic properties of an area of land (i.e. its degree
of ‘roughness’) will influence the way in which water flows across it. In particular, a
high degree of hydraulic roughness will provide flow resistance, dissipating the
kinetic energy of flowing water and decreasing its velocity (Tabacchi et al, 2000;
Nisbet et al, 2011c). In general terms, reducing the Kinetic energy of flowing
water/decreasing flow velocity (i.e. flow attenuation) can act to increase water
depth/flood level and increase the area of land that is inundated during a flood event
— i.e. the flood extent (Nisbet and Thomas, 2006; Nisbet and Thomas, 2008; Nisbet
et al, 2011a; Nisbet et al, 2011c). There are clear FRM benefits that can be obtained
by exploiting these properties e.g. changing land management at appropriate
locations to increase flood storage/reduce runoff thereby helping to reduce or delay
flood peaks (see Figures 4.9 — 4.12). This principle has been considered in the new
flood control model in particular (see section 7.2).

A roughness coefficient is used as a proxy for kinetic energy losses from
flowing water. One of the most commonly used is Manning’s** n (Mansell, 2003;
Ernst et al, 2010; SEPA, 2010). In hydraulic modelling, the channel and the
floodplain are treated separately as the degree of roughness often varies significantly
between the two, influenced by a number of factors. There can also be significant
variation in roughness within specific stretches of the channel and floodplain (i.e.
roughness is unlikely to be uniform) influenced by spatial variability in vegetation,

soil type, land form, land management etc (see Figure 4.6 scenario C). This variation

3 Equally, land use/management change to alter the hydraulic properties of land must be undertaken
in a careful, planned manner to ensure that change doesn’t actually increase runoff or act to
synchronise peak flow discharge from tributaries to the main channel, thereby increasing and/or
advancing downstream flood peaks (Nisbet and Thomas, 2008; Nisbet et al, 2011c; Parliamentary

Office of Science and Technology, 2011).
** The Manning’s formula is one of the most commonly applied uniform-flow formulae for open-channel
computations (Mansell, 2003; Nisbet et al 2008; Nisbet et al, 2011a).
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can be accounted for in hydraulic models though it is dependent on more granular
input data e.g. topographic data, land cover data and soils data (ibid).

Factors affecting channel n (and therefore the nature of the flow therein)
include: a) channel irregularities; b) channel alignment; ¢) scour and deposition
within the channel; d) size and shape of the channel; e) water temperature; f)
suspended material; and g) bedload (Nisbet et al, 2008; Nisbet et al, 2011a). Nisbet
and Thomas (2008) and Nisbet et al (2011a) highlight how the most significant
factors affecting channel n are the type of material forming the riverbed and banks
and the cross-sectional shape of the channel. As described in further detail at sections
4.5 and 7.2.4, this is a key issue for river restoration based NFM measures which are
designed to restore a more natural morphology in watercourses e.g. reversing river
realignment/channelisation by reintroducing meanders (RRC, 2002; Parliamentary
Office of Science and Technology, 2011). Floodplain n (and therefore the nature of
flows across the floodplain) is also subject to variability and is influenced, in
combination, by the following factors: 1) the nature of the bare sediment and soils; 2)
surface irregularities; 3) the presence of obstructions; and 4) the nature of floodplain
vegetation (Nisbet and Thomas, 2008). Similar factors will affect the hydraulic
properties of land in the wider catchment, influencing overland flow based runoff
generation mechanisms (Nisbet et al, 2011c; Parliamentary Office of Science and
Technology, 2011; Kuchment, 2014) — see section 4.7. This variation in the
hydraulic properties of land is, in part, what creates the opportunities for water
management based on changes to land use/management.

Floodplain based NFM measures have the potential to provide a particularly
significant FRM benefit (Nisbet and Thomas, 2006; Nisbet et al, 2011c).
Accordingly, the hydraulics of riparian and floodplain land management are explored
further in order to identify the key principles that urban land use/management should
account for in relation to floodplain based NFM measures. As indicated on Figure
4.6, living and dead plant structures in the riparian zone and floodplain can influence
hydraulic processes, namely flow routing and turbulence (Tabacchi et al, 2000). The
hydraulic properties of floodplain/riparian vegetation is dependent on height and
stiffness (Fathi-Maghadam and Kouwen, 1997), both of which affect the flow

velocities that vegetation can withstand before it is flattened (resulting in reduced
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turbulence and less dissipation of kinetic energy). Seasonal factors in living plant
structures (e.g. presence of foliage etc) and the presence/location of dead plant
structures (which are mobile) will also influence the hydraulic properties of

floodplain/riparian zone vegetation (Tabacchi et al, 2000).

@)

9t
),

Figure 4.6 Potential hydraulic influences of riparian vegetation during overbank flows
(Source: Tabacchi et al, 2000)

Note: Land management can influence the hydraulics of the floodplain and riparian zone, increasing
or decreasing flow resistance and the kinetic energy of flowing water. The figure above shows three
types of riparian vegetation patterns and the hypothetical influences on flow resistance during
overbank flows. Horizontal arrows indicate lateral resistance to flow, spiralling arrows indicate
turbulence. (A) Regular transverse profile simulates progressive succession of riparian vegetation —
this is considered to cause minimal lateral resistance and turbulence. (B) Sharp, dense and narrow
corridor comprised of trees only — high lateral resistance and turbulence at internal and external edges.
(C) Wide, heterogeneous corridor (i.e. a common profile found in more natural watercourses)
inducing a better dissipation of kinetic energy but favouring numerous small-scale turbulences.

As such, management of the floodplain and riparian zone can have a
significant influence on its hydraulic properties by obstructing, diverting or
facilitating flows (ibid). For example, dead wood may be cleared, natural succession
in the floodplain may be prevented as part of land management in the wider river
corridor (e.g. to maintain other adjacent land uses such as housing, sports pitches etc)
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and the maintenance of path networks in the floodplain/riparian zone may provide
flow routes for flood waters.

In line with the hydraulic principles introduced above, land management in
the floodplain/riparian zone must be designed carefully to ensure that management
supports desired water/flood risk management objectives. In particular, the nature of
vegetation and its management can have beneficial or adverse effects (see Figure 4.6)
depending on the specific water/flood risk management objectives for the catchment
or a given stretch of the watercourse and its floodplain. For example, very high
riparian zone vegetation densities can be virtually impenetrable to overbank flows
(Naot et al, 1996), essentially acting as embankments and reducing connectivity
between watercourse and floodplain. Conversely, where natural flooding is desirable
(e.g. where the absence of vulnerable/valuable receptors is such that an area of land
can provide useful flood storage), riparian/floodplain land management can be
designed, in accordance with the principles of hydraulics, to promote out of bank
flows and dissipate kinetic energy, thus increasing flood height and temporary flood
storage (Tabacchi et al, 2000). As indicated on Figure 4.6, land management will
require careful consideration to ensure that the hydraulic properties of the
floodplain/riparian zone are such that they do not completely impede lateral flow
whilst causing sufficient turbulence such that kinetic energy is dissipated and flood
height increases. This is best indicated by riparian vegetation pattern C on Figure 4.6.
The land management principles inherent to this pattern of riparian vegetation have
been considered in the new flood control model (see section 7.2 and Appendix 4).

4.5 River restoration
River watercourse morphology (i.e. the physical characteristics of rivers) has been

modified by humankind for centuries for a variety of reasons. Key reasons for
historic and present day modification include flood defence, facilitating
infrastructure construction (e.g. roads, railways etc), facilitating land gain for urban
development and as a result of historic industrial activity such as the construction of
mill lades® (UKTAG, 2003). This section considers the potential role of river

restoration providing key water management ecosystem services within urban land

*> A mill lade is an artificial watercourse that conveys water/flow to a mill
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use/management planning and delivery. This includes an outline of the main
problems caused by river modification (section 4.5.1), an introduction to some of the
common morphology pressures affecting small urban watercourses (section 4.5.2)
and an explanation of the relationship between river modification and ecosystem

services and key restoration strategies (section 4.5.3).

45.1  Problems caused by river modification

The replacement of small urban watercourses with culverts and other drains is
recognised as a key cause of surface water flooding in urban areas (EA, 1999; SEPA,
2006; Scottish Government, 2011a; Scottish Government, 2013a). Additionally,
development and urbanisation pressures (e.g. removing vegetation and building over
greenspace) can fundamentally alter natural drainage processes in urban catchments
by reducing infiltration and evapotranspiration rates, thereby increasing the volume
and rate of runoff (i.e. increasing runoff coefficients — see section 4.7.1). Combined
with reduced capacity of the natural drainage network (i.e. as a result of culverting
and other modifications) and the finite capacity of the artificial drainage network (i.e.
surface water drains, foul water drains and combined drains), increased runoff in
urban catchments can result in flooding when surface water can’t reach the drainage
network or when the capacity of the drainage network is exceeded (Scottish

Government, 2013a).

Table 4.5 Key pressures on the morphology of river watercourses

(Adapted from UKTAG, 2003)

Pressure Description
Bed and bank Strengthening of river beds for various purposes (e.g. ford
reinforcement construction, erosion control); flood protection using flood walls,

embankments; bank protection using gabion baskets, boulders, sheet
piling, wood, willow spiling, geotextiles, etc

River realignment Removal of meanders: increase in channel gradient, flow velocity,
flood capacity
Culverting Complete enclosure of river channel, often impassable to fish

As such, well designed projects that restore urban watercourses can create a
significant opportunity to help address surface water flooding by creating additional

capacity within the natural (modified) drainage network. Furthermore, where a
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modified stretch of a watercourse flows through an area of openspace, there may be
further potential for sustainable FRM by reconnecting the watercourse with its
floodplain (i.e. the surrounding area of openspace) and restoring a more natural
flooding regime. Indicated on Figures 4.7 and 4.8, these principles have played a key
role informing the development of the new flood control model in this research (see
section 7.2 and Appendix 4).

4,5.2  Key morphology pressures affecting small urban watercourses

This research has approached river restoration as a key land use/management based
strategy for sustainable FRM in the sense that project interventions will require close
integration between land and water management, as outlined further below. In doing
so, there has been a focus on two key morphological pressures: 1) river
realignment/bed and bank reinforcements; and 2) culverting (see Table 4.5), the
rationale being that these pressures are often common to small urban watercourses

and the costs and benefits of restoration are often agreeable (Wild et al, 2010).

Restored main channel

1}

T
Restored floodplain

Figure 4.7 Section through a formerly culverted stretch of watercourse showing
restored channel and floodplain — low flows

(Source: Glasgow City Council, 2013)

Note: The cross-section above shows a restored watercourse under low flow conditions (flow
accommodated within the main channel). As a result of the deculverting and channel/floodplain
restoration however, the barrier between channel and floodplain has been removed and a natural
flooding regime restored. Under high flow conditions, the main channel will reach bank full and
overspill to the newly created wetland area within the floodplain, thus providing flood storage and
potentially helping to delay and reduce peak flows downstream (see Figure 4.8).
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Although the EU Water Framework Directive (WFD) will often be the
primary driver for projects and investment addressing morphology pressures (see
below for further information), the restoration of urban waterbodies in the manner
considered in this research can present a real opportunity for the delivery of FRM as
well as wider multiple benefits. In effect, well designed river restoration projects
have the potential to deliver true ‘win-win’ outcomes in terms of the number of
benefits and functions that they can provide (RRC, 2002; Wild et al, 2010). This is
exemplified by the many existing examples of river restoration delivering multiple
benefits in the UK and elsewhere (ibid).

The primary drivers for culverting a watercourse are land gain for
development (i.e. culverting removes the need to design the development around the
watercourse) and the need to provide bridging structures for transport routes (SEPA,
2006; CIWEM, 2007). River realignments can meet similar objectives by removing
meanders, thus reducing the area encompassed by the river corridor. The
construction of bed and bank reinforcements as part of realignments can help to
control erosion and provide local protection against floods (ibid).

Both river realignments and culverts provide local flood protection by
creating a barrier between the river and its floodplain, thereby disconnecting the two
features and preventing flooding within the locale (though this will be limited by the
infrastructure’s design capacity). As discussed in more detail below however, this
disconnection of river and floodplain and consequent removal of flood storage has
the effect of shortening peak flow response times and potentially increasing the
magnitude of the flood peak (due to the loss of functional floodplain/reduced flood
storage). The net effect of this is that downstream receptors (e.g. homeowners,
businesses etc) have less time to respond to flood warnings and the extent, depth,
velocity and other downstream flood hazards may be more severe. Additionally, the
finite capacity of culverts and realigned/reinforced channels does not offer a resilient
and flexible approach in the face of climate change and the likely increases in
extreme rainfall events (CIWEM, 2007; Wild et al, 2010; Parliamentary Office of
Science and Technology, 2011).
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Under high flow conditions the
main channel reaches bank full
and overspills to the floodplain

Restored main channel

Restored floodplailTl

Figure 4.8 Section through a formerly culverted stretch of watercourse showing
restored channel and floodplain — high flows

(Source: Glasgow City Council, 2013)

Note: The cross-section above shows a restored watercourse under high flow conditions (flow
accommodated within the main channel and floodplain). As a result of the deculverting and
channel/floodplain restoration, the barrier between channel and floodplain has been removed and a
natural flooding regime restored. Under high flow conditions as indicated on the section above, the
main channel has reached bank full and overspilled to the newly created wetland area within the
floodplain, thus providing flood storage and potentially helping to delay and reduce peak flows
downstream.

Generally speaking, morphology pressures such as culverts and river
realignments adversely affect the landscape and ecological value of a watercourse by
physically disrupting the continuity of the river corridor (Environment Agency,
1999; CIWEM, 2007). In particular, culverting results in loss of daylight which in
combination with the culvert’s concrete channels will result in loss of natural in-

stream and bank-side habitats (SEPA, 2006; CIWEM, 2007).

4.5.3  River modification and ecosystem services

As discussed at section 3.2, the key rationale for the ecosystems approach is the
inherent link between ecosystem health/function and the supply of ecosystem
services. This link is particularly evident in the natural processes underpinning river
function. In particular, the roughness provided by channel, bank and floodplain
vegetation has a fundamental role to play in maintaining the river’s flow regime
(Environment Agency, 1999; UKTAG, 2003; SEPA, 2006). In effect, the hydraulic
roughness of vegetation (in combination with the roughness afforded by the river’s
natural morphology e.g. meanders, variation in channel geometry etc) creates

longitudinal and lateral variations in flow velocity and water depth, increased
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turbulence and slower flows (Emery et al, 2003; Bockelmann et al, 2004;
Parliamentary Office of Science and Technology, 2011). This in turn promotes out of
bank flows during high flow conditions, helping to connect the river with its
floodplain (Nisbet and Thomas, 2006; Nisbet et al, 2008). Where rivers are
straightened, channelised and engineered with concrete, the roughness of the channel
and banks is largely lost, channel gradients are steepened, flows are smoothed out
and flow velocities increase (Parliamentary Office of Science and Technology,
2011). This has the effect of reducing peak flow response times/increasing peak
flows downstream as the natural flood storage function of a connected floodplain is
lost. These types of effect are cumulative so the greater the length of watercourse
subject to morphology pressures, the greater the likelihood and extent of flooding
problems further down the catchment as under high flows, large volumes of water
will be rushed downstream (ibid).

Furthermore, culverts and reinforced river realignments etc are more prone to
blockage by natural debris and litter. Where these blockages occur in culverts their
removal can prove very difficult due to access problems. Screens are often installed
at the upstream end of culverts to trap debris though these too can cause problems by
disrupting the flow and/or trapping debris (Environment Agency, 1999; SEPA; 2006;
CIWEM, 2007; Wild et al, 2010). All of these blockages can act to restrict high
flows, causing water to back-up and potentially contributing to upstream flooding as
well*®. These issues are also exacerbated by climate change in many circumstances
(i.e. where anticipated impacts of climate change include increased extreme rainfall
events). Furthermore, many urban culverts, reinforced river realignments etc have
been designed to accommodate flows that, with climate change, are now being met
or exceeded on an alarmingly regular basis (SEPA, 2006). Due to the engineering
associated with culverts in particular (i.e. they are buried structures), it is very
difficult to change the amount of water a culvert can carry to avoid flooding (ibid).

In light of the above, river restoration projects that address culvert and

realignment pressures can raise significant opportunities for FRM by reconnecting

*® As discussed in relation to floodplain woodland planting at sections 4.6, 7.2.5 and 7.2.8 it can
sometimes be a desirable FRM strategy to promote the backing up of flood waters and associated out
of bank flows though this needs to be delivered in a planned manner and in the absence of vulnerable
receptors upstream of the intervention.
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the watercourse with its floodplain, either as a standalone measure or in conjunction
with other sustainable FRM measures such as those outlined at sections 4.6 and 4.7.
Clearly this approach relies on the presence of a floodplain, therefore culverted and
realigned watercourses flowing under or through developed areas are likely to be
unsuitable for this sort of intervention (unless major land use change is proposed).
That said, urban watercourses have frequently been culverted and realigned through
areas of openspace®’, often to address perceived safety issues (Nolan and Guthrie,
1998; RRC, 2002; Wild et al, 2010). Where this is the case, openspaces such as
parks, areas of natural/semi-natural habitat, sports areas etc can provide the physical
space for temporary inundation by flood waters under high flows (i.e. they are
restored as functioning floodplains). Some of the key practicalities of this approach
are indicated on Figures 4.7 and 4.8.

There are many good-practice examples of river restoration from the UK and
elsewhere, including urban projects that address culvert and realignment pressures.
In particular, the River Restoration Centre”® (RRC) is a UK based national
information and advisory centre on all aspects of river restoration and enhancement
and sustainable river management. The RRC’s Manual of River Restoration
Techniques (RRC, 2002) has been a useful resource informing the key aspects of the
tools, models and guidance that have been developed in this research, especially Step

4 of the flood control model (see section 7.2.4).

4.6 Floodplain/riparian zone woodland planting and restoration
There has been a variety of research into the role of woodland in flood risk

management (Robinson et al, 1998; Calder and Alyward, 2006; Nisbet and Thomas,
2006; Beedell et al, 2012). Furthermore, much of the UK research has been

commissioned by key national agencies, especially Defra*® and the Forestry

*" These types of river restoration project can also be integrated with development and regeneration
strategies e.g. where a modified watercourse runs through a regeneration area, there may be
opportunities to fully integrate the restoration of that watercourse with the proposed development. The
restored watercourse could provide a range of functions within the development e.g. as a focal point
within new openspaces as well as supporting and being fully integrated with the development’s
drainage system (Susdrain, 2012).

“® River Restoration Centre homepage: http://www.therrc.co.uk/index.php [accessed 22/02/14]

* Department for Environment, Food and Rural Affairs (Defra): http://www.defra.gov.uk/ [accessed
12/10/13]
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Commission® (Nisbet and Thomas, 2008; Odoni and Lane, 2010; Broadmeadow and
Nisbet, 2010; Nisbet et al, 2011a; Nisbet et al, 2011b). In line with section 4.2, the
role of woodland in catchment based approaches to sustainable FRM can be
differentiated in terms of whether it contributes to runoff reduction or flood storage
based FRM strategies. The hydrological and hydraulic properties of woodlands and
their soils are fundamental to the manner in which woodlands are able to provide
flood control goods (Nisbet and Thomas, 2006; Nisbet et al, 2011b). In addition, the
relative importance of these properties varies between the flood storage and runoff
reduction functions of woodland. The remainder of this section provides further
information on the hydrological and hydraulic properties of woodland in relation to
flood storage (section 4.6.1), an analysis of the main constraints and opportunities for
floodplain woodland in urban areas (section 4.6.2) and an analysis of the main
strengths and weaknesses of floodplain woodland as a structural FRM measure
(section 4.6.3).

4.6.1  The hydrological and hydraulic properties of trees and woodland

Woodlands have three key hydrological/hydraulic properties that can be manipulated
in urban land use/management planning to provide water management related
ecosystem services. These are: 1) the greater use of water by trees; 2) the so called
‘sponge effect’ exerted by forest soils; and 3) the greater hydraulic roughness
associated with riparian and floodplain woodland (Nisbet and Thomas, 2006; Nisbet
and Thomas, 2008; Nisbet et al, 2011a; Nisbet et al, 2011b). The first two properties
are of greater relevance to runoff reduction and are dealt with in relation to land
use/management intervention aimed at enhancing runoff reduction ecosystem
services (see section 4.7). The third property however creates an opportunity for
increasing flood storage and reducing/delaying peak flows in urban and rural
catchments and is discussed in more detail below.

Nisbet and Thomas (2006) argue that the appropriate use of riparian and
floodplain woodland to delay the progression of flood flows offers the greatest
potential to assist sustainable FRM. As described in more detail at section 4.4, the

premise of such an approach is that riparian and floodplain vegetation, especially

%0 Forestry Commission: http://www.forestry.gov.uk/ [accessed 12/10/13]
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woodland, acts to increase the roughness of the floodplain (i.e. altering the value of
Manning’s n for the floodplain) which in turn, helps to reduce the energy of flowing
water in river channels and on the floodplain. Riparian and floodplain vegetation’s
contribution to roughness is in addition to that made by vegetation in the open
channel and along riverbanks and the roughness of the channel itself and other
hydraulic features such as bridges, embankments and culverts (see section 4.4).

The presence of floodplain woodland can affect all of the factors listed at
section 4.4 that may influence Manning’s n value for the floodplain. For example,
mounding (a silvicultural technique involving the planting of tree saplings in raised
mounds of earth) is often undertaken at wet sites to provide increased space for root
growth above the water table (Hart, 1991; Nisbet and Thomas, 2006). By definition,
this approach would introduce obstructions on the floodplain and, combined with
deadwood and the large woody stems of the trees themselves, could be used to
manipulate floodplain n (see Figure 4.9).

Coniferous Woodland

Floodplain n high at crown height due to densely branched nature of
| conifer species. Year round foliage therefore floodplam n at crown
height 12 constant

Floodplain n remains high due to more densely branched nature of
= conifer species (e.g. Picea sitchensis. Pseudotsuga menziesii etc)
Floodplain n greatest near to the ground surface due to presence of
dead wood, tree stumps and understorey/ ground flora

Broadleaved Woodland

Floodplain n increages again at crown height (more material present to
— addresistance e.g. Foliage and branches). Floodplain n decreases
during winter months when trees are without leaf

Floodplain n decreases due to distance between understorey and crown
height (less material present to add resistance)

= Floodplainn greatest near to the ground surface due to presence of
J  dead wood. tree stumps and understorey/ ground flora

Figure 4.9 Impact of tree species choice and management on floodplain hydraulics

(Adapted from Nisbet and Thomas, 2008; Nisbet et al, 2011)
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Furthermore, the presence of large woody debris (LWD) dams in the channel
can have a dramatic influence on channel n. Frequently located in the mid to upper
reaches of river catchments, LWD dams are a natural feature of native riparian and
floodplain woodland (Nisbet and Thomas, 2008; Odoni and Lane, 2010; Nisbet et al,
2011a). LWD dams have the effect of raising water levels in the channel and
promoting out of bank flows, thus connecting streams and rivers with the floodplain
and providing increased flood storage (ibid). When combined with the introduction
and/or restoration of riparian and floodplain woodland, the associated increases in
both channel n and floodplain n have the potential to create a significant flood
storage effect.

4.6.2  Constraints and opportunities for floodplain woodland planting in urban areas

The sensitive introduction and/or restoration of riparian and floodplain woodland can
contribute positively to flood storage (sees section 4.6.1). Where appropriate, this
may be complemented with the sensitive construction/facilitation and management of
LWD dams. Dependant on the specific constraints and opportunities of the site, this
type of measure could be designed to reduce the velocity of flood flows, promote out
of bank flows and increase the depth and extent of flooding in and around the newly
wooded area of the floodplain (see section 4.4). In effect, this approach aims to
manipulate flooding in locations where it is safe to do so, thus helping to increase
flood storage and reduce the likelihood of flooding at more vulnerable locations
further downstream — i.e. helping to reduce overall flood risk (see section 4.2 and
Figure 4.2).

Clearly, the availability of suitable urban sites where this type of land
use/management based NFM intervention can be utilised safely will be constrained
by the prevalence of vulnerable land uses such as residential and business areas.
Furthermore, using floodplain and riparian woodland to increase floodplain n and
promote out of bank flows can lead to the ‘backing-up’ of floodwaters (Nisbet and
Thomas, 2008; Nisbet et al, 2011a). In these circumstances, valuable and/or
vulnerable receptors upstream of the woodland may end up being subjected to higher
levels of flood risk as a result of the woodland planting, thus negating the

downstream benefits. Accordingly, situations where urban floodplain woodland can
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be utilised safely as a NFM measure are likely to be focussed where burns flow
through substantial areas of openspace. In these situations, the openspace can provide
the physical space for increased flood storage (see Figures 4.7 and 4.8), assuming
that additional receptors are not placed in flood risk due to any backing-up of flood
waters. The principle has been considered within the new flood control model (see
section 7.2.3). Additional FRM and other water environment and biodiversity
benefits may be realised if a scheme incorporates measures to address morphology
pressures (see sections 4.5 and 7.2.4) and/or incorporates a diverse mosaic of
different habitats within the floodplain such as wetland and wet woodland (see
sections 4.7.3 and 7.2.5).

4.6.3  Strengths and weaknesses of floodplain woodland for FRM

Defra have recently commissioned a number of studies to look at the potential role of
floodplain woodland as part of a wider catchment based approach to sustainable
FRM (Nisbet and Thomas, 2008; Odoni and Lane, 2010; Nisbet et al, 2011a; Nisbet
et al, 2011b). One such project in North Yorkshire (United Kingdom) looked at the
role of floodplain woodland in the River Laver/Skell catchment helping to reduce
flood risk in the City of Ripon (Nisbet and Thomas, 2008). The project used
hydraulic modelling to understand the likely impact of restoring floodplain woodland
on peak flows in Ripon. Four sites were considered for woodland restoration ranging
from 4.3ha — 19.3ha. The impact on peak flows in Ripon was modelled for individual
sites and for all four sites in combination.

In summary, Nisbet and Thomas (2008) found that the restoration of
floodplain woodland and the associated changes in floodplain n would contribute to
increased flood depth, increased flood extent and a reduction in flood velocity in and
around the area of restored floodplain woodland. In addition, the modelling
suggested that planting 8.1ha of woodland across three sites would have a combined
impact of delaying peak flows at Ripon by 22 minutes (ibid). Although this impact is
relatively insignificant by itself, the work suggests that strategically planned, larger
scale planting could have a more significant impact in terms of delaying and
reducing peak flows (ibid). Nisbet et al (2011a) noted analogous findings in a similar

study undertaken for the River Severn catchment. Examples of these impacts from
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the River Laver study (Nisbet and Thomas, 2008) are indicated on Figures 4.10 —
4.13. The magnitude of the impacts varied across each site, influenced by a range of
factors including the area of the flood envelope, the area of woodland planted, the
topography of the floodplain and the presence of relic side channels, backwaters and
ponds. These and other technical issues have been captured in Appendix 4 as part of
the suite of technical guidance for interpreting and acting on flood control model
outputs.

Despite the positive impacts on flood flows identified in Nisbet and Thomas
(2008) and Nisbet et al (2011a), other similar studies have noted less positive results.
For example, work by Price (2005) in Glen Urghart, Northern Scotland (UK),
modelled the flooding impacts of large scale woodland planting across the entire
floodplain. Model predictions suggested that although the flood peak would be
delayed by an hour, the magnitude of the peak flow would only be reduced by 0.8%.
Given the scale of the planting involved (i.e. across the whole floodplain), the
benefits were considered to not stand up against the costs involved (e.g. land use
change, loss of other revenues, materials, maintenance etc). On the other hand, Price
(ibid) suggest that a more targeted and potentially smaller scale approach to planting
along tributary catchments could have a greater impact by desynchronising flood
flows to the main channel. This desychronisation effect is a key area where smaller
scale, targeted floodplain woodland planting can be used to deliver a significant
overall impact on flood flows with relatively low levels of intervention. Similarly,
work by Park and Cluckie (2006) in the River Parrett catchment in Dorset/Somerset
(UK) predicted that planting a 200m wide riparian/floodplain woodland strip along
the main river channel (equivalent to 3% of the catchment area) would have a
negligible effect on flooding.

In spite of this, Nisbet et al (2011b) suggest that some of the variation in
hydraulic model outputs are due to the parameter values adopted in the calculations,
especially that of Manning’s n (see sections 4.4 and 4.6.1). For example, Nisbet and
Thomas (2008) and Nisbet et al (2011a) used quite different values for channel and
floodplain n in their work on the River Laver and River Severn catchments
respectively. In the former, converting grassland to a cover of native floodplain

woodland was represented by increasing floodplain n from 0.05 to 0.3 (an increase of
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83%) and in the latter from 0.05 to 0.12 (an increase of 58%)°". Clearly this is a
significant difference and could feasibly have a dramatic impact on outputs were the

models for each catchment to be re-run with the different values for floodplain n.

A

05 9 05 1 Kilometers
! N

Figure 4.10 Literature examples of floodplain woodland impact on flood storage — flood
extent and depth at Ings Bridge (base case)

(Source: Nisbet and Thomas, 2008)

Note: This map shows the modelled flood extent and depth for the base case i.e. without proposed
woodland planting (shown in red). The darker blue indicates greater flood depths.

That said, the impact of floodplain woodland planting on downstream peak
flows is influenced by a whole range of factors other than woodland related surface
roughness — i.e. the influence of woodland design and management. It is these factors
that should be considered in the development of planting scenarios and tested in
hydraulic models to identify an overall and preferential planting strategy (e.g. in
terms of size, dimensions, location, species and silvicultural choices etc) for
floodplain woodland based NFM. In particular, it is noted that smaller scale planting
targeted to specific sites can yield similar (or indeed better) results to blanket
planting of the whole floodplain (Price, 2005; Nisbet and Thomas, 2006; Nisbet and
Thomas, 2008; Nisbet et al, 2011a; Nisbet et al 2011b).

%! Both studies explain the rationale for increased floodplain n on the basis of specific woodland design and
management measures.
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Figure 4.11 Literature examples of floodplain woodland impact on flood storage — flood
extent and depth at Ings Bridge (with woodland planting)

(Source: Nisbet and Thomas, 2008)

Note: This map shows the modelled flood extent and depth for a scenario with the proposed woodland
planting (shown in red). The darker blue indicates greater flood depths. The map clearly shows how
the model predicts a greater flood extent and depth under the scenario with woodland planting,
particularly around the area of planting itself (shown in red).
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Figure 4.12 Literature examples of floodplain woodland impact on flood storage —
impact of woodland planting on flood depth at Ings Bridge

(Source: Nisbet and Thomas, 2008)

Note: ‘Distance’ on the above figure relates to the river channel. The two vertical green lines
represent the distance of the channel encompassed by the proposed woodland planting at Ings Bridge.
The pink line represents the impact of the woodland planting on flood depth. Note how the modelled
impact of the planting at Ings Bridge results in the slight backing up of flood waters upstream of the
planted stretch.
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Figure 4.13 Literature examples of floodplain woodland impact on flood storage —
impact of woodland planting on flood flow velocity at Ings Bridge

(Source: Nisbet and Thomas, 2008)

Note: ‘Distance’ on the above figure relates to the river channel. The two vertical green lines
represent the distance of the channel encompassed by the woodland planting at Ings Bridge. The pink
line represents the impact of the woodland planting on flood flow velocity. Note how the modelled
impact of the planting at Ings Bridge causes a decrease in flood flow velocity at the planted stretch.

Nisbet and Thomas (2006) and Nisbet et al (2011a; 2011b) discuss how the
scale of woodland planting can impact downstream peak flows. They note that the
scale (in terms of spatial extent) of planting appears to have a lesser impact on the
flood storage function of floodplain woodland intervention (i.e. increased flood
storage) whereas wider catchment woodland intervention (i.e. reducing runoff at
source) is impacted more strongly. The River Severn case study for example
considered floodplain woodland planting equivalent to 0.07% of the 90km?
catchment (Nisbet et al, 2011a) and a case study from the River Cary considered
planting equivalent to 2% of the 82km? catchment (Nisbet and Thomas, 2006). Both
interventions were predicted to have a significant impact on the timing and/or
magnitude of downstream peak flows. Although these smaller scale planting
strategies should be considered, Nisbet and Thomas (2008) and Nisbet et al (2011a)
highlight the potential for larger floodplain woodlands or networks of smaller
woodland patches to exert a much greater effect on the timing and magnitude of
downstream peak flows and these larger scale strategies should not be discounted

from options appraisal within land use planning processes. The full range of design
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and management principles for floodplain and riparian woodland planting identified
through this evidence assessment are documented in Appendix 4 and have been

considered in the new flood control model as explained at section 7.2.

4.7 Land use/management measures for reducing runoff at source
As discussed at section 4.2, a catchment based approach to FRM can offer a more

sustainable, integrated means of delivering FRM actions that work with rather than
against nature. This is achieved by restoring and enhancing the variety of natural
landscape features that affect the timing, magnitude and duration of flood events.
These wider catchment land use/management based NFM measures that address
sources of flooding (runoff reduction measures) should be designed to work in
tandem with more traditional structural flood defence measures (e.g. floodwalls,
embankments, below ground drainage/storage etc) as well as NFM measures in the
floodplain (flood storage measures) such as those described at sections 4.5 and 4.6.
For example, NFM measures in the wider catchment/floodplain may reduce peak
flows to an extent (i.e. helping to reduce the likelihood of flooding). Although these
measures may partially reduce the requirement for traditional structural flood
defences (e.g. the height of a floodwall), a degree of structural flood defence in urban
areas (i.e. where the consequences of flooding are high) is likely to still be required™,
especially as opportunities to change land use/management in the wider
catchment/floodplain are likely to be constrained by other management objectives.

In terms of the source-pathway-receptor-impact (SPRI) framework for FRM
actions described at section 4.2, land use/management measures in the wider
catchment are source control measures — i.e. they are intended to reduce runoff at
source. These types of measure can play a key role in modified urban catchments by
helping to restore the more natural functioning of the hydrological cycle, by
addressing the historic removal of vegetation and building over of greenspace (see

Figure 4.14). This section of the thesis provides an overview of the hydrological

52 A case in point is the White Cart Water Flood Prevention Scheme in metropolitan Glasgow. The
scheme uses upper catchment flood storage areas in rural East Renfrewshire combined with
floodwalls in the urban lower catchment in south Glasgow. The upper catchment storage areas reduce
river flows by 45% meaning that although still required, the design capacity/height of the floodwalls
can be reduced also (by 15% or up to 1m in places):
http://www.educationscotland.gov.uk/Images/WhiteCartWaterFloodPreventionScheme2_tcm4-
716465.pdf [accessed 23/02/14]
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cycle and its constituent natural drainage processes from an urban land
use/management perspective (section 4.7.1). In particular, opportunities are
highlighted whereby sustainable urban land use/management can be utilised to
manipulate these processes in order to restore the more natural functioning of the
hydrological cycle and reduce runoff. Several practical measures are then introduced
that have informed the tools, models and guidance that have been developed in this

research (sections 4.7.2 and 4.7.3).

4.7.1  The hydrological cycle and its relationship with land use/management

As described at section 3.2.1 and 3.2.2, the hydrological cycle is one of three core
ecosystem processes that influence the health and functioning of ecosystems and the
supply of ecosystem services (see Figure 3.8). In urban catchments in particular, the
removal of vegetation and building over of greenspace has the effect of modifying
hydrological cycle function (see Figure 4.14). In wet climates such as the west coast
of Scotland/Glasgow (see section 4.1) and northern Europe more generally (see
sections 1.4, 2.1.4 and 3.2.5), this modification can contribute to significant flooding
problems as the natural drainage processes supporting hydrological cycle function
are absent or greatly diminished, resulting in more limited retention of water by the
landscape and high runoff coefficients. This section provides an overview of the
hydrological cycle and its key constituent processes that can be manipulated by land
use/management to help restore hydrological cycle function in modified urban
catchments, reducing runoff at source and contributing to sustainable FRM.

As shown on Figure 4.14, a key component of the terrestrial hydrological
cycle is the generation of river runoff and the movement of water in river networks
(Kuchment, 2014). The timing and magnitude of river runoff is dictated by natural
drainage processes — interception/depression storage, evapotranspiration, infiltration
and attenuation (ibid). In natural/undeveloped catchments (the top diagram on Figure
4.14), a portion of the precipitation falling onto a surface will be intercepted by
vegetation and evaporate back into the atmosphere. A further portion will infiltrate
into the ground (groundwater recharge) where some of this will be taken back up by
vegetation and evaporated back into the atmosphere (transpiration). The combined

term for these two processes is evapotranspiration.
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Natural catchment f iter runoff AN e

Figure 4.14 Drainage processes in natural catchments and urban catchments

(Source: Susdrain, 2012)

Note: The figure above shows the functioning of natural drainage processes in natural (undeveloped)
and urban (developed) catchments. Surface runoff (indicated by the larger blue horizontal arrows) is
much greater in urban catchments as other natural drainage processes (i.e. interception,
evapotranspiration, infiltration and attenuation) are constrained by the prevalence of impermeable
surfaces and the absence of vegetation and greenspace.

After losses from each of these processes, any excess will drain as surface
water runoff via a network of small and large watercourses and lakes to the sea
(Scottish Government, 2013a; Kuchment, 2014). The hydraulic roughness (see
section 4.4) of vegetation in natural catchments can also act to disrupt and slow
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surface water runoff, helping to attenuate flows and delay the passage of water.
Attenuation is a key drainage process that can be exploited in urban land
use/management planning to support FRM objectives. Further details of these natural
drainage processes and their relationship with urban land use/management are
provided at Table 4.6.

In urban/modified catchments (the bottom diagram on Figure 4.14), the
natural drainage processes found in unmodified catchments can be absent or greatly
diminished (Scottish Government, 2013a; Kuchment, 2014). In particular, the
removal of vegetation and building over of greenspace reduces evapotranspiration
and infiltration losses due to the absence of plants and the impermeable nature of the
landcover, meaning therefore that the surface water runoff component is larger (ibid).
In urban areas, as discussed at section 4.5, this issue can be compounded where
natural drainage features are replaced with drains and culverts that have a finite
capacity (Wheater and Evans, 2009; Wild et al, 2010; Scottish Government, 2013a).
In these situations, complex flooding problems can arise due to the interaction of
different sources of flooding e.g. where high river levels prevent surface water drains
from discharging freely or where the capacity of the artificial drainage network is
exceeded contributing to pluvial flooding/ponding of water on the surface (ibid). The
interrelated nature of natural and artificial drainage systems in urban areas highlights
the need for restorative land use/management action that can enhance natural
drainage processes and reduce runoff at source. This is addressed in the new
hydrological cycle model described at section 7.3.

4.7.2  Land use/management based measures for reducing runoff at source
Scottish Government (2011a) and Scottish Government (2013a) highlight the role of

land management in catchment based approaches to sustainable FRM (see section
4.2). In particular, the restoration of natural landscape features within catchments,
including forests and floodplains, is highlighted as a key structural action for the
management of flood risk (ibid). Furthermore, Scottish Government (2011a) suggest
that natural landscape features can be altered or manipulated in order to enhance their

FRM benefit (i.e. increasing flood storage or runoff reduction capacity).
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This principle of land use/management change for the enhancement of water
management related ecosystem services is a key premise of this research and
something that has been factored into the tools, models and guidance developed
therein (see Chapters 7 and 8). Within urban catchments, this principle can be
applied to the existing network of greenspace and semi-natural habitats that support
urban ecosystem function and supply key land based urban ecosystem services (see
section 3.1.3). In essence, this thesis argues that for any given urban area, there may
be potential to change land management®® across the network of green and natural
environment type urban land uses (i.e. PAN65 openspace as detailed at Table 3.4) in
order to restore and/or enhance the natural drainage processes detailed at Table 4.6.
In doing so, the intention is to positively alter physiographic conditions (i.e. land use)
within the catchment, fundamentally altering catchment hydrology, reducing runoff
and runoff coefficients and contributing to sustainable FRM (see sections 4.2 — 4.4).
Accordingly, the key purpose of the hydrological cycle model developed through this
research (see section 7.3) is to identify and prioritise locations where this sort of
management intervention may be delivered, in conjunction with the enhancement of
biodiversity and ecological networks (see Chapter 5 and section 7.4).

As intimated at Table 4.6, land management for the restoration of natural
drainage processes will generally be premised on changing vegetation cover to
increase hydraulic roughness. This has the effect of increasing losses from
interception, transpiration and infiltration and the rougher landcover can help to
attenuate surface water runoff and delay peak flows (see Table 4.6 and section 4.4).
Trees and woodlands (i.e. a type of natural/semi-natural greenspace or a component
of other types of PANG5 openspace as per Table 3.4) have particular utility in this
regard due to the roughness of their foliage (contributing to higher rates of
interception and transpiration) and the nature of woodland soils which are more open
in structure, contributing to the so called ‘sponge effect’ and higher rates of

infiltration (Nisbet and Thomas, 2006; Nisbet et al, 2011c).

>3 This could include, for example, land management recommendations/policy for the existing ‘green’
and ‘natural environment’ land resource or any new resource being delivered as a result of
development and associated legal agreements as part of planning consent (see sections 1.5 and 3.1.1).
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Table 4.6 Potential relationships between natural drainage processes and land

use/management

(Adapted from: Nisbet and Thomas, 2006; Nisbet et al, 2011c; Susdrain, 2012; Scottish
Government, 2013a; Kuchment, 2014)

Drainage
process
Interception
and
depression
storage

Evapo-
transpiration

Details

Vegetation and other types of
surface cover will intercept a certain
portion of precipitation before it
reaches the land surface

Some of this precipitation will
evaporate back to the atmosphere
and some will flow down on
vegetation stems to the land surface
Interception losses are influenced by
the storage capacity of vegetation
Depression storage occurs when
precipitation reaching the land
surface fills up depressions
Depression storage capacity is
influenced by physiographic
conditions and land use within the
catchment

The evaporation of water from the
land surface or from vegetation is
dependent on energy from solar
radiation

Evaporation of water by plants is
called transpiration. The sum total of
evaporation from land and
transpiration from plants is called
evapotranspiration

Transpiration is influenced by
environmental and biological
factors. Key biological factors
include the type, stage and growth of
plants, leaf and root structure and
the density and behaviour of stomata
Stomatal characteristics/leaf area are
incorporated within the formula for

Implications for land use/management

Interception losses from vegetation
vary between species, age class and
density of vegetation cover

In general terms, trees and
woodlands intercept more
precipitation than shorter types of
vegetation (e.g. shrubs and grasses)
due to their greater degree of
roughness

Conifers have a greater interception
capacity than broadleaves as their
foliage is rougher — a dense conifer
stand can intercept 25-30% of
rainfall whereas broadleaves only
intercept 15% with leaf and 7%
without (Kuchment, 2014)
Interception losses from dense
grasses and herbs can be as much as
for broadleaved tree species
Interception losses from trees and
woodland decreases as the size and
intensity of a rainstorm increases. In
major storm events, interception
losses from dense conifer stands are
likely to be <10% (Nisbet and
Thomas, 2006)

Land can be manipulated to increase
depression storage e.g. through the
construction of detention and
retention basins (see section 4.7.3)

Transpiration losses can be
particularly high where vegetation
cover is dense

Experimental data from central
Russia indicates that transpiration
contributes to 45% of
evapotranspiration losses in conifer
forests and 50% in broadleaved
forests (Kuchment, 2014)
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Drainage
process

Infiltration

Attenuation

Details

calculating transpiration losses
Infiltration is the flow of water o
through the soil surface — the rate
and volume of infiltration is
influenced by conditions on the soil
surface, soil properties and soil
moisture content

Conditions on the soil surface — the
presence (or not) of vegetation
influences infiltration. The impact of
raindrops on bare soils can produce
silt/clay particles that clog soil
macropores and reduce infiltration o
Soil properties — soil structure is
characterised by bulk density, pore-
size distribution and vertical profile.
The presence of soil organic matter
influences pore size and the action
of soil fauna (e.g. worms) can create
macropores in the soil, increasing
porosity and infiltration capacity

Catchment runoff coefficients are
influenced by physiographic factors
relating to catchment characteristics
(e.g. size, shape, topography, soils,
land use etc) and channel .
characteristics (e.g. slope, hydraulic
properties, shape etc)

Catchment characteristics influence
runoff rates. Of particular relevance

to this research, the roughness of the
land in terms of land use and .
vegetation cover influences overland
flow based runoff generation
mechanisms

In this manner, the roughness of the
land can act to slow down or
attenuate flood flows, delaying their
passage downstream

Implications for land use/management

The presence of vegetation can act
to protect the soil surface from
raindrop impacts, reducing erosion
and the production of silt and clay
particles that can clog soil
macropores. In principle, the greater
the hydraulic roughness of the
vegetation (i.e. the greater the
interception/transpiration losses —
see above), the more pronounced
this effect will be

Different types of vegetation will
have different effects on soil
structure. In particular, woodland
soils tend to have a more open (and
therefore more porous) structure due
to greater amounts of organic matter,
the action of tree roots and soil
fauna and fewer disturbances by
human activities

This characteristic of woodland soils
in known as the ‘sponge effect’.
Land use change to woodland is
potentially a useful management
strategy for vulnerable soils to
preserve and/or enhance their
infiltration capacity and reduce
erosion risk

Similar principles apply as per
interception described above —i.e.
the rougher the land/vegetation, the
greater the attenuation effect
Attenuation has no impact in terms
of reduction in runoff volume i.e.
peak flows will still have the same
magnitude. Rather, flows are
attenuated/slowed down meaning,
therefore, that peak flows arrive later
Despite this, land use/management
intervention that enhances
attenuation capacity may also
enhance other drainage processes
(see above) that act to reduce as well
as delay peak flows

As such, land use/management
measures that provide an attenuation
benefit can give relevant agencies
more time to issue flood warnings,
put in place emergency preparedness
measures etc
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As a general principle (see Table 4.6), green and natural environment type
urban land uses with denser, taller and more structurally diverse vegetation will be
hydraulically rougher and have more porous, open structured soils. These sites
therefore will have a greater capacity to reduce runoff at source via the four key
mechanisms outlined at Table 4.6. At the other end of the spectrum, areas of amenity
greenspace, such as the highly managed areas of amenity grassland found in many
urban settings (e.g. housing estates, parks and recreation grounds), will have a much
less significant runoff reduction function where vegetation is generally characterised
by short mown grass (Woodland Trust, 2011). This is supported by empirical data —
for example infiltration rates of soils under young native woodland was found to be
60 times that of soils under grazed pasture land (Nisbet and Thomas, 2006; Nisbet et
al, 2011c) which itself will be hydraulically rougher than the amenity grassland
found in many urban areas. Table 4.7 explores some of the key issues influencing the
hydraulic properties of different types of green and natural environment type urban

land use and ranks the PANG5 openspace typology by hydraulic roughness.

Table 4.7 PANG5 openspace typology ordered by potential hydraulic roughness

(Adapted from: Scottish Government, 2008; Greenspace Scotland, 2010; AECOM, 2011;
Google Maps, 2014)

Roughness Category Example site Rationale — hydraulic properties
Most rough Natural/ Includes woodland which, for the
semi- purposes of this research, is considered
natural to be the roughest land use type. Also
greenspace includes open-semi natural habitats such
as rough grassland, meadow and
naturally colonised brownfield land (see
aerial photo opposite) — vegetation on
: these types of site will generally be
Open semi-natural relatively dense/structurally diverse and
greenspace is considered to provide a significant
degree of roughness in this regard

Green corridors are either green access
routes (e.g. accessible disused railways)
or riparian routes (e.g. canal towpaths,
accessible river corridors etc). Green
access corridors can be managed
extensively and may contain diverse
vegetation including trees and shrubs.

L Riparian routes are frequently wooded
Green corridors — (see photo), especially when located in
riparian routes steep sided glens where more intensive

Green
corridors
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Roughness

Category

Public
parks and
gardens

Allotments
and
community
growing
spaces

Private
gardens or
grounds

Burial
grounds

Playspace
for children
and
teenagers

Example site

Public park and garden
with areas of woodland

Allotments

o e
Playspace

Rationale — hydraulic properties
management can be problematic

Public park and garden sites are often
multifunctional by design and will
contain a mixture of intensively
managed land (e.g. flower beds, amenity
grassland) and less intensively managed
land (e.g. woodland, rough grassland,
meadow etc). The diversity of vegetation
and land management in park and
garden sites is such that they may
exhibit a high degree of roughness

Allotments contain a variety of
vegetation though cover will vary
throughout the growing season and
dependent on specific management
objectives, including at plot level.
Cultivated soils may have a more open
structure supporting infiltration. Sites
may also contain small scale water
storage (e.g. water butts) which can
provide source control management

The hydraulic properties of private
gardens and grounds are likely to vary
significantly depending on the spatial
extent of the land and specific (private)
management objectives — e.g. some
gardens may contain structurally diverse
vegetation including trees, shrubs and
grasses whereas others may only
comprise lawns or hard-standing

Similarly to private gardens and
grounds, the hydraulic properties of
burial grounds may be dependent on the
spatial extent of the site and the specific
management objectives (which may be
private). Burial grounds frequently
contain trees (including conifers such as
Taxus baccata) though open areas may
be heavily managed

Playspace is frequently linked to
housing areas or located within public
parks and gardens. Sites are often
heavily managed for safety and are less
likely to contain significant vegetation.
Sites often contain areas of hard-
standing (e.g. skateparks, seating areas)
and therefore hydraulic properties for
runoff reduction may be poor
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Roughness Category Example site Rationale — hydraulic properties

Sports areas Greenspace Scotland (2010) define five
sub-classes for sports areas including
sites that may have some degree of
hydraulic roughness (e.g. playing fields
with associated woodland — see aerial
photo opposite) and those likely to be les
rough (e.g. bowling greens). Heavily

managed components of sports areas
Sports areas (e.g. grass playing surfaces) are likely to
have poor hydraulic properties for runoff
reduction

Amenity
greenspace

Greenspace Scotland (2010) define three
sub-classes of amenity greenspace —
housing, business and transport. As with
sports areas, sites may contain areas of
rougher land use (including areas of

. ,. natural/semi-natural greenspace)

i L although the heavily managed areas (i.e.
Ko NG areas used for informal social and
Housing amenity recreational activities) often comprise

greenspace short mown grass which will have more
limited hydraulic properties in terms of
Least rough runoff reduction

In line with the discussion above and Tables 4.6 and 4.7 therefore, this thesis
argues that prioritised management intervention can be undertaken to improve the
hydraulic properties of existing ‘green’ and ‘natural environment’ type land uses in
urban areas™ (i.e. the range of PAN65 openspace detailed at Table 3.4). Equally,
where new openspace is being developed (e.g. as part of new development or
through a section 106 agreement — see section 1.3), the design and management of
new sites should be informed by simple hydraulic criteria (such as those outlined at
Table 4.6) to ensure that they contribute to catchment scale hydrological
improvements. The hydrological cycle model developed through this research (see
section 7.3) has been designed to support both of these processes.

In terms of practical land management intervention, this thesis argues that at
prioritised sites/locations (i.e. those identified through the hydrological cycle model
developed in this research — see section 7.3), the management of existing

5 A similar premise is adopted by the GCV Green Network Partnership in their green network
opportunities mapping technique (see section 6.3) which incorporates data on openspace typology and
condition within the GIS modelling approach. Lower value sites (e.g. amenity greenspace) and sites
that are in poor condition are then weighted more heavily in the analysis and highlighted as
opportunities for enhancement
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green/natural environment type land uses (PAN65 openspace) can be altered to
change the hydraulic properties of the site. As discussed further at Chapter 8, this
must be undertaken sensitively and with respect to existing constraints (e.g.
landscape and natural heritage designations, other primary land uses such as
peat/carbon rich soils). For example, the management of a public park and garden
site could be altered to include a greater density of tree planting and some areas of
amenity grassland within the park could be converted to rough grassland or meadow.
The overall effect would be to improve the hydraulic properties of the site whilst
maintaining its primary use as a public park and garden. This is illustrated on Figure
4.15 though the same principles apply to all types of green and natural environment
type urban land uses. The economic benefits of this sort of approach, in terms of
reduced annual maintenance costs, have been demonstrated by Woodland Trust
(2011) though the economic implications of land management have not been
considered in this research.

Type of Management Hydraulic
PANGS site intervention benefits
A A A

Increase tree cover by 15% Denser more structurally
diverse vegetation cover
contributing to increased
interception and
transpiration losses

Replace 5% of hard-
standing with permeable
surfaces

Public Park

& Garden

Convert 20% of amenity
grassland to rough
grassland

Increased infiltration
losses

Figure 4.15 Managing PANG5 sites for hydraulic benefits

4.7.3  SuDS measures for reducing runoff at source and providing storm water storage

Section 4.7.2 describes how land use/management measures can be used to reduce
runoff at source by helping to restore the function of the natural drainage processes
detailed at Table 4.6. In effect, these are land parcel scale measures and realising a
water management benefit (i.e. reducing or delaying runoff to the extent that peak
flows are reduced or delayed also) using land use/management based measures is

likely to require targeted action across multiple land parcels (e.g. changing the
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management regime across all amenity greenspace sites located within a given
catchment). In addition to these broader, land use/management based measures
however, there may also be scope to deliver water management benefits in urban
areas through the use of targeted green infrastructure measures (see section 3.1.3),
namely sustainable drainage system (SuDS).

In technical terms, SuDS are defined as “a sequence of management
practices, control structures and strategies designed to efficiently and sustainably
drain surface water, while minimising pollution and managing the impact on water
quality of local waterbodies” (Susdrain, 2012 sustainable drainage background
section). Similarly to the land use/management based measures described at section
4.7.2 therefore, SuDS techniques are designed to mimic and/or restore natural

drainage processes in urban catchments (Susdrain, 2012).

Water )
k quality ‘
Water ,
) Water Amenity/
\ quantlty \ quantity biodiversity

Figure 4.16 The SuDS triangle
(Source: Susdrain, 2012)

Note: The sustainable drainage system (SuDS) triangle recognises that effective SuDS intervention
should deliver multiple benefits, especially water quality improvements, water quantity
management/flood risk reduction and amenity/biodiversity enhancements. The consideration of SuDS
in this research (i.e. as a measure for reducing runoff at source and providing storm water storage —
see Chapters 7 and 8) focusses on the water quantity/flood risk reduction function. There is some
consideration of biodiversity benefits in relation to integration of SuDS with habitat networks.

The rationale, concept and design/engineering practice of SuDS stems from
the historic modification of urban catchments described elsewhere in this Chapter
(see Figure 4.14 for example). Particular objectives of SuDS however include

pollution reduction and water quality improvement, through the treatment of runoff
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before it is discharged to watercourses and/or by reducing surface water inputs to the
sewerage system (ibid). This issue is outlined by Graham et al (2012 p.1) “for too
long we have treated rainwater as waste, paved over our urban areas and simply
flushed surface water down pipes into an overloaded sewerage system”. Whilst this
is a key benefit of SuDS and part of the ‘SuDS triangle’ (see Figure 4.16), it is not a
particular consideration for this research® which is focussing more on the water
quantity (i.e. flood risk management) benefits of SuDS. The amenity/biodiversity
benefits of SuDS (see Figure 4.16) are considered to a degree, particularly in relation
to opportunities for integration of SuDS siting and design with existing and potential
habitat networks (see Chapter 5 and sections 7.4 and 8.2).

Figure 4.17 The SuDS management train
(Source: Susdrain, 2012)

Note: The SuDS management train is a series of nested control measures designed to manage water
quantity and quality. As illustrated on the Figure above, intervention at source, site and regional level
are designed to enhance all the natural drainage processes described at Table 4.6.

The design and engineering of SuDS intervention is based around the concept
of the SuDS management train (Graham et al, 2012; Susdrain, 2012). This is

% That said, any SuDS intervention delivered as a result of strategic land use/management planning
direction from the tools and models developed in this research (see Chapters 7 and 8) would deliver
water quality benefits by either: 1) providing some degree of treatment for runoff before it enters
natural watercourses; or 2) reducing the volume of surface water entering the sewerage systems and
therefore helping to reduce pressure on waste water treatment infrastructure. In contrast, the water
quantity and flood risk management benefits of SuDS are considered in this research through the use
of spatial datasets and spatial modelling to target where land use/management and green infrastructure
intervention (i.e. SUDS) may be required for the delivery of flood storage and runoff reduction
ecosystem services
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illustrated on Figure 4.17. In line with the definition of SuDS provided at the start of
this sub-section, the SuDS management train is a sequential process involving a
hierarchy of treatment, management practices, control structures and strategies for
the management of water quality and quantity and the delivery of wider multiple
benefits, especially amenity and biodiversity enhancement (ibid). As illustrated on
Figure 4.17, the SuDS management train is, in effect, a series of nested control
measures: 1) source control; 2) site control; and 3) regional control. Source, site and
regional control measures are designed such that they each provide a degree of water
quantity and quality control, reducing and/or delaying peak flows and improving the
quality of runoff that is eventually discharged to the receiving waterbody (i.e. a
surface or groundwater body) or waste water treatment works as the case may be.
Much like the land use/management measures described at section 4.7.2, SuDS
techniques are designed to mimic and/or restore the natural drainage processes that
combine to support hydrological cycle function (see Table 4.6). In principle,
different stages of the SuDS management train should work to restore all of the
natural drainage processes outlined at Table 4.6 (see Figure 4.17). This critical aspect
of SuDS design has been considered in the new tools, models and guidance
developed through this research (see sections 7.4 and 8.2 and Appendix 5).

An additional key drainage process provided by SuDS is conveyance. Certain
SuDS components (e.g. swales® and channels/rills®®) are designed to provide surface
water conveyance which is defined as the movement of surface water across a site
between different SuDS components/treatment stages (ibid). The need for
conveyance recognises that individual stages of the SuDS management train and the
components therein may not provide adequate water quality treatment and/or the

necessary capacity to provide storm water storage under a range of different rainfall

% In some circumstances it may not be possible for surface water to be discharged to a waterbody e.g.
the soil type is such that infiltration to groundwater is not possible or it may not be physically possible
(e.g. in terms of topography) to convey treated surface water to a waterbody. In these situations, SUDS
techniques can still be used to help attenuate/slow down storm water flows thereby reducing pressure
on combined sewers and helping to prevent pluvial and sewer flooding. Also, the use of SuDS in this
regard can still provide wider benefits in terms of amenity value and biodiversity enhancement

57 Susdrain pages on swales: http://www.susdrain.org/delivering-suds/using-suds/suds-
components/swales-and-conveyance-channels/swales.html [accessed 29/03/14]

%8 Susdrain pages on channels/rills: http://www.susdrain.org/delivering-suds/using-suds/suds-
components/swales-and-conveyance-channels/channels-and-rills.html [accessed 29/03/14]
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conditions (ibid). In this regard, it may be necessary to convey surface water to
another part of the site where additional treatment and/or storage capacity can be
provided. This particular facet of SuDS design and engineering has, however, not
been considered in this research (i.e. in the development of the spatial models for
prioritising locations where runoff reduction and flood storage ecosystem services
may be required — see Chapters 7 and 8).

Whilst the above outlines the general concepts behind SuDS design and
engineering, it also necessary to understand the utility and function of key SuDS
components. This information forms the basis for SuDS related recommendations in
the spatial models developed through this research that target locations where flood
storage and runoff reduction ecosystem services may be required (see Chapters 7 and
8 and Appendix 5). Once target locations have been identified through the models
described at Chapter 7, the understanding of SuDS component utility and function
provides the necessary input to inform the development of relevant aspects of
integrated land use/management proposals for the delivery of multiple benefits (see
sectionr 8.2). In this regard, Table 4.8 outlines a range of key SuDS components of
relevance to this research including summary information on their advantages,

disadvantages and potential water quantity/flood risk management performance.

Table 4.8 Key SuDS components — advantages/disadvantages and FRM performance
(Adapted from: Graham et al, 2012; Susdrain, 2012)

SuDS component Advantages/disadvantages Likely FRM
performance
Source control measures — “managing rainfall at source is the fundamental SuDS concept in
providing the first treatment stage. It ensures silt and pollution does not enter the management train
and controls the flow and quality of water for use further downstream” (Graham et al, 2012 p.15)

Green roofs: multi-layered system Key advantages: mimics pre- o Peak flow
covering the roof of a building with development (i.e. greenfield) delay:
vegetation cover/ landscaping — can be hydraulic and hydrological medium
particularly important for high density conditions, can be retrofitted, no e Runoff
urban areas with limited space. Green additional land take, volume
roofs are designed to intercept and ecological/aesthetic benefits, helps reduction:
retain precipitation i.e. helping to reduce | manage urban heat island effect medium
runoff volume and therefore the

magnitude of peak flows Key disadvantages: cost compared

to conventional roofs, N/A for steep
roofs, maintenance, retrofit options
may be limited by roof structure (e.g.
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SuDS component

Permeable surfaces (e.g. grass,
reinforced grass, gravelled areas):
rainwater passes through the surface
allowing for the storage, treatment,
transportation and, where appropriate,
infiltration of water. Depending on the
specific intervention used, permeable
surfaces provide infiltration and/or
attenuation (e.g. if infiltration to
groundwater is constrained permeable
surfaces can provide temporary storage
to attenuate storm water flows) benefits
i.e. helping to reduce runoff volume and
the therefore the magnitude of peak
flows

Rain gardens: used in sites with freely
draining soils, rain gardens are small
depressions in the ground that act as
infiltration points for roof water and
other ‘clean’ sources of surface water.
Rain gardens can be used in a variety of
scales from domestic (i.e. private
gardens) to public realm. They receive
runoff from buildings (via downpipes) or
paved areas (e.g. in a public realm
context) and are planted with species
able to tolerate short periods of
inundation. Depending on the
circumstances, rain gardens provide
infiltration and/or attenuation benefits
i.e. helping to reduce runoff volume and
the therefore the magnitude of peak
flows

Advantages/disadvantages

strength)

Key advantages: reduces runoff
from hard surfaces thereby helping to
reduce peak flows and downstream
flood risks, allows dual use of
space/no additional land take

Key disadvantages: cannot be used
where large sediment loads may be
washed/carried into the surface (risk
of clogging), limited amenity or
biodiversity benefit

Key advantages: easy to retrofit, can
be small (e.g. when used in private
gardens) so limited land take, can be
planned as landscaping features (e.g.
in public realm projects), can reduce
rate of runoff and some reduction of
volume, can act as a ‘stepping stone’
as part of urban habitat networks

Key disadvantages: due to their
often small size, runoff volume
reduction impact can be small unless
they are delivered at scale (e.g. all
private gardens within a given
catchment), rain gardens and
surrounding landscape need
management to maintain function,
not suitable for areas with steep
slopes

Likely FRM
performance

Peak flow
delay: good
Runoff
volume
reduction:
good

Peak flow
delay: good
Runoff
volume
reduction:
medium

Site control measures — “this describes those SuDS features within or at the edge of developments
that provide a second or third treatment stage including storage for runoff that has been conveyed
from source control structures. The most common features are retention and detention basins, swales
and small urban ponds” (Graham et al, 2012 p.22)

Detention basins: vegetated
depressions/surface storage basins which
temporarily hold water — i.e. they
provide flow control through attenuation
of storm water runoff. Detention basis
are normally dry and therefore provide
an additional land use. Detention basins
can provide some minimal reductions in
runoff volume through infiltration
though this will depend on soil
conditions etc. In this regard, their
primary function water quantity/flood

Key advantages: can cater for a wide
range of rainfall events, simple to
design and construct, allows dual use
of land, easy maintenance

Key disadvantages: little or no
reduction in runoff volume (via
infiltration only), detention depths
(and therefore volume) may be
constrained by system inlet and outlet
levels

Peak flow
delay: good
Runoff
volume
reduction:
poor
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SuDS component Advantages/disadvantages Likely FRM
performance

risk reduction function is to attenuate
flood flows thereby delaying the arrival
of peak flows downstream

Regional control measures — “this provides the last water quality ‘polishing’ before discharge into
the wider catchment. When storage of runoff cannot be easily accommodated within the development
it may be possible to convey these excess volumes out of the development itself into public
openspace” (Graham et al, 2012 p.24)

Retention basins and associated Key advantages: can cater for a wide | ¢  Peak flow
wetlands: can provide both storm water | range of rainfall events, delays peak delay: good
attenuation and treatment containing flows, high potential e  Runoff
permanent water and other wetland ecological/aesthetic benefits, may add volume
habitats e.g. temporary pools, wet value to local properties, links urban reduction:
grassland, wet woodland and reed beds. | and suburban wetland habitats with poor
Retention basins are designed to store the wider landscape

additional storm water runoff, releasing _ o
it at a controlled rate during and after the = Key disadvantages: no reduction in

peak flow has passed. In this regard, runoff volume, land take may limit
their primary function water use in high density sites, may not be
quantity/flood risk reduction function is | suitable for steep sites, colonisation
to attenuate flood flows thereby by invasive species may increase
delaying the arrival of peak flows maintenance

downstream

Note: Likely FRM performance data is taken from Susdrain (2012).

Graham et al (2012) provides extensive guidance on how SuDS components
(including those outlined at Table 4.8) can be improved from a biodiversity and
amenity perspective. Most of the issues in Graham et al (ibid) are of greater
relevance at the micro-siting/design level and, as such, have been disregarded from
the Table 4.8 summary. The rationale for this is explained further below.

SuDS components have been selected for inclusion in Table 4.8 where they
are suitable for consideration in strategic (e.g. whole city/catchment) land
use/management planning as per the objectives of this research (see Box 1.2). For
example, SuDS components have been disregarded where effective design and siting
is reliant on the consideration of key micro-siting issues such as detailed
topographical analysis (e.g. filter strips®®). On the other hand, SuDS components
have been included where they have the potential to be covered by a generic land

use/management policy e.g. “where possible, the use of green roofs and permeable

%% Susdrain pages on filter strips: http://www.susdrain.org/delivering-suds/using-suds/suds-
components/filtration/filter-strips.html [accessed 29/03/14]
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surfaces should be promoted within neighbourhood x”. As discussed above,
conveyance measures have not been considered in this research.

Chapter 5 now explains how urban land use/management can impact the
provision of ecological connectivity services in urban areas, by either facilitating or

disrupting urban habitat networks.
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5. Urban land use planning, landscape ecology and
habitat networks

The key aim of this research is “to understand, develop, trial and evaluate new
approaches to urban planning that can operationalise key aspects of the ecosystems
approach”. An evidence assessment has been undertaken to meet this overarching
aim as documented in Chapters 3, 4, 5 and 6. The evidence assessment approach is
described at section 2.2. Section 2.4 describes how the data collected through the
evidence assessment has then been analysed to support other objectives of the
research, especially the development of the new approaches to urban planning that
can operationalise aspects of the ecosystems approach (see Box 1.2).

The overall output of the evidence assessment is the development of a suite of
guiding principles for ecosystems approach based urban land use planning (see
Appendix 3). The principles provide the overall framing for the new urban land use
planning approaches developed through this research (see Chapters 7 and 8) and are
intended to be of practical use in other urban planning contexts also. The evidence
assessment has also informed the development of specific guidance to help
practitioners interpret and act on outputs from the new models in the development of
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integrated urban land use/management strategies (see Chapters 7 and 8 and
Appendices 4, 5 and 6).

As outlined at sections 1.4 and 3.2.5, this thesis focuses on specific urban
ecosystem services. This is the third of four chapters documenting the evidence
assessment that has underpinned this research. The Chapter focuses on the role of
urban land use/management in the provision and function of urban habitat networks.
In particular, the evidence in this Chapter has underpinned the development of the
habitat network model (see section 7.4). Section 5.1 introduces the core concepts of
landscape ecology which define the current thinking and practice in relation to urban
habitat networks. Section 5.2 provides a more detailed outline of the key ecological
principles that underpin habitat network planning, design and delivery as well as
introducing the models and data that are used to define habitat networks in a
modelled environment. Section 5.2 also introduces the data produced by habitat
network modelling and its application in urban land use/management planning as per
this thesis (section 7.4). Finally, section 5.3 explores some of the wider multiple
benefits that urban habitat networks can provide. In line with this focus, Chapter 5
addresses three key research questions that have informed the research activities
undertaken (REA and semi-structured interviews — see sections 2.3.2 and 2.3.4) as
well as providing a framing for the key findings of this part of the evidence
assessment in the conclusions Chapter at section 9.2. The research questions

considered within this part of the evidence assessment are:

e What factors influence species movements in urban areas?

e How can the management and use of urban land influence the provision
of ecological connectivity related ecosystem services in urban areas?

e What are the potential multiple benefits of natural/semi-natural habitats

and habitat networks in urban areas?

5.1 The key principles of landscape ecology
Landscape ecology has been defined variously as “the study of spatial variation in

landscapes at a variety of scales” (IALE, undated, what is landscape ecology) and

“the study of the interactions between the temporal and spatial aspects of a landscape
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and the organisms within it” (Forest Research, 2014a the ‘basics’ of landscape
ecology). The principles of landscape ecology are fundamental for the development
of ecosystems approach based urban land use/management systems, as per the
objectives of this research (see Box 1.2). In particular, landscape ecology provides
the theoretical framing for assessing and predicting the impacts of land
use/management change on the ability of species to migrate, disperse and interact,
through tools such as integrated habitat network (IHN) modelling (SNIFFER, 2008).
As discussed at section 3.2.1, it is these landscape scale ecological processes (where
species move beyond the bounds of individual habitat patches) that help to maintain
biodiversity by supporting and facilitating interbreeding, colonisation, natural
regeneration etc (Gutzwiller and Forman, 2002; Watts et al, 2005; Smith et al, 2008;
SNIFFER, 2008; SNH, 2011; James et al, 2013; Matthies et al, 2013; Phillips, 2013;
Briers, 2011).

Furthermore, biodiversity itself is a fundamental component of ecosystem
function and therefore the supply of ecosystem services (see section 3.2.1 and
Figures 3.6 and 3.7). In this regard, maintaining the connectivity of the landscape
(thereby facilitating the migration, dispersal and interaction of species and
populations) is essential for maintaining biodiversity, ecosystem function and
ecosystem services. The importance of this issue is highlighted by Jones-Walters
(2009 p.vi): “changes in the patterns of land use have impacted more than any other
factor on Europe’s biodiversity [...] all over Europe habitats and ecosystems are
becoming smaller, more fragmented and their isolation from other areas is increasing
[...] this prevents species from reaching migration and dispersal destinations and
forces them to live in habitats that may not be large enough to maintain viable
populations”. Crucially, Jones-Walters goes on to discuss the potential implications
of this degradation for the provision of ecosystem services and climate change
adaptation as well as highlighting the need for further research into practical
mechanisms for delivering ecological networks on the ground (ibid). In an urban
context, this is a key gap that this thesis seeks to address (see sections 7.4 and 8.2
and Appendix 6).

There are two key principles of landscape ecology that are of direct relevance

to this research: 1) how we define landscapes in terms of their structure and function;
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and 2) the notion that landscape structure and function can somehow be measured
and evaluated to inform land use/management planning. These are described briefly
in sections 5.1.1 and 5.1.2 and in more detail in section 5.2 in the specific context of

planning and managing urban habitat networks.

5.1.1 Landscape and landscape scale

The word ‘landscape’ is often used as a descriptor for spatial scale (extent) whereby
the notion of ‘landscape scale’ is used to define an area of land covering several
square kilometres (Forman, 1995; Forest Research, 2014a). This broad definition of
landscape scale has been adopted in this research. In particular, undertaking urban
land use/management planning at broader scales (spatial extents) is necessary to
ensure that opportunities are adequately considered — e.g. identifying spatial
priorities for joining up gaps in strategic habitat networks and improving overall
connectivity (see section 5.2 also). In this regard, land use/management planning at
broader spatial scales could include whole city or whole catchment planning. This
issue was also highlighted through the expert interviews (see section 2.3.4 and

Appendix 2). For example:

“[Land use/management planning] at the local authority scale is important

for understanding the resource, the pinch points and the opportunities” (1-1)

“[Choice of scale] depends on what aspects of ecosystem services you are
looking at — ecological connectivity will be influenced by patch size. Small
patches will make a negligible contribution to ecological networks at the

landscape scale but may be important locally” (1-2)

In terms of a landscape ecology focussed definition of landscape (i.e. a
definition that is reflective of how a landscape ‘works’ in terms of its structural and
functional connectivity for species — see section 5.2.1), landscapes can be defined as
entities with structural elements of patch, matrix and corridor reflecting a mix of
ecosystems and habitats that combine to create heterogeneity within an area

(Gutzwiller and Forman, 2002; Forest Research, 2014a). In line with this, Forest

152



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

Research (ibid) highlight how much of the landscape ecology field has developed
around the paradigm of a landscape mosaic comprising structural elements of patch
(e.g. discrete habitats) arranged in a matrix (i.e. the predominant habitat or land use)
with additional structural elements that can pose barriers to movement (e.g. linear
infrastructure) or provide corridors that facilitate movement (e.g. river corridors and
their associated riparian habitat). This is illustrated on Figure 5.1 using an urban

landscape from Glasgow as an example.

Figure 5.1 Defining an urban landscape in terms of its structural elements

(Adapted from: Forest Research, 2014a; Google Maps, 2014)

Note: The Figure depicts a heterogeneous urban landscape (the Kelvinbridge area of Glasgow’s west
end) comprising elements of matrix, patch, barrier and corridor. The predominant land use is urban
comprising roads, yards, driveways and housing — this constitutes the matrix within this landscape.
There are also humerous patches, primarily private gardens (an example of which is shown at Patch 2)
but also other types of habitat such as the brownfield site at Patch 1. The river and its riparian habitat
provide a corridor whereas main roads are likely to pose a barrier to species movements.

Furthermore, species interact with these landscape elements in a variety of
different ways. In terms of patches for example, species may prefer a certain type of
habitat (e.g. wetlands/ponds) and may not be able to breed or feed away from that
habitat type. In terms of matrix, where one land use dominates the landscape, this can
have a dramatic impact on species interactions with the wider landscape — e.g. if the
matrix is uniformly inhospitable such as arable land or high density urban land this
can have an isolating effect on species (ibid). Given this, the structure and spatial
configuration of patches, corridors and matrices within the landscape mosaic can

have a profound impact on landscape connectivity, species movements and other
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landscape scale ecosystem processes (Jones-Walters, 2009; Scott and James,
undated).

5.1.2  Measurement and evaluation of landscape function

The use of habitat network modelling to define landscape function in terms of
landscape scale species movements is a rapidly expanding area of research (Briers,
2011). Furthermore, there are several different types of model (ibid). The utility and
robustness of these models is becoming increasingly important due to pressure from
land management activities (especially forestry, agriculture and development) that
physically alter landscapes, thereby affecting landscape structure and function (Watts
et al, 2005) with implications for biodiversity, ecosystem function and ecosystem
services (Jones-Walters, 2009). As such, reliable models are required to support the
planning of landscape scale conservation efforts. The objective of this research
however is not to critique the various different models, rather data from a given type
of habitat network model is used as an input to the tools and models developed in
this research (especially the habitat network model described at section 7.4). In this
regard, the research has drawn on data from Forest Research’s BEETLE — Biological
and Environmental Evaluation Tools for Landscape Ecology model (Watts et al,
2005; Smith et al, 2008) which is outlined further at section 5.2.

Forest Research are working on a landscape ecology programme that is
developing GIS based tools for measuring landscape structure and assessing
functional connectivity of landscapes (Forest Research, 2014b). Data produced
through these tools are used as inputs to the habitat network model developed
through this research (see section 7.4). More detailed information on the science
behind these models is provided at section 5.2. In summary however, the structural
tools use land cover data to produce metrics or indicators based on the habitat
requirements of certain focal (indicator) species. The functional tools use habitat
information from the structural tools to model species movement, to identify
potential habitat networks (ibid). In essence, the structural tools measure the
landscape by collecting and analysing patch data (see section 5.1.1). In this regard,
the landscape can be quantified and mapped using a variety of different landscape

metrics such as:
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e Total area of habitat

e Mean size of habitat patches

e Mean inter-patch distance

e Variation in patch sizes

e The number of patches linked by a particular piece of new planting or other
habitat development or enhancement

5.2 Habitat networks and habitat network modelling
Section 5.1 introduces the key principles of landscape ecology that have informed

this research — how we define landscapes for the purposes of planning and
management to maintain connectivity for species (see section 5.1.1) and a brief
introduction to the tools and models that can be used to measure and evaluate
landscape function, in terms of structure and connectivity (see section 5.1.2).
Building on the core landscape ecology principles outlined at section 5.1, this section
further defines the habitat network concept (section 5.2.1) and provides additional
details of the Forest Research BEETLE model, data from which has been used in this
research (section 5.2.2). Section 5.2.2 also includes a brief review of the strengths
and weaknesses of the BEETLE model in relation to its utility informing land

use/management planning for landscape connectivity.

5.2.1  Habitat networks — structural and functional connectivity

A habitat network is “a set of separate areas of habitat that connect together in some
way. These connections allow a particular species to be able to move between each
individual patch of habitat” (SNH, 2011 p.2). This definition builds on the landscape
ecology principles introduced at section 5.1 — i.e. habitats are patches that exist
within a matrix. Where the matrix is sufficiently permeable (by way of either a
structural or functional connection — see Figures 5.2 and 5.3), the species will be able
to move between patches.

Connectivity between habitat patches can been seen in both structural and
functional contexts (Watts et al, 2005; Briers, 2011; SNH, 2011). Structural
connectivity occurs where habitat patches are directly linked. In this situation,
species are able to move directly between patches of habitat without having to

traverse an intervening matrix (see section 5.1.1) that may somehow be inhospitable,
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thereby preventing or reducing movement (ibid). These concepts are illustrated on
Figures 5.2 and 5.3.

NOT STRUCTURALLY CONNECTED STRUCTURALLY CONNECTED

IMPERMEABLE LAND-USE

v,

] & PERMEABLE LAND-USE
MOVEMENT THROUGH MOVEMENT THROUGH

INTERVENING LAND-USE INTERVENING LAND-USE
POSSIBLE. PATCHES ARE DIFFICULT, SO PATCHES ARE
FUNCTIONALLY NOT FUNCTIONALLY

CONNECTED CONNECTED

Figure 5.2 Contrast between structural and functional connectivity of habitat patches
(Source: Briers, 2011)

On the other hand, functional connectivity is an important attribute of
landscapes related to ecological processes such as the anticipated ability of certain
species to move between discrete patches (Watts et al, 2005). In this regard,
functional connectivity does not rely on direct connections as long as the distance
between discrete patches is not overly far and, crucially, as long as the intervening
matrix is sufficiently hospitable to species movements (Briers, 2011; SNH, 2011).
The types of factors that can influence matrix hostility include, for example, lack of
food and refuge or increased risk of predation (Briers, 2011). In certain types of
habitat network modelling (see section 5.2.2) these factors are construed as ‘costs’ to
the species and the higher the ‘cost’, the less permeable/more hostile the intervening
matrix is (ibid). Accordingly, one important strategy for maintaining functional
connectivity is to protect areas of ‘low cost’ land use that exist between important
habitat patches (see Figures 5.2 and 5.3). This principle has been considered in the
new habitat network model developed through this research (see sections 7.4 and 8.2

and Appendix 6).
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Figure 5.3 Modelling functional connectivity in habitat networks
(Adapted from: Watts et al, 2005)

Note: Map (a) depicts habitat patches (dark green) buffered to illustrate the generic dispersal distance
of a given species. Map (b) depicts the permeability of the landscape matrix surrounding the habitat
patches — yellow is high permeability and dark brown/red indicates low permeability for the species of
interest. Map (c) depicts the functional connectivity of the habitat network — i.e. the dispersal area for
the species of interest once the constraints of the landscape matrix are taken into account. In this
regard, the structure and configuration of habitat patches in conjunction with the specific nature of the
surrounding matrix are such that the habitat patches form three functional habitat networks — i.e. the
areas marked in orange, blue and pink on map (c). Note how there are no structural connections.

5.2.2  Habitat network modelling and data

Habitat network modelling is a growing area of research and there are many different
types of model currently in use and development (Briers, 2011). This includes least-
cost models (e.g. Humphrey et al, 2004; Smith et al, 2008; Corbett et al, 2009), graph
theory models (e.g. Urban and Keitt, 2011; Pascual-Hortal and Saura, 2006) and
spatially explicit population models or SEPMs (e.g. Macdonald and Rushton, 2003;
Suter et al, 2009). Habitat network models all share certain characteristics especially
the need to define what constitutes habitat (i.e. patch) for the species of interest (e.g.
in terms of habitat type and size) and also an estimate of the distances that the
species can travel between discrete patches, known as dispersal ability (Briers,
2011). Key differences relate to how functional connectivity (see section 5.2.1 and
Figures 5.2 and 5.3) is defined and assessed in the modelled environment (ibid).

As discussed at section 5.1.2 however, the objective of this research is not to
critique different models — rather the data from a given type of habitat network
model is used as input to the tools and models developed through this research,
especially the habitat network model described at section 7.4. In this regard, data
from Forest Research’s BEETLE model (see section 5.1.2) has been used. BEETLE
is a least-cost type model (see section 5.2.1) and its use in this research has been

dictated primarily by data availability. In particular, Forest Research were
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commissioned to develop an integrated habitat network (IHN) model®, using the
BEETLE suite of tools, for the whole of the Central Scotland Green Network®
(CSGN) region where Glasgow — the pilot urban centre considered in this research —
is located. Furthermore, the use of IHN data (produced through least-cost models
such as BEETLE) has been identified as a common method/approach supporting
integrated land use/management planning and delivery in Scotland (Phillips et al,
2014). The remainder of this section provides an introduction to least-cost type
habitat network models, considers some of their key weaknesses and issues that
should be considered when using model outputs and a brief introduction to the spatial
data produced through these models.

BEETLE is a least-cost type habitat network model (Watts et al, 2005; Smith
et al, 2008; Corbett et al, 2009; Briers, 2011). Least-cost type models are premised
on the notion of landscape permeability or resistance whereby the nature of land use
will influence a given species’ ability to move/permeate through the landscape (ibid)
i.e. using functional connections between patches by traversing areas of less hostile
matrix. In this regard, “different land uses are assigned different permeability values
which reflect the cost or difficulty for a species to travel through that land use.
Traversing an area of high-cost matrix will reduce the distance that a species is able
to travel and in extreme cases may prevent any movement” (Briers, 2011 p.5). This
concept is depicted on Figure 5.4.

As mentioned at the start of this sub-section, the size and configuration of
habitat networks (see Figure 5.3) is also a function of species specific requirements.
In particular, a given species will have certain habitat requirements (in terms of type
and size) and dispersal abilities i.e. the distance the species can move between
discrete, non-structurally connected patches as depicted on Figure 5.2 (Smith et al,
2008; Corbett et al, 2009; Briers, 2011). In this regard, a key input to habitat network

% Spatial data in ArcGIS shapefile format for the entire CSGN IHN model is available for free
download from Scottish Natural Heritage’s (SNH) data download site (SNH Natural Spaces):
https://gateway.snh.gov.uk/natural-spaces/index.jsp [accessed 01/04/14]

® The CSGN is a National Development within Scotland’s National Planning Framework — the NPF
(see section 3.1.1). The remit of the CSGN is to work in partnership across the private and public
sector to deliver the CSGN vision: “By 2050, Central Scotland has been transformed into a place
where the environment adds value to the economy and where people’s lives are enriched by its
quality” (CSGN Partnership Board, 2011 p.2). Further information on the CSGN can be found at:
http://www.centralscotlandgreennetwork.org/ [accessed 01/04/14]
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models (including least cost models such as BEETLE) is data on the ecology of
species of interest in terms of habitat requirements and dispersal distances (ibid).
This would ideally be based on empirical data on species movements within a range
of different landscapes and environments (e.g. data from mark-release-recapture

studies) though this sort of information is generally not available (Briers, 2011).

COST OF MOVEMENT

INCREASING EASE OF
MOVEMENT THROUGH
LAND-USE TYPE
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HIGH COST PATH (TOTAL COST LOW COST PATH (TOTAL COST = 16)
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Figure 5.4 Illustration of the principle of least-cost habitat network modelling

(Source: Briers, 2011)

Note: Part (a) of the Figure above illustrates the principle of least-cost habitat network modelling. The
blue cell represents patch and other coloured cells the wider land use matrix (the darker green the cell,
the higher the cost to the species of moving through that specific land use). In this regard, part (a)
shows two different routes through a landscape with the same cumulative cost (16). Although the
cumulative cost is the same there are marked differences in the dispersal distance travelled due to the
different cost of the land uses travelled through — i.e. dispersal distance is low via the high cost route
and high via the low cost route. Part 9(b) depicts this concept spatially — indicating the possible
dispersal area in a high cost landscape (i) and low cost landscape (ii).

As a compromise, it is often the case that a generic focal species (GFS) is
used (ibid) to “represent key functions of selected habitats and an array of similar
species” (Corbett et al, 2009 p.164). A GFS has been defined as ‘“a conceptual or
virtual species, whose profile consists of a set of ecological requirements reflecting
the likely needs of real species where data are unavailable. GFS are selected to
represent particular species, groups of species, habitats, important landscape features
or policy objectives” (Smith et al, 2008 p.4). In this regard, the use of GFS can be
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instrumental in exploring habitat network related land use/management options that
can support a diverse range of ‘real’ species e.g. by setting patch requirements to
‘high’ and dispersal distances to ‘low’. An example habitat network model output is
shown at Figure 5.5 indicating how the functional connectivity of networks changes

as a result of species (e.g. GFS) dispersal ability.

Figure 5.5 Influence of dispersal ability on functional connectivity of habitat networks

(Source: Briers, 2011)

Note: The Figure above depicts the spatial configuration of nested habitat networks generated by
varying maximum dispersal distance (e.g. of a generic focal species) to 0.5km (blue polygons), 1km
(dark green polygons) and 2km (pale green polygons). Note how the number of contiguous networks
decreases (whilst their area increases) as dispersal distance increases — i.e. when dispersal distance is
set at 2km nearly all patches are functionally connected.

Briers (2011 p.18) in a review of the evidence base for habitat networks
highlights how “habitat networks are one potentially powerful tool for contributing to
the conservation of biodiversity through effective landscape management”.
Similarly, Smith et al (2008 p.iii) outline how ‘“habitat network modelling has the
potential to support and guide the planning process and to target conservation effort
by highlighting areas that have the greatest development potential of habitat
protection and enhancement”. Despite these positives, Briers (ibid) expresses caution
in relation to habitat network use in isolation (i.e. without due consideration of other
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factors/criteria that can influence land use/management for conservation) as well as
highlighting key uncertainties in the use of least-cost modelling techniques. In
particular, it is important to recognise that even with perfect data on species ecology
(i.e. in terms of habitat requirements and dispersal ability) it would not be possible to
define, with any certainty, the exact area of permeable land that defines the
connectivity (structural and functional) of a habitat network. In this regard, there is
an “inherent fuzziness in resultant habitat network maps that needs to be considered
when interpreting the network analyses for land use/management planning” (Briers,
2011 p.15). One way of representing this inherent fuzziness is to use sensitivity
analysis in order to test the impact of changing key parameters i.e. habitat
requirements and dispersal ability. As outlined at section 7.4, this approach has been
adopted in the tools and models developed in this research through the use of habitat
networks data representing high and low dispersal ability of the GFS.

Crucially, habitat network model outputs do not themselves identify specific
recommendations for land use/management change for increasing landscape
connectivity. Rather they provide part of the evidence base and “decision-making
system for [land use/management] strategies designed to reduce the impacts of
habitat fragmentation and improve habitat connectivity and biodiversity” (Smith et
al, p.13). In this regard, habitat network model data requires a degree of user-
interpretation in order to identify and define specific land use/management actions.
For example, outputs from the Forest Research BEETLE model used in the Glasgow
and Clyde Valley Integrated Habitat Networks Project (Smith et al, 2008) are
ArcGIS shapefiles depicting the spatial configuration of habitat networks for eight
GFS across two dispersal distances — 0.5km and 2km. This includes separate datasets
for patches and the functional networks created by these patches (see section 5.2.1
also). The benefit of having the data in this format is that it can be integrated with
other compatible datasets (e.g. soils, flood extent, hydrology, access networks etc) in
spatial analyses to inform integrated land use/management planning (Phillips et al,
2014) Further information on this data (which has been used in the development of
the tools and models in this research — see section 7.4) is provided at section 2.4.2.
The integrated use of habitat networks data, in conjunction with other spatial

datasets, has been undertaken in this research (see section 8.2).
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Scottish Natural Heritage (SNH) have developed a web-based interactive
habitat network user tool®® (SNH, 2014b) that allows users to view maps of existing
habitat patches and model the potential impacts of land use/management change on
the functional connectivity of habitat networks (e.g. in terms of further fragmentation
as a result of development or enhancement as a result of habitat
management/creation). In essence, it provides an online scenario planning tool
allowing land use/management practitioners to ‘go beyond’ the static, mapped
outputs of habitat network models and input user-defined land use/management
preferences to explore changes in functional connectivity. In addition however, it is
recommended that the development and enhancement of habitat networks is based on
the principles of conservation management (Smith et al, 2008; Corbett et al, 2009)
which are listed below in order of priority (noting in particular how the creation of
new areas of habitat is the lowest priority intervention). These principles have been
considered in the new spatial models and guidance developed through this research

(see sections 7.4, 8.2 and Appendix 6).

e Protect and manage areas of high quality habitat

e Restore and improve sites with restoration potential

e Improve and manage other sites

e Improve the landscape matrix by reducing land use intensity

e Create/recreate new habitat and semi-natural habitat

5.3 The multiple benefits of urban habitat networks
In terms of the role of biodiversity supporting ecosystem function and the supply of

ecosystem services (see section 3.2.1) the development and enhancement of urban
habitat networks can be particularly important due to the often inhospitable nature of
the urban matrix (SNIFFER, 2008; Corbett et al, 2009; James, 2013; Matthies et al,
2013) as indicated on Figure 5.1. As well as reversing the effect of habitat

fragmentation on biodiversity, habitat networks are also regarded as a means of

%2 SNH Interactive Habitat Network User Tool: http://www.snh.gov.uk/land-and-sea/managing-the-
land/spatial-ecology/habitat-networks-and-csgn/interactive-habitat-network-tool/ [accessed 01/04/14]
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delivering a range of other social and environmental benefits i.e. ecosystem services
(Corbett et al, 2009). In terms of the PANG5 openspace typology recognised by
planners and adopted in Local Development Plans (LDPs), urban habitat and habitat
networks can be considered synonymous with natural/semi-natural greenspace (see
section 3.1.3 and Table 3.4). When placed in an urban context therefore, well
planned and integrated urban habitat and habitat networks have the potential to
deliver a broad range of additional urban ecosystem services, depending on the type
and size of habitat patches and their management. This has been reflected in the new
approaches developed through this research — see section 8.2 and Appendix 6. The
importance of urban habitat was also highlighted in the expert interviews in response
to question 3.2 (see Appendix 2) — to your mind, what are the key components of

the urban natural environment? Key responses include:

“Fragmented habitats, primarily woodland [...] less intensively
managed openspaces [including] grassland meadows and some

components of more formal parks” (1-2)

“Areas of semi-natural habitat which will exist within parks and
public openspaces, infrastructure corridors, water network and river
corridors and public useable space such as allotments, cemeteries

and school estates” (1-3)

“Areas of limited human activity — we try to bring all our vacant and
derelict land back into use but it does have a value while it is

brownfield — e.g. through natural succession” (1-4)

As mentioned at section 5.2.1, habitat networks data from the Glasgow and
Clyde Valley Integrated Habitat Networks (GCVIHN) Project (Smith et al, 2008;
Corbett et al, 2009) has been used in this research in the development of the new
tools and models to support urban planning (see sections 7.4 and 8.2). The GCVIHN
project (ibid) modelled habitat networks for the following three broad habitats (see
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section 1.2 for further information the adoption of broad habitats as the unit of
analysis within the UK National Ecosystem Assessment — the UKNEA):

e Unimproved/neutral grassland: defined as the Phase 1°° categories
unimproved neutral grassland and marshy grassland

e Wetland: defined as all wetland habitats identified in the wetland and
grassland National Vegetation Classification® (NVC) survey ranging from
small open waterbodies to wet woodlands

¢ Woodland: defined as all areas of woodland from the OS MasterMap (see
section 2.4.2) and Phase 1% categories with broadleaved woodland (including

ancient broadleaved woodland) identified as a separate group

A further categorisation of these three broad habitats into discrete sub-
categories (i.e. in terms of the UKNEA and UK Biodiversity Action Plan) is
provided at Table 5.1. In light of this information, it has been possible to identify, in
general terms, the range of ecosystem services that these types of broad habitat may
provide with reference to key literature. This information has then been fed into the
tools and models developed in this research (see Chapters 7 and 8) to ensure that
habitat network related land use/management planning actions identified through the
modelling can be designed to deliver key ecosystem services, as may be required at a
given location (see section 8.2). In this regard, Table 5.2 identifies the potential
ecosystem services provided by the three broad habitats considered in this research
as well as the importance of the broad habitat for delivery of ecosystem services.

% The Phase 1 habitat classification and associated field survey technique is intended to provide a
relatively rapid system to record semi-natural vegetation and other wildlife habitats. INCC Phase 1
habitat survey handbook pages: http://jncc.defra.gov.uk/page-2468 [accessed 27/01/14]
% The NVC is one of the key common standards used by UK nature conservation agencies. It provides
a comprehensive classification and description of the plant communities of Britain, each
systematically named and arranged and with standardised descriptions for each:
psttp://incc.defra.qov.uk/paqe—4259 [accessed 01/04/14]

Ibid
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Table 5.1 Broad habitat types and sub-categories as defined in the UK National
Ecosystem Assessment (UKNEA) and UK Biodiversity Action Plan (UKBAP)

(Adapted from: Mace et al, 2011)

UKNEA broad | UKNEA component

habitat
Unimproved/
neutral
grassland

Freshwaters —
openwaters,
wetlands and
floodplains

Woodlands

habitat
Neutral grassland

Fen, marsh and swamp

Standing openwaters and
canals

Rivers and streams
Bog

Fen, marsh and swamp

Broadleaved, mixed and
yew woodland

Coniferous woodland

UK Biodiversity Action Plan (BAP) priority
habitats

Lowland meadows

Purple moor grass and rush pastures

Mesotrophic lakes

Eutrophic standing waters

Oligotrophic and dystrophic lakes

Aquifer fed naturally fluctuating water bodies
Ponds

Rivers

Lowland raised bogs

Lowland fens
Reedbeds

Lowland beech and yew woodland
Lowland mixed deciduous woodland
Wet woodland

Native pinewoods

Note: Information in the Table has been extracted from Mace et al (2011) to further define the three
broad habitats considered in this research within the new habitat network model (see sections 7.4 and
8.2 and Appendix 6). Specific UKNEA component habitats and UKBAP priority habitats have only
been selected for inclusion in the Table where they are either: 1) known to be found in Glasgow®®; or
2) where there is reasonable potential for the development of the habitat in an urban centre such as
Glasgow. Glasgow is the pilot urban centre used in this research (see section 2.1.4).

% Glasgow Local Biodiversity Action Plan (LBAP) pages:
https://www.glasgow.gov.uk/index.aspx?articleid=6054 [accessed 01/04/14]

165


https://www.glasgow.gov.uk/index.aspx?articleid=6054

Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

Table 5.2 Relationship between broad habitats and ecosystem services

(Adapted from: Haines-Young and Potschin, 2008; Bullock et al, 2011; Mace et al, 2011,
Maltby et al, 2011; Quine et al, 2011; UKNEA, 2011)

Key
importance of
broad habitat
for delivering
the service

Medium —

Low Low

Service [Final] ecosystem service Unimproved/ | Wetland Woodland

category semi-natural
grassland

Crops N/A

Livestock/ aquaculture

Fish N/A N/A

Trees, standing vegetation, peat

Provisioning

Water supply

Wild species diversity

Environmental settings — local places

Cultur
-al

Environmental settings — landscapes

Climate regulation

Hazard regulation

Disease and pest regulation

Pollination N/A

Noise regulation

Regulating

Water quality

Soil quality

Detoxification
& Purification

Air quality

Note: The Table provides an overview of the types of ecosystem service (based on the UKNEA
typology) provided by the three broad habitats considered in this research as well as an indication of
the relative importance of each habitat for the provision of each ecosystem service (from high — low).
More specific information on the ecosystem services provided by each broad habitat (including
specific mechanisms by which the services are provided etc) is available at section 3.2 and from the
references above. This information has informed the tools and models developed through this research
(see Chapters 7 and 8).

Chapter 5 was the last of the ecosystem service specific evidence assessment
chapters. Chapter 6 now discusses the evaluation of three existing land use planning

frameworks in terms of their ability to operationalise the ecosystems approach.
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6. Evaluating existing examples of ecosystems approach
based land use planning frameworks — strengths,

weaknesses and lessons for wider practice
The overarching aim of this research is to “understand, develop, trial and evaluate

new approaches to urban planning that can operationalise key aspects of the
ecosystems approach”. In order to meet this overarching aim, a substantive evidence
assessment has been undertaken as documented in Chapters 3, 4, 5 and 6. This is the
last of the evidence assessment chapters and documents the results of the evaluation
of existing examples of ecosystems approach based land use planning frameworks
under Research Objective No.3 (see Box 1.2). The rationale for this objective
recognises that although the ecosystems approach and land use planning are, in
effect, separate ‘disciplines’ with their own discrete theories (See section 2.1.2), there
are undoubtedly some existing land use planning frameworks that incorporate
aspects of the ecosystems approach, either explicitly or implicitly. Rather than trying
to ‘reinvent the wheel’ therefore, it makes sense to draw on the strengths of existing
approaches whilst learning from their weaknesses. The purpose of this section

therefore is to summarise the evaluation of existing ecosystems approach based land
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use planning frameworks. The detailed evaluation is documented at Appendix 7. The
specific research questions addressed by this part of the evidence assessment are:

e To what degree have the CBD ecosystems approach principles been
considered in the example land use planning frameworks? Which principles
have been considered?

e What types of method/approach have the example land use planning
frameworks used to consider the CBD principles in their land
use/management planning?

e What are the main strengths and weaknesses of the example land use
planning frameworks in terms of how they have considered the CBD

principles?

The specific methodological approach adopted in the evaluation of example
approaches is described at sections 2.2.4, 2.3.1 and 2.4.1. Section 2.3.1 includes an
explanation of the rationale behind the selection of example approaches to review. In
summary however, the CBD ecosystems approach principles (CBD Secretariat,
2013a) have been used as an evaluation framework i.e. the principles themselves
have been deconstructed as evaluation criteria (see Tables 2.3 and 3.8) and then
imposed on the example approaches. The evaluation considers the degree to which
the principles are met across a three point scale: 1) principle considered; 2) principle
considered to a degree; and 3) principle not considered. The more principles met, the
greater the potential of the example approach to operationalise the ecosystems
approach. Where principles are not met, these are key weaknesses and gaps that
arguably need to be met in the development of new approaches, such as the tools,
models and guidance developed in this research. The evaluation also helps to identify
specific methods, tools and data that may prove helpful for operationalising the
ecosystems approach (e.g. as per this research). The remainder of this section
summarises the evaluation of each example approach considered. A synthesis of the
evaluation overall is provided at section 6.4 including summary findings against the

three research questions listed above. The three example approaches considered are:
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e Thames Gateway Ecosystem Services Assessment Using Green Grids and
Decision Support Tools for Sustainability (THESAURUS) — see section 6.1

e Environmental Capacity in the East of England: Applying an Environmental
Limits Approach to the Haven Gateway — see section 6.2

e Glasgow and Clyde Valley Green Network Partnership (GCV Green Network
Partnership) Opportunities Mapping — see section 6.3

6.1 THESAURUS ecosystem services assessment and mapping project
THESAURUS was a case study research project that formed part of Defra’s Natural

Environment Policy Research Programme (Defra, 2009). The research was
undertaken by Collingwood Environmental Planning (CEP) Limited®” and Geodata
Institute®®. The overall aim of the project was “to evaluate the value and
appropriateness of using an ecosystem services approach within existing land use
planning frameworks, particularly its application through a range of decision support
tools using Kent Thameside as a case study” (Defra, 2008 p.7). Key details of the
approach adopted in THESAURUS are described at section 6.1.2. A summary of the
evaluation of THESAURUS against the CBD ecosystems approach principles (see
Tables 2.3 and 3.8) is shown on Figure 6.1.

6.1.1  Evaluation of the THESAURUS approach
The CBD ecosystems approach principles have been grouped on the basis of the

broader Scottish Government (2011c) categorisation (see Table 3.8). In terms of the
management of natural systems principles, the THESAURUS approach has a mixed
performance. The approach has considered scale (EsA4) and effects on adjacent
ecosystems (EsAl) to a degree and the conservation of ecosystem structure and
function (EsA2) has been considered fully (see Appendix 7). In particular, the
THESAURUS approach includes explicit consideration of key ecosystem
processes/intermediate services (e.g. hydrological cycle and ecological networks)

through the use of network analysis and the spatial representation of proxy

%7 Collingwood Environmental Planning is a UK based independent multidisciplinary environmental
and sustainability consultancy: http://www.cep.co.uk/ [accessed 27/01/14]

% Geodata Institute is a University of Southampton based research institute and consultancy unit
specialising in environmental data management and analysis:
http://www.geodata.soton.ac.uk/geodata/ [accessed 27/01/14]
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ecosystem services at the land parcel level (further information on methods adopted
in THESAURUS is provided at section 6.1.2). Ecosystem processes/intermediate
services capture the fundamental aspects of ecosystem function that support
ecosystem services (see section 3.2.1 and Figure 3.8). In this regard, THESAURUS’
comprehensive consideration of these services is supportive of ESA2 on conserving

ecosystem structure and function.

Radar Diagram FEcosystem approach prindple

Code

EsA 1 Consider effects on adjacent ecosy stems
EsA 2 Conserve ecosy stem structure and function E
EsA 3 Ecosystem management must respect environmental g
limits = 3
EsA 4 Adopt the ecosystems approach at appropriate ‘g &
spatial and temporal scale g &
EsA 5 Set long term objectives for ecosy stem management :=::
EsA 6 Ecosystem management must recognise that change is E
inevitable
EsA 7T Understand and manage the ecosy stem in an economic
context §
EsA 8 Ensure an appropriate balance between conservation ? it b
and vse of biodiversity = EsA 11
EsA 9 Objectives for ecosy stem management are a matter of
societal choice o
EsA 10 Ecosystem management should be decentralised to the E* EsA 10
lowest appropriate level E
EsA 11 Consider all forms of relevant information including -5
scientifielocal knowledge. practice and innovation §
EsA 12 Involve all relevant sectors of society and scientific =S
disciplines

Figure 6.1 THESAURUS - summary of evaluation against Convention on Biological
Diversity (CBD) ecosystems approach principles

Note: The Figure summarises the evaluation of THESAURUS against the CBD ecosystems approach
principles. The detailed evaluation is provided at Appendix 7. The evaluation assesses each principle
in turn in terms of whether the case study has considered the principle fully (a score of 3 on the radar
diagram), to a degree (a score of 2 on the radar diagram) or not at all (a score of 1 on the radar
diagram). Uncertain assessments are indicated by a score of 0 on the radar diagram (e.g. where
consideration of the principle is implicit but not evidenced clearly within the materials reviewed).
EsAl — 6 relate to management of natural systems principles against which THESAURUS has a
mixed score. THESAURUS’ performance against EsA7 and 8, which relate to ecosystem service
principles is consistent. ESA9 — 12 relate to involving people principles against which THESAURUS
scores consistently.

Conversely, THESAURUS has not considered management of natural
systems principles on environmental limits (EsA3), setting long term objectives for
ecosystem management (ESA5) and recognition that ecosystem change is inevitable
(EsAB6). In effect, there is no implicit or explicit discussion of these principles in the
material reviewed. As a proof of concept study however, THESAURUS was more
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concerned with trialling and evaluating methodologies as opposed to using these
methodologies to develop objectives and deliver land use/management on the
ground. In this regard, ESA5 and 6 are perhaps less relevant though ESA3 on
environmental limits is critical.

In terms of the ecosystem service principles (see Table 3.8), the
THESAURUS approach has considered both principles to a degree (see Appendix
7). In relation to ESA7 — understand/manage ecosystem in an economic context — the
approach recognises the context specific nature of ecosystem service values (either
monetary or nominal) and how context in this regard can include costs associated
with land management to ensure a given level of service. In relation to ESA8 —
appropriate balance between conservation and use of biodiversity — the approach
includes specific consideration of biodiversity (and other important elements of
biodiversity including habitats and ecological networks) though there is no specific
mechanism for balancing the protection of biodiversity with its use.

The THESAURUS approach is relatively consistent across the involving
people principles (see Table 3.8). In particular, the approach includes a broad
definition of stakeholders that the practitioner may wish to engage in the
methodology, including in the development of objectives for ecosystem management
(EsA9). Furthermore, it is suggested that specific technical steps in the approach (e.g.
the weighting of criteria used in the GIS based mapping of proxy ecosystem services)
are opened up to a range of stakeholders, supporting the notion that all forms of
relevant information should be considered in the planning and delivery of ecosystem
management (EsAll). THESAURUS was a research project designed to test the use
of the ecosystem services concept within existing land use planning frameworks. As
such, the practical application of the approach in terms of informing land
management decision-making on the ground was not tested. Accordingly it has not
been possible to evaluate the degree to which THESAURUS might be able to support
decentralised ecosystem management at the lowest appropriate level, hence why

EsA10 is marked as uncertain on Figure 6.1.

171



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

6.1.2 The THESAURUS approach — key innovations
The approach adopted in THESAURUS draws heavily on a related Defra Natural

Environment Policy Research Programme project that sought to establish and agree
what an ecosystems approach might involve in practice as well as the case for
adopting the approach in the management of England’s terrestrial ecosystems
(Haines-Young and Potschin, 2008). As part of an ecosystems approach, Haines-
Young and Potschin (ibid) explored three different approaches to assessing
ecosystem services: 1) a habitats perspective that would approach the assessment of
ecosystem services via consideration of discrete ecological units (i.e. habitats) and
the ‘bundles’ of services that they provide; 2) a services perspective that would
assess the services provided by the habitats as opposed to the habitats themselves;
and 3) a place-based perspective that seeks to take an integrated view of the habitats,

ecosystem services and their interrelationships within a defined area.

Inputs Methodological process Scale
Typology .
of ecosystem services
" Sub-regional
. level
Literature Categorisation
of land use/land cover
Stakeholder ‘
engagement
Network analysis Local level
Spatial data sets (linking ecosystem services with land M
use/land cover)
N GIS mapping ¢

of ecosystem services

Figure 6.2 THESAURUS - overview of methodological approach
(Source: Sheate et al, 2012)

In effect, THESAURUS has adopted the latter of the three approaches in the
assessment of ecosystem services i.e. a place-based approach. Crucially,
THESAURUS recognised that the approach adopted must be tailored to the specific
decision-making context. In THESAURUS?’ case therefore, the context is urban/peri-

urban land use planning at sub-regional and local scales and it was important to
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“express the ecosystem services identified in a language and context familiar to
planners” (Sheate et al, 2012 p.8). In this regard, a habitats-based approach was
considered to be inappropriate primarily as habitats, as a unit of analysis, were felt to
be unfamiliar to planners (Sheate et al, 2012). Furthermore, it was felt that the
granularity of the available habitats data (e.g. Phase 1 habitats survey® data) would
not adequately reflect the heterogonous nature of the urban natural environment
within the study area (ibid).

The case study area addressed by THESAURUS was Kent Thameside,
purportedly the largest brownfield site regeneration project in Europe at the time
(Kent Thameside, 2010; Sheate et al, 2012). In line with the area’s strategic
importance, a green infrastructure strategy had been prepared for Kent Thameside
referred to as the ‘green grid’ (Kent Thameside, 2006). In conjunction with Planning
Policy Guidance Note 17 — the then planning policy on openspace, sport and
recreation — it was felt that the Kent Thameside Green Grid (KTGG) could provide a
“geospatial dataset that encompassed a classification system that was available and
familiar to land use and openspace planners” (Sheate et al, 2012 p.11). In this regard,
the natural environment type land uses defined within PPG17 and the KTGG (which
are similar to those defined in PANG65 — see Table 3.4) then became the unit of
analysis for ecosystem service assessment within the overall framing of a place-
based approach. Crucially, the land use categories within these two documents would
have been familiar to planners in the three planning authorities within the study area.
A similar approach to characterisation of the urban natural environment has been
adopted in this research (see section 3.1.3 and Chapters 7 and 8).

In adopting a place-based approach, THESAURUS developed some useful
methodological innovations that have wider relevance for other urban land use
planning contexts, particularly in relation to the involving people ecosystems
approach principles (see Table 3.8 and Figure 6.1). The overall THESAURUS
approach is indicated on Figure 6.2. The approach is premised on the notion that “a

typology of ecosystem services can be developed for any location (and at any scale)

% The Phase 1 habitat classification and associated field survey technique is intended to provide a
rapid system to record semi-natural vegetation and other wildlife habitats. JNCC Phase 1 habitat
survey handbook pages: http://jncc.defra.gov.uk/page-2468 [accessed 27/01/14]
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which describes and categorises the ecosystem services provided in that area”
(Sheate et al, 2012 p.7). In effect, this recognises that the natural environment in a
defined urban location — through its network of greenspace and semi-natural habitats
— will be providing a range of ecosystem services. Crucially, THESAURUS’
approach to defining the ecosystem service typology draws on several
methodological devices (see Figure 6.2): 1) a literature review incorporating
literature of wider and more local relevance; 2) stakeholder engagement to validate
and refine the literature based typology; and 3) integration of spatial data sets in a
GIS to map the spatial representation of proxy ecosystem services (Defra, 2008;
Sheate et al, 2012).

The THESAURUS methodological devices mentioned above and shown on
Figure 6.2 have the potential to support key CBD ecosystems approach principles.
The two tiered approach to literature review for example can support the
consideration of all forms of relevant information, including scientific/local
knowledge, practice and innovation (EsAll). For example, higher level/more
globally relevant literature (e.g. MA, 2005; Mace et al, 2011) can help practitioners
to identify a broad/generic ecosystem service typology that can then be refined with
consideration of relevant local literature such as existing planning frameworks (e.g.
local planning frameworks and masterplans), local biodiversity action plans
(LBAPS), evidence in existing consultations and community surveys and literature
produced by local interest groups.

Crucially, the stakeholder engagement element provides an important
opportunity to validate the literature generated ecosystem service typology. Although
THESAURUS adopted a broad definition of stakeholders, the stakeholder
engagement element of the project was necessarily quite focussed due to scope and
resources, particularly for the sub-regional level/Kent Thameside focussed analysis
where the stakeholder engagement was undertaken with technical stakeholders and

key agencies only” (William Sheate, personal communication, January 29, 2014).

" THESAURUS also tested the ecosystem service assessment approach at a more local scale in the
Ebbsfleet Valley (CEP and Geodata Institute, 2008b). Given the more local nature of this case and the
greater accuracy with which the ecosystem service typology could be developed, it was considered
appropriate and worthwhile to engage a greater number of stakeholders including affected
communities. In this regard, approximately thirty people were engaged as part of a workshop based
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Figure 6.3 THESAURUS - flood regulation/storage ecosystem service map
(Source: CEP and Geodata Institute, 2008a)

Note: The Figure shows an example ecosystem service map from the THESAURUS project for flood
regulation/storage i.e. the ability of the land to store flood water and potentially help to reduce flood
risk elsewhere (e.g. central London in the event of a tidal surge). The ecosystem service values shown
are nominal — the darker blue the area of land, the greater the value of the flood regulation/storage
ecosystem service. The criteria (i.e. causal variables) and scoring used for estimating proxy ecosystem
services are shown on the key. These are: 1) adjacency to flood zone; and 2) the water storage
capacity of the land use e.g. native woodland and wetland are considered to have a higher storage
capacity than arable land.

Following the literature and stakeholder based identification of the ecosystem
service typology, THESAURUS also sought to visually represent these services
using GIS software (ArcGIS) “so that planners could see which areas were likely to
provide which services” (Sheate et al, 2012 p.15). Such an approach can provide a
useful visual depiction of the benefits and potential multifunctionality of the existing
KTGG as well as offering an insight into how this might change in light of proposed
land use change (e.g. the loss or modification of KTGG elements following

development). In this regard, ecosystem service maps can be used to steer land use

approach to identifying the key uses of the natural environment in the case study area (William
Sheate, personal communication, January 29, 2014)
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planning towards more sustainable decisions e.g. identifying multifunctional
elements of the natural environment providing several ecosystem services that should
be protected (CEP and Geodata Institute, 2008a; Sheate et al, 2012). An example
ecosystem service map from THESAURUS is shown at Figure 6.3. In effect, this
thesis thesis has taken the opposite approach — i.e. using spatial models to identify
where multiple ecosystem services may be required, rather than where they are
already being supplied (see section 8.20.

Table 6.1 THESAURUS - causal variables and data sources for key ecosystem services
(Source: CEP and Geodata Institute, 2008a)

Ecosystem service Causal variable/factor affecting Data requirements (GIS data or data

service provision that can be linked to GIS from other
models)
Erosion regulation Soil type National soils database
Vegetation cover/cropping patterns | NDVI™, Landsat data, agricultural
census
Sediment release PSYCHIC model
Relief Topography data
Water and flood Adjacency to flood zone Environment Agency or SEPA flood
regulation extent data
Water storage capacity of land use Habitats data/land cover data
Recreational spaces — | Adjacency to population Census data
active and passive Avrea of site Greenspace size

recreation

Note: Based on key findings from the THESAURUS project, the table above indicates key causal
variables that can affect the supply of three example ecosystem services as well as GIS data (or data
from other models that can be linked to GIS) that can be integrated with land use/cover data to
produce a more refined proxy ecosystem service map. For example, the erosion regulation services
provided by an area of land will be affected by soil type, vegetation cover and relief/slope.

Eigenbrod et al (2010) describe two broad approaches for producing
ecosystem service maps: 1) methods that incorporate the use of at least some primary
data from within the study region; and 2) methods that do not use any primary data —
i.e. maps that are based purely on proxies. In their comparative study, Eigenbrod et al

(ibid) identified significant variation between ecosystem service maps produced with

™t Normalised Difference Vegetation Index (NDVI) maps are derived from remote sensing data. Maps
provide an overview of the status and dynamics of vegetation, providing a measure of the amount of
live vegetation cover: Australian Government Bureau of Meteorology (2014) NDVI information
http://www.bom.gov.au/climate/austmaps/about-ndvi-maps.shtml [accessed 30/01/14]

2 PSYCHIC is a process based model of phosphorous and suspended sediment mobilisation in land
runoff and subsequent delivery to watercourses: Davison et al (2008)
http://www.sciencedirect.com/science/article/pii/S0022169407006233 [accessed 30/01/14]
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primary data and those using proxies alone, concluding that proxy maps are likely to
provide poor estimates of the actual distribution of ecosystem services. Despite this,
proxy based approaches can provide a useful estimate where primary data is lacking
(ibid). It is also possible to refine a land cover based proxy approach (i.e. where the
mapping of ecosystem services draws on land cover data alone) by integrating the
land cover dataset with additional data based on an understanding of causal
relationships between ecosystem services and the contextual factors that influence
their value/importance. For example, flood storage and recreation services are more
valuable in proximity to urban centres i.e. where large numbers of people live (Chan
et al, 2006; Eigenbrod et al, 2010). It follows therefore that integrating data on
population density can refine a basic land cover proxy layer (ibid).

In essence, THESAURUS adopts this approach whereby proxy ecosystem
services are mapped based on a logical combination of likely causal variables. The
KTGG land use typology was used as the unit of analysis in this regard with a map of
different categories of KTGG type land uses for the area developed using Ordnance
Survey MasterMap’® (OSMM) as a framework for the mapping (Sheate et al, 2012).
The particular methodological innovation of interest however was the identification
of sample causal variables that can influence ecosystem service provision and the
linking of these variables to specific spatial data sets. Crucially, this was identified
for the full range of supporting, regulating, provisioning and cultural services
identified through the literature and stakeholder processes (see Figure 6.2). In this
regard, THESAURUS represents a potentially significant refinement of proxy based
ecosystem service mapping methodologies and key aspects of the approach have
been adopted in the new tools and models developed through this research (see
Tables 2.9 and 7.1 and Chapter 7). Example services, causal variables and data
sources from THESAURUS are shown at Table 6.1. A summary of THESAURUS’

key methodological innovations is listed below.

® OS MasterMap is the Ordnance Survey’s most comprehensive product. OSMM products pages:
http://www.ordnancesurvey.co.uk/business-and-government/products/mastermap-products.html
[accessed 30/01/14]

177


http://www.ordnancesurvey.co.uk/business-and-government/products/mastermap-products.html

Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

e Effective use of a place-based approach, as an overall framing, in order to
define an ecosystem service typology for a given area
e Use of literature review to identify ecosystem services provided within the
study area including:
o Higher level literature of more global relevance (e.g. MA, 2005 and
Mace et al, 2011)
o Local literature of more direct relevant to the study area
e Use of stakeholder engagement to refine and validate proposed ecosystem
service typology (i.e. based on literature alone)
o ldentification of causal variables and data sources for the full range of
ecosystem services within the typology to produce refined proxy ecosystem

service maps

The tools and models developed in this research have adopted aspects of
THESAURUS’ methodological innovations. In particular, the GIS based approach to
ecosystem services assessment, especially the use of causal variables to refine proxy
assessments and the integration of external qualitative data with spatial datasets, has
been used extensively (see Tables 2.9 and 7.1, Chapter 7 and Appendices 8, 9 and
10). The literature review ecosystem service typology and stakeholder engagement
aspects (see Figure 6.2) are key methods/approaches that can support the translation
of ecosystems approach principles in urban land use/management however they have

not been considered in the new approaches developed through this research.

6.2 EERA environmental limits mapping project
Regional Spatial Strategies (RSS) provided regional level planning frameworks for

the eight English regions until they were revoked in 2010 as part the new
Conservative/Liberal Democrat coalition government’s localism agenda (DCLG,
2010). At the examination of the draft East of England RSS, concern was expressed
that the scale and location of proposed growth could exceed the environmental
capacity of the region, with a risk that environmental limits could be exceeded
(EERA, 2008). In response to these concerns, the East of England Regional

Assembly (EERA), a body that no longer exists, commissioned a study to develop a
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new method that could inform spatial planning at regional and sub-regional scales by
taking better account of environmental limits (ibid). The study was undertaken by
Land Use Consultants’ (LUC) with inputs from Cranfield University. Key details of
the approach adopted in the EERA environmental limits project are described at
section 6.2.1. A summary of the evaluation of EERA against the CBD ecosystems

approach principles (see Tables 2.3 and 3.8) is shown on Figure 6.4.

6.2.1  Evaluation of the EERA approach
The CBD ecosystems approach principles have been grouped on the basis of the

broader Scottish Government (2011c) categorisation (see Table 3.8). In terms of the
management of natural systems principles, the EERA approach scores consistently
fairly well. The approach has considered effects on adjacent ecosystems (EsAl), the
conservation of ecosystem structure and function (EsA2) and the setting of long term
objectives for ecosystem management (ESA5) to a degree. Given the nature of the
project it is unsurprising that environmental limits (EsA3) have been considered fully
(though there are issues with the approach adopted — see sections 6.2.2 and 6.4.1) as
has the need to consider the ecosystems approach at appropriate spatial and temporal
scales (EsA4). Similarly to THESAURUS (see section 6.1.1), there is no explicit or
implicit consideration of the fact that some degree of ecosystem change will be
inevitable (ESA 6). See Appendix 7 for further details.

The consideration of environmental limits is approached using environmental
state indicators (see section 3.2.1) using readily available environmental data and a
two phase model of: 1) within environmental limit; or 2) environmental limit
exceeded. The comprehensive consideration of EsA4 relates specifically to the
appropriate use of spatial scale (i.e. the approach is designed to inform spatial
planning at regional and sub-regional scales, both of which will encompass key
natural features such as strategic ecological networks and water catchments) as well
as temporal scales. Temporal scale is considered through the assessment of pressures
and trends affecting the environmental indicators. In this regard, the assessment can

“suggest the likely evolution of the current state of the environment” (EERA, 2008

™ LUC is a UK based environmental planning, design and management consultancy:
http://www.landuse.co.uk/ [accessed 01/02/14]
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p.37). EERA’s approach to mapping environmental limits adopts an environmental
topic/issues based approach i.e. environmental state indicators are identified for
discrete environmental issues such as water quality, air quality, landscape etc. Whilst
this is a useful and practical approach (i.e. the literature identifies environmental
state indicators as one approach to defining environmental limits — see section 3.2.1),
it does not recognise the integrated nature of ecosystems and ecosystem services
including key aspects of ecosystem function as per EsSA2. Further details are
provided in Appendix 7. The new spatial models developed in this research use
ecosystem services type indicators to help address this issue through the
consideration of multiple spatial datasets (see Chapter 7).

In terms of the ecosystem service principles (see Table 3.8), the EERA
approach considers the need to manage ecosystems in an economic context (ESA7)
to a degree whilst the balancing of conservation and use of biodiversity (ESA8) has
not been considered (see Appendix 7 also). This latter issue may be particularly
significant as there is an emphasis within the EERA approach on the transferability
of ecosystem services including reference to “opportunities to import, recreate or
substitute the services [provided by the study area]” (EERA, 2008 p.20). As
discussed at section 3.2.1 and 3.2.2, a key premise of the ecosystem services concept
is the notion that the interactions between an ecosystem’s living and non-living
components are what determine the “quantity, quality and reliability of ecosystem
services” (Mace et al, 2011 p.5). In this regard, the maintenance of biodiversity and
other key ecosystem processes/intermediate services (see Figure 3.8) is essential for
ecosystem function and ecosystem services. As such, EERA’s poor consideration of
ESAS8, its topic based approach to environmental limits mapping and its focus on the
potential transferability of ecosystem services could work against commonly held
tenets of ecosystem services and the ecosystems approach in relation to biodiversity
and ecosystem function issues. The new models and guidance developed in tis
research incorporate specific consideration of biodiversity to address this sort of

issue (see section 7.4 and Appendix 6).
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Radar Diagram Ecosystem approach prindple

Code
EsAl Consider effects on adjacent ecosy stems
EsA 2 Conserve ecosystem structure and function E
EsA 3 Ecosystem management must respect environmental g
limits T3
EsA 4 Adopt the ecosystems approach at appropriate '§ &
spatial and temporal scale S =
EsA 5 Set long term objectives for ecosy stem management %ﬂ
EsA 6 Ecosystem management must recognise that change is s
inevitable
EsA 7 Understand and manage the ecosyvstem in an economic
context §
A N - - — o EsA 128
EsA 8 Ensure an appropriate balance between conservation g
and use of biodiversity = - .
EsA 9 Objectives for ecosystem management are a matter of
societal choice 5 \
EsA 10 Ecosvstem management should be decentralised to the '§~ EsA 10
lowest appropriate level 2 A
EsA 1l Consider all forms of relevant information including %ﬂ EsA €
scientificlocal knowledge, practice and innovation §
EsA 12 Involve all relevant sectors of society and scientific =
disciplines

Figure 6.4 EERA — summary of evaluation against Convention on Biological Diversity
(CBD) ecosystems approach principles

Note: The Figure summarises the evaluation of EERA against the CBD ecosystems approach
principles. The detailed evaluation is provided at Appendix 7. The evaluation assesses each principle
in turn in terms of whether the case study has considered the principle fully (a score of 3 on the radar
diagram), to a degree (a score of 2 on the radar diagram) or not at all (a score of 1 on the radar
diagram). ESAl — 6 relate to management of natural systems principles which EERA scores
consistently fairly well against. EERA’s performance against EsA7 and 8, which relate to ecosystem
service principles, is more mixed. ESA9 — 12 relate to involving people principles which EERA scores
consistently well against with the exception of ESA10.

EERA scores consistently well across the involving people principles (see
Table 3.8) with all principles except for ESA10 on decentralised ecosystem
management considered fully (see Appendix 7). In particular, the EERA approach
recognises that there are two ways in which environmental limits can be determined
(see section 3.2.1) i.e. scientifically based on biophysical thresholds or socially based
on societal preferences. In line with this distinction, EERA (2008 p.12) highlights
how “environmental limits need to be predetermined and supported by stakeholders”.
Given resource constraints for the research project, only technical stakeholders were
engaged in the determination of environmental limits though if the approach was to
be adopted wholesale in RSS planning, the study recommended that the wider public
should be engaged, supporting wider consideration of the involving people

principles.
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6.2.2 The EERA approach — key innovations
In line with the findings of the evaluation against ecosystems approach principles

(see section 6.2.1), the EERA project has developed a number of key methodological
innovations that have wider relevance for other urban (and rural) land use planning
contexts. Unlike the THESAURUS case study (see section 6.1) however, EERA’s
innovations may be more generally applicable. This is borne out on the radar
diagrams illustrated at Figure 6.4 which are ‘fuller’ and more consistent than the
THEASURUS diagrams at Figure 6.1. In effect, EERA’s methodological innovations
arguably have the potential to support the consideration and integration of most of
the ecosystems approach principles.

For example, the EERA approach has been designed to add value to existing
land use/environmental planning tools, namely strategic environmental assessment
(SEA). In particular, the EERA approach can refine assessment processes in SEA by
helping to determine the significance of environmental effects. By linking
environmental limits/ecosystem services with different pressures (e.g. climate
change, land take and population growth) the EERA approach “enables more
spatially specific conclusions to be drawn about where within the plan area
[significant environmental effects are likely to occur, taking cognisance of
environmental limits, and therefore where] environmental mitigation may be
required, and for which environmental topics or services” (EERA, 2008 p.14). The
focus on integration with SEA may also support consideration of the involving
people principles (see Table 3.8) as SEA imposes a statutory requirement for public
consultation. In this regard, EERA (ibid) highlight how the “process for defining
environmental limits takes account not just of scientific knowledge but also local
perceptions of the relative value of environmental features or benefits”. In essence,
the SEA and environmental limits mapping are mutually supportive — the former
provides a public engagement platform for the latter whilst the latter adds robustness
to environmental assessment and mitigation in the former.

EERA has also developed a workable (though imperfect — see text below and
section 6.4.3) methodology for mapping environmental limits for a number of
environmental issues/topics. This includes defining environmental limit indicators,

identifying suitable spatial datasets and determining environmental limits for each
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issue/topic considered (with input from key stakeholders). Although the evaluation
has identified key weaknesses with this approach (e.g. it was not possible to identify
indicators, data or limits for every environmental issue/topic considered), EERA
does provide an approach for mapping environmental limits for discrete issues/topics
(see Figure 6.5) as well as integrating individual maps to produce a composite map
(see Figure 6.6). In essence, the composite map can be regarded as an outline spatial
strategy for the study area, highlighting broad spatial locations where environmental
capacity is likely to be supportive of development/land use change and where it is

not (see Figure 6.6).

Environmental Capacity in the
East of England: Final Report

Figure 4.6: Land-based flora and
fauna relative to limit

B vnscoeptasie

| NA-no SSSI units present

’
u‘l AND USE

\ CONSULTANTS

4 :

Figure 6.5 EERA environmental capacity project — land based flora and fauna
environmental limits map

£ %3 L &

(Source: EERA, 2008)

Note: The Figure shows the distribution of aggregated 1km x 1km cells where the status of land based
flora and fauna is considered to be acceptable or unacceptable with respect to the environmental limit
defined through the EERA project. The environmental state indicator used for this specific
environmental limit is Site of Special Scientific Interest (SSSI) unit condition. As such, this indicator
does not provide a surface for the whole study area as only certain parts of the study area are
designated as SSSls, hence why the map above includes an additional classification for many of the
grid squares of “N/A — no SSSI unit present” (i.e. pale yellow cells).
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Environmental Capacity in the
East of England: Final Report
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Figure 6.6 EERA environmental capacity project — composite environmental limits
map

(Source: EERA, 2008)

Note: The map above is an overlay of all individual environmental limits maps produced in the EERA
project (nine in total). Because all spatial datasets were converted to a 1km x 1km grid, all the layers
are compatible and can be overlayed in the GIS to identify cells where more than one environmental
limit has been breached. Using simple map algebra, the cumulative score of unacceptable cells can be
calculated for each cell. The higher the cumulative score of unacceptable cells (i.e. red coloured cells
on the map above), the lower the environmental capacity and vice versa.

Whilst there are strengths to the EERA approach, the weaknesses are
significant and need to be considered in the future development of ecosystems
approach based land use planning methods. A key issue is the highly simplistic
nature of the EERA approach. The mapped outputs are 1km x 1km cells that are
deemed to be either acceptable or unacceptable in terms of environmental limits. As
shown on the composite map at Figure 6.6, this approach identifies broad areas
where the cumulative score of unacceptable cells is high (dark red areas) and low
(dark green areas). In simple terms therefore, dark green areas can be construed as
having more environmental capacity than dark red areas and therefore may offer

more suitable locations for development (i.e. locations with ‘spare’ environmental
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capacity). As EERA’s approach to defining environmental limits focusses on
environmental state indicators as opposed to ecosystem service indicators (see
section 3.2.1), all of the areas with high cumulative unacceptability scores are
clustered around the study area’s main urban centres (as this is where cumulative
pressure on the natural environment is greatest and therefore where it is most
degraded).

Taken in isolation therefore, there is a risk that the composite map might be
interpreted in such a way that it steers development away from urban centres towards
more rural areas where environmental quality (and ecosystem service provision) is
higher. For example, the composite map (see Figure 6.6) suggests that there is a high
degree of environmental capacity along the coastal fringe (i.e. the strip of dark green
cells) though the natural environment in this area will likely be providing vital
ecosystem services that are unlikely to be substitutable (e.g. flood storage, protection
against storm surges etc) that should therefore be protected and enhanced.
Considering ecosystem services instead of environmental state indicators could help
to draw attention to the need for enhanced ecosystem services in urban areas (i.e. to
address environmental quality issues) and the protection of high value ecosystem
services in more rural areas. In this regard, it could be more appropriate to pursue a
spatial strategy of small scale sustainable development in rural areas combined with
a development focus in urban centres incorporating environmental improvement
projects to enhance urban ecosystem services. A summary of the EERA’s key
methodological innovations is listed below:

e Adding value to existing environmental and land use planning
tools/approaches (SEA)

e Identifying indicators, datasets, limit values and the procedures and methods
required to map environmental limits for several discrete environmental
topics/issues

e Characterisation of ecosystem services provided by discrete environmental

issues/topics (e.g. services provided by water, air, landscape, biodiversity etc)
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e Linking environmental limits/ecosystem services with pressures and potential

land use planning responses that can be used to mitigate pressures

The tools and models developed in this research have not adopted any aspects
of the EERA approach. The research has, however, paid close attention to the key
weaknesses of the EERA approach, especially in relation to the use of environmental
limit composite maps informing spatial planning (see Figure 6.6). In particular, the
consideration of environmental limits in the new tools and models developed in this
research uses ecosystem service indicators as opposed to environmental/ecosystem
state indicators to help planners think spatially about where land use/management
change may be required to enhance ecosystem services and restore degraded
ecosystems (see Chapters 7 and 8 and Appendices 8, 9 and 10).

6.3 Glasgow and Clyde Valley (GCV) green network opportunities mapping
The Glasgow and Clyde Valley (GCV) Green Network Partnership™ is a

collaboration between the eight local authorities in the GCV Strategic Development
Plan’® region (see section 3.1.1) as well as other key planning, land use, natural
environment and health stakeholders including SNH, FCS, SEPA, Scottish
Enterprise and Glasgow Centre for Population Health (GCPH). The overall aim of
the partnership is to “make the Glasgow metropolitan region one of Europe’s most
attractive places to live work and play through the creation of a large functional
green network” (GCV Green Network Partnership, 2013a).

The green network is defined as a “network of high quality connected green
and open space which delivers a range of multiple benefits [...] it is designed and
maintained to deliver these benefits into the future” (GCV Green Network
Partnership, 2011 p.3). The Partnership (ibid) defines a range of green network
components (see Table 6.2), based on landscape ecology theory (see Chapter 5), that
comprise any number of types of green and open space as defined in PANG5 (see

section 3.1.3 and Table 3.4). The networked nature of the concept relates to the

> GCV Green Network Partnership homepage: http://www.gcvgreennetwork.gov.uk/ [accessed
03/02/14]

"® GCV Strategic Development Planning Authority homepage: http://www.gcvsdpa.gov.uk/ [accessed
03/02/14]

186


http://www.gcvgreennetwork.gov.uk/
http://www.gcvsdpa.gov.uk/

Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

notion of green and openspace sites that are linked by paths (for walking and
cycling) and other blue/green corridors including natural and manmade watercourses
and habitat networks (see Chapter 5). In this regard, there are strong links between
the green network concept and the framing of the urban natural environment as per
this thesis i.e. ‘green’ and ‘natural’ environment type urban land uses forming a
network of greenspaces and semi-natural habitats that provide ecosystem services
(see sections 3.1.3 and 3.2.1). For example, the GCV Green Network Partnership talk
about green network benefits which, in effect, can be considered synonymous with

urban ecosystem services.

Table 6.2 Glasgow and Clyde Valley (GCV) green network components
(Adapted from GCV Green Network Partnership, 2011)

Green network component | Description

Green network cores/hubs Large areas of existing or new greenspace which already deliver a
wide range of green network benefits. The aim should be to protect
and expand these areas, to create new cores/hubs, create visual
connections and, critically, to develop corridors to link them

Green network Continuous corridors of greenspace along rivers, disused railways,

corridors/links paths and cycleways and existing railways and roads which serve to
connect Green Network Cores/Hubs. Many of these corridors are
incomplete, or provide a limited number of functions, so a key aim is
to increase the number, continuity, visual interaction and functionality
of these corridors

Green network stepping It may not always be necessary or appropriate to create a continuous

stones corridor of greenspace. Many plant and animal species, for example,
are able to move short distances between areas of habitat. Historically
suburbs had regular public and private squares set amongst densely
developed terraces. The development of Green Network Stepping
Stones can provide incomplete corridors linking larger areas of
greenspace. This could include the planting of street trees, improved
roadside verges or garden improvement.

Isolated greenspaces It is likely that there will always be some isolated greenspaces which
are difficult to connect to the wider Green Network. While the
functions of such spaces are likely to be more limited, they still have
potential to provide considerable benefits to local communities

The GCV Green Network Partnership have developed a GIS based
methodology for identifying and mapping spatial green network opportunities (GCV
Green Network Partnership, 2011). The approach was originally developed for use as
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part of the process of developing the GCV Strategic Development Plan (SDP), within
which “there was a desire for a spatial representation of the opportunities for delivery
of the green network through the planning system” (GCV Strategic Development
Planning Authority, 2011 p.7). The approach uses a range of green network related
spatial datasets, integrated in a GIS, to identify strategic priority locations for
targeting green network delivery through the planning system (e.g. within SDP and
LDP policy and Development Management — see section 3.1.1). As per the above,
the definition of green network is such that it can be considered synonymous with the
‘green’ and ‘natural environment’ type urban land uses considered in this research —
i.e. both definitions adopt the PANG5 land use typology as per Table 3.4. Also, green
network benefits or functions are, in essence, ecosystem services e.g. attractive
locations/environmental settings, recreation, various aspects of climate change
adaptation, ecological networks etc (GCV Green Network Partnership, 2011). In this
regard, the green network opportunities mapping approach is, in essence, a land use
planning tool that adopts key principles of the ecosystems approach. Further details
of the green network opportunities mapping approach are described at section 6.3.1.
A summary of the evaluation of the approach against the CBD ecosystems approach
principles (see Tables 2.3 and 3.8) is shown on Figure 6.7.

6.3.1  Evaluation of the green network opportunities mapping approach

The CBD ecosystems approach principles have been grouped on the basis of the
broader Scottish Government (2011c) categorisation (see Table 3.8). In terms of the
management of natural systems principles, the green network opportunities approach
has a mixed performance (see Figure 6.7). The approach has considered effects on
adjacent ecosystems (EsAl), the conservation of ecosystem structure and function
(EsA2) and the setting of long term objectives for ecosystem management (ESA 5) to
a degree (see Appendix 7). In terms of ESA2 for example, the focus of the green
network approach is very much on conservation management and ecological
connectivity — i.e. improving the condition of existing habitat and then developing
new habitat mosaics to join up fragmented habitats and improve overall connectivity.
The consideration of long term objectives (EsAS) is implicit through the approach’s

focus on integration of outputs with the LDP process. LDPs within the city regions
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encompassed by SDPs (see section 3.1.1) are required to plan for a ten year horizon
which arguably offers an appropriate timeframe for the delivery of ecosystem scale
restoration/improvement projects (this is applicable to the new approaches developed
in this research — see section 8.3). The approach has also fully considered the need to
plan at appropriate spatial and temporal scales (EsA4), mainly as the tool is designed
for implementation at the local authority spatial scale and to inform planning across
ten year timeframes (see ESA5 also). Conversely, environmental limits (EsA3) and
recognition that change is inevitable (EsA6) have not been considered at all. Poor
consideration of ESA3 is a particular concern given that the approach is designed to
input to the LDP process (i.e. there may be scope to inform the scale, location and

type of development).

Radar Diagram Ecosystem approach principle

Code
EsAl Consider effects on adjacent ecosy stems
EsA 2 Conserve ecosy stem structure and function E
EsA 3 Ecosy stem management must respect environmental §
limits T E
EsA 4 Adopt the ecosystems approach at appropriate E §‘~
spatial and temporal scale g
EsA 3 Set long term objectives for ecosy stem management ?
EsA 6 Ecosystem management must recognise that change is i
inevitable
EsA T Understand and manage the ecosvstem in an economic [F5
contest g %
EsA B Ensure an appropriate balance between conservation g 3
and use of biodiversity =
EsA 9 Objectives for ecosy stem management are a matter of
societal choice o
EsA 10 Ecosystem management should be decentralised to the §- EsA 10
lowest appropriate level E
EsA 1l Consider all forms of relevant information including -5
scientific/local knowledge, practice and innovation §
EsA 12 Involve all relevant sectors of society and scientific =
disciplines

Figure 6.7 Green network opportunities — summary of evaluation against Convention
on Biological Diversity (CBD) ecosystems approach principles

Note: The figure summarises the evaluation of GNOM against the CBD ecosystems approach
principles. The detailed evaluation is provided at Appendix 7. The evaluation assesses each principle
in turn in terms of whether the case study has considered the principle fully (a score of 3 on the radar
diagram), to a degree (a score of 2 on the radar diagram) or not at all (a score of 1 on the radar
diagram). Uncertain assessments are indicated by a score of 0 on the radar diagram. ESA1 — 6 relate to
management of natural systems principles against which the approach has a mixed score. The green
network mapping tool’s performance against ESA7 and 8, which relate to ecosystem service principles
is mixed. ESA9 — 12 relate to involving people principles which the green network opportunities
mapping approach generally does not consider.
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In terms of the ecosystem service principles, the green network approach has
a mixed performance (see Figure 6.7). On the one hand, the need to understand and
manage ecosystems in an economic context is considered fully (EsSA7) whereas
ensuring a balance between the conservation and use of biodiversity (ESA8) is not
considered. In terms of ESA7, the approach considers spatial datasets on
development and regeneration sites and recognises the role of the planning system
driving green network (i.e. green and natural environment land use and ecosystem
service) enhancement e.g. through planning policy and planning gain etc (see
sections 1.5 and 3.1). In essence, there is a very pragmatic approach to the realities of
green network/ecosystem service delivery, recognising that effective delivery
requires an appropriate mix of regulation (i.e. planning policy) and incentive (i.e.
selling the benefits of integrating green network/ecosystem services thinking to
developers). In terms of EsAS8, the biodiversity/habitat networks parameter within the
GIS tool is considered on an equal footing with the other parameters (i.e.
development and regeneration sites, access and recreation).

With the exception of ESA10 on decentralising ecosystem management to the
lowest appropriate level which has been considered to a degree, the green network
approach has not considered the involving people principles (see Appendix 7). The
approach is designed to be integrated with the LDP development process with the
green network opportunities identified feeding into the MIR, which will involve
extensive public and stakeholder consultation (see section 3.1.2). Despite this, the
approach itself has no provision for involving people — in essence it is a technical
process designed to be executed by GIS technicians/planners without wider input
from the public or affected communities. In terms of ESA10 on decentralisation of
ecosystem management, there is strong recognition of the economic practicalities of
green network and ecosystem services enhancement projects (see EsA7 also in this
regard) and the approach accounts for this, to a degree, by promoting the (implicit)
decentralisation of management responsibility to developers, landowners and

community groups.
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6.3.2  The green network opportunities mapping approach — key innovations

Although overall the green network opportunities mapping approach has a mixed
performance against the ecosystems approach principles (see Figure 6.7), there are
key areas where principles have been considered fully or to a degree. Linking these
areas to specific aspects of the methodology can highlight key innovations that may
have wider relevance for other urban (and rural) land use planning contexts. The
approach has particular strengths against the management of natural systems
principles, especially principles that are likely to require a degree of spatial analysis
or interpretation — i.e. ESAL, 2 and 4. In this regard, the GIS based approach for
identifying strategic green network opportunities may be particularly relevant. The
fact that the approach has already been used to inform the development and
subsequent adoption of statutory planning policy within the GCVSDP’’ adds weight
in this regard. Similarly, the way in which the approach is grounded in reality (i.e. it
has been designed with practical utility in mind) is another key strength as outlined

further below.

Table 6.3 Green network opportunities mapping — spatial queries, layers and datasets

(Adapted from GCV Green Network Partnership, 2011; GCVSDPA, 2011)

Spatial query Layers Spatial dataset(s)
What green network resource Layer 1 — core paths network e Openspace dataset based
currently exists and where are and existing PANG65 openspace on PANGS5 typology
the opportunities to improve the | resource (including quality e  Openspace audit qualitative
resource? scores if available) assessment
e Core paths network

Where are the priority areas to Layer 2 — habitat network e Integrated habitat network
expand the green network? priorities (IHN) priorities modelling
e For biodiversity habitat Layer 3 — access network e Networks for people

networks? priorities priorities modelling”™
e For public access to

greenspace?
Where are the major areas of Layer 4 — land use change and e Flagship Regeneration

" The green network priorities identified in the GCVSDP using the opportunities mapping approach
are also beginning to influence LDPs within the GCV region e.g. the Glasgow LDP (Gillian Dick,
personal communication, February 3™, 2014) and West Dunbartonshire LDP (WDC, 2013).

'8 This GIS dataset was produced for the GCVSDPA by Forest Research: “the dataset provides a
spatial representation of peoples’ access to greenspace by analysing those homes which are within
250m of public greenspace. The threshold distance of 250m is measured using network analysis talks
—i.e. distance along paths and pavements rather than as the crow flies” (GCVSDPA, 2011 p.9)

191



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

Spatial query Layers Spatial dataset(s)
land use change and social social need Areas
need? e  Community Growth Areas

e Development and
regeneration sites

e  Scottish Index of Multiple
Deprivation

Note: The overall approach to the green network opportunities mapping is to answer three spatial
queries (left-hand column) based on an analysis of four GIS layers (central column) created through
the use of new and existing spatial datasets (right-hand column). Interrogating the individual GIS
layers identifies locations where there are discrete green network opportunities or priorities (e.g.
green network development/enhancement to support a Community Growth Area, to enhance an
existing PANG5 site, to improve connectivity of ecological networks etc). By overlaying all four
layers, it is then possible to identify locations where multiple discrete opportunities/priorities are
coincidental. These then become strategic green network opportunity areas for consideration in
SDPs and LDPs depending on the context. This process is also indicated on Figure 6.8.

The overall emphasis of the approach is on using spatial datasets and GIS to
answer key spatial queries about the available green network resource (i.e. green and
natural environment type urban land uses) and its functionality (i.e. the ecosystem
services provided). This is indicated at Table 6.3 and on Figures 6.8 and 6.9. The
technical aspects of the GIS analysis (i.e. converting vector data to raster data and the
integration of different raster layers using simple map algebra™) and the use of
spatial datasets are not novel. However the approach adopted in the weighting of
different layers and individual categories within layers may provide a useful structure
for similar analyses in other land use planning contexts.

In the existing green network layer for example (see Table 6.3), different
categories of PANG5 site are weighted differently according to the perceived
opportunity for enhancement or increased functionality (i.e. enhancement of
ecosystem services) and therefore delivery of the green network (GCV Green
Network Partnership, 2011; GCVSDPA, 2011). For example, public parks and
gardens and natural/semi-natural greenspace are considered to offer more potential
for enhanced functionality than school grounds and civic space (see Table 3.4) and
are weighted more heavily to reflect this (ibid). Openspace quality assessments,
where available, are used in a similar manner — i.e. the poorest quality sites are

regarded as offering more potential for enhanced functionality and are weighted

™ ArcGIS online help introduction to map algebra:
http://resources.arcgis.com/en/help/main/10.1/index.htmI#//00p600000003000000 [accessed
05/02/14]
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more heavily in the analysis. The GCV Green Network Partnership (ibid) also
suggest that different weightings/sensitivity analysis can be used to explore different
outcomes from the mapping (e.g. how might the spatial distribution of green network
opportunities change if the openspace layer is weighted to focus on natural/semi-

natural greenspace only?).

Layerd T 1 Layer 1 . Layer 2 g 8 Layer3
1 F 1t 1 b 1
Scottish Index of
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Figure 6.8 Green network opportunities — methodology schematic
(Source: GCVSDPA, 2011)

Note: The Figure depicts the GIS methodology used in the green network opportunities mapping
approach. Where required, spatial datasets are converted to raster format to facilitate the integration of
different layers using map algebra (i.e. a raster based overlay). As indicated within the box at the
bottom of the figure, the different raster layers are then weighted — in effect, this weighting takes
account of the existing or potential ecosystem services provided by the green network (e.g. in the
figure above, the importance/value of green network providing, for example, environmental settings,
recreation, access etc related ecosystem services within Flagship Development Areas and Community
Growth Areas is considered to be high — i.e. these cells are weighted as 3). By integrating the raster
layers using map algebra it is then possible to identify which cells are most important/valuable in

193



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

terms of the green network’s existing or potential role providing green network benefits/ecosystem
services — the higher the score, the greater the existing or potential importance/value of the green
network at this location. Clustering of high value cells then become green network opportunity areas
as shown on Figure 6.9.

West Dunbartonshire Green Network Strategic Opportunities

=
& ~ :
e . &
— N

e i e = o O .:_ S A

Figure 6.9 Extract from green network opportunities map raster overlay
(Source: GCV Green Network Partnership, 2011)

Note: The Figure shows a raster overlay extract from green network opportunities mapping
undertaken by the GCV Green Network Partnership on behalf of West Dunbartonshire Council
(WDC). As per Figure 6.8, the raster overlay uses map algebra to calculate a cumulative ‘score’ for
each cell — the higher the score, the greater the existing or potential importance/value of the green
network at this location. This is indicated by dark red cells on the map above. Where clusters of high
scoring cells occur (as highlighted within the green line on the figure above), these are regarded as
green network opportunity areas due to the number of high scoring cells adjacent to one another. This
is in contrast to isolated high scoring cells or smaller clusters of high scoring cells, as shown on the
map above to the north and west. A similar approach has been adopted in this research using a concept
referred to as multifunctional priority areas or MPAs (see sections 8.2 and 8.3).

As outlined above, the approach integrates individual layers in the GIS using
map algebra (i.e. a raster based overlay method). The purpose of this integration, as
indicated on Figures 6.8 and 6.9, is to identify locations where the existing or
potential value/importance of the green network is high i.e. locations where green
network investment can deliver multiple benefits through enhanced ecosystem
services. The nature of the raster based approach in the GIS is that individual cells
may score highly in this regard (see Figure 6.8) or there may be clusters of high

scoring cells — i.e. locations where multiple high scoring cells are adjacent to one
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other as shown on Figure 6.9. In essence, these are areas where the existing or
potential value/importance of the green network will be particularly high i.e. areas
where there is a need for multiple green network benefits/ecosystem services. A
similar approach has been adopted in this thesis though using vector based analysis
(see section 8.2).

Despite the positives described above, there are also arguably key omissions
and weaknesses in the green network opportunities mapping approach. In particular,
although consideration of key regulating services is implicit in the approach (e.g.
climate change adaptation is listed as a specific function of the green network), the
GIS mapping does not include any specific spatial datasets relating to key hazard
based climate change adaptation issues e.g. flood risk data or data on slope and
vegetation cover as a proxy for soil erosion/landslip risk.

Of the three case study approaches considered in this section, the green
network opportunities mapping case has the strongest links to delivery. The
THESAURUS and EERA projects are more concerned with researching potential
new approaches as opposed to developing tools for immediate use in practical land
use/management planning decision-making. Conversely, the green network mapping
approach identifies clear delivery mechanisms through the use of planning policy in
SDPs and LDPs, integration with masterplans and development proposals as part of
an integrated green infrastructure (IGI) approach to development planning and
design, effective use of Development Management ensuring that SDP/LDP green
network policies are integrated in development and the use of specific green network
strategies (GCV Green Network Partnership, 2011; GCV Green Network
Partnership, 2013b). In this regard, although there are key weaknesses and omissions
with the approach, it is proven and is already informing land use/management
decisions and action on the ground in the GCV region through green network policy
in the SDP. SDP green network policy is also beginning to exert an influence at the
local authority level through LDPs. A summary of GNOM’s key methodological

innovations is listed below:

e GIS based methodology for identifying green network (ecosystem service)

opportunity areas
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e Suggested weighting structure for modelling the existing or potential
value/importance of green network (ecosystem services) using a raster based
approach

e The approach is grounded in reality and has already been used to inform land
use policy in the GCV region

The tools and models developed in this research have adopted aspects of
GNOM’s methodological innovations. In particular, the new spatial models for urban
land use/management planning (see Chapters 7 and 8) adopt a demand-led approach
— i.e. identifying where land use/management change may be required to deliver new
or enhanced ecosystem services — in a similar vein to the GNOM case study. There
are key differences though these are more technical than conceptual (i.e. GNOM uses
a raster based GIS methodology whereas the new spatial models developed in this
research are primarily vector based — see Chapter 7 and section 8.2).

6.4 Synthesis of key findings from the example approaches
In line with Research Objective No.3 (see Box 1.2), sections 6.1 — 6.3 summarised

the evaluation of the three example land use planning frameworks that have adopted
aspects of the ecosystems approach. This includes a discussion of the particular
methodological innovations and strengths that have supported consideration of
ecosystems approach principles as well as an outline of potential weaknesses. A
more detailed account of the evaluation is provided at Appendix 7. This section
draws the evaluation together through a synthesis of key findings based on the three
research questions addressed under Research Objective No3.

A visual summary of the evaluation is shown at Tables 6.5. Figures 6.10, 6.11
and 6.12 provide a further illustration of the evaluation results. A ‘horizontal’
analysis of Table 6.5 (i.e. looking at individual principles) highlights how case study
consideration of the suite of twelve ecosystems approach principles is highly variable
i.e. some principles have been considered relatively comprehensively whilst for
others, consideration has been much less comprehensive. Equally, a ‘vertical’
analysis of Table 6.5 (i.e. looking at individual example approaches) highlights how

consideration of the principles by individual cases is also highly variable (see Figure
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6.11 also). Despite this variation it is possible to pull out some key themes, within
the bounds of the sample considered, in terms of the research questions addressed
under Research Objective No.3. The remainder of this section summarises key

findings of the evaluation by research question.

6.4.1 Have the example approaches considered the CDB ecosystems approach principles?

The first research question considered under Research Objective No.3 asks: “to what
degree have the CBD ecosystems approach principles been considered in the
example land use planning frameworks? Which principles have been considered?”
As only three example approaches were considered in the evaluation, the results here
are purely illustrative — the main intention of Research Objective No.3 in this regard
is to identify key strengths, weaknesses and learning points from existing practice to
inform the new models, tools and guidance developed through this research (see
Chapters 7 and 8). Section 9.1 includes a critical evaluation of the methodology

adopted in this research including the evaluation documented in this Chapter.
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Figure 6.10 Degree to which CBD ecosystems approach principles have been
considered — percentage of instances® across all case studies

Overall, the Research Objective No.3 evaluation indicates that consideration

of the CBD principles by the three example land use planning frameworks has been
mixed at best with the principles considered fully in only 22% of instances®.

8 There are 12 CBD ecosystems approach principles (see Table 3.8) and three case studies equating to
36 possible ‘instances’ where the CBD principles could have been considered (see Table 6.7 for a
visual representation of this issue)

% 1bid
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Principles were considered to a degree in 42% of instances and not considered at all
in 33%. This is indicated on Figure 6.10. At the level of individual example
approaches, EERA considered the principles most comprehensively (five principles
considered fully and four to a degree) and GNOM the least comprehensively (two
principles considered fully and four to a degree). Whilst THESAURUS considered
the least number of principles fully (only one principle), seven principles were

considered to a degree. This is indicated on Figure 6.11.
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Figure 6.11 Degree to which individual case studies have considered the CBD
ecosystems approach principles

At the level of individual CBD principles (i.e. a ‘horizontal’ analysis of Table
6.5), several principles have been considered and integrated fairly well by the
example approaches, namely EsAl on effects on adjacent ecosystems, ESA2 on
ecosystem structure and function, EsA4 on appropriate spatial and temporal scales
and EsA7 on management of ecosystems in an economic context which have all been
considered either to a degree or fully (see Figure 6.12). Disregarding the green
network opportunities mapping (GNOM) case which has its own particular issues in
this regard (see section 6.3.1), all of the involving people principles (ESA9 to EsA12)
have been considered fully or to a degree by THESAURUS and EERA with the
exception of ESA10 on decentralised management.

As shown on Figure 6.12, EsA4 is the principle that has been considered most
comprehensively by the three example approaches. EsA4 focuses on adopting the
ecosystems approach at appropriate spatial and temporal scales (see Tables 2.3 and
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3.8). The principle was considered fully by EERA and GNOM and to a degree by
THESAURUS. All three of the example approaches are designed to work at broad
spatial scales (regional to sub-regional) and this is considered to be an appropriate
scale for adopting the ecosystems approach (see section 5.1.1). EERA and GNOM
considered EsA4 fully through specific treatment of both spatial and temporal scale
issues (THESAURUS only considered spatial scale).

B Case studies where
consideration of the principle
is unknown

[}

Case studies not considering
the principle at all

B Case studies considering the
principle to a degree

Number of case studies

0 L om ks b A % 9 B Case studies considering the
> g g QPR rinciple fully
<95?“ @%‘?’ Q?V" (&Y‘ Q’%Y" {QQE" @%?" (OJ' @5?‘@%?, @Y, @%?.. prineip. Y

CBD ecosystems approach principle code

Radar Diagram Ecosystem approach principle Theme
Code
EsA 1 Consider effects on adjacent ecosy stems
EsA 2 Conserve ecosystem structure and function E
EsA 3 Ecosy stem management must respect environmental 'E
limits = g
EsA 4 Adopt the ecosy stems approach at appropriate § ]
spatial and temporal scale g &
EsA S Set long term objectives for ecosy stem management E’
EsA 6 Ecosy stem management must recognise that change is E
inevitable
EsA 7 Understand and manage the ecosy stem in an economic
context §
EsA § Ensure an appropriate balance between conservation g
and use of biodiversity =
EsA 9 Objectives for ecosy stem management are a matter of
societal choice o
EsA 10 Ecosy stem management should be decentralised to the ~§~
lowest appropriate level 2,
EsA 11 Consider all forms of relevant information including %‘U
scientific/local knowledge, practice and innovation §
EsA 12 Involve all relevant sectors of society and scientific 5
disciplines

Figure 6.12 Degree to which individual CBD ecosystems approach principles have been
considered — number of instances across the three case studies

As shown on Figure 6.12, ESA1 has been considered to a degree by all three
of the example approaches. This principle focuses on ecosystem managers
considering the effects of their activities on adjacent ecosystems (see Tables 2.3 and
3.8). All the example approaches are working at the regional to sub-regional scale
and although none of the areas encompassed by the example approaches are spatially

delineated on the basis of natural features (e.g. water catchments and whole
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landscapes), they are all of sufficient scale such that they are likely to encompass
several natural features, e.g. water catchments and contiguous areas of habitat
network. In this regard, all three examples are considered to have the potential to
consider effects on adjacent ecosystems, on the basis that the area covered is likely to
contain multiple ecosystems. Within the material reviewed in the evaluation however
there was no strong evidence that consideration of effects on adjacent ecosystems
was happening in practice though the potential to do so is arguably there.

The focus of ESAZ2 is on the conservation of ecosystem structure and function
to maintain ecosystem services (see section 3.2.1 and Table 3.8). As per Figure 6.11,
EsA2 was considered fully by one example approach (THESAURUS) and to a
degree by two (EERA and GNOM). In particular, THESAURUS includes a
comprehensive analysis of ecosystem processes/intermediate services, i.e. the various
aspects of ecosystem function that contribute to ecosystem service supply (see
section 3.2.1 and 3.2.2). EERA and GNOM are less comprehensive in this regard,
focussing on one or two aspects of ecosystem function only, e.g. land based flora and
fauna (EERA) and ecological networks (GNOM). EsA7 focuses on understanding
and managing ecosystems in an economic context. This principle was considered to
a degree by two of the examples (THESAURUS and EERA) and fully by one
(GNOM). Within the GNOM case, there was a distinct focus on economic drivers for
green network enhancement including recognition of the need to ‘sell the benefits’ to
developers, the use of spatial datasets on key areas of development and regeneration
(i.e. areas of change where there may be a demand for/opportunity to deliver
ecosystem services) and also a real focus on the role of the planning system.

The principles considered least well by the example approaches were ESA6
on the importance of ecosystem management recognising that change is inevitable
(none of the examples considered this principle), ESA3 on environmental limits (not
considered in two cases) and EsA8 on balancing use and conservation of biodiversity
(not considered by two of the examples). Poor consideration of ESA3 is a particular
concern given the importance of environmental limits for the sustainable
management of land and other natural resources (see section 3.2.1). Furthermore, the
concept of environmental limits is central within planning (e.g. Scottish Government,

2010Db), sustainable development (e.g. Defra, 2005) and environmental (e.g. EC,
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2013b) policy in Scotland, the UK and the EU. As described at section 3.2 and
Chapter 5, biodiversity is essential for ecosystem function and ecosystem services. In
this regard, the poor consideration of ESA8 is concerning, especially in relation to the
EERA case which implies a degree of substitutability between ecosystem services,

including biodiversity (which is considered as a service).

6.4.2  What types of method/approach have been used?
The second research question considered under Research Objective No0.3 asks “what

types of method/approach have the example land use planning frameworks used to
consider the CBD principles in their land use/management planning?” This sub-
section describes how a number of potentially useful methods/approaches were
identified for each example approach. Section 6.4.3 then provides a discussion of the
overall strengths and weaknesses of the example approaches. Findings in both of
these sections have played a key role informing the new tools, models and guidance
that have been developed in this research (see Chapters 7 and 8).

Phillips et al (2014) identified 20 individual methods/approaches used by
land use delivery mechanisms in Scotland to consider and translate the Scottish Land
Use Strategy’s (LUS) ten principles for sustainable land use. As described at section
3.1.4, there are close parallels between the LUS principles, the ecosystems approach
and the tools, models and guidance developed in this research®. As such, the
methods/approaches identified in Phillips et al (ibid) are considered to provide a
useful structure for the analysis of methods used by the example land use planning
frameworks evaluated in this Chapter. In particular, Phillips et al’s (ibid) analysis of
the 20 individual methods/approaches identified seven discrete categories of method

which have provided the overall structure for the analysis in this section:

e Spatial analysis
e Environmental assessment

e Ecosystem services

82 Indeed the Glasgow Local Development Plan (LDP) was one of eleven case study land use delivery
mechanisms considered in Phillips et al (2014). Furthermore, the Scottish Government have
developed a specific guidance note on applying the ecosystems approach to land use, to support the
delivery of the national level LUS (Scottish Government, 2011c)
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Table 6.4 Evaluation of case study ecosystems approach based land use planning frameworks — qualitative summary

Key to scorin

Principle
considered

Considered to a
degree

Principle not
considered

Case study ecosystems approach based land use planning frameworks

Ecosystems approach principle

EsA 1. Consider effects on adjacent
ecosystems

EsA 2. Conserve ecosystem structure and
function

ESA 3. Ecosystem management must respect
environmental limits

EsA 4. Adopt the ecosystems approach at
appropriate spatial and temporal scale

EsA 5. Set long term objectives for
ecosystem management

Management of natural systems

THESAURUS

ESA 6. Ecosystem management must
recognise that change is inevitable

EsA 7. Understand and manage the
ecosystem in an economic context

services

EsA 8. Ensure an appropriate balance
between conservation and use of biodiversity

Ecosystem

EsA 9. Objectives for ecosystem
management are a matter of societal choice

EsA 10. Ecosystem management should be
decentralised to the lowest appropriate level

EsA 11. Consider all forms of relevant
information

=
Q.
=}
53
Q
=)
=

=
=}
>
=

EsA 12. Involve all relevant sectors of
society and scientific disciplines

EERA

Green Network

Opportunities

Mapping

(GNOM)

Summary comments

Principle considered by all case studies to a degree e.g. consideration of key transboundary ecosystem
processes (THESAURUS) and broader scale issues beyond the study area boundaries (EERA)

Principle considered at least to a degree. THESAURUS considers the principle fully through a
comprehensive ecosystem service typology covering all ecosystem processes/intermediate services

Mixed consideration. Environmental limits not considered by THESAURUS or GNOM. EsA 3 type
issues are the central premise of EERA where the principle has been considered fully

Principle considered fully by EERA and GNOM both of which operate at a broad spatial scale (i.e.
likely to encompass key natural features) and consideration of planning up to 10 year horizon

Mixed consideration. Considered to a degree by EERA and GNOM but not considered by
THESAURUS. For EERA and GNOM, similar issues apply as per EsA 4

Poor consideration across all case studies — no explicit or implicit references found to EsA 6 type
issues in any of the material reviewed in the evaluation

Principle considered at least to a degree. GNOM fully considers the principle — in particular there is a
strong emphasis on the role of the planning system delivering green network/ecosystem services

Mixed consideration. EsA 8 is not considered by EERA and GNOM. In particular EERA places an
emphasis on the potential substitutability of ecosystem services, including biodiversity

Mixed consideration. EERA considers EsA 9 fully by focussing on socially based approaches to
defining environmental limits. GNOM is designed to be implemented by GIS technicians/planners

Mixed consideration. GNOM considers EsA 10 to a degree through its focus on the economic
realities of green network/ecosystem service delivery and consideration of local level delivery models

Mixed consideration. Similarly to EsA 9, EERA considers this principle fully. THESAURUS
recognises that there are opportunities to consider wider information though this was not acted on

Mixed consideration — similar issues to ESA 11
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e Partnerships and governance
e Engagement and awareness-raising
e Planning and design

e Grants and incentives

All three of the example approaches used spatial analysis techniques as a
key component of their overall approach to land use/management planning. Phillips
et al (2014 p.68) identified three specific applications of spatial analysis and
highlighted how “given the inherently spatial nature of land use/management
planning it is unsurprising that several of the [land use delivery mechanism] case
studies have used spatial analysis and spatial data to varying degrees in their [land
use/management planning] activities”. In terms of the example approaches
considered in this research, THESAURUS used spatial analysis and multiple spatial
datasets to map proxy ecosystem services (see section 6.1.2). Similarly, EERA used
multiple spatial environmental datasets aggregated to 1km x 1km grid squares to map
environmental limits for a range of discrete environmental media e.g. air quality,
water quality, groundwater resources and tranquility (see section 6.2.2). GNOM used
spatial datasets and specific spatial queries and weightings to identify areas where
land use/management intervention may be required to deliver multiple benefits (see
section 6.3.2). All three cases used GIS technology to facilitate their spatial analyses.

All three of the example approaches used the ecosystem services concept as
a key part of the methodological approach within their land use/management
planning activities. Phillips et al (2014 p.75) identified two specific applications of
ecosystem services highlighting how this ranged from ‘“comprehensive ecosystem
service assessments to using ecosystem services more generally as a framing to
communicate the benefits of the natural environment to stakeholders”. In terms of the
example approaches considered in this research, THESAURUS used landcover data
and additional ‘causal variable’ datasets (see Table 6.1) to map proxy ecosystem
services (see section 6.1.2 and Figure 6.3). The ecosystem service assessment aspect
of THESAURUS’ approach was also informed by a literature review and stakeholder

engagement to identify a typology of ecosystem services for the study area (see
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Figure 6.2). GNOM and EERA’s use of ecosystem service approaches/methods was
less comprehensive than THESAURUS. For example GNOM used integrated habitat
network (IHN) data, within the overall spatial analysis approach, to identify where
green network intervention may be required to improve ecological connectivity as
one aspect of multifunctional land use.

THESAURUS and EERA used aspects of engagement and awareness-
raising techniques as a component of their wider approach. Phillips et al (2014 p.82)
identified four specific engagement and awareness-raising techniques including the
use of “more novel approaches to encourage engagement in land use/management
decision-making”. Both THESAURUS and EERA used stakeholder engagement as a
key input to technical aspects of spatial analysis and ecosystem service assessments.
In THESAURUS’ case, stakeholder input helped to validate the literature based
ecosystem service typology prior to the collation of data on causal variables and
spatial analysis (see section 6.1.2 and Figure 6.2). In EERA’s case, stakeholder input
was used to define environmental limits based on social preferences (see sections
3.2.1and 6.2.2).

The EERA approach was designed to support environmental assessment
processes, namely strategic environmental assessment (SEA), recognising that SEA
and environmental assessment (EA) more generally can be a key input to land
use/management planning. Phillips et al (2014 p.72) identified three specific
applications of environmental assessment in land use/management planning
highlighting how information from assessments “will often be wuseful for
understanding how the plan or project might influence sustainable land use
outcomes”. In the case of EERA, the environmental limits mapping and SEA of
regional land use/development plans were found to be mutually supportive. The
environmental limits mapping supported the evaluation of significance in SEA and
SEA provided a platform for public and stakeholder engagement e.g. to identify
environmental limits based on social preferences.

Finally, GNOM has a key focus on the use of regulation (i.e. planning policy,
Development Management and enforcement) as a driver for land use/management
intervention. The use of regulation in this regard is considered to align with the

grants and incentives methods/approach category i.e. regulation is the ‘stick’ to the
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‘carrot’ of grants and incentives. Phillips et al (2014 p.87) identified three specific
approaches for the use of grants and incentives in land use/management delivery
highlighting how “grant and incentive mechanisms can have a significant impact on
land use/management in a variety of different contexts”.

Key aspects of the methods/approaches highlighted in this section have
informed the tools, models and guidance developed in this research. In particular, the
new spatial models have drawn on lessons from the spatial analysis and ecosystem
service methods utilised by the case studies (see Chapters 7 and 8). Furthermore, the
suite of overarching ecosystems approach guiding principles, where relevant, have

drawn on all of the methods/approaches identified in this section (see Appendix 3).

6.4.3  What are the main strengths and weaknesses of the example approaches?

The third research question under Research Objective No.3 asks “what are the main
strengths and weaknesses of the example land use planning frameworks in terms of
how they have considered the CBD principles?” A summary of the main strengths
and weaknesses in this regard is provided at Table 6.6. This includes an indication of
which example approach (or approaches) the strengths and weaknesses relate to.
Where relevant, the strengths and weaknesses identified in Table 6.6 have informed
the new tools, models and guidance that have been developed in this research (see
Chapters 7 and 8 and Appendices 3, 4, 5, 6, 8, 9 and 10). In particular, the strengths
and weaknesses have played a key role informing the development of the suite of
guiding principles for ecosystems approach based urban land use planning (see
Appendix 3) as well as the overarching guidance for interpreting and acting on
spatial model outputs (see Chapters 7 and 8) in the development of integrated urban
land use/management strategies (see Appendices 4, 5 and 6).

The strengths and weaknesses were identified through an analysis of all data
produced during the evaluation of example approaches as summarised in sections 6.1
— 6.3. The approach taken to the analysis of qualitative data is described at section
2.4.1. As a general observation it is interesting to note that strengths are more
prominent than weaknesses in terms of the three example approaches considered in
the Research Objective No.3 evaluation. As per Table 6.6, some of the strengths and

weaknesses are only applicable to one example approach, reflecting the focus of this
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research question on identifying the main strengths and weaknesses (i.e. it was
sometimes the case that a strength or weakness evidenced in only one case study was
felt to be significant in its own right).

Table 6.5 Summary of the main strengths and weaknesses of example ecosystems
approach based land use planning frameworks

Details of strength or weakness Applicable
example(s

Strengths

1. Relatively comprehensive consideration of ecosystem THESAURUS
processes/intermediate services: ESA2 focuses on the conservation of EERA
ecosystem structure and function. This is a key premise of the ecosystems GNOM

approach as sustainable supplies of essential ecosystem services are reliant on
healthy ecosystems (see section 3.2). THESAURUS considered all ecosystem
processes/intermediate services as part of a network analysis approach.
GNOM and EERA both considered some key aspects of ecosystem function
though not as comprehensively as THESAURUS e.g. in GNOM the focus was
on the use of IHN data to model ecological connectivity
2. Effective consideration of spatial and temporal scale: EsA4 requires that EERA
the ecosystems approach is adopted at appropriate spatial and temporal scales. | GNOM
All three example approaches considered spatial scale effectively. EERA and
GNOM also considered temporal scale issues but in different ways — EERA
analysed trends and associated pressures to understand how the baseline
environment may evolve in order to identify key issues that land
use/management should consider. The GNOM approach is aligned to the SDP
and LDP mechanisms which have their own statutory planning and revision
timescales

3. Disaggregation of the natural environment using management units that THESAURUS
are familiar to planners and decision-makers: Disaggregating the natural
environment into discrete spatial units can be a useful device for ecosystems
approach based land use/management planning. THEASURUS evaluated a
range of approaches and settled on the management unit that would be most
familiar to planners and decision-makers (effectively different ‘green’ and
‘natural environment’ type land uses as per the local green infrastructure
strategy and relevant national level planning guidance)
4. Use of stakeholder input to validate technical modelling processes: As THESAURUS
described at section 6.4.2, all of the example approaches used elements of EERA
spatial analysis and ecosystem service assessment in their land
use/management planning activities. The expert-focussed and often technical
nature of these approaches is such that non-technical stakeholders (such as the
public and local communities) can be excluded from participation.
THESAURUS and EERA both included specific stakeholder engagement
stages within their methodologies to validate technical aspects of the approach
e.g. the ecosystem service typology in the former and proposed environmental
limits in the latter. This is relevant to all of the involving people ecosystems
approach principles, especially EsA9, 11 and 12
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Details of strength or weakness Applicable
example(s

5. Visual presentation of spatial land use/management issues to THESAURUS
communicate key messages to planners and decision-makers: All three of EERA
the example approaches used visual presentation of spatial data to GNOM

communicate messages to planners and key land use/management decision-
makers. In the case of THESAURUS for example, ecosystem service maps
(i.e. a map for each service considered) were used to demonstrate the benefits
provided by existing land use. Considering the maps together therefore
highlighted where existing land use/management is providing multiple benefits
and also where there may be a shortfall of ecosystem services

6. Using a multi-staged mixed methods approach to refine a proxy based THESAURUS
approach for ecosystem service assessment and mapping: In the absence of
comprehensive primary data, proxy based approaches can be used to assess
and map ecosystem services e.g. using landcover data to estimate ecosystem
service provision. THESAURUS used a proxy based approach but added
several additional inputs to refine and improve the output maps. This included
literature review to identify a typology of ecosystem services for the study area
as well as stakeholder input to validate the literature based typology (see
Strength 4 also). The mapping of proxy ecosystem services was refined
through the use of supporting datasets to better understand the causal
relationships between ecosystem services and the contextual factors that
influence their value/importance

Weaknesses

1. Poor consideration of environmental limits: ESA3 focuses on ecosystem THESAURUS
management that respects environmental limits. Only one of the example EERA
approaches considered environmental limits (EERA) though there are GNOM

concerns about how the environmental limits maps produced by this case
study might be interpreted by land use/management stakeholders (see
Weakness 3). Poor consideration of ESA3 is a particular issue given the
importance of environmental limits for the sustainable management of land
and other natural resources (see section 3.2.1)

2. Poor/mixed consideration of biodiversity: EsA8 highlights the importance THESAURUS
of striking an appropriate balance between the conservation and use of EERA
biodiversity. Whilst all three of the example approaches considered GNOM
biodiversity within their land use/management planning activities, none have a
mechanism in place to balance use and conservation objectives (e.g. a specific
principle on the primacy of biodiversity objectives). Furthermore, EERA’s
approach implies a degree of transferability between biodiversity and other
environmental topics/issues considered within the environmental limits
mapping

3. Potential for misinterpretation of environmental limits maps: The EERA EERA
case produced environmental limits maps based on environmental state
indicators (see section 3.2.1). With this approach, limits are exceeded where
current or historic pressures have degraded the environment such that key
indicators of environmental quality fall below some identified threshold. In
this regard, areas where limits have been exceeded tend to cluster around
heavily developed areas where pressure is greatest i.e. urban areas primarily.

The corollary of this is also true — areas where limits have not been exceeded
tend to be areas of better environmental quality away from development
pressure. This is illustrated on Figure 6.6. Without interpretation therefore, this
type of environmental limits map could be seen as promoting development in
rural areas instead of using land use/management intervention in degraded
urban areas to help restore damaged ecosystems and improve environmental
quality. In reality of course a development strategy incorporating elements of
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Details of strength or weakness Applicable
example(s

both approach would likely be preferential

4. Limited consideration of regulating services: The GNOM case features GNOM
limited consideration of regulating services such as flood and erosion control
and noise regulation. Instead, the approach has a strong focus on cultural
services with some consideration of ecosystem processes/intermediate services
(especially ecological connectivity). As outlined at section 3.2, a balanced
approach to land use/management is likely require consideration of all
categories of ecosystem services, including ecosystem function issues

Chapter 6 was the last of the three evidence assessment Chapters that have
provided the technical basis for the development of new approaches to urban
planning that can operationalise the ecosystems approach. Chapter 7 now discusses

the three new spatial models that have been developed through this research.
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7. Developing new spatial models for urban planning:

how do we know where urban ecosystem services are

required?

The overarching aim of this research is “to understand, develop, trial and evaluate
new approaches to urban planning that can operationalise key aspects of the
ecosystems approach” (see section 1.4). In meeting this overarching aim, a
substantive evidence assessment has been undertaken as documented in the four
preceding Chapters — Chapters 3, 4, 5 and 6. The evidence assessment has played a
crucial methodological role by fulfilling Research Objectives Nos. 2 and 3 (see Box
1.2). In this regard, the evidence assessment has collated, analysed and synthesised
material that provides the technical basis for developing new urban planning
approaches in line with Research Objective No.4 (see Box 1.2).

This is the first of two Chapters documenting results under Research
Objective No.4. It describes the three new spatial models for urban planning that
have been designed to help practitioners identify where land use/management
intervention may be required to deliver new or enhance existing ecosystem services.

Readers should note that all Figures within this Chapter are also provided in a
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standalone document that is available on the CD-ROM enclosed with this thesis. The
new models are:
1. The Flood control model: identifies where flood storage ecosystem
services are required in the floodplain (see Chapter 4 and section 7.2)
2. The Hydrological cycle model: identifies where runoff reduction and
storm water storage services are required in the wider catchment (see
Chapter 4 and section 7.3)
3. The Habitat network model: identifies where ecological connectivity

services are required at all locations (see Chapter 5 and section 7.4)

The methodological approach adopted in the development of the new models
is described at sections 2.2, 2.3.3 and 2.4.2. This involved elements of an action
research based approach whilst the author was working at Glasgow City Council
(GCC) whereby the new spatial models were used to inform the development of a
specific GCC urban greenspace project (see sections 2.2.6 and 2.3.3 and Appendix
12). The utility of the new models was then tested and evaluated in this regard in
collaboration with other Council personnel. The models are also supported by new
guidance for interpreting and acting on model outputs in the development of
integrated urban land use/management strategies (see Appendices 4, 5 and 6) as well
as a new suite of guiding principles for ecosystems approach based urban land use
planning more generally (see Appendix 3). Both the guidance and the principles have
been informed by the evidence assessment described at Chapters 3, 4, 5 and 6. The

guidance and principles are explained fully in Chapter 8.

7.1 Overall approach to the new spatial models for urban planning
The technical aspects of the new spatial models are described in sections 7.2, 7.3 and

7.4. Appendices 8, 9 and 10 provide more detailed step-by-step instructions, aimed at
practitioners, including geoprocessing notes/instructions for the ArcGIS based
operations. In summary however, the models integrate a range of spatial datasets to
understand and map the causal relationships between ecosystem services and the
contextual factors that influence their value/importance. In essence, outputs from the

new models show locations where land use/management may be required to deliver
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new or enhanced ecosystem services — i.e. locations where there is a potential
demand for or shortfall of ecosystem services. This type of approach (see section
6.1.2) is recommended by Eigenbrod et al (2010) and has been used in a number of
studies (e.g. CEP and Geodata, 2008; Countryside Council for Wales, 2011; Sheate
et al, 2012) and in practical decision-making contexts (e.g. Bellamy and Winn, 2013;
Holzinger et al, 2013).

Whilst the new models developed in this research have drawn on existing
approaches from the literature (ibid) and the example ecosystems approach based
land use planning frameworks considered under Research Objective No0.3 (see
Chapter 6), the models incorporate several key innovations that add value to and set
them apart from existing approaches. This issue is addressed further in Chapter 9.
Table 7.1 lists the ecosystem services considered in the three new models along with
the causal variables or contextual factors that have been considered in the modelling
in order to understand the potential value/importance of the ecosystem services in a
given location. This is also illustrated on Figures 7.1, 7.16 and 7.28. Further
information on how qualitative causal variables have been integrated with existing

spatial datasets in the new spatial models is provided at section 2.4.2.

Table 7.1 Ecosystem services/causal variables considered in the spatial models

Ecosystem service | Causal variable/contextual factor affecting service provision
Flood storage —see | o  Fluvial flood risk: flood extent and receptors affected under 1/200 year
section 7.2 event, anticipated location of flooding within the catchment
e Morphology: presence and location of culvert and realignment pressures
o Floodplain vegetation: type and location of existing vegetation cover,
ecological potential to create new natural/semi-natural habitat — floodplain
woodland and wetland
e Floodplain topography: floodplain cross-section gradient, presence and
location of fine scale topographical features in the floodplain

Runoff reduction— | ¢  Pluvial flood risk: flood extent under 1/200 year event
see section 7.3 e Topography: location of steeply sloped ground
e Surface waterbodies: location, immediate catchment area
e Impermeable ground: location, immediate catchment area
Ecological e Habitat patches: location, size
networks — see e Functional habitat networks: location, size
section 7.4 e Ecological potential of land for habitat establishment: location, value

211



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

7.2 The flood control model — where are flood storage services required?
This section describes the structure, process and function of the flood control model

that has been developed through this research. The purpose of the flood control
model is to identify sites and possible land use/management based interventions that
can enhance flood storage ecosystem services (see section 3.2). The development of
the flood control model has been informed by the material collated, analysed,
synthesised and documented in Chapter 4 (see sections 4.2, 4.4, 45 and 4.6 in
particular) as part of Research Objectives Nos. 2 and 3 (see Box 1.2). The overall
structure of the flood control model is indicated on Figure 7.1 and summarised at
Table 7.2.

The utility of the flood control model lies in its use scoping sites and
developing broad concepts for land use/management based interventions that can
provide flood storage ecosystem services, thereby enhancing natural flood
management (NFM) capacity within urban catchments. The focus of the flood
control modelling is on the identification of sites and interventions within the
floodplain that have the potential to increase fluvial flood storage. This is in contrast
to the hydrological cycle model (see section 5.2) which focuses on the identification
of measures in the wider catchment, primarily outwith the floodplain. In line with
this distinction, the flood control model draws on the key floodplain based NFM
measures analysed in Chapter at sections 4.5, 4.6 and 4.7. Table 7.3 highlights where
these key NFM measures have been considered within the flood control model.

As indicated on Figure 7.1, the flood control model is made up of two
screening processes and a constraints analysis/scenario development stage. The first
screening stage is comprised of three steps (Steps 1, 2 and 3), the second screening
stage comprises two steps (Steps 4 and 5) and the constraints analysis/scenario
development stage comprises three steps (Steps 6, 7 and 8). Key information on
individual steps in the flood control model is provided at sections 7.2.1 — 7.2.8 with
additional detail and geoprocessing instructions for the GIS based operations
provided at Appendix 8. In line with Research Objective No.5 (see Box 1.2), an
evaluation of the tools and approaches developed through this research is provided at

section 9.2.4 and Appendix 11.
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Step 1: is the catchment subject to No further action required in
significant flood risk? »NO » this planningcyele

g

Step 2: are areas of flood risk
distributed around the whole catchment
or concentrated in its upper reaches?

Concentrated in

Explorelocal level sustainable
upper reaches '

measures to mitigate local
impacts of flooding

Distributed throughout

No further action and/or

Step 3: are there significant areas of »NO » : M?ke plann;nﬁl?ohc.y reconllmendatlonito
openspace within the floodplain? [NHOTI ATLY FOTTCOMINE Majot regeneration

works/land use change in the area

[

YES

Review historical maps and identify the

former route of the watercourse

Step 4: is the watercourse subject to »YES » . Scope out restoration options
morphology pressures? Scope out constraints to restoration posed

by housing, businesses and infrastructure

YES or NO

Identify and map extent of existing
floodplain woodland/wetland

Step 5: is there potential for significant : Evaluale.potential for expansion of .
areas of floodplain woodland/wetland »YES » floodplain woodland/wetland (e.g. review
within the catchment? IHN, biodiversity opportunities, land

ownership data etc)
Calculate area of existing and potential
floodplain woodland/wetland

Step 6: identify sites where

opportunities are greatest and
where constraints are minimal

Step 7: review topographical data to Screening Process Stage 1
identify further constraints and

viability of potential river
restoration and floodplain
woodland schemes Screening Process Stage 2

Analysis of topographical
Step 8: proceed to scenario constraints and
development and testing in scenario development
hydraulicmodel to evaluate FRM
benefit

Figure 7.1 Overall structure of the flood control model

Note: Figure also available within standalone CD-ROM.
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Table 7.2 Flood control model — description of key stages

Stage Objectives/purpose

Screening Identifies catchments that are subject to significant flood risk where the flood risk is
process (at least in part) located in the lower reaches of the catchment. Where this is the case,
stage 1 there may be potential to develop floodplain based NFM measures in the upper

catchment that increase flood storage and reduce flood risk downstream. This stage
also models the extent of the floodplain and identifies the extent and location of
openspace within that floodplain i.e. ‘floodplain openspace’. The area of floodplain
openspace is then expressed as a percentage of the area encompassed by the
catchment — where this is equal to or more than 2% it is considered reasonable for
practitioners to progress to the second screening stage

Screening Identifies opportunities for specific floodplain based NFM measures within the study
process catchment: river restoration and floodplain woodland and wetland restoration and
stage 2 enhancement. Opportunities are identified with reference to spatial data on key

morphology pressures and woodland/wetland habitat networks and opportunity areas.
In summary, this screening stage considers the viability of floodplain based NFM
measures within the study catchment and produces the input data for the scenario
development stage

Constraints | Appraises data produced in the second screening stage to identify sites where
analysisand | opportunities are greatest and constraints minimal. It then reviews topographical data

scenario to further characterise constraints and inform optimal strategies for woodland
development | creation. Finally, this stage produces scenarios (in the form of outline land
stage use/management strategy plans) for testing in an appropriate hydraulic model

The flood control model has been designed in such a way that the practitioner
would start at the beginning and work their way through to the end (see Figure 7.1).
The premise of this approach is that as the various steps in the model are progressed,
the sophistication of the analysis increases in line with the potential FRM benefit of
the outputs. Conversely, the cumulative area of the outputs decreases as the model is
progressed, as the screening criteria become more onerous and less beneficial sites
are screened out. The final step of the flood control model (Step 8 — see section
7.2.8) involves the development of integrated NFM scenarios that could be tested in
an appropriate hydraulic model.

The flood control model should be applied on a catchment by catchment
basis, across the local authority area. Where a waterbody has a catchment area
extending beyond the boundaries of the local authority, the flood control model can
be applied to identify potential sites and scenarios (see Step 8 at section 7.2.8)
though the scenarios must be tested in a hydraulic model covering the whole

catchment. Importantly, this type of catchment by catchment approach can inform
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the development of NFM measures that can help to desynchronise flood flows to the

main channel (see section 4.6).

Table 7.3 Where are individual NFM measures considered in the flood control model?

Measure Flood control model Chapter 4 reference
reference

1. River restoration Step 4 — see section 7.2.4 Section 4.5

2. Floodplain/riparian zone woodland Step 5 — see section 7.2.5 Section 4.6

planting and restoration

3. Creation, restoration and enhancement | Step 5 — see section 7.2.5 Section 4.7
of floodplain wetland features

4. Temporary inundation of Step 3 — see section 7.2.3 Section 4.7
openspace/increased flood storage
using low level bunds

5. Integrated land use/management led Step 6 — see section 7.2.6 N/A
fluvial flood storage measures
Step 7 — see section 7.2.7
Step 8 — see section 7.2.8

Note: This table indicates where the key floodplain based NFM measures considered in the evidence
assessment have been integrated with the flood control model. The synthesised technical information
developed through the evidence assessment (in line with Research Objectives Nos. 2 and 3 — see Box
1.2) has been crucial informing the parameters and functionality of the flood control model.

7.2.1  Step 1 - isthe catchment subject to significant flood risk?

The purpose of Step 1 in the flood control model is to identify whether the
catchment being investigated is subject to significant flood risk. Individual tasks
to be undertaken in Step 1 of the flood control model are described in Appendix 8.
An example Step 1 output is shown on Figure 7.2, other example outputs are
provided in Appendix 8. The 1 in 200 year return period is equivalent to a 0.5%
probability of flooding in any given year. In terms of the Scottish Planning Policy
(SPP) risk framework (see section 4.3), areas falling within the 1 in 200 year flood
extent are defined as ‘medium-high risk’ as the likelihood of being flooded in these
areas is relatively high. Where the 1 in 200 year flood extent data encompasses
receptors such as homes, businesses and infrastructure, the risk of flooding can be
considered significant given the likelihood of a flood taking place and the

consequences of that flood (see section 4.3).
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Scotland’s National Flood Risk Assessment (SEPA, 2011b) assessed flood
risk by combining flood extent data (i.e. data on the likelihood of flooding) with a
quantitative assessment of the number of receptors that may be impacted (i.e. data on
the consequences of flooding). This included an assessment of impacts on people
(number of residential properties), community services (number of hospitals,
schools, GP practices etc), businesses, transport infrastructure and agriculture (ibid).
In effect, the higher the number of receptors within the floodplain, the higher the
overall flood risk. A similar approach has been adopted in Step 1 of the flood control

model (see Appendix 8).

Summary details of
example output

- 7

Model | Flood
control
; Step 1
~ Step | Isthe

v 1 s title | catchment
velali'nﬂzu(i'(:al SUbjeCt o
= flood extent Significant
Y - flood risk?
R - Tasks | 1.1and 1.2

Note: Figure also
available within
=N standalone CD-
ROM.

Catchment area of
Tollcross Burn

Notes: This example flood control model above shows the hydrology and fluvial flood extent of the
Tollcross Burn catchment.

Figure 7.2 Flood control model Step 1, Tasks 1.1 and 1.2 — example model output

7.2.2  Step 2 —what is the distribution of flood risk areas across the catchment?

Step 1 clarifies whether or not the catchment is subject to significant flood risk given
where flooding is likely to occur under the 1 in 200 year flood event and the

receptors affected. Where the answer to Step 1 is “yes” (see Figure 7.1), the purpose
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of Step 2 in the flood control model is to add another layer of refinement by
identifying how this flood risk is distributed around the catchment.

In particular, this step is intended to scope catchments where there are
significant areas of flood risk in the lower reaches. In these situations, there may be
the potential to develop floodplain NFM measures in the mid-upper reaches of the
catchment that can provide increased flood storage and help to reduce flood risk
downstream in more vulnerable areas (e.g. by taking properties and infrastructure out
of flood risk). The viability of potential floodplain NFM measures is appraised in
subsequent steps, especially Steps 6 — 8 (see sections 7.2.6 — 7.2.8).

Step 2 is approached by simply referencing a GIS output such as that shown
at Figure 7.2. Where there are clear areas of flood risk in the lower reaches of the
catchment (such as those at Tollcross and Braidfauld detailed in the examples in
Appendix 8), the answer to Step 2 would be “yes — flood risk is distributed
throughout the catchment” and the practitioner would move on to Step 3. Where the
answer is “no — flood risk is concentrated in the upper reaches of the catchment®?, it
is advisable that local land use/green infrastructure measures are sought to help

mitigate flooding impacts at source.

7.2.3  Step 3 — are there significant areas of openspace within the floodplain?

Openspace is the ‘currency’ by which the floodplain based NFM measures
considered in this research and described at sections 4.5 and 4.6 are built.
Accordingly, the purpose of Step 3 in the flood control model is to identify the
floodplain openspace resource that may be available for the development of
floodplain NFM measures. Additionally, Step 3 marks the end of the first screening
stage in the flood control model (see Figure 7.1) and practitioners may wish to cease
their investigations here (e.g. outputs from this stage could usefully inform urban
land use planning in their own right — see section 8.3). Alternatively, practitioners

8 This situation could arise, for example, where the lower reaches of a catchment is protected
throughout with flood defences that have been designed to accommodate a 1 in 200 year or more
event. In this instance, flooding may occur in the upper reaches but even high flows associated with a
1in 200 year event (or more) would not be expected to overtop flood defences in the lower reaches of
the catchment. The sustainability of such an approach is questionable however given the likely
maintenance burden of the flood defences, the lack of resilience (the defences could potentially be
overtopped by high flows beyond their design capacity) and the impact further downstream or in the
main channel due to the lack of flood storage — see section 4.5.
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may wish to progress to the second screening stage and the development/testing of
NFM scenarios. Individual tasks to be undertaken in Step 3 of the flood control
model are described in Appendix 8 including geoprocessing notes for the ArcGIS
based operations. An example Step 3 output is shown on Figure 7.3. A full schedule

of Step 3 outputs is provided at Table 7.4.

Summary details of
example output

- Z

Model | Flood
control
Step 3

Step Are there

: ~<] title significant

areas of

~" TollcrossBurn <

floodplain

\ openspace
S\ within the
) floodplain?
= Task | N/A
Floodplain _ _; Note: Figure also
e S available within

R standalone CD-
/47\;\2/ ROM.

1:42,000

Notes: This example flood control model output shows the modelled floodplain for the Tollcross Burn
(the pale yellow polygon) and areas of floodplain openspace (green polygons).

Figure 7.3 Flood control model Step 3 — example model output

Step 3 is premised on the use of GIS to model an approximation of the
floodplain in the catchment being studied. The floodplain is modelled by using GIS
to ‘buffer’ the waterbody being studied. The size of the buffer used will vary
depending on the size of the watercourse being studied (and therefore the size and
characteristics of the catchment) though for small burns (such as those examined in
this thesis), a general value of 250m is suggested. This will give a floodplain cross-
section of approximately 500m for most stretches of the watercourse. The
dimensions chosen for the buffering operation reflect the common morphological
characteristics of small urban watercourses, the nature of their response to flows

under a 1 in 200 year rainfall event and the likely flood extent associated with these
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flows (see section 4.3 and Appendix 8 for further information). Naturally these three
parameters will vary between different watercourses, catchments and urban contexts
though for many small urban catchments, flooding under a 1 in 200 year event would
arguably be well contained within a floodplain cross-section of 500m (unless the
gradient of the floodplain was particularly gentle). In any event, the buffering
operation in Step 3 of the flood control model is only required to approximate the
floodplain in order to identify floodplain openspace that could potentially be used to
support the development of floodplain NFM measures. The viability of these
potential measures is then tested through the latter steps of the flood control model
(see sections 7.2.6 — 7.2.8). The floodplain modelled for the Tollcross Burn (north-
east Glasgow) as part of this research is shown on Figure 7.3. The buffer operation is
undertaken for the whole watercourse, including stretches subject to morphology
pressures that are not currently connected to their floodplain (see section 7.2.4 for
further information in this regard).

Once the floodplain has been modelled, the next task is to identify the
openspace resource falling within this area. This is achieved simply by clipping the
PANG5 openspace data to the newly created floodplain polygon in the GIS. This
operation will identify all those PANG65 openspace sites that fall within the
floodplain. The outputs of this step for the Tollcross Burn are shown on Figure 7.3.
Further information on PANG5 openspace and related data is provided at sections
2.4.2and 3.1.3.

The two geoprocessing tasks described above provide the necessary data to
ascertain whether or not there are ‘significant’ areas of openspace within the
floodplain. In line with the literature (see section 4.6) it is considered appropriate to
use a quantified threshold for defining significance, as an aid to decision-making. For
the purposes of this research, significant areas of floodplain openspace are
considered as those greater than or equal to 2% of the catchment area being
investigated. The GIS can be used to obtain and calculate both figures as explained
further at Appendix 8. Depending on the specific planning context, practitioners may
wish to progress to the second screening process (i.e. Step 4 onwards) even if the
cumulative area of floodplain openspace is less than 2% of the catchment area. As
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described above, the process of modelling the floodplain is, by design, an arbitrary
process and the 2% target is suggested as a guideline only

In the case of the Tollcross Burn example indicated at Figure 7.3, floodplain
openspace is considered to be significant in terms of the 2% threshold as 5.1% of the
catchment area is comprised of floodplain openspace (see Appendix 8 for further
information). Where the response to Step 3 is negative and cumulative floodplain
openspace is considered to be insignificant, the practitioner could choose to take no
further action or to make planning policy recommendations aimed at informing any
forthcoming regeneration and/or major land use change (i.e. regeneration and/or land

use change could be designed to create new areas of floodplain openspace).

Table 7.4 Flood control model Step 3 — schedule of model outputs

Output Type of output | Description of output

1. Shapefile of Spatial The location and extent of all areas of floodplain
floodplain (polygon openspace within the study catchment
openspace ArcGIS feature

class)

2. Total area of Metric This output describes the cumulative area of floodplain
floodplain openspace within the study catchment. Floodplain
openspace (ha) openspace is the ‘currency’ by which land

use/management based NFM measures are progressed
hence the importance of this metric

3. Percentage of Metric This output describes the cumulative area of floodplain
catchment openspace as a percentage of the total area of the study
comprised of catchment
floodplain

openspace (%)

7.2.4  Step 4 —is the watercourse subject to morphology pressures?

The purpose of Step 4 in the flood control model is to identify whether the
watercourse being investigated is subject to the types of morphology pressure
that lend themselves to being addressed as part of land use/management based
NFM schemes. Individual tasks to be undertaken in Step 4 of the flood control
model are described in Appendix 8 including geoprocessing notes for the ArcGIS

based operations. A full schedule of Step 3 outputs is provided at Table 5.4.
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As described at section 4.5, Step 4 focusses on two key morphology pressures
of concern — culverts and bed and bank reinforcements/river realignments. For these
types of pressure, it may be possible to develop feasible restoration scenarios that
have the potential to deliver FRM and other multiple benefits including water
environment improvements. Accordingly, a key aspect of Step 4 is identifying where
pressures are located and the types of pressure present. In Scotland, spatial data on
morphology pressures is available as a download from SEPA (see section 2.4.2).

Step 4 comprises 4 tasks. Task 4.1 adds the morphology pressures data to
ArcMap®*. A typical output from Task 4.1 is shown at Figure 7.4. The morphology
pressures data is then overlayed with the floodplain openspace layer (i.e. the output
from Step 3 — see section 7.2.3) to identify where morphology pressures are located
within areas of floodplain openspace (see Figure 7.4). Where this is the case, it may
be possible to develop restoration projects that address the identified morphology
pressures whilst also delivering FRM and other multiple benefits. In effect, the
floodplain openspace can provide the physical space for restoration works —
especially the reinstatement of a functional floodplain (see section 4.5). The
remaining three tasks in Step 4 analyse potential restoration constraints with a view
to scoping plausible restoration scenarios. These are then fed into Steps 6 — 8 (see
sections 7.2.6 — 7.2.8).

Where morphology pressures are found to be located within areas of
floodplain openspace, Task 4.2 identifies potential restoration options. Where
possible, the restoration approach adopted in this research is predicated on restoring
watercourses to their original route, including the reinstatement of a functioning
floodplain to provide increased flood storage ecosystem services and associated
FRM benefits (see section 4.5). Artificial changes to watercourses, such as culverting
and realignment, generally simplify watercourse morphology®® and the
characteristics of a modified waterbody (especially its course) are likely to be

8 Depending on the format of the data used, it may be necessary to extract specific data on culvert and
realignment (canalisation) pressures, as these are the pressures of interest for green infrastructure led
NFM schemes

8 For example, straightening out meanders and creating narrow, deep channels. Such modifications
can result in greater flow rates, rivers that respond more quickly to rainfall events (flashy rivers) and a
shorter lag time between the rainfall event and peak flows
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significantly different to when it was in its original state. Accordingly, Task 4.2 is a
historic map review to identify the watercourse’s original route prior to modification.

Figure 7.5 shows a plan of what is now the Sandyhills Park area of Tollcross
(located roughly in the middle of the Tollcross Burn catchment — north-east
Glasgow) overlayed with 1860s base mapping. The figure also shows the
approximate (SEPA data) and actual (Glasgow City Council data) location of the
modern box culvert at Sandyhills Park that this reach of the Tollcross Burn currently
flows through. As part of this task, the historic route of the watercourse at the site
being investigated is digitised in the GIS. Once digitised, the historic route of the
watercourse can be manipulated in the GIS with other data sets to identify the

presence of any restoration constraints.

Summary details of
example output

N
- ' Model | Flood

ol » control
— Step 4
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Note: Figure also
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= T Box culverts
’ ’ (black)

\

1:42,000

Notes: This example flood control model output shows floodplain openspace and the approximate
location of culvert pressures (black lines) and realignment pressures (bright green lines).

Figure 7.4 Flood control model Step 4, Task 4.1 — example model output

Task 4.3 scopes out potential constraints to restoration. As described above,
this research is based on a preferred restoration option whereby the watercourse is
restored to its original route and a functional floodplain reinstated. For this task, the

digitised historic route of the watercourse is added to ArcMap and overlayed with
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modern base mapping to identify constraints and help scope the feasibility of
restoring the watercourse to its original route. The key constraints considered in Task
4.3 are housing, other buildings (e.g. shops, community facilities, schools etc) and

roads infrastructure®. Figure 7.6 provides an example of Task 4.3.

= e ¥ N Summary details of
DL i i & || example output
i ‘ '*""““""““‘*[‘*M“ - . t Model | Flood
S i control
Toll ro s Burn : . Step 4
CI'OS: .
- river corridor/ E)llsltt(;r;; 4 /’/ Step Is the
foodplain Tollcross o title watercourse
R Bum L subject to
/ morphology
: pressures?
Task | 4.2

Note: Figure also
available within
standalone CD-

o~ ROM.
Approximate Ac.curate
location of box location of box
culvert (SEPA culvert (GCC
data)

data)

Notes: This example flood control model output shows the location of a specific culverted reach of
the watercourse under investigation relative to 1860s base mapping. Note that the 1860s base mapping
shows the historic route of the watercourse including detail of a significant meander to the north that
has been straightened out by the modern culvert.

Figure 7.5 Flood control model Step 4, Task 4.2 — example model output

The constraints analysis undertaken during Task 4.3 also considers how any
identified housing and infrastructure constraints may impact the cross-section of a
reinstated functional floodplain. Where the floodplain is constrained such that it can
only be relatively narrow for example, the engineering and design constraints are
such that the main channel is likely to be steep sided and deep with the floodplain
steeply sloped and relatively narrow also®’. This sort of channel-floodplain cross-
section configuration constraints on other land

would put significant

8 There are a range of additional constraints to river restoration that need to be considered in more detailed site
level planning and design. Key constraints in this regard include underground infrastructure such as foul, surface
water and combined sewers.

8 Where the floodplain is constrained and narrow, a steep and deep channel cross-section is required to provide
the cross-sectional area necessary to accommodate anticipated water volumes under high flow conditions
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use/management based NFM measures (such as floodplain woodland establishment —
see section 4.6 and Appendix 4), potentially reducing the FRM and wider multiple
benefits of the scheme.

N /13 R L S Summary details of
M & ) B l H Potemtial 3 . v ,_N example output
Potential 6 |1 e co.n‘strainl—l-oads : { J J t Model 1 Elood
constrdint — oL e infrastructure J 5 control

! houélng\’j“ 75 /

: Step 4
Potential )
* constraint - Step Is the
Rousing title watercourse
/7] subject to
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A pressures?
/ Task | 4.3
“/" | Note: Figure also

; available within
.|| standalone CD-ROM.

Histori¢,route of~
Tollcross Burn -
-digitised

Floo_dpla};l

‘ opeénspace
(Sandyhills *
- - Park)
= Route of Tollcross >
Nk Burn culvert at 5

| PR & = Sandyhills Park \ -

@ ‘

s}

&

Notes: This example flood control model output indicates potential restoration constraints were the
watercourse to be restored to its original route i.e. reinstating the sizeable meander to the north. Under
this restoration scenario, key constraints are housing and roads infrastructure.

Figure 7.6 Flood control model Step 4, Task 4.3 — example model output

Finally, Task 4.4 requires practitioners to document the outputs of the
constraints analysis thus far. This includes using ArcGIS to digitise the approximate
area within the study site that may be available for floodplain reinstatement and a
summary schedule of the constraints identified (see Appendix 8). At this stage in the
flood control model, the practitioner will only have considered constraints associated
with housing, other buildings and roads infrastructure. At Step 7, topographical
constraints are introduced and the area within the site that is potentially available for
floodplain reinstatement may be reduced. As with Step 3 however, practitioners may
wish to cease their investigation at the end of Step 4 and key outputs should be
documented to support future work. Tasks 4.2 — 4.4 are repeated for each instance
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where morphology pressures are found to be located within an area of floodplain

openspace.

Table 7.5 Flood control model Step 4 — schedule of model outputs

Output Type of output | Description of output

1. Shapefile of Spatial (line For areas of floodplain openspace where: a) the
watercourse ArcGIS feature | watercourse under investigation flows through the
restoration class) openspace; and b) the watercourse is subject to either a
opportunities culvert or realignment pressure, this output depicts the

historic route of the burn as a digitised ArcGIS feature
class (lines)

2. Shapefile of Spatial Where restoration of morphology pressures has been
potential (polygon identified as a desirable course of action (see above),
floodplain ArcGIS feature | this output depicts land that could potentially be used for
reinstatement area | class) reinstating a functional floodplain as a digitised ArcGIS

feature class (polygons). The digitised areas account for
key infrastructure constraints (e.g. roads, houses etc)

3. Total potential Metric Where restoration of morphology pressures has been
increase in identified as a desirable course of action (see above),
watercourse length this output details the approximate increase in
(m/km) watercourse length that may be possible if all modified

stretches are restored to their historic routes. This metric
can also be represented as a percentage increase in
length over the watercourse’s current modified length

4. Total potential Metric Where restoration of morphology pressures has been
increase in identified as a desirable course of action (see above),
functional this output details the total potential increase in the area
floodplain area of functional floodplain available for flood storage (i.e.
(ha) the sum of all outputs identified under item 2 above)

7.2.5  Step 5 —is there potential for significant areas of floodplain woodland and wetland?

The purpose of Step 5 in the flood control model is to identify whether existing or
potential areas of floodplain woodland and wetland within the study catchment
are significant in NFM terms. Individual tasks to be undertaken in Step 5 of the
flood control model are described in Appendix 8 including geoprocessing notes for
the ArcGIS based operations. The analysis of floodplain woodland and wetland
provision is undertaken with reference to habitat patches, habitat network and habitat
opportunities data (see section 2.4.2 for further information on the data used). Further
information on landscape ecology, habitat networks and associated ecosystem
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services can be found in Chapter 5. The potential impacts of floodplain woodland
design on NFM function is considered in Steps 6, 7 and 8 (see section 7.2.6 — 7.2.8).

Summary details of

Model | Flood
control

? example output

Step 5

Step Is there
\ title potential
Existing \ for
woodland habitat \ significant
patches (yellow) \
. ~v \ areas of _
. P floodplain
- ' " woodland
and
wetland?

Existing low
dispersal woodland
habitat network

(dark green)

Task 5.2

Note: Figure also
s _ available within

N standalone CD-
ROM.

Notes: This example flood control model output shows the extent and distribution of existing
floodplain woodland habitat patches (yellow polygons) and habitat networks (green polygons) within
the Tollcross Burn catchment.

Figure 7.7 Flood control model Step 5, Task 5.2 habitat patches and habitat networks
in the floodplain — example model output

The key purpose of Step 5 is to understand the existing and potential extent
and distribution of floodplain woodland and wetland within the study catchment.
Step 5 comprises three tasks. Task 5.1 adds the various habitat datasets to ArcMap.
Task 5.2 then clips the habitats data added at Task 5.1 down to the area of interest —
i.e. the modelled floodplain defined during Step 3 (see Figure 7.3). This provides the
necessary data for calculating key habitat metrics in Task 5.3. Figure 7.7 shows
existing floodplain woodland habitat patches and their associated low dispersal
habitat networks. Figure 7.8 shows the woodland habitat opportunities data for the
Tollcross Burn floodplain (see section 5.2 for further information on habitat

networks). Similar outputs are produced for floodplain wetland.
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Summary details of

% example output

Model | Flood
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Step Is there
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for
% significant
~very : areas of
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Task 5.2

Note: Figure also
available within
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ROM.

Notes: Further information on the biodiversity opportunities data is available at section 2.4.2. In
summary however, darker green areas indicate land with greater ecological potential to support the
establishment of broadleaved woodland habitat. The biodiversity opportunities model developed by
Forest Research (Smith et al, 2008) underpinning this data considers a range of parameters including
existing land use/land cover and the ecological connectivity afforded by existing habitat patches.

Figure 7.8 Flood control model Step 5, Task 5.2 floodplain woodland opportunity areas
— example model output

Task 5.3 calculates three key habitat metrics to quantify the existing and
potential area of floodplain woodland and wetland within the study catchment. All
the metrics can be obtained easily from the GIS. The metrics are also expressed as a

percentage of the total catchment area (see Table 7.6). The three metrics are:

e Metric 1: total area of habitat patches within the floodplain
e Metric 2: total area of habitat networks within the floodplain
e Metric 3: potential area available for habitat expansion within the

floodplain i.e. the difference between metrics 1 and 2 (see section 5.2)

Example habitat metrics for the Tollcross Burn catchment are shown at Table
7.6. As part of this research, a simple model for calculating Metric 3 based on Metric
1 and 2 input data has been created using Microsoft Excel (see Appendix 8 for

further information). As shown in Table 7.6, based on the habitat metrics data alone,
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there would arguably be significant potential for increasing the cover of both
floodplain woodland and wetland habitat within the Tollcross Burn catchment. On
the basis of the literature however (see section 4.6), it is suggested that floodplain
woodland — as a stand-alone strategy for NFM — is only considered where the
existing or potential floodplain woodland is equivalent to 2% or more of the whole
catchment area. In the case of the Tollcross Burn catchment therefore, the potential
area of floodplain woodland, at 1.34% of the catchment area would not be considered

sufficient as a ‘stand-alone’ NFM strategy.

Table 7.6 Flood control model Step 5, Task 5.3 — example model output

Habitat type Metric 1: total area of | Metric 2: total area of | Metric 3: area
existing habitat existing habitat potentially available
patches (ha) networks (ha) for habitat expansion

(ha)

Woodland 12.3 36.14 23.84

Wetland 1.68 5.98 4.3

Catchment scale analysis: Tollcross Burn catchment area = 2621.5ha

Percentage of Tollcross Burn catchment Percentage of Tollcross Burn catchment
currently comprised of woodland habitat: currently comprised of wetland habitat: 0.06%
0.47%

Percentage of Tollcross Burn catchment that Percentage of Tollcross Burn catchment that
could potentially comprised of woodland could potentially comprised of wetland habitat:
habitat: 1.34% 0.23%

Note: The table shows floodplain woodland and wetland habitat metrics for the Tollcross Burn
catchment.

In instances such as this, where the potential area of floodplain woodland is
below the 2% threshold, there may be still be beneficial options for floodplain
woodland expansion as part of an integrated NFM strategy that incorporates several
of the measures considered in this research. It may be the case for example that a
combined strategy featuring channel restoration (see sections 4.5 and 7.2.4) in
conjunction with relatively minor woodland expansion works could have a
significant impact on downstream flood flows, when tested in a hydraulic model. In
addition, the habitat networks data used in the flood control model is based on a low
dispersal network (see sections 2.4.2 and 5.2). In effect, this allows for the

identification of optimal habitat expansion sites only where ecological potential is
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particularly high. It may be appropriate in some cases to use habitat networks data
based on a high dispersal network and/or to consider more marginal sites for habitat
expansion and put more time and investment into site preparation. These types of
decision will require a careful weighing up of costs and benefits that are beyond the
scope of the model developed through this research. Additional guidance on the
consideration of marginal sites for floodplain woodland expansion is provided at
Appendix 8.

Table 7.7 Flood control model Step 5 — schedule of model outputs

Output Type of output | Description of output

1. Shapefile of Spatial Areas of land in the floodplain of optimal suitability for
optimal sites for (polygon the expansion of floodplain woodland and wetland
floodplain ArcGIS feature | habitat as a strategy for NFM
woodland/wetland | class)
expansion

2. Shapefile of sub- Spatial Areas of land in the floodplain of sub-optimal suitability
optimal sites for (polygon for the expansion of floodplain woodland and wetland
floodplain ArcGIS feature | habitat as a strategy for NFM
woodland/wetland | class)
expansion

3. Total area of Metric Total area of existing floodplain woodland and wetland
existing habitat habitat patches. This metric will give an indication of
patches (ha) the degree to which existing floodplain woodland/

wetland provision may already be providing flood
storage ecosystem services. This metric can also be
presented as a percentage (i.e. % of the study catchment
area currently comprised of habitat)

4. Total area Metric Total area of floodplain land of optimal suitability for
potentially woodland and wetland expansion. This metric will give
available for an indication of the degree to which potential floodplain
habitat expansion woodland/wetland provision may be able to provide
(ha) flood storage ecosystem services. This metric can also

be presented as a percentage (i.e. % of the study
catchment area that could potentially be comprised of
habitat)

Outputs from Step 5 are highly useful in their own right in that they identify
optimal sites where floodplain woodland and wetland expansion could potentially be
undertaken to contribute positively to sustainable FRM in the study catchment. The
habitat metrics identified at Task 5.3 provide useful quantitative data for

understanding the scale of potential expansion and also the potential viability of

229



Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

floodplain woodland and wetland as ‘stand-alone’ NFM measures. In addition
however, the spatial outputs from Step 5 (in terms of the ArcGIS shapefiles produced
at Task 5.2) can also be used either as a stand-alone tool to inform policy-
development across a range of issues (e.g. FRM, surface water management, land
use, biodiversity, parks and openspace, landscape etc) or in multiple overlays with
other data or outputs from other spatial ecosystem service models (see sections 7.3
and 7.4) to identify ecosystem service priority areas for multifunctional land

use/management intervention. This is discussed further at section 8.2.

7.2.6  Step 6 — identify sites where opportunities are greatest and constraints minimal

Based on outputs generated in Steps 3, 4 and 5 (see Tables 7.4, 7.5 and 7.7), the
purpose of Step 6 in the flood control model is to identify, rank and prioritise
floodplain NFM measures that have the potential to deliver the greatest FRM
benefit with the minimum of constraint. Constraint in this regard includes delivery
cost which is a key issue as discussed further below. Outputs from Step 6 are then
used to prioritise action in the final two steps (detailed analysis of topographical
constraints and development of scenarios for testing in an appropriate hydraulic
model). Individual tasks to be undertaken in Step 6 of the flood control model are
described in Appendix 8.

Step 6 is premised on the identification of floodplain sites and potential
interventions that are likely to be able to deliver the greatest FRM benefit through the
use of the key floodplain based NFM measures considered in this research (see
sections 4.5, 4.6 and 4.7). The flood control model construes FRM benefit in this
regard as a function of the Manning’s n or ‘roughness’ value for the floodplain and
the channel under different land use/management regimes (see section 4.4). In effect,
appropriate land use/management measures in the floodplain (e.g. floodplain
woodland creation — see section 4.6) or environmental engineering measures in the
channel (e.g. river restoration — see section 4.5) will alter Manning’s n for the
channel/floodplain, increasing surface roughness and potentially contributing to
enhanced flood storage ecosystem services. Different NFM measures or
combinations of measures will provide differing FRM benefits, depending on the

degree to which the proposed measure(s) alters surface roughness. In summary
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however, non-wooded floodplain openspace (e.g. parks, gardens, sports pitches,
amenity greenspace etc) will have lower values of Manning’s n whereas fully
integrated NFM schemes incorporating channel restoration, floodplain
woodland/wetland establishment and site engineering (e.g. bund construction etc) are
‘rougher’ and will have higher values. These principles are illustrated on Tables 4.6
and 4.7. Further information on key hydraulic principles for urban land use planning
and water management are provided at section 4.4.

Step 6 in the flood control model comprises four tasks. Task 6.1 identifies
potential floodplain openspace sites where NFM measures of a significant scale may
be viable. Further information and guidance on defining significance in this regard is
provided in Appendix 8. This research has focused on sites that already have or could
potentially have a direct hydraulic connection with the watercourse under
investigation. In effect, this equates to floodplain openspace sites that the
watercourse flows through — be that on the surface in an unmodified condition or
underground or channelised in a modified condition. Figure 7.9 depicts this concept
for the Tollcross Burn catchment in north-east Glasgow. This approach has
purposefully avoided potential measures that might create artificial surface water
conveyance routes (i.e. for connecting the watercourse with floodplain openspace
sites that aren’t hydraulically connected) given the additional technical modelling
that would be required (see section 4.7.3).

Within Task 6.1, sites where the watercourse is subject to a morphology
pressure are considered to be ‘high cost’ as a degree of river restoration will
normally be required to secure an FRM benefit. This research has not attempted to
quantify the potential costs of river restoration at these sites, rather they are simply
assigned the qualitative descriptor ‘high cost’ which is used as an input to the Multi
Criteria Analysis (MCA) in Task 6.4 (see below). This approach is considered
appropriate given that the purpose of the flood control model is to identify sites and
possible land use/management based interventions that can enhance flood storage
ecosystem services (i.e. it is not intended to develop costed proposals for NFM
measures). The use of broad information on potential river restoration costs (i.e.
‘high cost’ and ‘low cost’) is considered fit for purpose where the purpose is

supporting the prioritisation of sites and potential NFM measures
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Notes: This example output shows floodplain openspace sites that have been selected for further
analysis due to their size (ha), existing land use and existing hydrological connection to the study
watercourse. Sites where the watercourse is subject to a morphology pressure are considered ‘high
cost’ as some degree of river restoration activity is likely to be required. Sites without morphology
pressures are considered ‘low cost’ as key NFM measures (e.g. floodplain woodland) can be
progressed without the need for any river restoration activity.

Figure 7.9 Flood control model Step 6, Task 6.1 — example model output

Tasks 6.2 to 6.4 should be undertaken for each site identified through Task
6.1. Task 6.2 helps to identify potential NFM measures for each scoped in floodplain
openspace site from Task 6.1. Task 6.2 is distinctly spatial in nature and involves an
overlay of key spatial outputs from Steps 3, 4 and 5 (see Tables 7.4, 7.5 and 7.7) to
help identify the full range of measures that may be possible at each of the scoped in

sites. The flood control model spatial outputs overlayed in the GIS are:

e Floodplain openspace (Step 3, Output 1, Table 7.4)

e Watercourse restoration opportunities (Step 4, Output 1, Table 7.5)

e Potential floodplain reinstatement areas (Step 4, Output 2, Table 7.5)

e Optimal sites for floodplain woodland and wetland expansion (Step 5,
Output 1, Table 7.7)
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Figure 7.10 depicts a typical Task 6.2 overlay that has been undertaken for
the Tollcross Burn catchment. As shown on Figure 7.10, each of the floodplain
openspace sites identified and scoped in at Task 6.1 become NFM opportunity areas.
NFM opportunity areas No.l and No.3 are likely to be ‘low cost’ sites as the
watercourse is unmodified at these locations whereas No.2 and No.4 are more likely
to require some degree of restoration and are therefore considered to be ‘high cost’.

Site level analysis of the various layers in the Task 6.2 overlay (see Figure
7.10) gives an indication of the types of NFM measure that may be possible. For
example, at NFM opportunity area No.1 (Tollcross Park), there is a sizeable area of
floodplain openspace with the PAN65 land use category ‘Park and Garden’ (See
Table 3.4) and the site is hydrologically connected to the watercourse. In addition,
the site contains a substantial woodland habitat network and several optimal sites for
floodplain woodland expansion® (see section 4.6). Further guidance on how to
interrogate Task 6.2 outputs to identify NFM measures that may be viable at each
site is provided in Appendix 8.

Task 6.3 of the flood control model requires practitioners to collate a
schedule of potential NFM measures for each of the scoped in opportunity areas.
Example schedules of measures for NFM opportunity areas No.1 and No.2 are
provided at Table 7.8 (schedules for opportunity areas No.3 and No.4 are provided at
Appendix 8). As indicated in Table 7.8, potential NFM measures should be ranked
on the basis of their likely FRM benefit (see section 4.4 and Tables 4.6 and 4.7). In
task 6.3, potential NFM measures are ranked purely on the basis of their likely FRM
benefit (i.e. their potential to positively alter Manning’s n values by increasing
channel and/or floodplain roughness). In addition to FRM benefit however, there are
also several other criteria that will influence the intervention’s potential viability as a

sustainable FRM scheme. Accordingly, once all potential interventions have been

8 Tollcross Park is one of Glasgow’s finest designed landscapes. Accordingly, any NFM measures
pursued at this site would need to be designed carefully for sensitive integration with the existing
landscape, management and use of the park. These issues are reflected to a degree in Step 8 of the
flood control model (see section 7.2.8) and are discussed at sections 8.2 and 8.3. At this stage of the
flood control model however, the focus is on identifying potential sites and measures of a scale that
could deliver significant FRM benefits.
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identified for a given site through Task 6.3, a more sophisticated evaluation is
required to rank the alternatives in terms of wider sustainability criteria®. These are:

1. The number or total area of sites where the NFM measure is likely to be
viable

2. The likely cost of intervention

3. The likely impact on Manning's n and associated FRM benefit

Summary details of
N example output
' Model Flood
control
Step Identify sites
title where
opportunity
is greatest
NFM opportunity and .
areaNo.3 \N CO_nS_tralnt
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\ }b s \ .\ | Task 6.2
‘ f%/d o S L Note: Figure also
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This example output illustrates the use of combined flood control model OutlejtS from Steps 3-5 to
identify potential NFM opportunities for scoped in floodplain openspace sites from Task 6.1. The very
light green polygons are floodplain openspace sites, the red polygons are areas that may be available
for floodplain reinstatement following river restoration, the yellow and green polygons are woodland
habitat patches/networks and the dark/pale blue polygons are wetland habitat patches/networks.

Figure 7.10 Flood control model Step 6, Task 6.2 — example model output

8 Although the criteria considered in the Task 6.4 MCA are wider than those considered in Task 6.3,
there are still a broad range of significant issues that are not considered in the analysis. These include
amenity, landscape, biodiversity as well as the views of stakeholders and local communities. These
wider sustainability issues are picked up further in Step 8 of the flood control model (see section
7.2.8) and discussed at sections 8.2 and 8.3.
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Table 7.8 Flood control model Step 6, Tasks 6.2 and 6.3 - example schedules of potential
natural flood management (NFM) measures

Site details Potential NFM measures available
Site | Tollcross Park 1. Leave the site as is and zone in LDP as flood
storage area
NFM Opportunity | 1 2. Engineering/bunding of the site to increase
No flood storage capacity
3. Expansion of floodplain woodland

PANG65 Category | Park and Garden 4. Fully integrated scheme incorporating LDP
zoning, engineering/bunding of the site and

Area (ha) @ 37 floodplain woodland expansion

High/low cost | Low cost

Site | Sandyhills Park 1. Leave the site as is and zone in LDP as flood
storage area™
NFM Opportunity | 2 2. Restore channel and functional floodplain
No and reconnect watercourse with floodplain®
3. Channel/functional floodplain restoration +
PANG5 Category | Park and Garden engineering/bunding of the site
4. Channel/functional floodplain restoration +
Area (ha) | 24.5 floodplain woodland expansion
5. Fully integrated scheme incorporating
High/low cost | High cost (culvert) channel/floodplain restoration,

engineering/bunding of the site and
floodplain woodland expansion

Note: NFM measures in the table above are listed in increasing order of FRM benefit. At the
Tollcross Park site for example, measure 1 — leave the site as is and zone in LDP as flood storage
area — will have a lesser FRM benefit than measure 3 — expansion of floodplain woodland.

Task 6.3 identifies a schedule of potentially viable NFM measures or
combination of measures that could be delivered at a given site based on outputs
from earlier steps of the flood control model. At this stage therefore, there is a need
to prioritise this list of potential measures in order to recommend a specific measure
(or combination of measures) to take forward for consideration in Steps 7 and 8 of
the flood control model, for each site (see sections 7.2.7 and 7.2.8). This decision-
making process could be undertaken in a number of ways e.g. group
discussions/workshops with relevant personnel from the municipality (e.g. planners,
civil engineers, ecologists etc), a wider process of stakeholder engagement

(potentially including members of the public in affected areas) or with reference to

% In its current configuration, the site at Tollcross Park is not currently providing any flood storage
ecosystem services as the watercourse is culverted along this reach and therefore has no connection
with the floodplain. This zoning measure would ensure that the site is protected for potential future
development of NFM measures (including river restoration).

%% All other potential NFM measures at this site are predicated on the delivery of this measure to
reconnect the watercourse with its floodplain.
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key strategic plans and policies in order to evaluate the degree to which potential
NFM measures align or conflict with relevant strategic objectives and targets.
However as the flood control model has been designed for use by individual
practitioners, a less deliberative approach is favoured to ensure its ease of use by
individuals®. Given the nature of the outputs from Task 6.3 and the potentially
limitless criteria that define the sustainability of NFM measures, a Multi Criteria
Analysis (MCA) approach has been favoured. MCA is an umbrella term describing a
collection of formal approaches that seek to take explicit account of multiple criteria
in helping individuals or groups explore decisions that matter (Belton and Stewart,
2002). Crucially, it has the benefit of offering a process that leads to rational,
justifiable and explainable decisions (Belton and Stewart, 2002; Mendoza and
Martins, 2006). MCA can use guantitative, qualitative or mixed data. Indeed Kenyon
(2007 p.80) used qualitative, participant-led MCA to evaluate FRM options in
Scotland noting how the use of a “visual, structured and progressive method
delivered a package of outputs offering the precise result so often required by policy-
makers”.

For each NFM opportunity area, Task 6.4 uses MCA to evaluate the range of
possible NFM measures or combinations of measures identified for the site through
Task 6.3. A simple model for conducting the MCA evaluation has been developed in
Microsoft Excel. The MCA evaluation considers ‘low cost’ and ‘high cost’ sites
separately as ‘high cost’ sites will always require river restoration to reconnect the
watercourse with its floodplain. The full range of possible NFM measures or
combinations of measures considered in the MCA is indicated in Table 7.9. The
MCA evaluates each measure or combination of measures against FRM
sustainability criteria to calculate a final score accounting for the likely availability

of the measure within the catchment®, its cost and its FRM benefit. These criteria®

% This thesis envisages that recommendations from individual and integrated spatial model outputs
(see section 8.2) would be tested through stakeholder and public consultation as part of the process of
developing Local Development Plans (LDPs) — see section 8.3.

% Some measures are likely to be more available within catchments than others and are scored higher
in the MCA as a result. For example, all floodplain openspace could be protected through planning
policy to maintain existing levels of flood storage ecosystem services — i.e. the ‘leave the site as is and
zone in LDP as flood storage area’ measure. In principle therefore, this measure could be rolled out
across all floodplain openspace as it is not reliant on the presence of any other features (e.g. habitat
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have been identified from the literature (see section 4.4 and Tables 4.6 and 4.7) as
well as the author’s professional knowledge and experience working in urban land

use planning/management at Glasgow City Council (GCC).

Table 7.9 Flood control model Step 6, Task 6.4 — natural flood management (NFM)
measures considered in multi criteria analysis (MCA) evaluation

Low cost site NFM measures High cost site NFM measures

1. Leave the site as is and zone in 1. Restore channel/floodplain and reconnect watercourse
LDP as flood storage area with floodplain

2. Engineering/bunding of the site | 2. High Cost Measure No.1 + floodplain woodland

3. Floodplain woodland expansion expansion

4. Floodplain wetland expansion 3. High Cost Measure No.1 + floodplain wetland expansion

5. Fully integrated NFM scheme 4. High Cost Measure No.1 + engineering/bunding of the

site
5. Fully integrated NFM scheme incorporating High Cost
Measure No.1

Note: ‘High cost’ sites will always require river restoration to reconnect the watercourse with its
floodplain. At high cost sites therefore, this initial intervention must always be undertaken before any
of the other measures can usefully be put in place, hence why all measures at these sites are
considered to be ‘high cost’.

The practitioner can alter key parameters in the MCA including performance
scores (for the likely availability/prevalence and FRM benefit criteria — a positive
number) and a cost score (for the likely cost of intervention criterion — a negative
number). The three criteria can also be weighted, allowing the practitioner to express
preferences concerning costs and benefits. For example in instances where cost is
less of an issue, the weighting could be designed to favour high performing measures
with a strong FRM benefit (e.g. more expensive fully integrated schemes — see Table
7.9). Practitioners may also wish to run a number of scenarios, using different
performance scores, cost scores and weightings, to explore different cost/benefit
preferences. The MCA evaluation will then numerically rank the alternative
measures or combinations of measures available at each site, providing key evidence

to inform decision-making when progressing to Steps 7 and 8 of the flood control

patches). Conversely, the ‘expansion of floodplain woodland/wetland’ measure is reliant on the
presence of existing habitat or at least good ecological potential for habitat establishment

% The nature of the MCA approach at Task 6.4 is such that additional FRM sustainability criteria can
be added in subsequent iterations of the flood control model to improve the richness and depth of
analysis. The three criteria used in this iteration are considered appropriate and fit-for-purpose given
the objectives and proposed utility of the flood control model but this is a key area for future research
as discussed at section 9.3.
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model. Further details and practical guidance on using the MCA approach developed
through this research is provided at Appendix 8. Example MCA outputs are shown at
Figures 7.11 and 7.12.

RH Matrix: User defined

LH Matrix: MCA model
performance and cost scores
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a flood storage area

2. engineering/bunding of the site Performance and

cost scores can be
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projects

3. floodplain woodland expansion

4. floodplain wetland expansion

5. fully integrated NFM scheme

Weighting
1. number/area of sites 0.15 Weightings can be altered for specific projects
2. cost 0.15 Notel: weightings should ideally be agreed through a stakeholder process
3. FRM impact 0.70 Note2: the sum of the combined weightings should be no more than 1
Performance score
Low [0.20
Low-Med 0.40
0.60
0.85
1.00
Cost score
Low -0.40
-0.75
-1.00

Figure 7.11 Flood control model Step 6, Task 6.4 — example multi criteria analysis
(MCA): low cost site/weighting scenario 1

Note: The figure above (also available on standalone CD-ROM) shows an example MCA output for a
‘low cost’ site — i.e. a site that does not require river restoration. The five NFM measures listed on the
left-hand matrix (i.e. the MCA model) are identical to those listed at Table 7.9 under the ‘low cost site
NFM measures’ column. For each measure, the practitioner has the option of altering the
performance and cost scores (right-hand matrix). For example, measure 1 — leave site as is and zone in
LDP as a flood storage area — is applicable to all floodplain openspace sites and has been allocated a
high performance score against this criterion. Conversely, it is likely to have a minimal FRM benefit
as channel and floodplain roughness will be low. It has therefore been allocated a low performance
score against this criterion (see right-hand matrix). No physical intervention is required under this
measure so the cost criterion has been scored as low. For each criterion, the practitioner has the
option of altering the weighting applied to that criterion in the MCA model (left-hand matrix). In the
scenario indicated in the Figure above, the emphasis is placed very much on FRM benefit which has
been allocated a weighting of 0.70. The other two criteria are considered less important each with a
weighting of 0.15. For each measure, the MCA model (left-hand matrix) then multiplies each
cost/performance score against its relevant weighting. Weighted scores are then summed to give an
overall ‘FRM sustainability’ score for the measure (final column in the left-hand matrix). Given the
preferences expressed in the figure above therefore, measure 5 — fully integrated NFM scheme —
scores highest (0.54) as it has a strong FRM benefit and similar costs to a number of other measures.
Unsurprisingly, measure 1 scores lowest (0.23) due to its low score against the FRM benefit criterion.
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Performance score
Low Jo.20
Low-Med 0.40
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0.85
1.00
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Low -0.40
-0.75
-1.00

Figure 7.12 Flood control model Step 6, Task 6.4 —example multi criteria analysis
(MCA): low cost site/weighting scenario 2

Note: Further details of the functionality of the MCA are provided in the notes to Figure 7.11. The
figure above indicates MCA results using a different weighting scenario to that shown in Figure 5.11
(note that the performance and costs scores are the same in both scenarios). In the scenario indicated
in the figure above, the emphasis is placed on cost which has been allocated a weighting of 0.60. The
other two criteria are considered less important with the number/area of sites criterion allocated a
weighting of 0.1 and the FRM benefit criterion 0.30. Given the preferences expressed in the figure
above therefore, measure 3 — floodplain woodland expansion — scores highest (0.00) as it is one of
only two low cost measures and is scored medium on the number/area of sites and FRM benefit
criteria. Measure 4 scores lowest (-0.25) due to its relatively high cost score and fairly low
performance scores. Figure also available within standalone CD-ROM.

As indicated on Figures 7.11 and 7.12, the MCA can be used to evaluate a
number of different scenarios. In Figure 7.11, weightings have been set up to focus
on the FRM benefit criterion whereas in Figure 7.12, the focus is on cost. The
outputs of the MCA can subsequently be used to rank and prioritise potential
measures (or combinations of measures) at individual sites to carry forward to steps 7
and 8 of the flood control model (see sections 7.2.7 and 7.2.8). For example, MCA
outputs shown at Figures 7.11 and 7.12 are for ‘low cost’ sites. Table 7.8 indicates
the range of potential NFM measures that may be available at Tollcross Park which
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is a low cost site (see Figure 7.9). Under the FRM benefit focussed scenario (see
Figure 7.11), the MCA suggests that pursuing a fully integrated NFM scheme would
be the best option for Tollcross Park. On the other hand, outputs from the cost
focussed scenario (see Figure 7.12) suggest that the single measure floodplain
woodland expansion option would be preferential. This example illustrates how
different cost/benefit preferences can be used to explore sensitivity when a range of
possible NFM measures are available for a given site.

7.2.7  Step 7 —topographical analysis to identify further constraints/viability of measures
The purpose of Step 7 in the flood control model is to estimate the gradient of the
floodplain cross-section at key locations within NFM opportunity areas in order
to identify further constraints on the development of NFM schemes. Individual
Step 7 tasks are described in more detail in Appendix 8.

Steeply sided floodplains can place particular constraints on channel and
floodplain restoration and floodplain woodland and wetland expansion based NFM
measures as discussed at section 4.6 and Appendix 4. For example, restoring a

functional floodplain through the creation of a two stage channel®

where existing
gradients are steep would likely necessitate significant and potentially costly
earthworks in order to realise desired gradients in the floodplain. Given the wider
benefits®® associated with channel and floodplain restoration, the costs associated
with earthworks etc may be considered reasonable in this regard. On the other hand,
undertaking such earthworks to reduce gradients and improve the performance of a
floodplain woodland expansion project would be harder to justify.

In Step 7 therefore, practitioners undertake a final analysis of constraints to
gain a more refined understanding of where topography has the potential to
negatively impact the FRM benefit of prioritised NFM measures carried forward
from Step 6 (see section 7.2.6). The analysis in Step 7 is applied to both ‘low cost’

and ‘high cost’ sites though, as mentioned above, costly earthworks may be easier to

justify at ‘high cost’ sites where channel/floodplain restoration will contribute

% Such as that discussed at section 4.5 and shown on Figures 4.7 and 4.8

% And also relevant legal drivers that require morphology pressures to be addressed, such as the
Water Framework Directive (WFD) in the European Union (EU):
http://ec.europa.eu/environment/water/water-framework/ [accessed 08/12/13]

240


http://ec.europa.eu/environment/water/water-framework/

Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

towards wider water environment objectives etc®’. At ‘low cost’ sites, Step 7
undertakes gradient estimation at test sites along the watercourse’s existing route to
identify potential constraints to floodplain woodland and wetland expansion. At
‘high cost’ sites, gradient estimation is undertaken at test sites along the proposed
route of the restored watercourse (as per Step 4 Task 4.3 — see section 7.2.4) to
identify potential constraints to watercourse/channel restoration and floodplain

woodland and wetland expansion.

Summary details of
example output
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Notes: The figure above shows Sandyhills Park — NFM opportunity area No.2 from Step 6. Itis a
‘high cost’ site. The pink lines are topographical contours at 0.5m intervals. The blue line is the
proposed route for restoring the watercourse (as identified at Step 4) which is culverted along this
stretch. The black lines indicate the locations of proposed floodplain gradient test sites — i.e. the two
steepest sections of the proposed floodplain within this NFM opportunity area.

Figure 7.13 Flood control model Step 7, Task 7.1 — example model output

Step 7 comprises four tasks and should be undertaken for each of the NFM
opportunity areas identified at Step 6. Task 7.1 identifies key steep sections within
the existing or proposed floodplain at each of the NFM opportunity areas from Step

6. These sections then become test sites where the gradient of the floodplain cross-

7 bid
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section is estimated. The approach adopted in Step 7 is predicated on the use of a
LiDAR topographical contours data set (see section 2.4.2) which is overlayed with
the watercourse restoration opportunities and floodplain reinstatement area data
(from Step 4) for ‘high cost’ sites and the existing watercourse data for ‘low cost’
sites. This overlay will identify particularly steep sections of the existing or proposed
floodplain which become test sites for gradient estimation. Depending on the size of
the NFM opportunity area being investigated, two to three test sites should be
identified in this manner as indicated on Figure 7.13.

Task 7.2 collects data from the GIS that are required for estimating the
gradient of the floodplain cross-section at the test sites selected in Task 7.1. Gradient
calculations rely on the following data: 1) the ‘rise’ or difference in elevation
between the lowest and highest points; and 2) the ‘run’ or the horizontal distance
between the lowest and highest elevations. Distances are measured for both banks of
the existing/proposed floodplain, noting that these two measurements are the ‘run’
data used in the gradient calculations. The difference in elevation is obtained simply
by counting the number of contour lines crossed within the floodplain cross-section

1%, These two measurements are the ‘rise’

and multiplying this by the contour interva
data used in the gradient calculations®. Further information and guidance on the
measurement of gradient in Step 7 is provided in Appendix 8.

Task 7.3 estimates the gradient of the floodplain at each of the test sites,
noting that gradient is calculated separately for each bank of the existing or proposed
floodplain. A simple model has been created using Microsoft Excel for estimating
gradient based on input data from Task 7.2 (see Appendix 8 for further information).
Table 7.10 summarises the gradient estimation carried out at NFM opportunity area

No.2 (Sandyhills Park) — see Figure 7.10.

% Noting that contour interval will vary depending on the specific topographical data set used. For the
Step 7 analysis it is recommended that a fine scale topographical data set is used (e.g. 0.5m contour
intervals as a minimum) wherever possible — see Appendix 8 for further information

% It should be noted that the figure for ‘rise’/ difference in elevation is a relative rather than absolute
figure. The elevation at the actual location of an existing channel (‘low cost’ sites) or the potential
location of a restored channel (high cost sites) is taken as Om. Heights above ordnance datum (AOD)
are not necessary for the calculation of slope in this step of the flood control model
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Table 7.10 Flood control model Step 7, Task 7.3 — example model output

Test site No. Rise (m) Run (m) Slope info.
Test site 1: south-west 1.5 20 o 7.5%
bank e 1in13
e Moderate to gentle
Test site 2: south-east 25 12 e 20.8%
bank e 1inb
e Moderate to steep
Test site 3: north-west 2 12 e 16.7%
bank e 1in6

e Moderate to steep
Note: Refer to Figure 7.13 for location of test sites and orientation of the floodplain at these sites. At
test site 1, gradient estimation has only been undertaken for the south-west bank as the bank to the
north-east is broadly flat i.e. gradient is considered to be insignificant as a constraint to the
development of NFM measures.

As with other steps and tasks in the flood control model, Task 7.4 requires
practitioners to make informed decisions on the basis of data and information
generated through subsequent steps in conjunction with their own expertise and local
knowledge. Task 7.4 is one decision-making juncture out of many and an overly
prescriptive approach was considered inappropriate. Given that the key purpose of
Step 7 is to refine the constraints analysis, introducing quantified gradient constraint
thresholds to steer practitioners to specific conclusions was considered unnecessary.
Rather, broad categories of constraint have been developed as a guide for
practitioners, to be used in conjunction with their own expertise, local knowledge
and advice from other relevant specialists where relevant. This categorisation is
shown at Table 7.11.

At Task 7.4 therefore, practitioners are required to review the floodplain
cross-section gradient estimation data from Task 7.3, contrast this to the broad
categories of gradient constraint shown at Table 7.11 and then form a view as to the
potential severity of the gradient constraint at the NFM opportunity areas under
investigation. For example, where the floodplain is steep/highly constrained (e.g.
gradients of between 1:3 and 1:1 — see Table 7.11), it may only be economically
viable to carry out the necessary earthworks where the proposed scheme (e.g.
channel restoration in conjunction with floodplain woodland expansion) has
demonstrable wider benefits as well as strong legislative drivers (e.g. addressing

morphology pressures to meet WFD targets). Conversely, undertaking these
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earthworks as part of a scheme that solely involves floodplain woodland expansion

would be less economically viable'®.

Table 7.11 Categorisation of potential gradient constraint on floodplain NFM measures

Gradient (quantitative) Gradient (qualitative) Potential constraint on

floodplain NFM measures

2.5% or 1:40 Very gentle Less constrained
5% or 1:20 Gentle

10% or 1:10 Moderate

20% or 1.5 Moderate-steep

33% or 1.3 Steep-moderate

50% or 1:2 Steep

100% or 1.1 \ey steep

In the case of NFM opportunity area No.2 (Sandyhills Park) outlined at Table
7.10 and shown on Figure 7.13 (and in further detail at Appendix 8), test site 1 is
arguably unconstrained — one bank has a moderate to gentle gradient and the other
bank is broadly flat — whilst test site 2 is moderately constrained — both banks are
moderate to steep. Given that this is a ‘high cost’ site and that proposed intervention
will involve an element of channel/floodplain restoration (deculverting of the
watercourse), the whole site is arguably relatively unconstrained in terms of
topography. Accordingly, the recommendation would be for this site to proceed to

scenario development in Step 8 of the flood control model.

7.2.8  Step 8 —scenario development

The purpose of Step 8 in the flood control model is to translate the proposed
outline NFM measures from Steps 6 and 7 into more detailed scenarios.
Individual tasks to be undertaken in Step 8 of the flood control model are described
in Appendix 8. The scenarios developed in Step 8 are intended to provide an outline
indication of proposed land use/management based NFM schemes for each NFM

opportunity area scoped in at Step 6 and subsequently carried forward after the

1091t should be noted however that a floodplain woodland expansion scheme of this kind could
arguably go ahead without earthworks/reduction in floodplain gradients. Although the FRM benefit of
floodplain woodland is greater where the floodplain is less steep, planting-up steep floodplains may
still have a significant FRM benefit (though this would need to be validated using an appropriate
hydraulic model). In addition, the floodplain woodland scheme would potentially deliver a range of
wider amenity, biodiversity and landscape benefits i.e. FRM benefit is only one consideration.
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topographical constraints analysis at Step 7 (see section 7.2.7 and Appendix 8). The
scenarios do include broad recommendations for the location, scale, design and
management of key land use/management based NFM measures. However the
scenarios do not include detailed technical drawings, engineering design, bill of
quantities etc'®,

For integrated NFM schemes that involve two or more different NFM
measures (see Table 7.9), scenario outputs from Step 8 will include plans for each
individual measure (e.g. channel restoration, floodplain woodland etc) as well as an
overall strategy plan that outlines all of the components required to deliver the
integrated scheme. In essence, the overall strategy plan is an indicative land
use/management plan for the NFM opportunity area, detailing the NFM schemes’s
various components as well as a broad indication of their anticipated location across
the site. Indicative floodplain cross-sections are prepared to provide a better
understanding of scale and interaction between the individual NFM measures and
components that constitute the overall scheme (e.g. to show the difference in levels
between channel, bank and floodplain - see section 4.5). Taken together, the various
plans and sections can provide the basis for discussion with other relevant specialists,
as required, to progress the technical design development prior to scenario testing in
an appropriate hydraulic model (see Chapter 7). For discrete NFM schemes
involving only one FRM measure (see Table 7.9), scenario outputs from Step 8 will
include one FRM strategy plan and indicative cross-sections as required.

Step 8 involves six tasks. Building on outputs from Steps 6 and 7 (Tasks 6.4
and 7.4 — see Appendix 8), Task 8.1 clarifies the scope of the NFM measure(s) under
consideration i.e. it identifies whether any changes to the scope are required in light
of topographical constraints. In the case of NFM opportunity area No.2 for example

(see Figure 7.10 and Table 7.8), the topographical constraints identified at Step 7

101 This issue is particularly important in relation to any proposed profile changes to the channel and
floodplain — whilst the hydraulic impact of vegetation changes can be modelled by changing the value
of Manning’s n for the affected component, proposed alterations to the physical make-up of the
channel and floodplain (i.e. its geomorphology) can require highly skilled input to make the
corresponding alterations in the modelled environment (e.g. altering the DEM in a GIS). Accordingly,
further technical input and technical design development is required before the scenarios can be tested
in an appropriate hydraulic model. This is likely to include land surveys to obtain accurate elevations
for the site, exemplifying the scope of technical activity required before a scenario is ready for testing
in the hydraulic model.
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(see Figure 7.13 and Table 7.10) are considered to be acceptable given that NFM
opportunity area No.2 is a ‘high cost’ site. Accordingly, no alternations are required
and the integrated NFM scheme proposed at Step 6 is carried through as is: channel
restoration AND floodplain woodland expansion. Additionally, Task 8.1 should
establish clear and ambitious objectives that articulate the vision for the NFM
scheme. Example objectives are provided at Appendix 8.

Task 8.2 involves a further review of topographical data to identify the
presence (or not) of fine scale topographical features in the floodplain that may
constrain or enhance the overall design of the scheme. In particular, the presence of
relic side channels in the floodplain may have the effect of diverting flood flows
back into the main channel (partially negating the flood storage benefit afforded by
the floodplain itself and other NFM measures under consideration) whereas relic
ponds and depressions can increase floodplain roughness as well as providing the
three dimensional space necessary for flood storage (see sections 4.5 and 4.6). In
addition, areas of broadly flat ground may provide an opportunity for the creation of
floodplain scrapes if these areas are at a similar (or lower) elevation to the banks of
the watercourse (RRC, 2002). In essence, the flood control model generally
construes relic side channels as a constraint to NFM measures whereas depressions,
relic ponds and flat areas are more likely to provide an opportunity. The significance
of the constraint/opportunity will be depend on the overall topography of the
floodplain and the relative levels of the channel, banks and fine scale topographical
features of interest. Additionally, it may be possible to engineer relic side channels to
enhance flood storage ecosystem services as outlined at sections 4.5 and 4.6. Further
guidance on undertaking Task 8.2 is provided at Appendix 8.

Task 8.3 considers the profile of the existing floodplain (low cost sites) or
proposed floodplain (high cost sites), to identify where earthworks may be necessary
in order to realise the desired floodplain profile. For low cost sites, shallower
floodplain gradients can enhance the FRM benefit of key measures (e.g. floodplain
woodland — see section 4.6 and Appendix 4) and some earthworks may be desirable
to positively alter the floodplain. Unlike high cost sites however, floodplain
remodelling at low cost sites is not essential (i.e. some degree of FRM benefit is still

likely to be achievable) and the costs associated with earthworks may be harder to
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justify. Task 8.3 therefore simply reviews the topographical data already considered
at Step 7 (see Figure 7.13) to identify key areas where floodplain gradients are steep
and where earthworks may be required to remodel the floodplain. The desired
outputs from Task 8.3 therefore are recommendations detailing where earthworks
may be required. This then feeds into Task 8.4 which develops the outline
geomorphology and land engineering strategy for the site, as part of the overall
strategy plan. The recommendations should differentiate between essential
earthworks (e.g. those required to reinstate the floodplain at a high cost site) and
desirable earthworks (e.g. those that would be advantageous at a low cost site but
non-essential). Figure 7.14 details the output of Task 8.3 analysis for NFM
opportunity area No.2 (Sandyhills Park).

Informed by recommendations from Task 8.3, Task 8.4 identifies outline
areas where earthworks may be required to realise a desirable floodplain profile in
terms of maximising the FRM benefit of the wider scheme. Earthworks may be
necessary in order to create the suitably shallow floodplain/bank/channel gradients
required to encourage out of bank flows (e.g. the creation of two stage channels, flat
berm areas etc) and also any land engineering works in the floodplain to increase
surface roughness and/or to provide increased flood storage (e.g. floodplain scrapes,
creation of wetland mosaic etc). Proposals for land engineering works in the
floodplain should also be informed by the review of fine scale topographical features
undertaken at Task 8.2 (e.g. the identification of flat areas at a suitable elevation for
the construction of floodplain scrapes).

At this level of analysis, defining exact gradients for the floodplain, bank and
channel is not necessary and the Task 8.4 analysis should focus on the identification
of broad areas where earthworks may be required. A more detailed analysis of
channel bed, bank and floodplain elevations will be required at subsequent stages'%?
of project planning and design to ensure that strategic ecosystem service priorities

identified in the flood control model (see section 8.2) can be effectively translated

192 providing input data to model the watercourse/floodplain response to a variety of different flow
conditions. This type of detailed approach helps to ensure that the designed landform of the
channel/bank/floodplain responds to flood flows in a predictable and planned manner — for example,
different engineered compartments of the floodplain are inundated in a specified order as individual
compartments are progressively inundated and overtopped.
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into action on the ground. The outputs of Task 8.4 analysis, including delineation of
proposed earthworks areas, should be collated on an outline geomorphology and land
engineering strategy plan, an example of which is provided at Appendix 8.

Summary details of
example output
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Notes: The figure above details locations at NFM opportunity area No.2 (Sandyhills Park) where
earthworks may be required to realise a desired floodplain profile. Proposed earthworks denoted with
the number ‘1’ are likely to be essential due to floodplain gradients at these locations. Proposed
earthworks denoted with the number ‘2’ are desirable but non-essential.

Figure 7.14 Flood control model Step 8, Task 8.3 —example model output

Task 8.5 is focussed on the development of strategies for the habitat related
NFM measures: 1) floodplain and riparian zone woodland planting/restoration (see
section 4.6); and 2) creation, restoration and enhancement of floodplain wetland
features (see section 4.7). Accordingly, Task 8.5 is informed by an analysis of key
outputs from Step 5 (see section 7.2.5), especially the spatial data on existing
floodplain habitat patches/networks (see Figure 7.7 and Appendix 8) along with
spatial data on optimal and marginal sites for habitat expansion (see Figure 7.8 and
Appendix 8). For each of the scoped in NFM opportunity areas, Task 8.5 identifies
habitat creation/restoration opportunities within the floodplain.

As per the principles of conservation management (see section 5.2.2 and
Appendix 6), the preferred approach to habitat related works is to consolidate and
enhance existing habitat patches. Existing habitat patches are identified through Task

5.2 (see section 7.2.5). In the case of floodplain woodland, this equates to

248




Land use planning in urban areas — towards an ecosystems approach
Peter M. Phillips, Department of Civil and Environmental Engineering, University of Strathclyde

management interventions to improve the FRM benefit of existing habitat patches.
Various management measures for achieving this objective are outlined at
Appendices 4 and 6. Once recommendations for enhancing the FRM benefit of all
existing habitat patches have been identified, the preferred approach for subsequent
action is to create new habitat within the floodplain to further increase the roughness
of the land and to provide increased flood storage ecosystem services. Optimal sites
for the creation of new habitat are likely to be within the habitat network formed by
existing habitat patches as these areas will be part of a contiguous network and
therefore already functionally connected (see section 5.2). Appendices 4 and 6

provide guidance for the establishment of floodplain woodland in urban areas.

Summary details of example output

Model Flood control

Step 8

Step title Scenario
development

Task 8.6

KEY

@ FRM zone — FRM benefit provided by floodplain woodland and two stage channel

(B) TRM & Amenityzone - FRM benefit provided by two stage channel

@ FRM zone — FRM benefit provided primarily by floodplain woodland
Floodplain scrape
1 -
5 Spillway
) Anticipated backingup of flood waters caused by floodplain woodland
1 Potentialincreased flood risk due to flood waters backing-up
Ve e -
2 oW il * Anticipated area of major earthworks to achieverequired floodplain profile
Y 1l = /
< e B
FRcA e % Anticipated avea of minor earthworks to achieve required floodplain profile
NOTYOSALE @ Woodland establishment within existing woodland habitat network
@ Interplaniing andrestocking of existing woodland habitai patches

€— Integration of new/enhanced woodland with adjacent woodland habitat networks

Notes: The proposals on Figure 5.15 have been informed by the strategies for individual NFM
measures detailed above in section 5.1.8. The broad locations for major and minor earthworks and the
proposed floodplain scrape have been informed by the outline geomorphology and land engineering
strategy plan (see Figure 5.14 and Appendix 4). The proposals for floodplain woodland management
and establishment have been informed by the floodplain woodland enhancement strategy plan (see
Appendix 4). Figure also available within standalone CD-ROM.

Figure 7.15 Flood control model Step 8, Task 8.6 — typical model output

The final task in Step 8 (Task 8.6) is the development of an overall strategy
plan for the site. This integrates the various strategies for each separate NFM

measure under consideration to identify broad location, scale, design and
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management recommendations for land use/management based NFM schemes. The
development of the overall strategy plan involves the sequential consideration of all
individual NFM strategies for the site (see above) to identify potential constraints
and synergies. An example strategy plan output for NFM opportunity area No.2 (see
Figures 7.9 and 7.10) is shown at Figure 7.15. One of the key issues addressed in the
development of this example is the substantial earthworks proposed for the central
stretch of the reinstated channel and floodplain marked as ‘Strategy Zone B’ on
Figure 7.15. Given the potential scale of the earthworks that may be required at this
location, existing woodland habitat would likely be removed, potentially just leaving
key specimen trees (marked as ‘Proposed Intervention 3’ at Appendix 8). The focus
for this part of the site is therefore as a joint FRM and Amenity Zone — the edges of
the new floodplain are pulled right back to create shallow gradients and flat berm
areas that are inundated by flood waters whilst facilitating safe access to the water
under low flow conditions (e.g. for recreational/educational purposes). For this
reason, the floodplain woodland works are diverted to the other two Strategy Zone

areas upstream and downstream.

7.3 The hydrological cycle model — where are runoff reduction services
required?
This section describes the structure, process and function of the hydrological cycle

model that has been developed through this research. The purpose of this model is to
identify sites where appropriate land use/management intervention can be used to
enhance runoff reduction ecosystem services (see section 3.2) i.e. sites and
interventions that can help to restore the more natural functioning of water
catchments by supporting and enhancing the natural drainage processes that underpin
hydrological cycle function (see section 4.7). In this regard, the model is designed to
work in concert with the flood control model described at section 7.2. The model can
be run for a range of different geographies and scales in urban areas including those
defined by natural features (e.g. water catchments) and administrative units (e.g.
local development framework areas). Some of the key implications of scale, e.g. in
terms of data use and management, GIS processing time etc, are discussed at
Appendix 9. The development of the hydrological cycle model has been informed by

the material collated, analysed, synthesised and documented in Chapter 4 (see
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sections 4.2, 4.4 and 4.7 in particular) as part of Research Objective No.2 (see Box
1.2). The overall structure of the hydrological cycle model is shown on Figure 7.16
and described at Table 7.12.

Where are surface
waterbodies located in the
study area?

‘Where are steep slopes
located in the study area?
Where are medium slopes
located in the study area?

Where are large areas of
impermeable ground located

in the study area?

Slope analysis

‘What is the immediate
catchment area of artificial
and natural drainage
features?

Catchment analysis

‘Where are gentie slopes

located in the study area?

‘Where are sfeep slopes
located within the immediate
catchments of artificial
drainage features?

Where are steep slopes
located within the immediate
catchments of natural
drainage features?

Integration analysis

Figure 7.16 Overall structure of the hydrological cycle model

Note: Figure also available within standalone CD-ROM.

The utility of the hydrological cycle model lies in its use scoping sites that
can provide runoff reduction ecosystem services, thereby enhancing overall natural
flood management (NFM) capacity within urban catchments. Informed by standard
hydrological principles concerning the interaction of slope and surface roughness in
the functioning of overland flow based runoff generation mechanisms (see section

4.7), the focus of the hydrological cycle modelling is on the identification of sites
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within the wider catchment (i.e. away from the floodplain) that have the potential to
provide runoff reduction services. This is in contrast to the flood control model (see
section 7.2) which focuses on the identification of sites and measures within the
floodplain itself. Working in concert therefore, the two models are intended to
provide a catchment wide analytical approach to the identification of sites and
potential measures for NFM. Integration of outputs from the two water management
focussed models (i.e. the flood control and hydrological cycle models) with the
habitat networks model (see section 7.4) is then undertaken to support the
identification of an integrated land use/management strategy for the catchment as
well as specific sites and potential interventions that have the potential to deliver
multiple benefits (see section 8.2).

As indicated on Figure 7.16, the hydrological model comprises three main
stages: 1) slope analysis; 2) analysis of natural and artificial drainage catchments;
and 3) integration of slope and catchment analysis to identify potential intervention
sites. Each of these stages comprises a number of individual steps. Unlike the flood
control model, the hydrological cycle model is designed to be fully automated within
the GIS. Key information on individual stages and steps in the hydrological cycle
model is provided at sections 7.3.1 — 7.3.3 with additional detail and geoprocessing
instructions provided at Appendix 9. Where relevant, this includes a critique of the
new hydrological cycle model as it compares to relevant aspects of existing urban
planning frameworks and the wider literature. In line with Research Objective No.5,
an evaluation of the new tools and approaches developed through this research is
provided at section 9.2.4.

Table 7.12 Hydrological cycle model — summary description of key stages

Stage Objectives/purpose
1. Slope The overall objective/purpose of Stage 1 is to characterise the study area in
analysis terms of slope and to delineate steep, medium and gently sloped areas of land

in a vector dataset. Slope and surface roughness are key factors influencing the
function of overland flow based runoff generation mechanisms (see section 4.7).
Accordingly, Stage 1 involves the analysis and mapping of slope to determine the
degree to which this factor is significant for runoff generation within the study area
— i.e. where are steeply sloped areas of land that may be priorities for land
use/management change in order to enhance runoff reduction ecosystem services?
Stage 1 categorises land in the study area on the basis of slope — i.e. land that is
steeply, medium and gently sloped. The analysis uses a mixture of raster and vector
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Stage

2. Catchment
analysis

3. Integration
analysis

Obijectives/purpose

data though the final outputs from Stage 1 are in vector format — i.e. polygon
feature classes of steep, medium and gently sloped land

The overall objective/purpose of Stage 2 is to identify the immediate
catchment areas of natural and artificial drainage features and to delineate
these areas of land in a vector dataset. The key purpose of the hydrological cycle
model is to prioritise sites in urban catchments where appropriate land
use/management can be used to alter surface roughness and/or where the provision
of additional storm water storage should be prioritised (e.g. through the use of
specific SuDS intervention such as rain gardens). The modelling approach is
designed to work in tandem with generic/catchment-wide policy on water and flood
risk management (e.g. policy on permeable paving, greenspace quotas within new
development etc) by identifying specific sites where topography and existing land
use is such that the potential for overland flow based runoff generation is high. In
this regard, the Stage 2 analysis identifies the immediate catchment areas of natural
and artificial drainage features, the rationale being that intervention at these
locations to increase surface roughness and/or provide storm water storage can
reduce runoff, thereby helping to reduce peak flows in natural and artificial
drainage systems and the associated risk of fluvial and pluvial flooding. Natural
drainage features are surface waterbodies. Large areas of impermeable ground are
used as a proxy for artificial drainage features. Taken together, this approach to
defining natural and artificial drainage features means that the scope of the analysis
can cover whole catchments — the former captures river corridors and their
immediate surrounds and the latter can capture all other parts of the catchment
where land use is such that there are significant areas of impermeable ground. In
essence however, the hydrological cycle model is intended to focus land
use/management planning attention on those areas where runoff generation
potential is particularly high — i.e. steeply sloped land in close proximity to natural
and artificial drainage features. As discussed at section 7.3.2 however, model
parameters can be adjusted and sensitivity analysis undertaken to explore the land
use consequences of using a larger or smaller buffer in order to delineate the
immediate catchment areas of natural/artificial drainage features

The overall objective/purpose of Stage 3 is to integrate outputs from Stages 1
and 2 by identifying where various classes of slope fall within the immediate
catchment areas of natural and artificial drainage features. These areas of
land are then delineated in a vector dataset and may become priorities for
runoff reduction ecosystem services. This is undertaken using the intersect'®®
operation in ArcGIS to identify where the various classes of slope are coincidental
with the immediate catchments of natural and artificial drainage features. Where
appropriate (e.g. given various constraints on land use/management change), the
focus of intervention would be on steeply sloped sites first as increasing roughness
and/or providing storm water storage at these locations is likely to yield the greatest
runoff reduction results in terms of the hydrological principles governing overland
flow generation (Kuchment, 2014). The overall effect of the integration analysis is
to identify various sites across the catchment where land use/management change
could potentially be used to beneficially alter key physiographic characteristics of
the catchment to reduce runoff coefficients thereby helping to reduce flood risk

193 ArcGIS online help for intersect operations:
http://help.arcgis.com/en/arcgisdesktop/10.0/help../index.html#//00080000000p000000 [accessed

09/02/14]
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7.3.1 Hydrological cycle model stage 1 — slope analysis

As outlined at Table 7.12, the overall objective/purpose of Stage 1 of the
hydrological cycle model is to characterise the study area by slope class. Slope is a
key factor influencing the function of overland flow based runoff generation
mechanisms and can therefore be used to steer land use/management intervention
towards sites where runoff reduction ecosystem services are likely to be particularly
important. The interaction of the various geoprocessing operations in Stage 1 of the

hydrological cycle model are indicated on Figure 7.17.

Hydrological cycle model - where are runoff reduction services required?

ArcGIS based modelling_Stage 1: slope analysis

Simplify line

Step 2

Step 3

Topo to raster  |Step 4

Step 7 Step 6 Step 5

Raster

Summary explanation of geaprocessing tools

[ Buffer: creates buffer polygons around input features to a specified distance

I Clip: extracts input features that overlay the clip features

Simplify line: simplifies lines by removing extraneous bends while preserving essential
shape

Topo to raster: interpolatos a hydrologically correct raster surface from point, line and

)
)
|
}
%
|

Slope: identifies the slope (gradient, or rate of maximum change in z-value) from each
cell of a raster surface

Reclassify: reclassifies (or changos) the values in a raster

Raster to polygon: converts a raster dataset to polygon features

Select: extracts features from an input feature class or input feature layer, typically
using a select or Structured Query Language (SQL) expression and stares them in an
output feature class

Figure 7.17 Hydrological cycle model — Stage 1 geoprocessing operations (Steps
1-8)

Note: The figure above shows the integrated sequence of geoprocessing operations carried out in
ArcGIS in Stage 1 of the hydrological cycle model. Input datasets are: 1) study area polygon; and 2)
LiDAR topographical contour polylines (see section 2.4.2). Steps 2-4 are not required if an existing
DEM is available for the study area. Figure also available within standalone CD-ROM.

Step 1 (see Figure 6.17) buffers the input study area polygon. The importance
of this step will vary depending on the nature of the study area under investigation.
The buffer step is particularly important where study area delineation is not based on
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a natural feature e.g. it is based on an administrative unit such as a local development
framework (LDF) area (see section 3.1.2).

In cases such as this, the functioning of key ecosystem processes/intermediate
services (e.g. the hydrological cycle and ecological networks — see section 3.2.2) will
overlap the boundaries of the study area. By buffering the study area therefore, some
of this overlap can be captured in the subsequent analysis (see Figure 7.17).
Conversely, where the study area is delineated on the basis of natural features like
water catchments, the buffer step is less important as, in principle, the study area
should be self-contained with respect to the functioning of key ecosystem

process/intermediate service.

Model Hydrological cycle model Model Hydrological cycle model

Step 2 Step 3

Step title | Clip the topographical contour Step title | Simplify the topographical contour
dataset to the study area dataset

Notes: The example output shows the LIDAR
topographical contours dataset from Step 2 (see

Notes: The example output shows a LiDAR
topographical contours dataset at 5m intervals

(the pink lines) clipped to the study area. In this
example, the study area is defined on the basis of
an administrative boundary — the Castlemilk
Regeneration Area in southeast Glasgow. For
large study areas, it may be necessary to stitch
several topographical contour datasets together.

opposite) after a simplify line operation has been
undertaken. Simplify line removes extraneous
bends whilst maintaining the essential shape. The
intention is to reduce the granularity of the
dataset to ensure that subsequent steps of the
slope analysis are manageable, even with limited
computer processing power.

Figure 7.18 Hydrological cycle model Steps 2 and 3 — example outputs

Note: Figure also available within standalone CD-ROM.
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Step 2 (see Figure 7.17) simply involves clipping the digital topographical
dataset to the buffered study area. Further information on the use of data in this
regard is provided at section 2.4.2 and also at Appendix 9. In summary however, a
balance needs to be struck between using topographical data of a desired granularity
(and therefore accuracy) and the time and computer power required in order to
process richer/more granular topographical data sets. For the case studies considered
in this research (e.g. urban catchments and urban regeneration areas >20km?), it was
considered appropriate to use a LiDAR topographical contour dataset at 5m contour
intervals (see Figure 7.18). Although this is arguably a relatively coarse dataset for
use in water management planning/design, the intended use of integrated model
outputs from this research (see sections 8.2 and 8.3) is focussed on the identification
of broad priority locations for land use/management intervention to inform
qualitative deliberation as part of the LDP-development process (see section 3.1) and
not quantitative modelling processes such as Flood Risk Assessment (see section
4.3). Also, the tools, models and guidance developed in this research are intended for
practical use by urban planners who are less likely to have access to the type of
computer hardware required for processing large/rich datasets (e.g. a more detailed
LiDAR topographical contour dataset, say at 0.5m intervals).

Although relatively coarse data was used in the case studies considered in this
research it was still necessary to simplify the topographical dataset to ensure that
subsequent geoprocessing tasks were manageable given the available computer
hardware and processing power. In this regard, the third step in Stage 1 (see Figure
7.17) is a simplify line'® operation to reduce the granularity of the LIDAR dataset
(see Figure 7.18) thereby making it more manageable for subsequent steps in the
slope analysis. Practitioners with access to greater computer processing power may
wish to skip this step though as per the discussion above in relation to the use of data,
the benefits of this given the decision-making context in question (i.e. LDP policy)
are uncertain, especially at relatively broad spatial scales such as the catchments and

regeneration areas considered in this research (i.e. areas of land >20km?).

194 ArcGIS online help for simplify line operations:
http://resources.arcgis.com/en/help/main/10.1/index.htmI#//007000000010000000 [accessed
09/02/14]
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Model Hydrological cycle model Model Hydrological cycle model

Step 4 Step 5

Step title | Construct Digital Elevation Model Step title | Construct slope raster
(DEM) raster

Notes: The DEM raster is the starting point for Notes: The slope raster is constructed from the

all subsequent slope analysis steps and is DEM raster. Slope is calculated in the GIS by
constructed using the ArcGIS topo to raster'®® analysing the rate of change in elevation between
operation based on the simplified LiDAR cells in the DEM raster surface (see opposite).
topographical contours dataset from step 3. Where the rate of change is great, slope is steep
Within the DEM raster surface shown above, and vice versa. The figure above shows the slope

individual cells represent elevation — lighter cells | raster for the Castlemilk case study area — darker
represent higher elevations and darker cells lower | cells indicate steeply sloped areas and lighter
elevations. cells represent flat/gently sloped areas.

Figure 7.19 Hydrological cycle model Steps 4 and 5 — example outputs

Note: Figure also available within standalone CD-ROM.

Steps 4 and 5 (see Figure 7.17) construct a digital elevation model (DEM)
and slope raster respectively based on the simplified topographical contour dataset
from Step 3 (see Figure 7.19). The DEM raster is used to construct the slope raster
which in turn is used to identify steeply sloped areas through a reclassify operation in

Step 6 (see Figure 7.20). The purpose of the reclassify*®

operation is to categorise
cells from the slope raster into discrete slope classes. The specific parameters used in
the reclassify operation (see Appendix 9) are such that cells are reclassified to one of
nine slope classes — from gentle to steeply sloped. In this manner, step six is a

fundamental component in the characterisation of the study area by slope class.

195 ArcGIS online help for topo to raster operations:
http://resources.arcgis.com/en/help/main/10.1/index.htmI#//009z20000006s000000 [accessed 09/02/14]
196 ArcGIS online help for reclassify operations:
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//009z000000sr000000. htm [accessed
09/02/14]
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Model Hydrological cycle model Model Hydrological cycle model
Step 6 Step 7
Step title | Reclassify slope raster to discrete Step title | Convert the reclassified slope raster
slope classes to vector format
Notes: The figure above shows the reclassified Notes: Step 7 converts the reclassified slope
slope raster for the Castlemilk case study area. raster into vector format. Groups of cells sharing
Red cells indicate steep slopes, yellow medium the same slope class attribute become polygons
slopes and green cells gentle slopes. in the vector dataset.

Figure 7.20 Hydrological cycle model Steps 6 and 7 — example outputs
Note: Figure also available within standalone CD-ROM.

As discussed at section 4.7, slope is a key factor influencing the function of
overland flow based runoff generation mechanisms. In this regard, understanding and
mapping the study area’s slope characteristics provides useful data to support the
identification of sites for land use/management intervention that can enhance runoff
reduction ecosystem services. However, outputs from step six are in raster format
and Stage 3 of the hydrological cycle model uses polygon-on-polygon analysis
(intersect) to explore the spatial relationships between steeply sloped land and the
catchments of natural and artificial drainage features (see Table 7.12 and section
7.3.3). As such, Step 7 converts the reclassified slope raster from Step 6 into vector
format (polygons) to facilitate the intersect analysis at Stage 3. As indicated on
Figure 7.20, groups of cells sharing the same slope attribute from the reclassified
slope raster become discrete polygons in the vector dataset. These attributes are
carried over into the vector dataset as a slope field, facilitating the final step of Stage

1 as outlined below.
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Model Hydrological cycle model Model Hydrological cycle model
Step 8 Step 8
Step title | Identify and extract steep, medium Step title | Identify and extract steep, medium
and gentle slope polygons from the and gentle slope polygons from the
vector dataset vector dataset
Note: The figure above shows polygons from the | Note: The figure above shows polygons from the
slope vector dataset indicating areas of steeply slope vector dataset indicating areas of medium
sloped land (i.e. slope classes 7, 8 and 9 from the | sloped land (i.e. slope classes 4, 5 and 6 from the
raster dataset). Where these areas of steeply raster dataset). Where these areas of medium
sloped land are located within the immediate sloped land are located within the immediate
catchment of a natural or artificial drainage catchment of a natural or artificial drainage
feature they may represent an opportunity for feature they may represent an opportunity for
land use/management intervention to enhance land use/management intervention to enhance
runoff reduction ecosystem services. runoff reduction ecosystem services.

Figure 7.21 Hydrological cycle model Step 8 — example outputs

Note: Figure also available within standalone CD-ROM.

Step 8 (see Figure 7.17) uses a Structured Query Language (SQL) based

select!”’

operation to extract specific slope polygons from the vector slope dataset.
As described above and shown at Figure 7.20, the reclassified slope raster produced
at step six classifies slope cells to one of nine slope classes — from gentle to steeply
sloped. For the purposes of the integration analysis at Stage 3 however, only three
slope classes are used — steep, medium and gentle slopes. As such, the select
operation breaks the nine slope classes into three using SQL — steep and medium
slopes for the Castlemilk (south-east Glasgow) example are shown on Figure 7.21.

The three classes of slope polygon are the final output from Stage 1 of the

97 ArcGIS online help for select operations:
http://resources.arcgis.com/en/help/main/10.1/index.htmI#//000800000005000000 [accessed
09/02/14]
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hydrological cycle model. In conjunction with outputs from Stage 2 that delineate the
immediate catchments of natural and artificial drainage features, Stage 1 outputs are
used in Stage 3 to identify priority locations for land use/management intervention

that can enhance runoff reduction services.

7.3.2 Hydrological cycle model stage 2 — catchment analysis

The overall objective/purpose of Stage 2 of the hydrological cycle model is to
identify the immediate catchment areas of natural and artificial drainage features
located within the study area (see Table 7.12). Dependent on site specific slope
factors (see section 7.3.1), these areas are construed as potential priority locations for
runoff reduction ecosystem services. The interactions of the various geoprocessing
operations in Stage 2 of the hydrological cycle model are indicated on Figure 7.22. In
line with its objectives/purpose, Stage 2 is split into two components: a) analysis of
artificial drainage feature catchments; and b) analysis of natural drainage feature
catchments.

For the analysis of artificial drainage feature catchments, large areas of
impermeable ground are used as a proxy for artificial drainage features. The rationale
behind the use of this proxy is twofold. Firstly, large areas of impermeable ground —
by definition — will be served by surface water drains connected to below ground

drainage infrastructure®

(including combined sewers in some cases e.g. Glasgow).
Secondly, large areas of impermeable ground, by their very nature, are more
likely to be at risk of pluvial and sewer flooding as natural drainage processes are
constrained by the impermeable nature of the ground (contributing to pluvial
flooding) and associated below ground drainage infrastructure will have a finite

capacity (contributing to pluvial and sewer flooding). Furthermore, there are close

1% 1t may also be the case, for example, that the catchments of artificial drainage features are served
by surface water management systems (e.g. source and site control SuDS interventions) designed to
reduce pressure on below ground drainage infrastructure, including combined sewers. Depending on
the treatment provided by SuDS, runoff will either be discharged to a waterbody (e.g. river,
groundwater), surface water drain or combined sewer once the storm event is over and pressure on the
drainage system has been reduced. In either case, the use of surface water management systems/SuDS
techniques has the potential to reduce pressure on below ground drainage infrastructure (including
combined sewers) and the need for enhanced runoff reduction ecosystem services (i.e. a source control
SuDS technique — see section 4.7) within the immediate catchment area of artificial drainage features
may be less critical. Susdrain background pages on sustainable drainage:
http://www.susdrain.org/delivering-suds/using-suds/background/sustainable-drainage.html [accessed
10/02/14]
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links between pluvial and sewer flooding that can act to compound flooding
problems in urban catchments — the former occurs when rainwater cannot enter the
artificial drainage system as it is already at capacity and the latter occurs under
periods of heavy rainfall when flows exceed the design capacity of the
drainage/sewer system (Scottish Government, 2011a). In essence, precipitation
falling on or draining to areas of impermeable ground will either end up in the below
ground drainage network, contribute to pluvial flooding or, depending on the severity
of the rainfall event and the specific nature of the integrated drainage system,

contribute to both (with the associated risk of sewer flooding).

Hydrological cycle model - where are runoff reduction services required?
ArcGIS based modelling_Stage 2: analysis of natural and artificial catchments

Step 11

Step 10

Step 12

Step 15

Step 13 Step 14

Waterbodios_

L3 surface_buffer

Summary explanation of geoprocessing tools

[ Buffer: croatos buffer polygons around input features to a specified distance ]

[ Clip: extracts input features that overlay the clip features ]

Select: extracts features from en input feature class or input feature layer. typically
Structured Query Language (SQL) expression and stores them in an
output feature class

Figure 7.22 Hydrological cycle model — Stage 2 geoprocessing operations (Steps
9-15)

Note: The figure above shows the integrated sequence of geoprocessing operations carried out in
ArcGIS in Stage 2 of the hydrological cycle model. Input datasets are: 1) study area polygon; 2) OS
MasterMap topography polygons; and 3) waterbodies (see section 2.4.2). Figure also available within
standalone CD-ROM.

As such, this thesis argues that focusing attention on the immediate
catchment areas of large areas of impermeable ground is a useful approach for

strategic land use/management planning — i.e. by changing land management and/or
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providing storm water storage at these locations, the intention is to enhance runoff
reduction ecosystem services thereby manipulating runoff coefficients and reducing
peak flows in artificial drainage systems. Also, in modified urban catchments there is
a high degree of interaction between different sources of flooding and natural and
artificial drainage systems (Scottish Government, 2013a). As such, intervention that
reduces runoff and peak flows in artificial drainage systems can also help to reduce

runoff and peak flows in natural drainage systems and vice versa.

Model Hydrological cycle model Model Hydrological cycle model
Step 10 Step 11
Step title | Identify and extract impermeable Step title | Identify and extract large
ground polygons only from OSMM impermeable ground polygons only
topography layer from OSMM topography layer
Note: Extracted from the OSMM topography Note: Extracted from impermeable ground
layer, the figure above shows all OSMM OSMM polygons from Step 10, the figure above

polygons that are likely to comprise impermeable | shows ‘large’ impermeable ground polygons
ground (black polygons). Polygons are identified | only (black polygons). In the example above,
and extracted on the basis of specific ‘large’ polygons are construed as those
DESCGROUP attributes. >1,000m% The parameter used to define ‘large’
in the select operation is a key part of the model
where sensitivity analysis can be undertaken to
explore different outcomes overall.

Figure 7.23 Hydrological cycle model Steps 10 and 11 — example outputs
Note: Figure also available within standalone CD-ROM.

The proxy approach to identifying artificial drainage feature catchments is
also beneficial in that it will identify a range of locations across the catchment away

from river corridors. River corridors are dealt with specifically by the flood control
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model (see section 7.2) and in the hydrological cycle model’s analysis of natural
drainage feature catchments (see below). Large areas of impermeable ground are
identified with reference to OS MasterMap (OSMM) topography polygons. This data
provides a highly detailed view of Great Britain’s landscape including individual
buildings, areas of land and roads (OS, 2014). In urban areas, OS MasterMap is
captured and designed for display at a scale of 1:1250 (OS, 2013).

Step 9 of the hydrological cycle model simply clips the OSMM data to the
study area (see Figure 7.22). Step 10 then runs a select operation to extract OSMM
polygons that are likely to comprise impermeable ground (see Figure 7.22). Features
are selected on the basis of attributes from the descriptive group [DESCGROUP]
field which is the primary classification attribute of a feature. Appendix 9 provides
details of the attributes selected and a specific SQL code to run the select operation.
A sample step ten output for the Castlemilk example is shown on Figure 7.23.

Step 11 of the hydrological cycle model runs a further select operation to
extract only those impermeable ground OSMM polygons from step ten that are
considered to be ‘large’ (see Figure 7.22). As with the clip operation at the start of
Stage 2 (Step 9), the main purpose of imposing a size threshold is to reduce the
number of features considered in the subsequent analysis (see Figure 7.22). Also,
width is a factor in overland flow based runoff generation (see section 4.7) so
imposing a size threshold on impermeable ground polygons can provide a partial
proxy for this factor. In the Castlemilk example shown at Figure 7.23 (right-hand
map) a threshold of 1,000m? is used in the select operation to discern those
impermeable ground polygons that are considered ‘large’. This is a key step where
sensitivity analysis could be used to explore the implications for overall hydrological
cycle model outputs by changing the size threshold parameter. For example, a
smaller size threshold will capture a greater number of impermeable ground
polygons which will have implications for overall hydrological cycle model outputs
as outlined at section 7.3.3.

The overall purpose of Stage 2 of the hydrological cycle model is to identify
the immediate catchment areas of natural and artificial drainage features (see Table
7.12). Step 12 identifies the immediate catchment areas of artificial drainage features
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identified at Step 11 (see Figure 7.22). This is undertaken in the GIS using a buffer'®
operation. The area of land falling within the buffer is construed as the immediate
catchment area of the proxy artificial drainage feature. In principle therefore, these
buffered areas may be candidates for land use/management intervention that can

enhance runoff reduction ecosystem services and/or for the provision of specific

storm water storage measures (see Figure 7.24).
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Model Hydrological cycle model Model Hydrological cycle model
Step 12 Step 15
Step title | Buffer large areas of impermeable Step title | Buffer surface waterbodies to
ground to identify the immediate identify the immediate catchment
catchment area of artificial drainage area of natural drainage features
features

Note: The figure above shows large areas of
impermeable ground from Step 11 buffered to
30m (green polygons). For the purposes of the
hydrological cycle model, these areas are
construed as the immediate catchment areas of
artificial drainage features and may be prime
candidates for intervention that enhances runoff
reduction ecosystem services. The distance
parameter used in the buffer operation is a key
part of the model where sensitivity analysis can
be undertaken to explore different outcomes.

Note: The figure above shows surface
waterbodies from Step 14 (see Figure 7.22)
buffered to 75m (purple polygons). For the
purposes of the hydrological cycle model, these
areas are construed as the immediate catchment
areas of natural drainage features and may be
prime candidates for intervention that enhances
runoff reduction ecosystem services. The
distance parameter used in the buffer operation is
a key part of the model where sensitivity analysis
can be undertaken to explore different outcomes.

Figure 7.24 Hydrological cycle model Steps 12 and 15 — example outputs

Note: Figure also available within standalone CD-ROM.

199 ArcGIS online help for buffer operations:

http://resources.arcgis.com/en/help/main/10.1/index.htmI#//000800000019000000 [accessed

10/02/14]
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Step 12 is a key point where sensitivity analysis can be applied. For example
the buffer operation shown on Figure 7.24 (left-hand map) uses a buffer distance
parameter of 30m. This could feasibly be increased or reduced to reflect larger or
smaller immediate catchment areas, as required, depending on the specific planning
context or objectives at hand — e.g. for highly modified urban catchments where
flooding is a significant problem, it may be desirable to use a larger buffer to identify
larger areas of potential intervention.

Steps 13 — 15 for natural drainage features (surface waterbodies) adopt a
similar process to that described above for artificial features (large areas of
impermeable ground). The rationale is the same — appropriate land use/management
intervention within the immediate catchment of surface waterbodies has the potential
to enhance runoff reduction ecosystem services, thereby manipulating runoff
coefficients and reducing peak flows in natural drainage systems.

The buffer operation for natural drainage features at step fifteen uses a larger
buffer distance parameter than that used in the analysis of artificial features (see
Appendix 9), the rationale being that the catchment areas of natural drainage features
will be significantly larger than those of artificial features (e.g. the catchment area of
the Tollcross Burn described at section 7.2 is circa 26km?). In reality, there is a high
degree of interaction between natural and artificial drainage systems in modified
urban catchments (Scottish Government, 2013a) and any land use/management
intervention that helps to reduce runoff and peak flow in either system has the
potential to help reduce overall flood risk from a variety of sources (see sections 4.1,
4.2 and 4.7). In this regard, the locations identified through the analysis of large areas
of impermeable ground and surface waterbodies is likely to capture a substantial
portion of a natural drainage feature’s actual catchment area. As such, the
incremental delivery of runoff reduction ecosystem service enhancement measures
across these locations has the potential to positively alter key physiographic
characteristics of urban catchments by increasing greenspace and vegetation cover
and through the provision of storm water storage infrastructure thereby increasing
surface roughness and flood storage capacity. This is in addition to generic water and
flood risk management measures (e.g. policy on permeable paving, greenspace

quotas within new development etc) that can be delivered throughout the catchment
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to help increase the landscape’s capacity to retain water thereby helping to reduce
runoff (see Appendices 4 and 5).

7.3.3 Hydrological cycle model stage 3 — integration analysis

As outlined at Table 7.12 the overall objective/purpose of Stage 3 of the hydrological
cycle model is to integrate outputs from Stages 1 and 2 by identifying the locations
where various classes of slope fall within the immediate catchment areas of natural
and artificial drainage features. These areas of land are then delineated in a vector
dataset and may become priorities for the enhancement of runoff reduction
ecosystem services. Stage 3 involves only one geoprocessing operation — the various
slope polygon feature classes (i.e. steep, medium and gentle slopes) from Stage 1 are
integrated with the catchment area polygons (i.e. the catchments of artificial and

natural drainage features) from Stage 2 using an intersect''

operation. This process
is indicated on Figure 7.25.

As outlined at section 4.7, slope is a key factor influencing the function of
overland flow based runoff generation mechanisms — the more steeply sloped the
land, the greater the potential for runoff generation. As such, identifying where areas
of steep and medium sloped land are located within the immediate catchment of
artificial and natural drainage features can help to identify potential priority locations
for the enhancement of runoff reduction ecosystem services. In essence, these are
locations where land use/management intervention and/or storm water storage
measures may be used to greatest effect to increase the roughness and flood storage
capacity of water catchments, thereby helping to reduce runoff and peak flows in
natural and artificial drainage systems.

Stage 3 analysis is undertaken using six intersect operations — the buffered
large areas of impermeable ground polygons (i.e. the immediate catchment areas of
artificial drainage features) and the buffered surface waterbody polygons (i.e. the

immediate catchment areas of natural drainage features) are intersected with steep

19 ArcGIS online help for intersect operations:
http://help.arcgis.com/en/arcgisdesktop/10.0/help../index.html#//00080000000p000000 [accessed
10/02/14]
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and medium slope™* polygons from Stage 1. In intersect operations, all spatially
overlapping portions of input features are retained in the output feature class. In the
Stage 3 analysis therefore, only those portions of slope polygons falling within the
immediate catchment areas of artificial or natural drainage features are retained in

the output feature class.

Hydrological cycle model - where are runoff reduction services required?
ArcGIS based modelling_Stage 3: integration of slope and catchment analysis outputs

Step 16

Intersect

Steep_slope_
OSMM_Lrglmper_intersect

‘

Step 20

Step 17
y Medium_slope_
o DA [y T Vet

Intersect

Slope_medium

Step 18

Gentle_slope_
OSMM_Lrglmper_intersect

Intersect

Slope_gentle

Summary explanation of geoprocessing tools

Intersect: computes a geometric intersection of the input features. Features or portions
of features which overlap in all layers and/or feature classes will be written to the
output feature class

Figure 7.25 Hydrological cycle model — Stage 3 geoprocessing operations (Steps
16 - 21)

Note: The figure above shows the geoprocessing operations carried out in ArcGIS in Stage 3 of the
hydrological cycle model. Input datasets come from Stages 1 and 2 of the hydrological cycle model
and are as follows: 1) steep slope polygons; 2) medium slope polygons; 3) gentle slope polygons; 4)
buffered large areas of impermeable ground i.e. the immediate catchment areas of artificial drainage
features; and 5) buffered surface waterbodies i.e. the immediate catchment areas of natural drainage
features. Figure also available within standalone CD-ROM.

In essence therefore, Stage 3 refines the analysis in Stages 1 and 2 by
identifying discrete, highly specific areas of land where slope and land use are such
that runoff generation potential is likely to be particularly high (at least for areas of
steeply sloped and medium sloped land). The nature of intersect operations is such
that Stage 3 outputs will always be smaller areas of land than the inputs from Stages
1 and 2. This is intentional, the purpose being to help urban planners prioritise land

use/management intervention for the enhancement of runoff reduction ecosystem

111 practitioners may also wish to intersect gentle slope polygons though steep and medium slopes
should be prioritised in the first instance
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services by focussing on small, manageable areas of land in the first instance. This

concept is indicated on Figures 7.26 and 7.27.
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, : e
Model Hydrological cycle model Model Hydrological cycle model
Step 8 Step 19
Step title | Identify and extract steep, medium Step title | Identify where areas of steeply
and gentle slope polygons from the sloped land falls within the
vector dataset immediate catchment area of
artificial drainage features

Note: The figure above shows polygons from the
slope vector dataset indicating areas of steeply
sloped land (i.e. slope classes 7, 8 and 9 from the
raster dataset).

Note: The figure above shows the results of
intersecting areas of steeply sloped land (Step 8
output polygons — see figure opposite) with the
immediate catchment area of artificial drainage
features (Step 12 output polygons — see Figure
7.2.4). The red polygons on the map above
therefore show where areas of steeply sloped
land falls within the catchment of artificial
drainage features — note how there are fewer red
polygons on the right-hand map than the left-
hand map as artificial drainage feature
catchments/buffered large areas of impermeable
ground (i.e. Step 12 outputs) occupy only a
certain portion of the study area (black polygons
are large areas of impermeable ground from Step
11 — see Figure 7.23). These areas of land
therefore may be prime candidates for land
use/management intervention to enhance runoff
reduction ecosystem services.

Figure 7.26 Hydrological cycle model Stage 1 (Step 8) and Stage 3 (step 19) — example

outputs

Note: Figure also available within standalone CD-ROM.

There are however some key technical weaknesses with the modelling

approach described above. In particular, the integration analysis (Steps 16 — 21) is
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undertaken simply by intersecting the slope polygons with the buffered waterbodies

and large areas of impermeable ground polygons (i.e. the immediate catchments or

natural and artificial drainage features — see section 7.3.2). Although this process will

identify where slopes fall within the immediate catchment areas of drainage features

(and therefore where land management for the enhancement of runoff reduction

ecosystem services should be considered) it does not account for slope aspect.
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Model Hydrological cycle model Model Hydrological cycle model
Step 8 Step 17
Step title | Identify and extract steep, medium Step title | Identify where areas of medium
and gentle slope polygons from the sloped land falls within the
vector dataset immediate catchment area of
natural drainage features

Note: The figure above shows polygons from the
slope vector dataset indicating areas of medium
sloped land (i.e. slope classes 4, 5 and 6 from the
raster dataset).

Note: The figure above shows the results of
intersecting areas of medium sloped land (Step 8
output polygons — see figure opposite) with the
immediate catchment area of natural drainage
features (Step 15 output polygons — see Figure
7.24). The blue polygons on the map above
therefore show where areas of medium sloped
land falls within the catchment of natural
drainage features — note how there are fewer blue
polygons on the right-hand map than there are
orange polygons on the left-hand map as natural
drainage feature catchments/buffered river
corridors (i.e. Step 15 outputs) occupy only a
certain portion of the study area. These areas of
land may be prime candidates for intervention to
enhance runoff reduction ecosystem services.

Figure 7.27 Hydrological cycle model Stage 1 (Step 8) and Stage 3 (step 17) — example

outputs

Note: Figure also available within standalone CD-ROM.
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The consideration of aspect is a key issue in this regard as aspect will
determine flow direction and therefore whether or not runoff will flow towards or
away from the drainage feature. This is less of an issue for natural drainage features
as the parameters used in the modelling process (e.g. the buffer distance at Step 15 —
see Figure 7.22) and the geomorphology of natural drainage features is such that the
land identified in the intersects at Steps 16 — 18 (see Figure 7.25) will frequently be
sloped towards the surface waterbody (see the blue polygons on Figure 7.27 for
example). This is contrast to the approach used to model artificial drainage features
which uses large areas of impermeable ground as a proxy (see Figure 7.2.3). Given
this, the land identified in the intersects at Steps 19 — 21 may or may not be sloped
towards the artificial drainage feature/large area of impermeable ground.

In many respects this is a moot point as the effects of land use/management
intervention for the enhancement of runoff reduction ecosystem services will be felt
at the catchment scale — i.e. the intention of intervention is to manipulate runoff
coefficients at the catchment scale to help reduce peak flows in natural and artificial
drainage systems, potentially reducing flood risk (see section 4.7). This issue is
considered in section 8.2 where outputs from all three models (i.e. flood control,
hydrological cycle and habitat networks) are considered together to identify
integrated recommendations for land use/management intervention for the delivery

of multiple benefits.

7.4 The habitat network model — where are ecological connectivity services
required?
This section describes the structure, process and function of the habitat network

model that has been developed through this research. The purpose of this model is to
identify sites where appropriate land use/management intervention may be required
in order to enhance ecological connectivity ecosystem services (see section 3.2) i.e.
sites and interventions where improved management or the creation/recreation of
habitat (see section 5.2.2) can help to improve the overall connectivity of the
landscape for species, noting that this can be achieved through the enhancement of
structural and/or functional connectivity (see section 5.2.1). The spatial analyses
within the model have a particular focus on the identification of sites and

interventions for the creation/recreation of habitat. In addition however, the
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consideration of PANG65 openspace data (see section 3.1.3 and Table 3.4) and habitat
patch data (see sections 5.1.1 and 5.2.1) within the model integration stage described
at Chapter 8 allows for the identification of habitat management and consolidation

related land use/management actions as well.
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Figure 7.28 Overall structure of the habitat network model

Note: Figure also available within standalone CD-ROM.
As discussed at section 5.3, urban habitat and habitat networks have the
potential to deliver a wide range of multiple benefits (see Table 5.2) including water

management ecosystem services (flood storage and runoff reduction) as per the scope
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and objectives of the flood control model (see section 7.2) and hydrological cycle
model (see section 7.3). In this regard, habitat network model outputs provide a key
input to the model integration stage described at section 8.2 — i.e. identifying
opportunities whereby the consolidation and improved management of existing
habitat and/or the creation of new habitat can be targeted to deliver enhanced flood
storage and runoff reduction ecosystem services at priority locations identified
through the flood control model (see sections 7.2.6 and 7.2.8) and hydrological cycle
model (see section 7.3.3).

Similarly to the hydrological cycle model (see section 7.3), the habitat
network model can be run for a range of different geographies and scales in urban
areas including those defined by natural features (e.g. water catchments) and
administrative units (e.g. local development framework areas). As discussed at
section 5.1.1 however, it is more appropriate to plan for ecological networks at the
‘landscape scale’ where this term is used to define an area of land covering several
square kilometres. In this regard, it is suggested that the habitat network model is
utilised at the catchment or city district scale to ensure that key pinch points and
opportunities can be fully considered in the analysis. The development of the habitat
network model has been informed by the material collated, analysed, synthesised and
documented in Chapters 3 and 5 as part of Research Objective No.2 (see Box 1.2).
The overall structure of the habitat network model is shown on Figure 7.28 and
described at Table 7.13.

Table 7.13 Habitat network model — summary description of key stages

Stage Obijectives/purpose
1. Analysisof | The overall objective of Stage 1 is to identify areas of land within the study
ecological | area where ecological potential to support habitat establishment is high. This
potential is undertaken on the basis of Forest Research’s biodiversity opportunities data — a
polygon dataset that categorises land on the basis of its ecological potential to
support habitat establishment (see section 2.4.2). The highest scoring cells (in
terms of their ability to support habitat establishment) are extracted from the
overall dataset using a select'* operation in ArcGIS. There is a biodiversity
opportunities dataset available for each of the broad habitat types considered in the
habitat networks model: 1) unimproved/neutral grassland; 2) wetland; and 3)
woodland. The analysis summarised above is undertaken for each of these

12 ArcGIS online help for select operations:
http://resources.arcgis.com/en/help/main/10.1/index.html#//000800000005000000 [accessed
09/02/14]
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Stage Obijectives/purpose

datasets. Stage 1 also involves a simple data preparation step that clips all input
data to the study area.

2. ldentify The overall objective of Stage 2 is to integrate the ecological potential data
prime sites | from Stage 1 with existing low and high dispersal habitat networks data to
for habitat | identify prime sites for habitat creation/recreation. Land within existing low
establish- and high dispersal habitat networks is already functionally connected with one or
ment more habitat patches (see section 5.2.1 and Figures 5.2 and 5.3). Stage 1 described

above identifies land where ecological potential to support habitat establishment is
high. Stage 2 then integrates this data with habitat networks data to identify prime
sites for habitat creation/recreation — i.e. locations where land with high ecological
potential to support habitat establishment is located within an existing habitat
network (this analysis is facilitated using the intersect' operation in ArcGIS). As
this land is already functionally connected with one or more habitat patches (at
least in terms of the model — see 5.2.2 for further information about the
uncertainties and weaknesses of habitat network data), habitat establishment at
these locations can act to consolidate existing habitat networks as well as
potentially creating new networks e.g. if improvements in functional connectivity
(i.e. as a result of the creation of new patches) are such that additional patches are
encompassed within the habitat network (see Figure 5.5 for an illustration of this
principle).

7.4.1 Habitat network model Stage 1 — analysis of ecological potential

As outlined at Table 7.13, the overall objective/purpose of Stage 1 of the habitat
network model is to identify areas of land within the study area where ecological
potential to support habitat establishment is high. The interaction of the various
geoprocessing operations in Stage 1 of the habitat network model are indicated on
Figure 7.29. More detailed geoprocessing instructions are provided at Appendix 10.
Step 1 (see Figure 7.29) buffers the input study area polygon. As with the
hydrological cycle model the importance of this step will vary depending on the
nature of the study area under investigation (see section 7.3.1).

Step 2 (see Figure 7.29) is, in essence, a data preparation step. The habitat
network model is based on 12 input datasets covering biodiversity opportunities (i.e.
ecological potential), habitat patch, low dispersal habitat networks and high dispersal
habitat networks for each of the three broad habitats considered in the modelling (i.e.
grassland, wetland and woodland). Further information on the data is provided at
section 2.4.2 and 5.2.2. As such, there may be a need to reduce the amount of data

considered in subsequent steps of the habitat network model (e.g. to speed up

3 ArcGIS online help for intersect operations:
http://help.arcgis.com/en/arcgisdesktop/10.0/help../index.html#//00080000000p000000 [accessed
10/02/14]
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processing time in the GIS). Accordingly, Step 2 simply clips the 12 input datasets to
the buffered study area polygon (see Figure 7.30).

Habitat network model - where are ecological connectivity services required?
ArcGIS based modelling_Stage 1: data preparation and analysis of ecological potential
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Figure 7.29 Habitat network model — Stage 1 geoprocessing operations

Note: The figure above shows the geoprocessing operations carried out in ArcGIS in Stage 1 of the
habitat network model. Input datasets are: 1) study area polygon; 2) biodiversity opportunity area
polygons; 3) habitat patch polygons; 4) low dispersal habitat network polygons; and 5) high dispersal
habitat network polygons (see section 2.4.2). As indicated on the Figure, input datasets for each of the
three broad habitats considered in the habitat network model are used (i.e. there are 12 separate habitat
related input datasets in total). Appendix 10 provides further information on Stage 1 including
geoprocessing instructions and suggested filenames for input and output feature classes as per the
Figure above. Figure also available within standalone CD-ROM.

Step 3 of the habitat network model (see Figure 7.29) uses a Structured Query

114

Language (SQL) based select™ operation to extract specific biodiversity opportunity

14 ArcGIS online help for select operations:
http://resources.arcgis.com/en/help/main/10.1/index.htmI#//000800000005000000 [accessed

09/02/14]
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polygons from the clipped biodiversity opportunities dataset (see the grassland

habitat example shown on the right-hand map at Figure 7.30).
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Model Habitat network model Model Habitat network model
Step 2 Step 2
Step title | Clip habitat patches and habitat Step title | Clip opportunities (ecological

network data to the buffered study
area polygon

potential to support habitat
establishment) data to the buffered
study area polygon

Note: The Figure above shows unimproved/
neutral grassland patches (brown polygons),
low/0.3km dispersal habitat network (dark
orange polygons) and high/2km dispersal habitat
network (pale orange polygons) data clipped to
the study area. Note how the spatial delineation
of the habitat networks is not uniform, reflecting
variation in the permeability/resistance of the
surrounding matrix as a result of variation in land
use (see section 5.2.2 for further information).

Note: The Figure above shows the grassland
opportunities data clipped to the study area.
Darker orange polygons indicate land with a
higher ecological potential to support habitat
establishment. One key parameter considered in
Forest Research’s biodiversity opportunities data
(see section 2.4.2) is the potential for habitat
creation/recreation to contribute to increased
ecological connectivity. The influence of this
parameter is readily apparent in the example
shown above as areas of higher ecological
potential for grassland establishment (dark
orange polygons) are clustered around areas of
existing habitat (see left-hand Figure). In effect,
these are prime areas where habitat management
and creation could help to consolidate existing
networks and improve functional connectivity.

The location indicated by the red star on both Figures is a case in point — habitat creation at this
location could enhance the functional connectivity of the low dispersal network (dark orange
polygons on the left-hand Figure) thereby increasing the area of contiguous network and providing
functional connections between the three discrete habitat patches (brown polygons) shown within the
black dashed circle. This concept is explained further at section 7.4.2.

Figure 7.30 Habitat network model Stage 1 (Step 2) — example outputs

Note: Figure also available within standalone CD-ROM.
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The intention of the SQL operation is to focus the integration analysis at
Stage 2 on land that has high ecological potential to support habitat establishment
only. In conjunction with the clipped low and high dispersal habitat networks data
from Stage 1 (see Figure 7.30), outputs from the biodiversity opportunities data
select operation are used as the inputs to Stage 2 to identify prime sites for habitat
establishment (see section 7.4.2). An example output from the select operation is

shown at Figure 7.31.

Summary details of example output

Model Habitat network model

e : . (e Step 3
2 / Step title | Identify land where ecological

potential to support habitat
establishment is high

Note: The Figure to the left shows land in the
study area where ecological potential to support
grassland habitat establishment is high (brown
polygons). This has been extracted from the
overall grassland opportunities dataset shown at
Figure 7.30 (right-hand map) using an SQL
based select operation in the GIS.

Figure 7.31 Habitat network model Stage 1 (step 3) — example output

Note: Figure also available within standalone CD-ROM.

7.4.2 Habitat network model Stage 2 — identify prime sites
The overall objective/purpose of Stage 2 of the habitat network model is to integrate
the ecological potential data from Stage 1 with existing low and high dispersal
habitat networks data to identify prime sites for habitat creation/recreation (see Table
7.13). The interaction of the various geoprocessing operations in Stage 2 of the
habitat network model are indicated on Figure 7.32. More detailed geoprocessing
instructions are provided at Appendix 10.

Stage 2 of the habitat network model has one step only — polygons

representing areas of land with high ecological potential to support habitat
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15 operation with polygons representing

establishment are subject to an intersect
existing low and high dispersal habitat networks. As indicated on Figure 7.32, these
operations are repeated for each broad habitat considered in the habitat network
model (grassland, wetland and woodland) — i.e. there are six intersect operations in

total. An example Stage 2 output for grassland habitat is shown at Figure 7.33.

Habitat network model - where are ecological connectivity services required?
ArcGIS based modelling_Stage 2: identify prime sites for habitat establishment

Summary explanation of
geoprocessing tools

Grassland_LD_
0.3km_network_clip

opps_high_and_LD_
0.8km_network_intersect Intersect: computes a geomelric intersection of the
input features. Features or portions of features
which overlap in all layers and/or feature classes
will be written to the output feature class

Intersect

Grassland_opps_
clip_Ecol_high

Grassland_oppe_high_snd_HD_

Intersect X in

Grassland_HD_
2lem_network_clip

Step 4

Wetland_LD_0.15km_
network_clip

Wetand_opps_high_snd LD_

Interseot 0.15km_natwork_intersect

Wetland_opps_
clip_Ecol_high

Wetand_oppe_high_snd_HD_

Intersect T * i

Step 4

Woodand_LD_
0.5km_network_clip

Woodand_oppe_kigh_and_LD_
Intersect 0.5km_network_intersect
Woodland_opps_
clip_Ecol_high

Woodand_oppe_kigh_and_HD_
2km_network_intersect

Woodland_HD_
2k _notwork_clip

Step 4

Figure 7.32 Habitat network model — Stage 2 geoprocessing operations

Note: The figure above shows the geoprocessing operations carried out in ArcGIS in Stage 2 of the
habitat network model. Input datasets are key outputs from Stage 1 of the habitat network model (see
Figure 7.29). These are: 1) land with high ecological to support habitat establishment clipped to the
study area; 2) low dispersal habitat network polygons clipped to the study area; and 3) high dispersal
habitat network polygons clipped to the study area. As indicated on the Figure, input datasets for each
of the three broad habitats considered in the habitat network model are used (i.e. there are nine habitat
input datasets in total — three for each broad habitat considered in the model). Appendix 10 provides

15 ArcGIS online help for intersect operations:
http://help.arcgis.com/en/arcgisdesktop/10.0/help../index.html#//00080000000p000000 [accessed

10/02/14]
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further information on Stage 2 including geoprocessing instructions and suggested filenames for input
and output feature classes as per the Figure above. Figure also available within standalone CD-ROM.

In effect, the intersect operation identifies where areas of land with high
ecological potential to support habitat establishment coincide with existing habitat
networks. Where this situation occurs, the areas of land identified may be prime
candidates for habitat creation/recreation as the land is: 1) likely to be ecologically
suitable for habitat establishment (e.g. in terms of existing land use, soils etc); and 2)
located within an existing habitat network. In this regard, any habitat establishment
works should help to consolidate the existing network and may also help to increase
the area of contiguous network (and therefore functional connectivity between

discrete habitat patches that may have previously been isolated).

= o .
ST e Vohe s
pa : P
.-"'".--’ - o e
4
o e
- Ly T % - ~.m = e T
Model Habitat network model Model Habitat network model
Step 2 Step 4
Step title | Clip habitat patches and habitat Step title | Intersect high ecological potential
network data to the buffered study polygons with existing habitat
area polygon network polygons

Note: The step 2 output from Figure 7.30 has
been included here for comparison. The Figure
above shows unimproved/neutral grassland
patches (brown polygons), low/0.3km dispersal
habitat network (dark orange polygons) and
high/2km dispersal habitat network (pale orange
polygons) data clipped to the study area.

Note: The Figure above shows the output (pale
pink polygons) of intersecting land with high
ecological potential to support grassland habitat
establishment and existing high dispersal
grassland habitat networks. The brown polygons
show existing grassland habitat patches.
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The intersect operation shows how the area of high ecological potential land is smaller than the area
of land encompassed by existing high dispersal habitat networks (see left-hand Figure) — i.e. although
the nature of the matrix within the high dispersal network may be such that it can facilitate species
movements, some of the land within this area has lower ecological potential for habitat establishment.
This is illustrated by the area of land within the black dashed rectangle — on the left-hand Figure this
land falls within the high dispersal network however on the right-hand Figure this area of land is not
featured. In effect, the nature of the existing landcover at this site is such that the land has more
limited potential to support grassland habitat establishment. Interestingly, the area indicated by the
red star shown on the left-hand Figure (see Figure 7.30 also) remains as a key opportunity area on the
right-hand Figure whereby habitat related land use/management action could be delivered to improve
functional connectivity (including within low dispersal networks).

Figure 7.33 Habitat network model Stage 1 (Step 2) and Stage 2 (step 4) — example
outputs

Note: Figure also available within standalone CD-ROM.

This concept is discussed and depicted on Figures 7.30 and 7.33. Practitioners
may wish to focus initial habitat creation/recreation works on sites identified within
low dispersal networks as improved functional connectivity within low dispersal
networks is likely to cater for a wider array of species (i.e. including those with low
dispersal abilities), thereby contributing to wider conservation objectives (see section
5.2.2). As discussed at Chapter 8 however, land use/management actions informed
by the models and tools developed in this research should be designed to deliver a
wide range of multiple benefits — i.e. at least in terms of the three key ecosystem
services considered in this research (flood storage, runoff reduction and ecological
connectivity). In this regard, practitioners may wish to use outputs from the high
dispersal intersect operation (i.e. to effectively broaden the search area for potential
habitat related land use/management action) given that ecological connectivity (and
associated support for conservation and biodiversity objectives) is just one of several
land use/management benefits considered in the integration analysis described at
section 8.2.

As suggested in the literature (see section 5.2.2), high and low dispersal
networks are used in Stage 2 as a means of dealing with some of the inherent
uncertainty and ‘fuzziness’ associated with the use of outputs from least-cost type
habitat network models. In effect, this approach facilitates the consideration of high
and low species dispersal abilities and can help to account for some of the
uncertainty when using generic focal species (GFS) to model functional habitat

network connectivity (see section 5.2.2).
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This concludes the introduction to and explanation of the three new spatial
models developed through this research. Chapter 8 now explains how the spatial
models can be combined, in conjunction with the new guiding principles and
technical guidance, to inform the development of integrated urban land

use/management strategies.
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8. Integrating spatial models: how do we know where
multiple urban ecosystem services are required?

As described in Chapter 1, the overarching aim of this research is “to understand,
develop, trial and evaluate new approaches to urban planning that can operationalise
aspects of the ecosystems approach”. To meet this overarching aim, a substantial
evidence assessment has been undertaken as documented in Chapters 3, 4, 5 and 6.
Research Objective No.4 (see Box 1.2) has focused on the development of new
approaches to urban planning. Drawing on the evidence assessment findings, Chapter
7 introduced three new spatial models for urban planning that can help practitioners
identify where land use/management change may be required to enhance the three
ecosystem services considered in this research (see section 3.2.5). The approach
taken in the development of the new spatial models is described at sections 2.2, 2.3.3
and 2.4.2. The evidence assessment has also informed the development of a new set
of guiding principles for ecosystems approach based urban land use planning as well
as technical guidance for interpreting and acting on outputs from the new spatial
models (see sections 2.2.10 and 2.4.1 and Appendices 3, 4, 5 and 6).
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The key purpose of this Chapter therefore is to describe how the three new
spatial models, the new ecosystems approach guiding principles and the technical
guidance can be combined to inform the development of integrated urban land
use/management strategies, as part of the process of developing urban Local
Development Plans (see section 3.1). Section 8.1 introduces the ecosystems approach
guiding principles and technical guidance. By way of a worked example, section 8.2
then describes how the various new tools, models and guidance developed in this
research can be combined to inform the development of integrated land
use/management strategies. Finally, section 8.3 explains how integration analysis
outputs from section 8.2 could be used to inform practical land use/management
decision-making as part of the process of developing an urban Local Development
Plan (LDP), as per the requirements of the Planning etc (Scotland) Act 2006. Readers
should note that all Figures within this Chapter are also provided in a standalone

document that is available on the CD-ROM enclosed with this thesis.

8.1 Introduction to the new ecosystems approach guiding principles and
technical guidance
The evidence assessment undertaken as part of this research (see Chapters 3, 4, 5 and

6) has informed the development of a new suite of ecosystems approach guiding
principles and technical guidance for interpreting and acting on outputs from the new
spatial models (see Chapter 7) in the development of integrated urban land
use/management strategies. This section introduces the new principles and technical
guidance. Section 8.1.1 describes the analysis approach that informed the
development of the principles and technical guidance. Section 8.1.2 explains the

structure of the new principles and technical guidance.

8.1.1 Analysis approach

The new ecosystems approach guidance principles can be found in Appendix 3. The
new principles have used the CBD ecosystems approach principles (see section 3.2.4
and Table 3.8) as an overarching framework (see section 8.1.2). The new technical
guidance for interpreting and acting on outputs from the flood control model (see
section 7.2), hydrological cycle model (see section 7.3) and habitat network model
(see section 7.4) can be found at Appendices 4, 5 and 6 respectively. The general
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approach to the analysis of qualitative data in this research is described at section
2.4.1. The following specific steps were undertaken in the development of the new

ecosystems approach guiding principles and technical guidance:

e Step 1: Analysis of all data collected as part of the evidence assessment
process (see sections 2.2 and 2.3 and Chapters 3, 4, 5 and 6) to identify
possible ecosystems approach guiding principles and technical information
(example approaches and technical principles) to inform the development of
technical guidance. A record of references for each possible principle and

technical information note identified was maintained.

e Step 2: The CBD ecosystems approach principles (see Table 3.8) were used
to categorise possible ecosystems approach guiding principles identified at
Step 1. Analysis of technical information from Step 1 identified possible
concepts and categories. Technical information was then grouped by

category.

e Step 3: All possible guiding principles and technical information from Step 1
were analysed to identify areas of overlap, differences and similarities. A
consolidated list of principles and technical information was then developed.
Consolidated principles and technical information were then allocated to

categories identified at Step 2. Categories were then refined as required.

8.1.2 Structure of the new guiding principles and technical guidance

The new guiding principles for ecosystems approach based urban land use planning
have used the CBD ecosystems approach principles as an overarching framework. As
shown at Table 3.8, the suite of CBD principles is detailed and comprehensive,
especially when compared with other example frameworks such as the Scottish
Government’s (201 1c¢) information note on applying an ecosystems approach to land
use, which includes only three principles. For the purposes of developing useful
practical guidance therefore, the CBD principles are considered to provide a more

useful framework given the greater level of detail they afford. This issue is depicted
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on Figure 8.1 which shows the overall structure of the new ecosystems approach
guiding principles and technical guidance. Table 8.1 provides an example of the new
ecosystems approach guiding principles which can be seen in full at Appendix 3.

Existing —taken verbatim
from the CBD ecosystems
approach principles (CBD
Secretariat, 2013a): see
Table 3.8

CBD ecosystems
approach principle

New — identified through
the evidence assessment
under Research Objective
Nos. 2 and 3: see Box 1.2
and Chapters 3, 4, Sand 6

New sub- New sub- New sub- New sub-
principle 1 principle 2 principle 3 principle 4

Methods/approach to
support translation of
principles

New — developed through
New spatial models the research under
L Research Objective No.4:
:D see Box 1.2 and Chapter 7
Overarching guidance
Technical guidance

Figure 8.1 Overall structure of the new guiding principles and technical guidance for
ecosystems approach based urban land use planning

Note: The Figure depicts the overall structure of the new guiding principles and technical guidance
developed through this research (including the new spatial models introduced at Chapter 7). The
Figure shows the structure for one CBD ecosystems approach principle as an example though there
are 12 CBD principles in total (see Table 3.8). Ecosystems approach guiding principles have been
developed for each CBD principle (see Appendix 3). As indicated by the red lines on the Figure,
spatial models and technical guidance have been developed to support certain principles only. Figure
also available within standalone CD-ROM.

The CBD Secretariat (2013a) and Phillips et al (2014) highlight how
principles can provide overarching guidance to support the delivery of action on the
ground. In this regard, the new suite of ecosystems approach guiding principles
developed through this research are intended to provide overarching guidance for
urban planning stakeholders in the development of integrated, ecosystems approach
based urban land use/management strategies. It may be the case however that
strategic, generic principles can benefit from the application of specific methods and

approaches to help translate the strategic intent of the principles into action on the
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ground (Scottish Government, 2011d; Phillips et al, 2014). This is the key purpose of
the new spatial models and associated technical guidance developed through this
research. As indicated on Figure 8.1 however, new spatial models and technical
guidance have only been developed for some of the CBD principles/new ecosystems
approach guiding principles, reflecting the scope of this thesis in terms of the specific
urban ecosystem services considered (see section 3.2.5). As discussed at section 9.3
therefore, a key area for future research is the development of additional models and

technical guidance for the principles that have not been addressed by this thesis.

Table 8.1 Extract from the new set of guiding principles for ecosystems approach based

urban land use planning

CBD ecosystems | Sub-principles for ecosystems approach based urban land | Reference(s)
approach use planning
principle Ref. Details of sub-principle
EsA 1: Spatial delineation of urban ecosystems for Section 3.2.1
Ecosystem management purposes (e.g. on the basis of similar
managers should climatic conditions, geophysical conditions,
consider the surface cover, resource management systems)
effects (actual or should consider how delineation can incorporate
potential) of their | ESA 1.1 | multiple ecosystems. Where relevant, this can
activities on help to ensure that the functioning of ecosystem
adjacent and processes/intermediate services (e.g. ecological
other ecosystems interactions, nutrient cycling etc) are considered
both within and between ecosystems. This sub-
principle is also relevant to EsA_2
Regional scale land use/management plans are Section 6.4.1
likely to incorporate multiple whole Phillips et al
ecosystems/landscapes/catchments. Planning at (2014)
this scale therefore can ensure that the effects of
EsA 14 land use/management change on adjacent
—="" | ecosystems are considered. This could be
undertaken as part of a tiered planning system -
e.g. regional scale plans establishing a broad
framework for more detailed sub-regional and
local level plans
EsA 4: The It may be useful to disaggregate the urban natural | Sections 3.1.3
ecosystem environment into 'green’ and 'natural environment' | and 3.2.1
approach should type land parcels. For planning and management Figure 3.3
be undertaken at EsA 4.1 purposes, these can then be construed as the Table 3.4
the appropriate — ' | spatial 'building blocks' of urban ecosystems. In AECOM (2011)
spatial and Scotland, Planning Advice Note (PAN) 65 Scottish
temporal scales provides a useful typology of openspace for this Government
purpose (2008)
Ensure that the approach adopted in the spatial Section 6.1.2
ESA 4.2 delineation and disaggregation of the urban Phillips et al
— % | natural environment sufficiently reflects the (2014)

heterogeneity of the urban landscape
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8.2 Combined use of the new spatial models and technical guidance to
inform the development of integrated urban land use/management
strategies
The new spatial models developed through this research and described at Chapter 7

identify locations where land use/management change may be required to enhance
the three urban ecosystem services considered in this research (see section 3.2.5). In
effect, these are potential priority areas for the enhancement of individual ecosystem
services. The true benefit of the new spatial models and technical guidance however
lies in their combined use — i.e. identifying multifunctional priority areas (MPAs) for
the enhancement of multiple ecosystem services through the planning and design of
integrated land use/management strategies. Multifunctional land use in this regard
chimes well with the general principles of urban land use planning (see sections 1.3,
3.1.1 and 3.1.3), Scotland’s land use strategy (see section 3.1.4) and the principles of
the ecosystems approach (see sections 1.2, 3.2.2 and 3.2.4). This section describes
the steps that urban land use/management practitioners can take to integrate the
technical guidance and outputs from individual spatial models to identify MPAs and
inform the development of integrated land use/management strategies. Section 8.2.1

explains the general concepts involved and section 8.2.2 provides a worked example.

8.2.1 Identifying priority areas for multifunctional land use
Individual outputs from the new spatial models developed in this research identify
priority areas for the enhancement of discrete ecosystem services. In this regard,
individual outputs could feasibly be fed into urban land use/management planning
processes (e.g. the LDP process) to inform the development of land use policy for
specific ecosystem services. This is illustrated by the three schematic maps at the top
of Figure 8.2 (Maps 1 — 3). For example, the priority areas identified for enhancing
runoff reduction services indicated on Map 1 could feasibly inform urban land use
policy in their own right — e.g. ensure that land use/management change within the
identified priority areas is designed to support the enhancement of runoff reduction
ecosystem services.

The key functionality of the new tools, models and guidance however lies in
their integrated use. A classical function of GIS in this regard is the ability to

‘overlay’ multiple spatial datasets to explore spatial relationships between different
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features (Ormsby et al, 2009). As such, outputs from individual spatial models (Maps
1 — 3 on Figure 8.2) can be overlayed in the GIS to identify potential congruencies
between discrete ecosystem service priority areas (i.e. Map 4 on Figure 8.2). In
essence, locations where output polygons from individual spatial model outputs
coincide can be construed as multifunctional priority areas (MPAS) — i.e. where land

use/management change may be required to deliver multiple ecosystem services.

1 2 3 (Y
. -
) o
- o >
—- -
¢ ' - .
Priority arveas for enhancing Priority areas for enhancing Priority areas for enhancing
runoff reduction services flood storage services ‘ ecological connectivity services
! °
Overlay of individual -
ecosystem service enhancement
priority areas -
am "
¢ ‘

Identification of multifunctional
priority areas (MPAs)

@

6

5' o O
[ ]
[

Using the overlay to identify
priority areas for the
enhancement of multiple
ecosystem services

: » O

>

O

Figure 8.2 Integrating individual spatial model outputs to identify priority areas for
multifunctional land use — schematic representation of GIS overlay process

Note: Figure also available within standalone CD-ROM.

In this research, MPAs have been identified simply by reviewing Map 4 type
overlays (see Figure 8.2) by eye to identify distinct overlaps and congruencies. In
this regard, Map 5 on Figure 8.2 shows a range of possible MPAs based on an

overlay of Maps 1, 2 and 3. Clearly there is an element of value judgment here and
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practitioners wishing to identify MPAs in this manner should consider using a
stakeholder-led deliberative approach. An alternative approach could have been to
use multiple intersect operations in the GIS to identify discrete areas of land where
multiple ecosystem services are required. The analysis can be enhanced by including

other spatial datasets e.g. pluvial flood extent and PANG5 openspace (see Table 3.4).

8.2.2 Combined use of new spatial models/technical guidance: worked example
Figure 8.3 shows an overlay of outputs from the hydrological cycle model (see
section 7.3) and habitat network model (see section 7.4). In line with the discussion
at section 8.2.1, there are clearly several locations on Figure 8.3 that could be
scoped-in as MPAs — i.e. locations where demand for multiple ecosystem services
coincides. For the purposes of illustration, two MPAs have been identified. The
anticipated direction of runoff has been determined with reference to outputs from
the slope analysis undertaken as part of the hydrological cycle model (see section
7.3.1 and Appendix 9).

Steeply sloped land within the
immediate catchment of surface
waterbody (see section 7.3.3)

Steeply sloped land within the

immediate catchment of a large parcel of

impermeable ground (see section 7.3.3)

Medium sloped land within the
immediate catchment of a large parcel of

| impermeable ground (see section 7.3.3)
1200 year pluvial flood extent (see
section 2.4.2)

Priority area for woodland enhancement
works (see section 7.4.2)

Priority area for grassland enhancement
works (see section 7.4.2)

Anticipated direction of runoff

—

\\\=¥ - - & 4 \ ‘ ‘| [ Multifunctional priority area
Not to scale [:]

Figure 8.3 Example overlay of hydrological cycle model and habitat network model
outputs showing two potential multifunctional priority areas (MPAS)

Note: Figure also available within standalone CD-ROM.
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Once MPAs have been identified and scoped-in, practitioners should appraise
the identified areas against the relevant technical guidance for interpreting and acting
on model outputs. In the case illustrated on Figure 8.3, the hydrological cycle and
habitat network model technical guidance appendices are relevant (Appendices 5 and
6 respectively). Each individual guidance note should be considered for potential
relevance to the site and practitioners should keep a record of relevant guidance
notes. In this regard, a degree of familiarity of the site is useful in order to assess the
relevance of each guidance note e.g. speaking to local stakeholders, reviewing aerial
photography, overlaying openspace audit data to characterise the area in terms of its
existing ‘green’ and ‘natural environment’ type land uses and green infrastructure

(see section 3.1.3).

KEY

Steeply sloped land within the immediate
catchment of surface waterbody (see
section 7.3.3)

Steeply sloped land within the immediate
catchment of a large parcel of
impermeable ground (see section 7.3 .3)
Medium sloped land within the immediate
catchment of a large parcel of
impermeable ground (see section 7.3.3)
1/200 vear pluvial flood extent (see
section 2.4.2)

Priority area for woodland enhancement
works (see section 7.4.2)

Priority area for grassland enhancement
works (see section 7.4.2)

s e A

Not to scale

Figure 8.4 Developing broad-brush land use/management intervention proposals for
scoped-in multifunctional priority areas (MPAS)

Note: Figure also available within standalone CD-ROM.
It may also be useful to break the site up into broad-brush compartments
where specific land use/management interventions may be applied, in line with

relevant technical guidance. As such, Figure 8.4 shows how recommendations for
broad-brush land use/management interventions (the numbered areas) can be
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developed for an MPA on the basis of individual spatial model outputs and the
technical guidance — i.e. understanding where discrete ecosystems services may be
required and the type of land use/management intervention that can enhance that
ecosystem service. Practitioners should then draw on the relevant technical guidance
and overarching principles to develop outline land use/management objectives for
the MPA. These objectives, in conjunction with a record of all relevant technical
guidance notes and a schematic such as that shown at Figure 8.4, may provide
sufficient detail to carry the identified MPAs through for consideration in the LDP
process. This is discussed further in section 8.3. An example schedule of objectives
and relevant technical guidance for the MPA identified at Figure 8.4 is provided at
Table 8.2. Designed effectively, the suite of measures outlined at Table 8.2 could
help to restore natural drainage processes (see Table 4.6) and enhance storm water
storage such that peak flows within this catchment are delayed and/or reduced (see
section 4.7.1). This could potentially help to reduce the extent of pluvial flood hazard
indicated at compartment 2 on Figure 8.4 i.e. by helping to reduce runoff. This is in
addition to the ecological connectivity, biodiversity and wider ecosystem service
benefits that might be realised through the enhancement of habitat networks at

intervention area 1 in particular (see Figure 8.4 and section 5.3).

Table 8.2 Example schedule of objectives and relevant technical guidance for a scoped-
in multifunctional priority area (MPA)

Intervention | Objective(s) Relevant technical guidance (reference and short name)
area

Restructure existing | Hydrological cycle model technical guidance (Appendix 5):
woodland cover to

include a greater e Hydro_B: Enhance interception and attenuation capacity
proportion of native of existing greenspace

conifersand move | e Hydro_C: Enhance evapotranspiration capacity of

to continuous cover existing greenspace

forestry (CCF) e Hydro_D: Enhance infiltration capacity of existing
management greenspace

e Hydro_E: Enhance natural drainage function of existing
natural/semi-natural greenspace (woodland)

e Hydro_L: Silvicultural regime and woodland
management

Habitat network model technical guidance (Appendix 6):

e Habitat B: Improve management of existing habitat
e Habitat C: Reduce land use intensity within existing
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Intervention | Objective(s) Relevant technical guidance (reference and short name)
area
functional habitat networks
e Habitat D: Reduce land use intensity adjacent to existing
functional habitat networks

Promote retrofit of | Hydrological cycle model technical guidance (Appendix 5):
source control

SuDS measures e Hydro_H: Enhance drainage function of private gardens

across the housing and grounds e.g. use policy measures(grants, incentives

stock and consider and regulation) to promote retrofit of rain gardens and

options for retrofit green roofs across the housing stock

of site control SUDS | e«  Hydro_K: Enhance drainage function of public realm e.g.
2 measure(s) incorporate permeable surfaces, consider options for a

site control SuDS intervention (e.g. detention basin) at
Holmbyre Terrace

Habitat network model technical guidance (Appendix 5):

e Habitat_D: Reduce land use intensity adjacent to existing
functional habitat networks

Enhance the Hydrological cycle model technical guidance (Appendix 5):
drainage and storm
water attenuation e Hydro H: Enhance drainage function of private gardens
capacity of the and grounds e.g. use policy measures(grants, incentives
B766/Carmunnock and regulation) to promote retrofit of rain gardens and
Road corridor at green roofs across the housing stock

3 this location e Hydro_ K: Enhance drainage function of public realm e.g.

incorporate permeable surfaces and integrated water
management street trees within the road corridor

Habitat network model technical guidance (Appendix 5):

e Habitat_D: Reduce land use intensity adjacent to existing
functional habitat networks

Note: The information in this Table relates to the example multifunctional priority area shown on
Figure 8.4.

8.3 Integrating model outputs with the Local Development Plan (LDP)
process
Section 3.1 analyses the extant land use planning system in Scotland**® to identify

process issues and opportunities whereby consideration of urban ecosystem services
(and the urban natural environment more generally) could be integrated. This issue
was also picked up in the expert interviews (see sections 2.3.4 and 3.1.1 and
Appendix 2). Chapter 7 and sections 8.1 and 8.2 explain how the new spatial models
and technical guidance developed through this research can be used to identify

118 Recognising that the Scottish planning system influences land use planning processes in the pilot
urban centre considered in this research — Glasgow (see section 2.1.4)
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priority areas for single and multiple ecosystem services — i.e. multifunctional
priority areas or MPAs. The key purpose of this section therefore is to evaluate how
the outputs of the new models and technical guidance can inform practical decision-
making as part of the process of preparing Local Development Plans (LDP), as per
the requirements of the Planning etc (Scotland) Act 2006 (see section 3.1). Based on
the discussion in Chapter 7 and sections 8.1 and 8.2 and an understanding of the LDP
development process (see section 3.1.2 and Figure 3.2), Figure 8.5 shows a potential
process by which outputs of the new spatial models, technical guidance and
integration analysis (i.e. the MPA process — see section 8.2) developed through this
research could be integrated with the statutory LDP development process.

The proposed integration process depicted on Figure 8.5 is premised on
multifunctional priority area (MPA) recommendations (see section 8.2) informing
spatial considerations at the LDP Main Issues Report (MIR) stage. In this regard, the
MIR was identified in the expert interview process as the most useful stage to
integrate consideration of urban ecosystem services into LDP-development (see
sections 2.3.4 and 3.1.2 and Appendix 2). In particular, there is scope for MPA
recommendations to feed into various statutory MIR provisions (see Table 3.3),
especially the identification of site specific land use/management change proposals
that can enhance urban ecosystem services. This, in essence, is what MPA
recommendations are designed to facilitate (see Figure 8.4 and Table 8.2).

As indicated on Figures 8.3 and 8.4, the nature of the integration analysis is
such that identified MPAs are often at the ‘neighbourhood’ scale. Defining
amorphous concepts such as neighbourhood scale and neighbourhood spatial units is
inherently difficult though Lebel et al (2007) discuss three interconnected spatial
levels defining the concept of neighbourhood: 1) the home area; 2) the locality; and
3) the urban district. In this thesis, neighbourhood scale is taken to be the home area
and its surrounding locality e.g. single or multiple streets in residential and mixed use
areas with associated green infrastructure such as parks, areas of semi-natural habitat

and footpaths. This definition chimes well with the MPAs identified on Figure 8.3.
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Can inform discrete LDP
policy if required — e.g.
specific policy on floodplain
woodland (see section 7.2.5)
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Step 8: Deliver MPA designs through
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collect implementation data — see secfion 3.1.1
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Step 9: Re-run individual spatial models with
—--- new baseline data at start of next LDP cycle —
see Chapter 7

Figure 8.5 Proposed process for integrating the new tools, models and guidance with
the statutory Local Development Plan (LDP) process

Note: The dashed line between Steps 4 and 5 indicates the scope of this thesis which has developed a
methodology up to and including Step 4. Subsequent Steps have not been tested and have been
included here based on an understanding of the statutory LDP process (see section 3.1). Figure also
available within standalone CD-ROM.

The issue of scale was discussed in the expert interviews (see section 2.3.4
and Appendix 2). Question 3.3 asked — at what scale do you think it is most useful
to think about, plan for and manage the urban natural environment? All
interviewees highlighted how planning at multiple scales is essential and two
interviewees focussed specifically on planning at the neighbourhood scale. In
particular, 1-3 equated neighbourhood scale to masterplan scale suggesting that this is
a useful scale as “...it offers a chunk of city that can be considered and planned and
where plans and designs can reasonably influence Development Management”. 1-3

went on to discuss how “the big problem with [urban planning and design] is that
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there is a gap in the system at the masterplan [neighbourhood] scale — there isn 't the
planning infrastructure in place at present to drive this”. In terms of land
use/management and green infrastructure planning for ecosystem services, the
approach outlined on Figure 8.5 is intended to address this. In essence, MPAs are
designed to work at the neighbourhood scale — bridging the gap between city-wide
policy in the LDP and practical delivery on the ground, through Development
Management and other relevant land use delivery mechanisms (see Table 8.3).
Formalising the MPAs through detailed designs that are adopted in the LDP (e.g. as
supplementary guidance — see section 3.1.2) could further support and facilitate
delivery on the ground. In this regard, the GCV Green Network Partnership’s
Integrated Green Infrastructure (IGl) Design Study methodology (GCV Green
Network Partnership, 2013b) could provide a useful approach. The IGI methodology
can also provide a means of exploring site specific constraints in greater detail e.g.

specific natural heritage and landscape designations, underground infrastructure etc.

Table 8.3 Expert interview Question 4.7 results — other than LDP policy, what other
key mechanisms are there for delivering natural environment and ecosystem service
enhancements through urban land use planning/management?

Mechanism Number of experts that
identified the mechanism

PANG5 openspace strategies (see section 3.1.3) 2

Local Biodiversity Action Plans (LBAPS) 2

Ensuring the integration of different sectors (e.g. transport and 1

drainage)

Flood Risk Management (FRM) Strategies and Plans as per the

Flood Risk Management (Scotland) Act 2009 (see sections 4.1 and 2

4.2)

Development Management 1

The placemaking agenda 1

Market demand for an enhanced urban landscape 1

As per Step 8 on Figure 8.5, data should be collected continuously as MPA
designs are delivered, through various land use delivery mechanisms (e.g. location

and area of semi-natural habitats brought back into appropriate management, location
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and area of newly created habitat, location and capacity of new surface water
management infrastructure). As per Step 9, the spatial models should then be re-run
with new baseline data at the end of the LDP cycle to identify new priority areas and

MPAS for the subsequent planning cycle.
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9. Conclusions and recommendations
Urbanisation — the demographic transition from rural to urban — can create both

challenges and opportunities for urban areas. This thesis has focussed on a specific
urbanisation problem concerning the way in which urban land is used and managed
for the provision of key land based services or ecosystem services. The problem
required investigation because there is limited practical understanding of how urban
land use/management can impact urban ecosystem services. Furthermore, there is a
need for better tools, techniques and modelling/scenario evaluation frameworks to
help urban planners consider the impacts of their decisions on urban ecosystems and

13

ecosystem services. As such, the overarching aim of this thesis has been “to
understand, develop, trial and evaluate new approaches to urban planning that can
operationalise key aspects of the ecosystems approach”.

In line with this aim, the research process undertaken was split into three
main stages: 1) review, assessment and synthesis of technical evidence to inform the
development of principles and technical guidance for ecosystems approach based
urban land use planning; 2) development and trialling of new tools, models and
guidance for considering ecosystem services in urban planning; and 3) evaluation of

new tools, models and guidance. This Chapter describes the conclusions and
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recommendations from this research. Section 9.1 provides a critique of the
methodology adopted in this research. Section 9.2 then presents a summary of key
findings of the research in terms of the objectives and questions posed at the start of
the research process (see Box 1.2). Sections 9.3 and 9.4 then outline

recommendations for future research and practice respectively.

9.1 Methodology evaluation
Reflecting on the research process undertaken there are some key areas where the

methodology could have been improved and future research in this area should
consider these issues (see section 9.3 also). Specific aspects of the methodology in
this regard are: 1) the evidence assessment (primarily the Rapid Evidence
Assessment/REA and action research aspects); and 2) the trialling of the new spatial
models. In terms of the evidence assessment, the nature of the REA approach (see
section 2.3.2) was such that it had a very tight scope based on a defined search
strategy. As such, the potential for ‘snowballing” (where the review goes beyond the
scope of defined search parameters) was arguably more limited than would have
been the case in a more traditional literature review. Whilst there are clear benefits of
action research, especially in terms of identifying practical/problem focussed
research outcomes (see section 2.3.3), there is a risk of researcher bias, given the
researcher’s dual role as a participant as well. In this regard, it would have been
useful to test the draft spatial models using more objective methods as well such as
semi-structured interviews or a stakeholder workshop. The trialling of spatial models
in this research did not include any sensitivity analysis to explore how outputs might
change using different parameters (e.g. buffer distances within key GIS based
operations). Sensitivity analysis would have been a useful addition to test the
efficacy and practicality of model outputs with different parameter settings.

9.2 Summary of key findings
In line with the overarching aim of this thesis (see above), this research has identified

how new approaches to urban land use planning, based on the principles of the
ecosystems approach, can be developed drawing on existing theories and datasets,

especially from the natural sciences. In this regard, the new urban planning approach
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developed through this research is the key contribution to knowledge made by this
thesis as explained at section 9.2.1.

9.2.1 Land use planning in urban areas — towards an ecosystems approach

This thesis sought to develop new approaches to urban planning that can
operationalise key aspects of the ecosystems approach. Sections 9.2.2 — 9.2.4
summarise key findings from the evidence assessment that provided the technical
basis for the development of the new approaches, in line with Research Objectives
Nos. 1 — 3 (see Box 1.2). This section summarises and evaluates key findings against
Research Objectives Nos. 4 and 5. These findings appear first as they are the most
important in terms of the thesis’ contribution to knowledge.

In essence, this thesis has demonstrated how existing technical principles
from discrete disciplines (e.g. planning, landscape ecology and hydraulics — see
Figure 2.1 and Appendix 1) can be combined with existing spatial datasets through
integrated spatial analyses to produce tools, models and guidance for ecosystems
approach based urban land use planning (see Chapters 7 and 8). In this regard, the
new approach developed through this research is the thesis’ key contribution to

knowledge. The new approach is made up of the following discrete elements:

1. Three new spatial models that identify where land use/management change
may be required to deliver certain urban ecosystem services — flood storage,
runoff reduction and ecological connectivity (see Chapter 7 and Appendices
8, 9 and 10)

2. A new suite of guiding principles for ecosystems approach based urban land
use planning (see Appendix 3)

3. New technical guidance for interpreting and acting on outputs from the three
new spatial models in the development of integrated urban land
use/management strategies (see Chapter 8 and Appendices 4, 5 and 6)

4. An approach for integrating the new spatial models and technical guidance
to inform ecosystems approach based urban land use planning, as part of the
process of developing urban Local Development Plans in line with the
Planning etc (Scotland) Act 2006 (see Chapter 8)
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The literature map in Appendix 1 shows how literature, theories and technical
principles from various discrete natural and social science disciplines can be
combined to support the development of ecosystems approach based urban land use
planning. In particular, Appendix 1 highlights key literature that is directly concerned
with the ecosystems approach and land use planning, noting that other literature
categories within Appendix 1 are more concerned with discrete disciplines/theories
such as hydrology and hydraulics, floodplain woodland natural flood management
(NFM) and ecosystems approach theory. As such, this thesis directly contributes to
the literature on the ecosystems approach and land use planning (e.g. Chan et al,
2006; Sheate et al, 2012; Baker et al, 2013; Gaston et al, 2013). The thesis makes a
particular contribution in relation to planning in an urban context with respect to the

key ecosystem services considered (see section 9.2.2).

Radar Diagram Ecosystem approach principle
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- -~
EsA 2 Conserve ecosy stem structure and function g
- &
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limits = §
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B =
spatial and temporal scale 5=
< — 3
EsAs Set long tetm objectives for ecosy stem management ]
- - 3 S S
EsA 6 Ecosystem management must recognise that changeis | = THESAURUS
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context g
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societal choice
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)
]
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scientific/local knowledge, practice and innovation

EsA 12 Involve all relevant sectors of society and scientific
disciplines

Figure 9.1 Performance of the new approach proposed in this thesis against the
Convention on Biological Diversity (CBD) ecosystems approach principles — qualitative
comparison with example urban land use planning frameworks evaluated in Chapter 6

Note: The Figure integrates findings from the evaluation of the three example land use planning
frameworks (see Chapter 6) with the evaluation of the new approach developed through this research
(see Appendix 11). The radar diagrams show the degree to which each approach has considered and
translated the CBD principles. Overlaying individual radar diagrams facilitates a cross-analysis — i.e.
identifying strengths and weaknesses of the approaches relative to each other.

In addition, the findings of this research (in terms of the approach adopted in
the development of new tools and models for urban planning) highlight the
interdisciplinary utility of technical principles from discrete natural and social

science disciplines supporting integrated urban land use planning, in line with the
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ecosystems approach. For example, technical principles from planning theory
literature on defining urban land use and green infrastructure (e.g. Landscape
Institute, undated; Scottish Government, 2008; Scottish Government, 2011b) can be
used in conjunction with key principles from the literature on hydraulics (e.g.
Tabacchi et al, 2000; RRC, 2002; SEPA, 2010) to improve urban land
use/management planning from the perspective of key regulating ecosystem services,
especially flood storage and runoff reduction services (see sections 7.2 and 7.3).

The title of this thesis is land use planning in urban areas — towards an
ecosystems approach. In conjunction with the aim of this thesis (i.e. the focus on
operationalising key aspects of the ecosystems approach), this recognises that whilst
there is clearly a need for better tools, techniques and modelling/scenario evaluation
frameworks to help urban planners consider ecosystem services, the scope of the

challenge is large and will not be addressed by this thesis alone.

2T
10 +—
8 1 B Principles where
consideration is unknown
6 -4
Principles not considered
4 -
M Principles considered to a
2 - degree
0 m Principles considered fully
& > >
& &° &
o W

Figure 9.2 Performance of the new approach proposed in this thesis against the
Convention on Biological Diversity (CBD) ecosystems approach principles —
guantitative comparison with example urban land use planning frameworks evaluated
in Chapter 6

As such, the new approaches developed through this research have been
evaluated against the CBD ecosystems approach principles, as per the example land
use planning frameworks in Chapter 6, to identify the degree to which the new tools,
models and guidance may be able to operationalise the ecosystems approach. This
has identified key strengths of the new approaches informing recommendations for

future practice (section 9.4) and key weaknesses/gaps informing recommendations
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for future research (section 9.3). A comparison of the evaluation of the new
approaches against existing land use planning frameworks considered under
Research Objective No.2 (see Chapter 6) is shown at Figures 9.1 and 9.2. Appendix
11 provides a detailed evaluation of the new approaches.

As is evident from Figures 9.1 and 9.2, the new approaches developed
through this research have been found to be more consistent in their consideration of
CBD ecosystems approach principles than the three example approaches evaluated at
Chapter 6. For example, although the EERA case (see section 6.2) considered more
principles fully, it did not consider six principles at all. In contrast, the new approach
proposed in this thesis considered all principles at least to a degree, with four
principles considered fully. In this regard, the new approach offers a relatively
comprehensive means of operationalising the ecosystems approach in urban land use
planning though there are certain areas that can be improved upon as discussed at
section 9.3. In particular, the development of new spatial models undertaken in this
research only considered three ecosystem services, therefore further research is
needed to develop and test the approach for additional ecosystem services.

In addition to the evaluation of all aspects of the new approach against the
CBD principles, the initial spatial models were evaluated in practical terms through
the action research stage of the research process (see sections 2.2.6 and 2.3.3). As
highlighted on Figure 2.3, the action research contributed to a range of outcomes for
the researcher and the Glasgow City Council (GCC) participants. In terms of
researcher outcomes, this stage demonstrated the efficacy of the initial spatial
models, both in terms of the support the models received from the participants and,
crucially, in terms of the practical successes of the models informing land
use/management decision-making as part of the Glasgow 2014 Multifunctional
Greenspace Project'™’ (MGP). This is evidenced in Appendix 12 which is a GCC
report setting out how the spatial models: 1) informed specific land management

proposals at one of the MGP sites; 2) helped to secure funding from a range of

Y7 The initial spatial models were used to identify sites and potential interventions as part of the
Glasgow 2014 Multifunctional Greenspace Project (the MGP) — one of nineteen ‘greener theme’
legacy projects being developed as part of the Glasgow 2014 Commonwealth Games. Further
information on the MGP and the use of the spatial models in this regard is provided at Appendix 12.
http://www.glasgow.gov.uk/index.aspx?articleid=11143 [accessed 20/04/14]
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different sources for on the ground project delivery; and 3) helped to garner support
for the MGP project from various partners.

9.2.2 Important ecosystem services for northern European urban centres
Research Objective No.1 sought to identify urban ecosystem services that are
particularly important to urban centres in northern Europe (see Box 1.2). The
intention was to focus subsequent research steps on key urbanisation challenges that
can be addressed using ecosystem services. From a review of key EU and Scottish
Government policy and reports, resilience to climate change impacts was found to be
a pervasive issue for urban centres in Scotland and elsewhere in northern Europe.
Climate change impacts in this regard can be addressed through land
use/management approaches that enhance certain ecosystem services, especially
climate and hazard regulation services such as flood storage and runoff reduction.
This was a key part of the rationale for the consideration of water management
related ecosystem services in substantive aspects of this research (evidence
assessment and development of new spatial models).

This issue was also tested through the expert interview process which found
that, to varying degrees, all ecosystems services assessed within the UKNEA may be
provided by the natural environment in northern European urban centres. The expert
interviews identified how flood control (including flood storage and runoff
reduction) and several cultural services (aesthetic/inspiration, recreation/tourism,
food production, spiritual/religious and healthy lifestyles) may be particularly
important in this regard. This finding aligns quite closely with the UKNEA (Davies
et al, 2011; UKNEA, 2011) which identified cultural services as high importance and
hazard regulation services (including flood control) as medium-high importance for
urban areas. Crucially, the UKNEA assessed hazard regulation services as displaying
‘some deterioration’ (ibid), adding further weight to the explicit consideration of

flood storage and runoff reduction services in this thesis.

9.2.3 The impact of urban land use/management on urban ecosystem services
Research Objective No.2 sought to understand how urban land use/management can
impact the functioning of urban ecosystems and the provision of certain urban

ecosystem services (see Box 1.2). The response to this objective covered a broad
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range of issues — from identifying opportunities whereby ecosystem services could
be integrated with urban land use planning in Scotland to understanding how urban
land use/management can impact the hydrology of urban catchments. In essence, this
aspect of the research highlighted how the ecosystems approach can provide a
framework for integrating consideration of existing theories (especially from the
natural sciences) with urban land use planning for the enhancement of urban

ecosystem services. Key findings under this objective include:

e The Main Issues Report (MIR) stage of the statutory Local Development Plan
(LDP) process was identified as the most useful and appropriate stage to
incorporate consideration of ecosystems with LDP-development

e The urban natural environment can be characterised in various ways for the
purposes of ecosystems approach based land use planning, depending on
scale and context

e For more strategic planning (e.g. city districts and urban catchments) it can be
helpful to characterise the urban natural environment in terms of discrete
green land parcels (e.g. the openspace typology defined by PANG5)

e For more granular or site scale planning, it can be helpful to think in terms of
discrete green infrastructure interventions within green and grey land parcels
(e.g. street trees, SuDS infrastructure and footpaths)

e Ecosystems produce final ecosystem services that can be managed to produce
goods. In this regard, urban ecosystems can be managed to produce the type
of goods required given the specific context e.g. changing the management of
all amenity greenspace in a catchment to alter its hydraulic properties, reduce
runoff and help to restore catchment hydrology

e The principles of the ecosystems approach are relevant to a range of practical
policy decision-making processes. There are several examples of the
ecosystems approach being applied in EU, UK and Scottish policy

e Asageneral principle, green and natural environment type urban land uses

with denser, taller and more structurally diverse vegetation will be
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hydraulically ‘rougher’ and have more porous, open structured soils,
supporting the function of natural drainage processes

¢ Key land based techniques for enhancing flood storage and runoff reduction
ecosystem services in urban areas include river restoration, floodplain
woodland, wider catchment land management measures (e.g. increasing tree
cover, greater use of conifer species) and the use of sustainable drainage
system (SuDS) measures to reduce runoff at source and provide storm water
attenuation

e Urban landscapes comprise structural elements of habitat patch, corridor and
barrier arranged within a dominant urban land use (the matrix). All these
elements need to be managed to ensure well-connected urban landscapes

¢ Reducing land use intensity between habitat patches to maintain functional
connectivity is likely to be as important for urban biodiversity as the

management of habitat patches themselves

9.2.4 Lessons from existing ecosystems approach based urban planning
frameworks

Research Objective No.3 used the Convention on Biological Diversity (CBD)
ecosystems approach principles (CBD Secretariat, 2013a) to evaluate three existing
urban planning approaches in terms of their potential to operationalise the
ecosystems approach (see Box 1.2). Overall, the research found that consideration of
the CBD principles was mixed at best with the principles considered fully in only
22% of instances assessed™®. Principles were considered to a degree in 42% of
instances and not at all in 33%. The three example approaches™® used a range of
methods to support the consideration of CBD principle type'? issues in their land

use/management activities including spatial analysis, ecosystem service assessments,

8 There are 12 CBD ecosystems approach principles and three case studies equating to 36 possible
instances where the CBD principles could have been considered

19 The three approaches evaluated were: 1) Thames Gateway Ecosystem Services Assessment Using
Green Grids and Decision Support Tools for Sustainability or THESAURUS (section 6.1); 2)
Environmental Capacity in the East of England; Applying an Environmental Limits to the Haven
Gateway or EERA (section 6.2); and 3) the Glasgow and Clyde Valley Green Network Partnership
Green Network Opportunities Mapping approach or GNOM (section 8.3)

120 Recognising that consideration of the CBD principles was always implicit and teased out with the
evaluation criteria as opposed to explicit
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engagement and awareness-raising and environmental assessment. The evaluation
also sought to identify the main strengths and weaknesses of the example
approaches, the rationale being that this understanding could inform the new
approaches developed through this research. The ensuing analysis of existing
innovations and gaps/weaknesses played a key role informing the new approaches as
described in Chapter 6. The main strengths and weaknesses of the existing

approaches were as follows:

Strengths
¢ Relatively comprehensive consideration of ecosystem processes/intermediate
services
e Effective consideration of spatial and temporal scale
e Disaggregation of the natural environment using management units that are
familiar to planners and decision-makers
e Use of stakeholder input to validate technical modelling processes
e Visual presentation of spatial land use/management issues to communicate
key messages to planners and decision-makers
e Using a multi-staged mixed methods approach to refine a proxy based
approach for ecosystem service assessment and mapping
Weaknesses
e Poor consideration of environmental limits
e Poor/mixed consideration of biodiversity
e Potential for misinterpretation of environmental limits maps

e Limited consideration of regulating services

9.3 Recommendations for future research
This thesis has begun to address some of the key gaps concerning the need for better

tools, techniques and modelling/scenario evaluation frameworks to support
ecosystems approach based urban land use planning. In particular, the structure of
the new approaches developed is such that there is significant scope for future
research to develop spatial models and technical guidance for further ecosystem

services that were not considered in this thesis.
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9.3.1 The need for a proof of concept study

Although the new approaches were trialled in the development of a Glasgow City
Council (GCC) greenspace development project (see Appendix 12), there remains an
important need to fully test the ability of the new approaches to inform and improve
the Local Development Plan (LDP) process, as set out at section 8.3. Ideally, this
should be delivered as a full scale proof of concept study including an evaluation of
the approach’s impact on LDP policy decision-making and subsequent impact in
terms of land use delivery on the ground, through a variety of different mechanisms
such as Development Management (DM), Flood Risk Management (FRM) Plans and
local level/community projects. It may also be useful to test the applicability of the
new approaches informing other planning frameworks such as Supplementary

Guidance and masterplans.

9.3.2 The need for better data

Some of the spatial datasets used and technical principles adopted in the new spatial
models developed in this research are themselves based on models as opposed to
empirical data. Given the pragmatic worldview behind this research (see section
2.1.1), this was considered to be reasonable given the focus of the new approaches
helping to address ‘real-world’ sustainability issues (Stock and Burton, 2011). That
said, there is a need for better data in order to validate key parameters used in the

new spatial models. Specific areas for future research are:

e The need for empirical data concerning the efficacy of key natural flood
management (NFM) measures: especially the case for NFM measures
considered in this research — floodplain and riparian zone woodland
planting/restoration and wider catchment land management measures. Studies
should ideally address rural, urban and mixed rural-urban catchments.

¢ Validation of functional connectivity habitat network models: there is a
need for further studies (e.g. mark-release-recapture) to gain a better
understanding of how species interact with a range of different urban

landscapes.
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More detailed consideration of spatial datasets and technical principles
concerning other NFM measures that were not considered in this thesis:
1) floodplain wetland; 2) a broader range of river restoration techniques; and
3) opportunities for integrating analyses of surface water conveyance with

strategic urban land use/management planning.

9.3.3 Enhancing the scope of the new approaches

There is significant potential for future research to enhance the scope and

applicability of the new approaches developed through this research. Data issues in

this regard have been dealt with separately at section 9.3.2. Key recommendations

are as follows:

Develop a practical guidance note on the ecosystems approach guiding
principles: this research developed a new suite of guiding principles for
ecosystems approach based urban land use planning (see Appendix 3). The
principles are based on the evidence assessment (see Chapters 3 — 6) and are
intended to develop and further characterise the CBD ecosystems approach
principles, from the perspective of urban land use planning. That said, they
represent a substantial increase in detail over the CBD principles and their
utility for urban planning stakeholders could be improved through the
development of a supporting guidance note to aid interpretation and
understanding.

Develop additional spatial models and technical guidance: this research
developed spatial models and technical guidance for three ecosystem
services. There is a need for additional models and guidance to support the
full translation of ecosystems approach principles in practical urban land
use/management planning. Further development in this regard could be
prioritised on the basis of data from the expert interviews (see section 3.2.5).
Refine flood control model Multi Criteria Analysis (MCA) step: Step 6 of
the flood control model uses MCA to prioritise site level intervention on the

basis of three criteria for sustainable flood risk management (FRM). The
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MCA could be refined through the use of additional criteria, especially
biodiversity, landscape and social/community issues.

¢ Linking new spatial models with relevant quantitative models: in their
current guise, the new spatial models are primarily intended to guide and help
prioritise the development of land use/management policy in LDPs. Linking
the new spatial models with relevant quantitative models (e.g. hydrological
and hydraulic models) would enable the potential benefits of land
use/management change to be quantified (e.g. potential reduction in peak
flows and flood extent).

e Develop explicit methods to account for environmental limits in urban
land use/management planning: the evaluation of existing and new
approaches highlighted how environmental limits have generally been
considered less well. Environmental limits are considered implicitly within
aspects of the new approach developed through this research though there is a
need for more explicit, robust approaches.

e Develop explicit mechanisms for the involvement of stakeholders and
affected communities: the evaluation of the new approaches against the
CBD principles highlighted how the involving people principles is covered
less well. There is a need to develop specific mechanisms for engaging
people in spatial model outputs and the identification of multifunctional
priority areas (MPAS) as part of the LDP MIR stage. This should include
stakeholder input to technical modelling processes and the identification of

environmental limits based on social preferences.

9.4 Recommendations for future practice
This research has focussed on urban land use planning through LDPs, as per the

Planning etc (Scotland) Act 2006. As such, although some recommendations for
future practice are focussed on a Scottish audience, most recommendations are of
more general relevance to an international/northern European audience.
Recommendations are differentiated on this basis noting however that all general
recommendations are also relevant in Scotland. The northern European focus reflects

the specific ecosystem services considered in the research, which are likely to be
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particularly significant for addressing urbanisation problems in northern European

urban centres (see section 9.2.2).

94.1

9.4.2

Recommendations for urban land use planning stakeholders of general
applicability internationally/in northern Europe

Interdisciplinarity: urban land use planning should be undertaken
collectively, drawing on a range of expertise. The ecosystems approach can
provide a common framework within which different disciplines can align
for common objectives — ecosystem health and human wellbeing.

Adoption of the new ecosystems approach principles: practitioners should
use the new ecosystems approach principles to support the translation of the
CBD principles within urban land use/management planning.
Consideration of the new technical guidance: practitioners should use the
new technical guidance for specific technical support on key issues,
especially land use/management planning for flood storage, runoff reduction
and ecological connectivity ecosystem services.

Prioritising ecosystem services: depending on specific local context,
practitioners in northern European urban centres should consider prioritising
land use/management and green infrastructure intervention towards the
enhancement of climate resilience and cultural ecosystem services.
Evaluating existing practice: practitioners should evaluate their existing
urban land use/management practice from the perspective of the main
strengths and weaknesses identified through this research.

Training and awareness-raising: local authority corporate/human resource
policy leads should consider the need for training and awareness-raising into
the ecosystems approach, within land use planning and other policy issues

that may impact the natural environment.

Recommendations for urban land use planning stakeholders in Scotland
Use of the new spatial models: practitioners should use the new spatial

models to identify priority locations where land use/management change may
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be required to deliver discrete ecosystem services and multifunctional priority
areas (MPAs) for multiple ecosystem services.

Integrating spatial model outputs and technical guidance with LDP
development: practitioners should integrate MPA recommendations with
LDP development, especially at the MIR stage, to identify land
use/management priorities for the enhancement of key ecosystem services.
Land use delivery mechanisms: practitioners should seek to integrate MPA
recommendations with a range of land use delivery mechanisms, especially
through Development Management (DM) and other relevant mechanisms
such as Flood Risk Management (FRM) Plans and River Basin Management
Plans (RBMP) and the placemaking agenda.

Training: local authority corporate/human resource policy leads should

consider the benefits of training staff in the use of key technologies,
especially geographic information systems (GIS) and spatial

analysis/modelling.

This thesis has demonstrated how the ecosystems approach can provide a

framework for integrating technical principles from existing disciplines to develop

land use/management based solutions to key urban sustainability problems. The

various tools, models and guidance developed through this research provide a

framework for progressing the urban sustainability agenda in this regard, including

practical tools that have the potential to inform urban land use/management decision-

making on the ground. There is significant scope to improve the sustainability of

urban systems through ecosystem services based approaches that simultaneously

enhance urban biodiversity and reduce the need for traditionally engineered

infrastructure.
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