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Abstract

Urbanisationi the demographic transition from rural to urlianan 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 thanagainstnature. Despite thisthe impact of urban land
use/manageent on urban ecosystem services is currently little understatarban

land use planning stakeholders have limited means by which to assess the impacts of
their decisions on urban ecosystem serviddge 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 researcapproachadopted hadhree main stages: 1)
review, assessment and dyesis oftechnicalevidence to inform the development of
principles and technical guidanctr ecosystems approach based urban land use
planning; 2) development and trialling of new tools, models and guidance for
considering ecosystem services in urbampilag; and 3) evaluation afew tools
models and guidance The research methods used a@cument review, rapid
evidence assessmenREA), action research andemistructured interviews
Geographic information systen(GIS) technology has been used to grte
qualitative data from the evidence assessmwitth existing spatial datasetso
develop newspatialmodels for urban land use planning.

This thesis has demonstrated how existing technical principles and theories
from discrete natural science andiabscience 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, amew approach to urban plaing h& been developed comprising the
following elements: 1) a suite of ecosystems approach guiding principles; 2) three
new spatial models$o prioritise land use/management intervention for specific urban

ecosystem services; and 3) supporting techigicalance.
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Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

1. Introduction

Fortef i rst time in history, more than hal

urban ares, a trend predictetb continueas global populationgrowth is sustaned
duringthe 2£' century(UN, 2012; WHO, 2013)This process ofirbanisatiori the
demographic transition from rural to urbain creats both challenges and
opportunitiesfor urban areadJrbanisationcan result inncreasd pressure on urban
servicesand system$§EEA, 2010a; Mostafavi, 20)@uch agransport, watesupply,
waste managemenprotection againshatural disaster educationgreenspaceand
recreational opportunitiesConversely, urbanisation can drive innovation and
econome growthand supporincreasedvitality and culturaldiversity (bid). This
thesisexplores a specific urbanisatioproblemconcerning the way in which urban
land is used and managft the provision of keyand basedirban servicesr urban
Gecosystem servicegMA, 2005; Davies et al, 2011; Mace et al, 2013¢ottish
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 cuhrandy
limited means by which to assess the impact of their decisions on urban ecosystems

and the services that they providéese are the key gaps this thesis address

f
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This Chapter is structured as follows: Section 1.1 defines urbanisation and
characteriseghe urbanisation problenthat remains to be tackledsection 1.2
discusses howhe concept of ecosystem serviaemn bea means of framing the
urban natural environment as help rather thana hindrance to sustainable
urbanisation. Section 1.argwes that urban planningcould providea possible
framework for operationalising ecosystem services thinking. Finally section 1.4
defines the aims, objectives and purpose of this thesiading an outline of its

overall structure.

1.1 The problem of urbanisation

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

Morethanhalb f t he wor Indwdiges iputbpnuateastthat s our cities,

towns andother settlementgUN, 2012; WHO, 2013) Numerically, this equate®

some 3.6billion people 0r52.% of t he wor | d@HN, 201%. Thasl popu
phenomenon is particularly pronounced in deseloped world in North American,

European and Oceantountriesa majority of peoplehave lived in urbanarea since

the 1950sand 77.7% of people in these regioase currently classed asirban
dwellers(ibid).

In land terms, urban ardasccupy O0. 5% of the worl dos
2010; Schneider et al, 2009) meaning, th
lives on only one two hundredth of its land. This phenomenon is illustrated on Figure
1.1 using Europe as an example. Rerimore, 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&itury 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.

1DefinedbySchneideretaI (2009 p@ifipl aces domi nated dthatatehe bui |t ¢
greater than 1kfrincluding cities, towns and other settlements
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Figure 1.1 Extent and location of urban areas in Europan 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 LondonK) is 5,163 people/kf(London Councils, 2013), in Shanghai
(China) there are 3,700 people/kifSBhanghai 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 castrto more rural/remote areas where
population densities agenerallynuch loweri the average population densitytive
Sutherlandarea of theScottish Highland§UK) for example is only 1.1 people/km
(The HighlandCouncil, 2013).

Wherever populatiordensities are high and large numbers of people live
together in the same place, there will inevitably be high demand fayoibes and
serviceson which those people relyfrom food, housing and education to transport,
jobs and recreation. In densely ptgiad urban areas (such as the global examples
listed above), this issue can be particularly pronounced in relation tcuithan
sprawb effect (Hasse and Lathrop, 2003; Kumar Jat et al, 2008; Schneider et al,
2009) whereby demand for land resources catrease pressure dhe ecosystem
services that urban land provides (TEEB, 2011; UK NEA, 2011). Furthermore, many
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of these land basegtosystenservices 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).

90% S .
3| Amajority of people in

85% - - developed countries

80% - (Northern America,

75% - Europe and Oceania)
— . X

70% - >~ have lived in urban areas

since the 1950s

65% ¢ \
0L

:: ] ‘////“/::1 By 2035, it is anticipated
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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 tese issues, the worl dés urban centre
(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 tleeosystemservicesit provides (Davies et al, 2011,
UKNEA, 2011; Scottish Government, 2013aln modern terms, we would now
describe this form of development as beidgnsustainabi@ whereby the
consideration of environmeaif issueshas been absent from decisimaking,
contributing to environmental/landegradation.Indeed Stock and Burton (2011)
highlight hwaovr Indatn ys wsrteaailnabi | ity probl em:
human and natural systems.

Whilst urbanisation can create problentsjs important torecognisethat

there canalso be substantial benefits associated with urban areast least the

% And potentially a range of social and human development issues also e.g. access to edocasi®n,
to healthcare, provision of safe and accessible neighbourhoods etc
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economies of scale associated with utilities amegioéssential services which can be
deliveredmuch more efficierty in large urban areas thannmoreremog, rural areas
(Davies et 812011 p.364)There are alspro-urbanisatiorargumentgentred around
the advantageof concentrating intensive humampacts inone placgMills, 2007,
Schneider et al, 2009s opposed to more dispersed models of urbanisation that
would seemany smaller, diffuse impacts distributed across the. lanceality, many

of thesemorediffuse impacs mayoccur anyway as rurénd base@nterprisege.g.
agriculture, forestry, engy production, extractive industries grefundamentafor
the produwction of goods and servicesonsumed in urban areah. key challenge
thereforeis to increasdhe efficiency of urbarservicedelivery, therebyredueng
urbandemand for goods and servicés line with this,Mills (2007 p.1849) describes
cities & fboththe chief causef and solutiorto anthropogenic global charsge

As these global trend of urbanisationplay out over the coming decades,
there wil/ inevitably be i ncrludhermae pr ess
we will have todevelop andchoose betweem range of potential governance,
planning, design and engineeriatyategies in our responge these pressurésfor
example, do weacceptincreased urban sprawlvhereby the extent of urban areas
increasespr do weendeavour tanake more effective use of thiebanland resource
that we have This research seeks tmelp answer some of these questions by
improving our practicalnderstanding@f how urban land use/management decisions
can impact urban ecosystems and ecosystem serVibissis achieved in part by
exploring new ways of planning, designing ardklivering key land basedurban
services T ecosystem services that can work with rather thanagainst natural
systemsi this is the essence of the ecosystems approach which is deseribed
furtherdetailat sections 2.and 3.2.

Regardless of the specific mix ofbanisation problems experienced in tewn
andcities at any one time, ther@ea growing number oéxterna) global pressures
that camact to shock or stress urban systems emdoing s act toaggravate locally
felt urbanisation problem#s we haveseen 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 enaural areas antherefore
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demand for gods and services willbbe higher.Under these conditions, the
introduction of uncertai external pressures can actstwock or stresshe delicate
balance of urban systems, especially whsegsesystemshave not beendesigned
with flexibility and resilience in mingLeichenko, 2020; Olsson et al, 2012)

One of the most significant external pressures affecting urban tadsass
global climate changand its locally felt impact4Emmanuel and Kruger, 2012;
Leichenkg 2010; Olsson et al, 2012; Scottish Government, 2011la; Scottish
Government, 2018 Wamsler et al, 2013)Climate change is a highly complex
problemi although it is environmental in nature, it impacts or is impacteddvgad
range of global issuescluding poverty, economic development, biodiversity,
population growth, sustainable development and resource management (GNFCC
2013). Furthermoreht specific nature oflimate changeand therefore thanpacts
of climate changeare not evenly distrited around the world. For example,
anticipated climate change in S8aharan Africa is likely to result in less rainfall
and increased average temperatufi€stir, 2010). In terms of impacts, this
predicted to causicreased drought, decreasagticultural production anchultiple
human health problems including malnutrition and higher incidences of infant
mortality (bid). On the other handalimate change in Scotland is forecasted to result
in warmer, wetter weather with increased incidencegexireme weatheevents
including heavy downpours and very stronqag (Scottish Government, 201)3b
Key impacs of climate change in Scotlariderefore ardlooding and storm damage
to property and infrastructuf@s well as potentially positive impacts such as longer
growing seasons and less demand for heating in winter months)

Leichenko (2010 p.164) reportsow the concept ofresilience is gaining
increasing prominence within the literature on cites and clicfz@geandgoes on
to describe howeferencesigener al ly refer to the abili
withstand a wi de ar r.dyrthermbre, keltleck gibid)o r st
suggeststhat there arefour categories withinurban climate changeesilience
literature and practec 1) wban ecological resilienc&) urban hazards and disaster
risk reduction;3) resilience of urban and regional economies; 4hgromotion of
resilience through urban governance and institutibnghis regardclimate 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 anthe ecosystems approach
As describedin section 1.1 there are many potential problems associated with

increased urbanisationCompounding this major external pressures (especially
global climate chiage can act to shock and strake often delicate balance wifban
systems potentially impactingthe delivery of key urban servigesncluding
ecosystem service$n terms ofthe urban land resource particular urbansation

and urbarsprawl can constrain the availabiliyd impact the qualitgf manyurban
ecosystemservices such as flood storagmicro-climate regulationseminatural
habitats, biodiversity, recreational space, habitat networks and urban agriculture
(EEA, 2006; EEA, 2010a; EEA, 2010u¢rucially, this includes thégreerd and

0 atural environmeiditype land usesvithin towns and citiethatprovidea backbone

of greenspace angeminatural habitatssupporing urban ecosysterfunction (EEA,
2006).As mentioned irsection 1.1 many urbarecosystenservices ar@lsocontext
specificin natureand need to be provided @t near tathe locus of demand (TEEB,
2011; UKNEA, 2011)For exampleflood storage servicesannot just be provided in
one catchment, rather, theged to be provided on a catchment by catchment. basis
Similarly, the recreatiorservices provided by urban parks and other greenspaces
cannot just be provided in one neighbourhodtey need to be provided throughout
the urban area to meet the needs of local communities.

Despite the importance afrban ecosysterservices, their coideration in
urban planning decisiemaking, as in more ruralsectorssuch asagricultureand
forestry has often been absent overlooked (MA, 2005; UKNEA, 2011)nd
Anature has someti mes been Deak20n pBor gr a
Globaly, patterns of human development over the latter half of tRec@ftury have
resulted in more rapid and extensive changes to ecosydteanan any other
comparable period of human histaapd these changes, whilst contributing to net
gains in human wellbeing and prosperity, have resulted in the degradation of many
services provided bgcosystemgMA, 2005; UKNEA, 2011). Cruciallythere is
concern that the ability of future generation®hbtain benefits from ecosystewill
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be diminished unless ecosystelagradation ihalted (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 recognitiomeofdtural
environmentos vital rol e supporting S O
Secretariat, 1992; CDB Secretariat 2013; EC, 201Defra 2011; Scottish
Government, 2011c; UKNEA, 201EC, 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, etaagsand habitats, provides a
range of advantagesor benefits that are essential for societal wellbeing and
prosperity (MA, 2005; Haine¥oung and Potschin, 2008; Hughes and Brooks, 2009;
Defra 2011; ScottistGovernment, 2011c; UKNEA, 201Baker et al, @13). This
notion of the natural environment providing advantages or benefits supporting
human wellbeing is the definition of ecosystem services adopted th¢sis

The central premise of the ecosystem services concept is the protection and
enhancemenof biodiversity, the logic being that by emphasising the natural
environmentods role supporting hundgn well
governments, corporations, private individuals and other stakeholders will be driven
to take action to protécand enhance the natural environme@BD Secretariat,

1992; CDB Secretariat 2083 There are however wider, more operationally
focussed benefits of considering ecosystem services in planning and detciog
processes that set the context and raleof@ 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) Secreta@eneral Kofi Annan (Brown et al, 2011). The
MA assessed theonsequences 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 BiologicaitRi@BD)

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 approacheési@s the primary framework for action under the
Convention:https://www.cbd.int/ecosystem/default.shfiatcessed 02/01/14]
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(Baker et al, 2013). In partitar, 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 inkages 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 recommetred in 2007the undertaking of a full MAstyle assessment for
the UK to enable the identificaticand 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 ratmst up
date conceptual thinking and analytical tools to develog emprove the MA
assessment methodologBrown et aJ 2011). Given the UK based focus of this
thesis (see section 14 and 2.1.4, the UKNEA and its postA theoreticaland
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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

services. Key findings from the UKNEA asbownin Box 1.1and on Figure 1.5.

Box 1.1Key findings from the UKNEA

(Source:UKNEA, 2011a p.5)

T AThe natur al environment , its bi of(
critically important to our wellbeing and economic prosperity but are consta
undervalued in conventional economic analysesdaetsionmaking;

1 Ecosystems and ecosystem services have changed markedly in the past 6(
driven by changes in society;

T The UKOGOS ecosystems are currently
in long-term decline;

1 The UK population will contine to grow, and its demands and expectations
continue to evolve. This is likely to increase pressures on ecosystem servic
future where climate change will have an accelerating impact both here ang
world at large; and

1 Actions taken and decisiermade now will have consequences far into the fu
for ecosystems, ecosystem services and humarbeeld). It is important that
these are understood, so that we can make the best possible choices, not |
society now but also for future generagson

As is evident fromBox 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 raisconcerns 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 ompeehensive 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 service$ especially environmental settings (locdhges)and climate,

hazard, noise and air quality regulation.

10
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Figure 1.4 Trends in ecosystem service flosfrom UK broad habitats since 1990
(Source: UKNEA, 201

Note: The UKNEA is based on eightcognised broad habitats found within the.WKKNEA (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 ecoshstems

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 199®lthough many servicesrpvided by the broad habitats are described as having
shown OG6some i mpr cmmed mecnhtabn gerb, 6 many services have
deterioration Crucially, many services provided by urbemeas (highlighted in red) are deteriorating,

especialf key regulating services including climate, hazard (encompassing flood storage) and noise
regulation as well as soil quality.

These are key challenges and issues thattlibssseeks tchelp address. In
particular, this thesis argues thapressingd r ava Ir lurdad sustainability issue

11



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

(Stock and Burton, 20113 the impact ofnappropriatdand 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, 20Q1Adopting an ecosystems
approach to urban land use planning may provide part of the soltii@nsort of
approach is predicated on a subtle shift in emphasism viewing the land, the
natural environment and ecosystems merely as a backdrop to #isaonpactsof
development to something that provides a range of tangible services that can support
development and human wellbeing objectives (Baker);2Baker et al, 2013).

The ecosystems approack i descri bed as Afa strate.
managenent of land, water and living resources that promotes conservation and
sustainabl e use i n an e g 19B3. Mbré eecewa y 0 (
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 literatueeg( Davies et al, 2011JKNEA,

2011; Sheate etla2012;Baker et al, 2013Gore et al 2013 Helming et al, 2013
Partidario and Gomes, 20/1and policy €.g.EC, 201k EC, 2011c;Defra 2011;

EC, 2013; Scottish Government, 201 $cottish Government, 201B8dupporting the
assertion that the ecosystempproach can be used, in a variety of decisiaking

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 dowime 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
anddesign has been discussed within the literatGteaf et al, 2006; Defra, 2008;
Davies et al, 2011; Sheate et al, 2012; Gaston et al, 2013; Labiosa et al A2Q48
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; (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
resgect to future uncertaintyfCIWEM, 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 taw 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 e2@6; GretRegamey et al, 2013;

Labiosa et al, 2013Y.his specificgap is what this thesis seeks to address.

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

is arguablyto supportbetterdecisioamakingabout the future use of land in urban
areas. In this manner, effective urban planning can be used to discuss, rationalise,
plan for andhelp to addressrbanisatiorproblemsdescribedat section 11..

The American Planning Associatiq2013) describe urban planniras a
means ofimproving the welfare of people and communities by creating more
convenient, equitable, healthy, efficient and attractive places for present and future
generationsThe APA (ibid) goon to describe how the role ofapnersis tofi é h e | p
create broad visianfor towns and cities through the use of research, technical
anal yses, consul tation with stakelheol der s
plansets out the vision and objectives for the area and also the strategies that will be
put in place taleliver the vision andchieve the objectives.

In England, the National Planning Policy Framewbrthe NPPH (DCLG,

2012) describes how the purpose of planning (including urban planning) is to achieve
sustainable development imet built, natural and historic environmerst for the
benefit of economic and social progre3$ie NPPF includes a suite of policies
covering a range of planning issuefom town centres, transport atite green belt

to healthy communities, flooding and climate chaiigéhat nust be taken into

account in the preparation of logdans(ibid). Local plansare required tset out the
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stratedc priorities for the plan area over an appropriate timeS$dat#uding inter

alia broad locations for strategic developments, land use designatsies
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 andhistoricenvironmen (ibid).

The Scottish Government (20d3escribes how the planning system makes
decisions about the future development and use of land in towns, cities and the
countryside. The planning systeinc onsi der s wher e denyel opm
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
longt er m i fibtde Similarly ¢ the USand English systens, the Scottish
planning systemia | lanled® and i s based on a hierarc
at different scaleg national, regional andocal. Development plans in Scotland
Aféset out how places should chaedleyand w
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 VSadttisheGoveromept,20lfd) e or wi | ¢

Reflectingon the abovekey tenets ofirban planningn theUS, England and
Scotland include 1) using urban planning to help balanceompeting
objectivesgdemandon landuse and?2) the use of planto convey an agreed vision,
objectives and sttegy for futureland useand developmentithin the urban area
Furthermore, the plan is not simply a documiat sits on a shelf. In Scotland and
England for example, the process of deciding whether or not to grant or refuse
planning permissiofthe consent requirdaly aproponenin order to legally progress
a development) is made in accordance with the extant developmenttptanis a
statutory document underpinned by relevant primary legislatioGLG, 2013;

Scottish Government, 2013e). In this manner, the deweént plan is also aely

mechanisnior 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 frainéveork
Town and Country Planning Act 199@tp://www.legislation.gov.uk/ukpga/1990/8/contents
[accesse@1/09/13
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areaincluding provision forthe protectiohand enhancemenof 6 g r e e dndiurah n d
environmenbtypeland uses and thecosystenservices they provide

Crucially therefore, legislative frameworks for urban planning, such as those
in place for England and Scotland, can provitie legal bags or 6t e dot h 6
progressing the urban sustainability agemdeelation toland usémanagerantand
impacts on urbanecosystemservices. By virtue of their design, legislative
frameworks are oftexery broad, setting out objectives and targets for what must be
achieved butvithout providing much in the way of guidance or instructionhow.
The delivery of statutory objectives andrgets is then supported through research,
guidance, begpractice andalsothe expertise of the professials whose job it is to
implementthe legislation. In the case of planning (including urban planning) in
Scotlard for examplethere is an extensive portfolio of statutory planning guidance
covering many policy issues includingflooding (Scottish Executive, 2004),
operspace (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 oappmaches, guidance
and practiceThis is an opprtunity that this thesis seeks to exploit through the
development of practical tools, techniqgues 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 suksections above, the key problem addressed by this research is

urbanisation and the pressure that urbanisation can place on urban land and the urban
ecosystem serviced can provide (see section 1.1). This problem needs to be
investigated beause 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 magtentially provide a useful
integrating framework for addssing urbanisation problems (see section 1.3), there

® e.g. hrough the use of Tree Preservation Orders (TPOs) and Conservation Areas
http://www.legislation.gov.uk/ukpga/1990/8/part/Vlll/chapter/l/crossheadingfireservatiororders
andhttp://www.legislation.gov.uk/ukpga/1990/9/contefascessed 21/09/13

" e.g. irough the use of Section 106 agreements
http://www.legislation.gov.uk/ukpga/1990/8/section/I86cessed 21/09/13

15


http://www.legislation.gov.uk/ukpga/1990/8/part/VIII/chapter/I/crossheading/tree-preservation-orders
http://www.legislation.gov.uk/ukpga/1990/9/contents
http://www.legislation.gov.uk/ukpga/1990/8/section/106

Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

is a need for better tools, teuques and modelling/scenagoaluation frameworks
to help urban land use planners consider the impacts of their decisions on urban
ecosystems anecosystem services gssection 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 mdetailed objectiveas per Box 1.2.

Box 1.2 Research Objectives

1. Toidentify urban ecosystem services that are particularly important to urba
centres in northern Europe

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

3. Toidentify existing approaches to urban planning that may have potential t¢
operationalise the ecosystems approach andaioae their utility in this regard

4. Todevelopnew approaches to urban planning that can operationalise key a
of the ecosystems approach and inform practical urban land use/managem
decisionmaking and green infrastructure project design

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

This research has adopted a qualitative apprdaesedon groundedheory,
which has sought to develop an improved understanding of the relationship between
urban land use/management and certain urban ecosystem sdQuedtative data
collected and analysed through this research has then been integrated with existing
spatial datags 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 servidethe central concept in this researicltan bedefined
as the advantages or beateprovided 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 focussedtbree specifc urban ecosystem
services 1) flood storage; 2) runoff reduction; and 3) ecological connectivand
a specificstudysite which, in this instance, is a specific urban ceint@asgow (see
Figure 1.5) The rationale for the selection thieseecosystem services and study site
is explainedat section®.1.4and 32.5. The selection of specific ecosystem services
and study site has influenced the scope and paranoétis 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) constitutilgga o c i a | setting
terms of one of the research methods used; and 3) the various documents and
literature reviewed as part of the evidence assessment method.

The subsequentChapter of this thess 7 Chapter 27 describes the

methodology adopted in ith researchincluding the overall research design, the
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theoretical framework antthe specificdata collection and analysis methods adapted
As outlined in sections 2.2.3, 2.2.7 and 2.3.2, a Rapid Evidence Assessment (REA)
methodology has been used to dalJaanalyse 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 resdarthis regarda key aspect of
the data collection methodologylopted in this research is focussedlu REA &
literature review type approaghthe outputs of which are documented in three
Oevidence assessment ©5).@GHsughttlEsrtlesis(dses ot Ch a p
include a formal literature review Chapgiven the literaturdased focus of a key
part of the methodology (see section 2.34%.part of the research, a literature map
has been developed (see Appendix 1) to develop an understanding of the
relationships between different categories of literatlit@s 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 ahefour evidence assessment Chapters in the thesis. It
analyseshe urban land use plaimg system in Scotland, highlighitey 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 explthe theory and science of ecosystem services
and the ecosystems approach that has underpinned this researehyarguingthe
case for the use dfiése concepts in urban land use planr@iwpter 3 alsexplains
why certainurban ecosystem servickeave been focussed anthis research

Chapter 4 is the second of the four evidence assessment Chapters. It provides
the technical basis for the two water management related ecosystem seflooes
storage and runoff reductioin that have been considel in this research in the
development of new tools and techniques for urban land use planndigcusss
the catchment based approach to sustainable Flood Risk Management (FRM) as well
as the key hydraulic and hydrological principles that provideeblenical basis for
later Chapters in the thesis. It thprovides an analysis dbur key approaches to
natural flood management (NFM) that can be used in urban catchments and that have

beenintegraedwith the new tools and techniquésvelopedhroughthis 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 techniqudsafo
land use planning. Explainsthe theory of landscape ecology and landscape metrics
before exploring the principles, tools and techniques available for modelling
landscape connectivity. It thediscussesthe key principles of conservation
managemet before arguing the case for the use and managemeambanh habitat
networksfor 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 approastdburban land use
planning frameworksThis includesan evaluation of each approach and a synthesis
of the main findings. It also highlightshere anchow the strengths, weaknesses and
key methodological innovations identified from existing practice hafgemed 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/managemendecisions on urban ecosystems and ecosystem servibés.
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. Cruciallyhe development of th@ew spatial models Badeen
directlyinformed by the evidence assessment described in Chaptés 3

Chapter 8 introduces the new guiding principles and technical guidance for
ecosystems approach based urban land use planning thatbkeawn 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 gaidande 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 PlgihDP) processin 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 hesisi s At o wunder s
develop, trial and evaluate new approaches to urban planning that can operationalise
key aspects of 't he ec o sisyisatsestainabilgdypsparch a c h 0 .
proect focussed on improving institutional responses to natural environment
challengeshy combining research atie ecological and social components (Stock

and Burton, 2011pf urban systemsincluding policiesand institutions (i.eurban

land use plans and local authoritieds such, the research has adopted a
interdisciplinary approach drawing on qualitative research methods from the social
sciences in conjunction with theories from the natural sciences.

Box 1.2identified 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 objectigeor hypotheses which arased more commonly in
quantitative or mixed methods dias. Although this research uses purely qualitative
research methods (see sections 2.3 and 2.4), defining clear objectives was an
important part of theverall framing of the research, especialyen thepressing
need for sustainability research to cdnite toeffective, practicaloutcomeqStock
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and Burton, 2011)n addition howeverkResearch Objectivesos. 1, 2 and 3 (i.e. the

three objectives that relate specifically ttte collation ofqualitative datai see
sectiors 2.2 and 2.3 have been framed as Research Questions to help guide the use
of key qualitative methods in the resear@@g. helping to clarify the relationship
between data requirements, research methods and the overall aim and objectives of
the research)As such, théhreeheadline Research Questions are:

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

2. How doesurban land use/management impact the functioning of urban
ecosystems and the provision of certain urban ecosystefices?

3. What can be learnt from existing ecosystems approach basedamtan

useplanning frameworks?

The remainder of this Chapter describes the overall methodological approach
adopted in this research including the research design, specific te®és and an
explanation of the interdisciplinary nature of the approach (sectigntBel overall
research procedsllowed in terms of the individual steps and the sequence of events
therein (section 2.2), the specifi@ta collectiormethods adoptefkection 2.3) and
the approach adopted in the analysis of the various data produced throughout the

research (section 2.4).

2.1Research desigrand theoretical framework
Cresswell (2009.3) defines research designsigdans and procedures for research

[ ] informed by the nature of the resear
per sonal experiences a e rembaireer afuht seetiorc e s f
outlines the specific research design addph this thesis (section 2.}, Hescriles

the theoretical frameworkused (section 2.1.2 explains the rationale for the
interdisciplinary natureof 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)dentifies three main types of research design in the human and

social sciences: 1) qualitative; 2) quantitative; and 3) mixed methddsin these
three broad approaches, Cresswell (ibid) highlights how the researcher then needs to
consider and make degbns about the worldview assumptions they bring to the
study, the selection of an appropriate procedure of enquimggearch strategy) and
specific methods of data collection, analysis and interpreta#idtmough this
research has adopted an interiibcary approach (see sectioB.1.3, only
qualitative methods have been used. As such, a qualitative research dasign
considered appropriat&he different elements of the research design are discussed
further below. Firstly however it is important tmderstand the nainale behindhe
use of a qualitative approach.

The nature of the research problemmder investigatiorhas a key influence
over research desigrchoice As outlined in Chapter 1, the research problem
investigated in this thesis is urban sustainability with a particular focus on the
relationdip betweenurban land usémanagementthe provision ofcertain urban
ecosystem servicemnd the need for bettéwals, techniques and modelling/scenario
evaluation framework& support urban land use planning in this regAsdsuch, a
key characteristic of this research problem is the need to better understand a concept
or phenomenon because little research has deeaon it (Cresswell, 2009) i.e.
how urban land use/management can impact the provision of urban ecosystem
servicesand then how this information might be framed within new tools and
techniques for urban land use plannitg.this regard, a qualitativapgoach is
considered to be most appropriaggven its more exploraty nature and the
flexibility it affords for the consideation of multiple variables (Cresswell, 2009;
Bryman, 2012)This is in contrast to a quantitative approach for example wiith
generally feature a smaller number of defined variables (iBidpther key factor
influencing research design choice is the personal experiences of the researcher. The
author comes from a qualitative backgroyedvironmentabnd sustainabilitpolicy
and assessmendénd regularly uses qualitative techniques in his professional work
including strategic environmental assessment (SEA) practice and regeaych
Phillips and Sheate, 2010; Sheate and Phillips, 2014) and social researehtfar
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govermment (e.g. Phillips et al, 2014)As such, qualitative techniques were the
obvious choice in this regard due to their familiarity and bemefis of this
familiarity for research efficacy, quality and deliverabilityhis 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) L{dee section 2.3.3).

As discussed at the start of this sdztion, there are three maiamponents
of research design: 1) philosophical worldview; 2) strategies of enquiry; and 3)
research methods (Cresswell, 2000jesswell (ibid) highlights how philosophical
ideas can have an important influerme research practice, even thoutjey 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 . e. t hey can be ®een as
about the world and the nature of resear
p.6). As such, this study is approached through a pragmatic worldview. Crucially,
pragmati sm arises out of HAactions, situal
conditions and it hafa concern with applicatioris what worksi and solutions to
probl emso ( Cr e Givendhis] pragntatlsideth bepseeh @sving 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 i.e. identifying practical solutions t&eal worldd s y prdblemns (Stok and
Burton, 2011)

Arguably, there are also close parallels between pragmatism and the adoption
of interdisciplinary approaches as per this research (see section [ Ja8jticular,
interdisciplinary approaches are considerettial for sustainabilityresearch wiah
itself is focussed oraddressing thepractical Geal world problems faced by
humanity (ibid).From a personal stance, the author is undoubtedly a praginatist
working at the interface of research and practice, the resolution of real world
sustainability problems are the focus of his professional fvdvtost notably,

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

8 The author is a senior consultant at CEP Ltd, an independent conssit@otalising in strategic
and practical sustainability issuddtp://www.cep.co.uk/What we do.htfieiccessed 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 solutionghat

can be improved upoim thefuturei i.e. demonstrating theverall efficacy ofnew
theories anépproackshas been more of a priority thdebatinghe minutiae.

Cresswell (2009p . 1 1) defines strategies of
qualitative, quantitative and mixed methods designs or models that provide specific
direction for pr oc eduheemecific strategy of enqueya r ¢ h
adopted in this researdtoweveris harder to aligndirectly with the socialresearch
methods literatureln particular, the interdisciplinarynature of theresearch(see
section 21.3) means that it is hard to pin it down to particular epistemological and
ontological orientations(indeed his has been identified as a challenge of
interdisciplinary researchhore generdly including the potential for epistemological
and ontological incompatibilitie$ 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)e vther
interaction between human systemnsd ecosystems is the focus of investmyati
(ibid). In terms of epistemological considerations for example, this research draws on
commonly held theories from the natural sciences (see sectiont®.i&yelopnew
urban planningools and techniqueslesignedfor integrationwith institutional ad
policy frameworksthat arethemselvegredicated on social action (e.g. engagement
of stakeholders and the public in policy formulation).

The resolution of these issues comes back to themaag worldview
described above. In essence, this research recognises how practical, interdisciplinary
sustainability research is needed to add
as population growth, urbanisation and urban sprawlgsetonl.1). As such this
thesis argues for interdisciplinary research methodologies that can incorporate the
practices and norms of the natural science model whilst recognisingedte to
emphasisehow individuals interact with their social world (Bryman, 2012
includingwith institutionsand policydevelopment processeghis, in essence, is the
ecosystems approadhi.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 lheshe approach adopted in
this research is grounded theory. Grounded theorgorsidered to be the most
widely used framework for analysing qualitative data (Bryman, 2@t#) can be
used to deri ve Afgener al , abst rracdt i tomeor
(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
i i.e. using observations and findings to develop thedri¢isere is inevitably a
degree of iteration between data, extant theories aarydnew theories that the
research mayropo® (Bryman, 2012).This sort of iterative approach has been
adopted in this research as described at section 2.2.

The final component of Cresswell d0s (2
the specific research methods used for data collection, @&alyd 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 umssh for data
analysis and interpretati@nd gecific data cdéction methods are as follows:

1 Document review

1 Rapid evidence assessm@rREA)
1 Action research

1 Semistructured interviews

2.1.2 Description of he theoretical frameworkadopted 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 challengeand urban sustainability problem#s such the research has

been approached with a distinct theoretical lens or perspective (Cresswell,tRa09)

has providedin overall theoretical framework on which the research design has been
based (see section 2.1.1Bryman (2012) describes how theory is normally

something thaemerges 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 ds til.
regard, whilst this research has developed new theories for urban land use planning,
the collecton, analysis and interpretation of qualitatdd@a underpinninghe new
theories has beamdertaken within ramework of existing theoriegrimarily from

the natural sciencef.e. there are elements of both an inductive and deductive
approach)

Ecosystem services provide the overarching theoretical framework adopted in
this researchThe theory of ecosystem services is based around the processes that
link human societies and their wellbeing with the natural environment (MA, 2005;
Mace etal, 2011) emphasisingithe role of ecosystems in providing services that
bring i mprovements in well beiAsdiscusarl peopl
briefly at section 2. 1. 1facedny hwnandaybdayt he o6r
are located at the interla©of human and natural systems (Stock and Burton, 2011).

In this regard, ecosystem services can providgeramonframework within which
different disciplines can align through interdisciplinary approaches (ibid).

This research argues that thiee of ecosygtem servicesas a theoretical
framework has the potential to bring focusiteal worldproblems through common
objectives This sentiment is echoed by Stock and Burton (2011 p.1096) who
describe how interdiscipl i nfafrepadicipantdi es i
from a variety of wunrelated disciplines
(Stock and Burton, 2011 p.109@3}iven this, although ecosystem services can be
regarded as a theoretical framework in its own right, a key strengjtie deory lies
in its integrated nature (Baker et al, 2Q18) practice, thismears that the
overarchingecosystem servicdbeoretical framework is underpinned and supported
by manyothertheories from discrete disciplinesupporting interdisciplinasy.

This includes theories from the social as well as natural sciemaas
examplefeminist perspectives, critical theory and racialised discourses (Cresswell,
2009) are arguably considered within the ecosystems approach which includes key
principles onconsidering all forms of relevant information (including indigenous and
local knowledge) and involving all relevant sectors of society in deerseking
(CBD Secretariat, 20H}. Although the theory of ecosystem services is underpinned

by discrete theorgefrom many separate disciplines, this research has a finite scope
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(informed Dby findings under Research Question No.ll see section 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 subtheories adopted in this research

Note: The Figure depicts the relationship between the overarching theoretical framework adopted in
the research and the discretfeeories from separatdisciplines that support and underpinthis
framework.The Figure also indicates where the discrete theories from separate disciplines are treated
elsewhere in this thesisi.e. the three main evidence assessment Chapters that have underpinned the
developnent 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

sustainability research involving integrated multiple giscii ne s 0 . As di sc
sections 2.1.1 and 2.1.2, this type of approach can be particularly useful for
addressing 6real worl dé problems at the
problem addressed in this researche. urban sustainability with 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 regdérdalls within this category and, asich, 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)ansdisciplinary. Theapproaches
are considered within a hierarchy whereby multidisciplinary approaches are the least
integrated and transdisciplinary the moStock and Burton (ibid) characterise
interdisciplinary research approaches variously though key characteristickeitne
use ofan iterative research proce&ection 2.2)a problem solving focus (section
2.1.1),the involvement of multiple disciplines and the crossing of epistemological

boundariegsection 2.1.1)These key characteristics and others have hetpsbape
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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 viewpointsAs described at section 2.1.2 and shown ayuié

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 describedat sectionl.4, a key part of the overall aim of this research is the
developmentirialling and evaluation of new approaches to urban planning that can
operationalise the ecosystems approach (see Research Objblis/e4 and Sn

Box 1.2. As explained at section 2.1.1, this research has been approached through a
pragmatic worldviewwhereby the intention has always been for the research to help
identify practical solutions to o6real wo
1). In this regard, key aspects of the research have focussed on a pilot urban centre
whereby thenew appoaches developed in this research have liested in one
location to understand their applicability in other contexts as well. In this regard, the
research process has beariluenced by policy, legislation, institutions, data
availability and stakeholds of relevance tthe specificpilot 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 widerpdipability of the research findings and conclusions.
This is discussed aection9.4.

As outlined at section 4,. GlasgowScotland, UK)has been used as the pilot
urban centre. Cresswel | (2009) describes
are one of the criteria for selecting a research design (including the location, situation
or context where the research will take place). Thelaw r 6 s pr of essi one
date has focussed on Scotland and Glasgow, including three years working for
Glasgow City Council 2010 i 2013 as an environmental planigrategic
environmental assessment (SEA) officer As such, t he authoro

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 stakeanttiers
data (especially at GCC) was seen as a pdatistrength in this regard.

2.2 Description of the research proces
Section 2.1 describes the overall research design and theoretical framework that has
underpinnedhis resarch. ®ction2.2 builds on thisdescribingthe overall research
processadoptedn terms of the individuadteps and the interaction therein. Each step
Is described individually inclling the following information: 1)inks to specific
Research Objective®) links to specific dta collectionandbr analysis methods
used and 3) cross-references to later Chapters of the thesis where relevant results
and/or analysis are documentddhe overall process followenh this researchs
indicated on Figure 2.@nd summarised in Table 2.1

Table 2.1 Research processummary

Research step Research | Data collectionand/or | Relevant thesis
Objectives | analysismethod(s) Chapter(s)
Step 1:Review key policy and 1 Document review Evidence assessmeint
literature and scope the research Chapter 3
Step 2:Initial review and 2 REA; Coding; and Evidence assessmeéint
assessment of technical literature Integrative diagrams | Chapters 3, 4 and 5
Step 3:Review and evaluation of | 3 Document revieywand | Evidenceassessmerit
existing approaches Criteria based Chapter 6
evaluation
Step 4:Initial development of 4 Use of ArcGIS Spatial model$
spatial models Chapters 7 and 8
Step 5:Pilot spatial models 4 Action researchand Spatial model$
Use of ArcGIS Chapters 7 and 8
Step 6:Follow-up review and 2 REA; Coding; and Evidence assessmeént
assessment of technical literature Integrative diagrams | Chapters 3, 4 and 5
Step 7:Validate key findings All Semistructured Evidence assessmeént
throughexpert interviews objectives | interviews and Coding' Chapters 3, 4 and 5
Step 8:Refine spatial models 4 Use of ArcGIS Spatial model$
Chapters 7 and 8
Step 9:Develop ecosystems 4 Coding; and Integrativg Spatial model$
approach principles and technical diagrams Chapter 8
guidance
Step 10:Evaluate new theories an 5 Criteria based Conclusiong Chapter
approaches evaluation 9

2.2.1 Overall approachi 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 btween 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 certai ecosystem services (broadl
6categoriesdéd in terms of grounded theory
used to develop and trial new approaches to urban land use planning that integrate

the principles of the ecosystenapproach (broadlysimilart o O hypot heses
Ot heori eso i n t er ms of grounded t heor y
understandingd aspect has been friamed a
6) t hat provides the technical ba&si s f«
Chapters 7 and 8). Where relevant, the-seittions 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 dathatt directly supported Research
Objective/Question No.1l. 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 scapngse, 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 whatigugdo 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 policiedaports 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 aialimiata collection stage within a
grounded theory approaé¢hi . e . it identified o6coarsed
ecosystem services that focussed subsequent stages of the research. In terms of
grounded theory therefore, Step 1 produced outputscmbe considered broadly

similar to 6conceptsd, which are defined
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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 sectidh 3.

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 theesearch 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 linesThe Figure also provides an approat® indication of when individual research
steps took place within the three year programme (2Q2014).

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.2The main purpose of Step 2 was tollate initial data
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around the Step 1 thenmes to form an outline view of how urban land
use/management might contribute to théatement and protection of the urban
ecosystem services identified at StefClucially thereforeStep2 needed tadentify

the relevantdisciplines and theorigat could be investigatethrough the relevant
literature, in order to develop an understanding of how urban land use/management
can impact the urban ecosystem services identified at St€pidis discussed at
section 2.13.

Step 2 adopted anethodology based othe UK Governme t &®apid
Eviderce Assessment (REApproach (REA Toolkit Government Social Research
website, undated)n practice this involved the identification and assessmekéwf
literature relevant to the disciplines that provide the theoretical framing for the
ecosystem services considered in the resé4seie 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 plarinitgtms of grounded theory
therefore Step 2was an integrated data collection, coding and constant comparison
process (Bryman, 2012; Dick, 2012) produciogtputs that can be considered
broadly si mildeafitme dd cast efgcoa netebspatedssothdt at h a
they can beregarded as representingreab r | d p h Bryrnam,e012 p.570).

In particular, Step 20bk the coarse themes/ecosystem services identified at Step 1

and developd an initial understanding of how these can be influenocedn urban

context through practical land uselanagement action on the groundi.e. the

translation ofbroadthemes identified in strategic policy into more practical themes

t hat can be under-&b o udan iplanningcpreerts. The ¢ or e
methodology adopted in Stdps described at section 2.3The results of Step 2 are
integrated with the results of Step 6 in Chapters 3, 4 and 5.

2.2.4 Review and evaluation of existing approaches

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

planning frameworksdopting the ecosystems approaatre likely to be available

° An REA is different from a systematic review of literature as it is more definems of its scope
(e.g. there is |l ess potential for dédsnowballingd).
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for study The main purpose oft&p 3 therefore was to identignd evaluate existing
approaches, highlighting relevarlessons from existing practicé i.e. the
identification of possiblextant theories that could be considered in conjunction with
data produced through other researtdps to help formulate hypotheses and new
theories for urban land use plannitgthis regard, Step 3 was undertaken in parallel

with Step 2, supporting the integrated analysis of data and poteypetheses and
theories.Step 3 used a document reviemethodology to evaluate key documents
relating to the existing land use planning frameworks considéresk examples)n

this instance,hite Convention on Biological Diversity (CDB) ecosystems approach
principles (CBD Secretariat, 20d)3were used as ¢eria for the document review

and evaluation to provide a focus on ey issues that mattered forethesearch

i.e. how were ecosystem services and the ecosystems approach being considered and
what cold be learnt for wider practiceSimilarly to Step 2 therefore, Step 3
produced outputs that can be considered
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 4was an integrated data analysis stépat directly supported Research
ObjectiveNo.4. In practical terms, the main purpose of Step 4 was to link the initial
understanding ofurban land use/manageméndgpotential impact on key urban
ecosystem services (Stepsi 13) to existing spatial datasets and spatial analysis
techniques that couldoe used to develop practical tools, techniques and
modelling/scenario evaluation frameworks to support urban laadplaning In

terms of grounded theorytep 4exploredt he &éconceptsd and Obcat
through Steps 1 3, in an integrated mannetp scope initialdhypothesed and
dheorie$® for ecosystems approach based urban land use plarypgtheses are
defined as dAinitial hunches about rel at.
set of welldeveloped categories that are systematically related through statements of
relationship to form a theoretical framework that explains some relevant

p henomé¢Bnymanp 2012 p.570)In essenceStep 4 provided thespaceto

explore the relationships between the &6c
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i 3. In practice, this exploration was facilitated throughititegrateduse ofArcGIS
software, relevant existing spatial datasets, the suite of ArcGIS geoprocessing tools
and ArcGIS ModelBuilderln this manner, qualitative dafeom Steps 1i 3 was
integrated with spatial analysis in the GIS through the development of initiahlspati
models®. The specificanalysis methodology adopted in Step 4 is described at section
24.1 The results of Step dnalysisare 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 thedctly supported Research Objective No.4.

The main purpose of Step 5 was to provide a platform for testingnttial
Ohypothesesd and O0theories6é for ecosyste
developed attep 4 (i.e. thenitial spatial models)In practice, theStep 4spatial

models wergilotedin live projects wvhilst the researcher was employed at Glasgow

City Council (GCC).In this regard, araction research based approach was used
whereby the researcher and members of a social settinge(@eanturban land use

planning stakeholders) collaborated to further develogptbblemdiagnosis(Steps

17 3) andto refine thepotential solution to this problem (Bryman, 201Dick,

2013 i i.e. the newhypothesedand dheorie$ for urban land se planningAn

additional objective was to develop knowledge and understanding, as part of
practice, within the social setting (Dick, 2013je. relevanturban land use planning
stakeholdersin Glasgow A key outcome from Step 5 was an improved
understanding of information needs in terms of ecosystem service inputs to land use
planning decisiommaking processes. In terms of grounded theory, Step 5 further
explored the 0conSteppli 3 and laelpetl toGefire the igittak i e s 6
Ohypothesesd and O6theoriesd6 for ecosyste
(Step 4. The specific data collection and analysis methodology adopted in Step 5 is
described at section 2.3.4. The results of Steebintegrated with the results of

Steps 4 and 8 in Chapters 7 and 8.

191n this regard, although the methodology adopted in this research is primarily qualitative, there is a
small element of mixed methods givthe 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$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 thedeby
addressing data deficiencies/gaps highlighted by the pilot phasepab.Siep 6

adopted the sansata collectiormethodology as Step 2 (see section 2.3.2). In terms

of grounded theory therefore, Step 6 can be regarded as a further itefatiedata

collection, coding and constant comparigmocesses (Bryman, 2012; Dick, 2012)
undertaken at Step 2. In Step 6 however, a key objective was to saturate the
Gcategorie@  ( idéntifidd)at Steps 2 and 3 to provide a robust basis for developing
the 1 nitial Ohypot hes eand5 iato thoredsubdstantve i e s 6
theoriesl n practi cal terms, the saturation of

and structure of the three evidence assessment Chatetsand 5.

2.2.8 Validate key findings through epert interviews
Step 7collected dta that supported all five Research Objectivese 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 thatformed the evidence assessmiene. Steps 1, 2, 3 and

6. In this regard, Step gatheredexpert views on the initial hypotheses and theories
that underpinned thiaitial development of spatial models at Steps 4 arld ferms

of grounded theoryherefore, Step 7 can be regarded as an additional data collection
process that contributed to the further saturation of categoriescardally, the
testing of hypotheseéBryman, 2012; Dick, 2012)The specific data collection
methodology adopted in &i 7 is described at section 2.3.3. The results of Step 7 are
integrated with the three evidence assessment Chapt&s4 and 5 ad the
conclusions at Chapter 9.

2.2.9 Refine spatial models

Step 8 was an integrated data analysis step that directly supporseréte
Objective No.4. Step 8 involved a similar process to Stajphdugh it wadased on

refined &ategorie and thypothese&following input from Steps 5, 6 and 7. The

35



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

specific analysis methodology adopted in Step 8 is described at sectidnThd.
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. Themain 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 precedinsteps. In practice, Step 9 resulted in the
development ofthe following: 1) an overarching set of guiding principles for
ecosystems approach based urban land use plarandg2)technical guidance to
supportstakeholderso interpret and act on spatialodel outputgsee Step 8n the
development of integrated urban land use/management stratégigsrms of
grounded theory therefore, Step 9 was a final further refinement of hypotheses
testing and checking that resulted in the development of theoyynéBr, 2012). This

thess argues that the theoriéiseoretical frameworkleveloped through this research

i i.e. the new tools, models and guidance for ecosystems approach based urban land
use planning can be consi der ed ibid).dmreffext| the news per
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 descritssttain 2.41.

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 Objectivdido.5.

main purpos@f 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
31 i.e. using the CBD ecosystems approach principles as evaluation criteria to form

a view on the dage to which the new theories and approaches might support an
ecosystems approach to urban land use planning. The specific analysis methodology
adopted in StefOis described at section 214 The results of Step 10 are described

in Chapter.
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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 usgresswell (2009) describes how qualitative
research must purposefulbglect theparticipants, sites and docentsthat 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

sectiors below provide this information.

2.3.1 Document review

Bryman (2012) highlights how existing documerdan be a useful source of data
though cautions that data collectionthis regard must be undertaken in a structured
manner to ensure that the meaning of the material uredvem be understood
document reviewnethodology was adopted in Sselp(section 2.2.2) and 3 (section
2.2.4). Key methodological issues were: 1) the choice of documents to raniéy;
the selection of criteria with which to review the documents

In Step 1,EU and Scottish Governmepblicies and official reports were
reviewedto scope urban ecosystem services for consideration in subsequent steps of
the research (see section 2.2RP)n t er ms of Brymands (i bi
documents, EU and Scottish Government policies and aiffr@ports would be
described as official state documents. In this regard, the documents reviewed in Step
1 are considered to be authentic, credédrepresentativéibid). Documents were
identified for reviewinitiallyon t he basi s eaxistingtkmowledgbeos e ar ¢ h
EU and UK/Scottish Government policy on urban land useaisadiility, climate
change, natural environment and ecosystem servicébese documents are
highlighted in Table 2.2. Additional relevant documewere identified fromthe
initial list and reviewed lgo (see Table 2.2)Thereviewwas undertakeon the basis
of broad eview criteria to identify urban ecosystem services that might be

particularly relevant in northern European urban centres:

1 Geography

"Based on seven yearsod professional experience ir
policy and assessment.
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o Does the document refepecifically to urban centres in northern
Europe/the UK/Satand?
1 Urban nature
o Does the document refer to urban nature/the natural environment?
o Does it discuss the benefits of urban nature?
1 Urban challenges
o Does the daement discuss pressuresallengesdcing uban areas?
o Does it outline green infrastructure/ecosystem service/nature based
responses to these challenges?
1 Ecosystem services
o Does the document refer explicitly to urban ecosystem services?

In Step 3, documents relating to example ecosystgapach based land use
planning frameworks were reviewed to identify possible lessons for wider practice.
Three example approaches for the review
knowledge and awarenéésf UK based practice and through infahtiscussions
with colleagues and associates. As such, it is important to stress that Step 3 was
intended to be illustrative rather than exhausiivee. it was intended to identify
possible broad lessons for wider practice as opposed to specific rsgmtbhe
theories (see section 2.2.4). In this regard, two of the three examples reviewed were
known to the researchérthis was seen as pragmatic in terms of ensuring access to
relevant documents for the review.

Once the three examples had been identiflmtuments 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 offizitd reports in terms of
Brymanos (2012) categorisation of docun
reviewed in Step 3 are considered to be authentic, credible and representative (ibid).
Documents were collated and then reviewed using review criterke CBD

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

12 bid
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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

Review criteria

P 0
£ $ 5,
© c 0 o
2 8 | 82 @8
5 €2 | €8 8%
Document 0} 58 56 o
Documents identified on the basis of the r
The Europeainvironment State and Outlook 2010: Urban v v v v

Environment (EEA, 201#)
Adapting to Climate Change: Towards a European Framew

for Action (EC, 2009) N Y W W
Europe 2020: &trategy for Smart, Sustainable and Inclusive N N v Y/N
Growth (EC, 2010)

Our Life Insurance, Our Natural Capital: an EU Biodiversity

Strategy to 2020 (EC, 2011) N N N W
Getting the Best From our Larida Land Use Strategy for v v v v
Scotland (Scottish Government, 2011d)
UK National Ecosystem Assessment Urban Chajavies et

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

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

Scottish Climate Change Information: UKCP09 Compendiu

Y Y/N Y Y/IN

(SCCIP, 2009) Y N Y N

Scotlanddés Climate Change /

Government, 2009¢) v i v W
Scottish Planning Policy (Scotti€hovernment, 2010b) Y Y 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
guestions. 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, havelso been framed in terms of the research questions which are:
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1 To what degree have the CBD ecosystems approach principles been
considered in the examplend use planning frameworks? Which principles
have been considered?

1 What types of method/approachveahe example land use planning
frameworks used to consider the CBD principles in their land
use/management planning?

1 What are the main strengths and weaknesses of the example land use
planning frameworks in terms of how they have considered the CBD

princples?

Table 2.3 Evaluation criteria for the Step 3 document review

(Adapted from CBD Secretariat, 2GPhillips et al, 2014)

CBD ecosystems Evaluation criteria for Step 3 documentreview
approach principle
1. Does the approach define ecosystems or landscapes?
2. Does the approach operate at a spatial scale such that it is likely to
EsAl encompass multiple ecosystems?
3. Does the approach consider the effects of land use/management on ac
ecosystemsgither implicitly or explicitly?

Does the approach discuss ecosystem processes/intermediate service

Does the approach discuss ecosystem structure?

Does the approach include specific methodologies for evaluating land

use/management impacts ecosystem structure and function?

Does the approach refer to environmental limits?

Does the approach define specific environmental limits (e.qg. for

EsA3 environmental state or ecosystem service indicators)?

3. Does the approach include specific methodolofgiegvaluating land
use/management impacts on environmental limits?

1. Does the approach work at the ecosystem or landscape scale?

2. What is the rationale for spatial delineation of the area of land encomp
by the approach (e.g. basedamministrative boundaries or natural
features)?

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

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

EsA5 2. Does theapproach discuss the varying temporal scales and lag effects

characterise ecosystem processes and their restoration?
1. Does the approach recognise the dynamic nature of landscapes and

EsA6 ecosystems?

2. Does the approach discuss how change is inevitable?

1. Does the approach discuss the costs and benefits associated with lanc
management for different objectives?

2. Does the approach attempt to integrate-nwnket values of ecosystem

EsA7 services with decisiemaking?

3. Does the approach consider how grants, incentives and regulation can
used to influence land use/management objectives (including private
objectives)?

wnN e

EsA2

N [=

EsA4
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CBD ecosystems Evaluation criteria for Step 3 documentreview
approach principle
1. Does the approach have an overarching objective on the conservation
biodiversity?
EsA8 2. Does theapproach seek to balance the use and conservation of biodive
3. Does the approach employ a specific mechanism in place to help balal
the conservation and use of biodiversity?
1. Does the approach seek to engage the public and affected comninnitie
land use/management decisimaking?

= 2. Does the approach employ specific consultation and engagement
techniques?
1. What steps does the approach take to decentralise land use/managen
ESAL0 planning to local levels?
2. Isthere evidence of decentralisatmfland use/management decision
making happening in practice?
1. What steps does the approach take to glean knowledge and ideas fron
EsA11 sectors of society to inform land use/management deefsaing?

2. Is there evidence of diverse informati@movation and practice informing
decisionmaking?
EsAl12 1 AsperEsAll
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/ 1 Brief notes outlining how the List the criteria from Table
Year specific reference supports or 2.3to which the

Page number works against ecosystems note/reference applies

approach principles as informed
by theevaluation criteria

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

Paragraph
number

2.3.2 Rapid evidencassessment

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. Inlpractica
terms, this involved developing an understanding of the relationship between urban

land use/management and the provision of cértaiman ecosystem services to then

develop new tools, techniques and modelling/scenario evaluation frameworks for
urban land use planning (see sectiodsahd 2.1.1 The O6understandingé6
of this approach was predicated on the collection of quizit datafrom key

technical literature relating to the ecosystem services under consid¥ration

3 The research focussed on specific urban ecosystetnesnas defined through Step 1 of the
research see sections 2.2.2,2.3.1 and 3.2.5
Y Ibid

41



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

especially Scottish Government policy, guidance documents and other official

reports, articles from peer reviewed academic journals and relevant grayrigeratu

Table 2.5 Research questions addressed in theaRid 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 langlasaing in
Scotland?

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

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

How does urbar 4 - \yhich ecosystem services can the urban natural environment provide

land Which services are particularly important for northern European urban
use/managemer centres?
f '”?pa,Ct thef 5. What are the key principles of the ecstgms approach and how can the
unctioning o be operationalised in decisionaking processes?
urbanecosystem:

Urban land use planning and water management questions

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

2. How can the management and o$@rrban land influence the provision of
water management related ecosystem services in urban areas?

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

Urban land use planning, landscape ecology and habitaetwork questions

1. What factors influence species movements in urban areas?

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

3. What are the potential multiple benefitbnatural/semnatural habitats anc
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 Chapteéfhe REA research questions were framed in terms of the key ecosystem

services identified through Step 1 of the research (see se2tith@and 3.2.5.

and the provision
of certain urban
ecosystern
services?

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 geographysee Figure 2.1), it was considered
necessary to adopt a fairlyesamlined approach to the review of technical literature
and <collection of data from this l it er a
worldview 1 see section 2.1.1). In this regard, a full systematic review (Bryman,

2012) of literature was considergéal be too unwieldy. Instead, an approach based
|l oosely on the UK Governmento6s Rapid Evi

used (REA Toolkit Government Social Research website, undated; Tvirggsret
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al, 2014). REAs can be used to provide a balancesssis®ent 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 dieteas 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 2and 6

(Adapted from: Public Health Resource Unit, 2006; Twiggess et al, 2014)
Screening protocoli review the abstract/executive summary

Are the findings, scope, objective: ves No

relevant? Should the reference be retainec
Is the approach adopted thorougt for detailed interrogation?

; : Yes | No

rigorous and appropriate?

Reference categorisation protocol

Yes | No

Tick all that apply
Which of the scoped in ecosystem services fro 1 Flood storage
Stepl is the reference relevant to? 9 Runoff reduction
I Habitatnetworks

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: Identify, record and reference all relevant information that can suppdhedbeetical basis
and understanding of the research across the following disciplines:
Ecology
Landscape ecology
Hydrology
Hydraulics
Physical geography
Planning
Policy: Identify, record and reference all relevant information that can support an understandir
the policy framework for ecosystems approach based urban land use planning. This should fc
the key ecosystem services considered in the research and cover thefpllowi
I European Union (EU) policy
1 UK Government policy
i Scottish Government policy
Technical information: Identify, record and reference all relevant technical information:
1 Example approaches, for example

0 SuDS use in specific contexts

0 River restoration strategies/approaches for specific contexts
9 Technical principles that can be applied in a range of contexts, for example

o0 Principles of conservation management

o Influence of land use on natural drainage processes

o Factors influencing the ldyaulic properties of the floodplain

o Factors influencing runoff generation
Note: Technical principles are potential parameters for spatial models and/or can help to scop
requirements for models. Example approaches provide guidance for interpretiactiag on model
outputs in the development of integrated urban land use/management strategies.

=4 =4 -4 _a_a_19
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The data collection component of tREA 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 2.4A questionled approach can help provide a
clear statement that can be investigated and acts as the driver foaaibtiattion
from the literature (REA Toolkit Government Social Research website, undated;
TwiggerRoss 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 sectgh2.2and 3.2.5.

In terms of search strategy, literature was identified initially on the basis of
the researcher 6s existing knowl edge of
supplemented with literature recommended by colleagues, associates and experts.
For example, key Scottish Government poilic and guidanceon Flood Risk
Management (FRM) were made known to the researcher by the BIriR¢}M
Engineer at Glasgow City Council (GCCAdditional relevant literature was
identified from the initial list alsoThis initial approach to search strategy can
therefore be ctmrsidbddRasd ey a,L014).eFollpveng this,
relevant databases were interrogated using defined key words for each research
guestion identified at Table 2.5. For example, the questishat are the key natural
processes that influence the hydrology of urban catchnients searched on using
the folowing key wordsand search strategiydrological processesAND urban
AND catchment A similar approach was adopted for each research question using

the following databases:

1 Abstracts in New Technology and Engineering
Civil Engineering Abstracts
Engineeing Village
o Compendex
0 Inspec
o0 GEOBASE
1 Ecology Abstracts
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1 Environmental Engineering Abstracts

1 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
researchg provided at Appendif. 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 foiinhé synthesis of the REA type
process adoptead 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 (GC@p an environmental planner/strategic
environmental assessment (SEA) technical offiCene 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)hat 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 action research
approach was adopted in Step 5 of the research (see section #hileb)the
researcher had ready access to urban land use/management planning stakeholders
constituting a 6social settingbé in terms
Dick (2013) highlights how an action research approach can be useful where
there is a wish tinvolve people in the system being researched (i.e. urban land use
planning) antbr a wish to bring about change at the same time as the resBatih.
of these characteristics applied in this instance. Firstly, it was considered useful and
appropriate tanvolve 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

devel op an understanding of stakehol der 6
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ecosystemservice 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 thatas 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 4

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 modeisStep 5
(Adapted from: Bryman, 2012; Dick, 2013)

Note: The dashed line indicates the starthed action research based approach in Step 5. Blue boxes
indicate how participants were involved in the action reseai@ improving the potential solutions

to the problem identified at Step 4. The boxes at the bottom indicate the outcomes of aetochre

for the participants (lefhand side) and the researcher (righnd 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 potential solution to the problem (Bryman, 2012) had been
undertaken by the researcher independently of the participants in Step®flthe
research (see section 2.2). In this regard, participant input was used to reflect on and
improve the potentiakolution (i.e. the new spatial models developed at Step 4)
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which was tested through a live GCC projacThe 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 int&l meetings and using outputs in reports, documents
and consultationsAppendix 12 provides an example repoetailing how thanitial

spatial models informed practical land (msanagement decisiemaking at GCC
through their application scoping sités a live projecti the Glasgow 2014
Multifunctional Greenspace Project (MGP) The report at Appendix 12
demonstrates the applied applicatiand successf the spatial models informing

decisionmakingand supporting funding bid applications (see sac¥@.1 also).

2.3.4 Semistructured interviews

Semistructured 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 shapehjgotheses and theories developed in the
research, especially the development of ecosystems approach principles and
technical guidance at Step 9 (see section 2.2AMputline interview schedule was
developed comprising mostly opended questions and e multiple choice
guestions. 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 Apper&dix

Table 2.7 Interview protocol for Step 7
(Adapted from: Cresswell, 2009; Bryman, 20Liversity of Strathclyde, 2013

Introducing the interview

1 Introduce the research
0 The researchérwho | am
0 The universityand the department
o Interviewees provided with a copy of the research framework: 1) title; 2) aims; ani
objectives
1 Introduce the interview
o Structure

!> The initial spatial models were used to identify sites and potential interventions as part of the
Glasgow 2014 Multifunctional Greenspace Project (the MiGBeo f ni net een Ogreener
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.
?Gttp://www.qlasqow.qov.uk/index.aspx?articleidzlllaecessed 20/04/14]

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

Five expert interviews were undertakémervieweesad a range of expertise

(see Table 2.8pained from 185 years professional wqrkut were recruited from

the authorodés existing network. Given tha
there is a risk that such familiarity may lead to biased responses. This risk was
mitigated by: 1) where possible, ensuring that interviewees wemniorspositions

within their respective organisations; and 2) ensuring that the interview protocol was
followed dosely (see Table 2.7)nterviews were carried out in accordance with
University of Strathcl yde o sStratihclyde,2@1B) c o d e
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 manmaigeof various
ecosystemsaccess
I-2 Land use planning; ecology

Landscapearchitecture; urban desigwprking at a range of scales from
detailed design and implementation up to masterplan and urban stratt
Management; flood risk manageni€FRM); contaminated land;
environmental management

Landscape scale urban planning; strategic physical planning; making
1-5 projects happen on the grourfggople and placei mpr ovi ng ¢
lives by addressing poor landscape quality

1-3
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Question 2.2 in the interview schedule (#g@pendix 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 witawee 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 2.1da?.2, this research has adopted a qualitative approach
basedoosely ongrounded theory. As such, the data analysis methods have also been
qualitative and based on grounded theory princifldeey prirciple in this regards

the identification of core ewepts 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 fbrthaories (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:

1 Codingi a process for categorising qualitative data and éscribing the
implications and details of these categories

1 Memoingi a process for recording the thoughts and ideas of the researcher
as they evolve throughout the study

1 Integrative diagramsi an analytical tool used to pull all of the detail
together ando help make sense of the datdth 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.XBding 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 dataltection 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 sulgdarther 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 section2.1 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 aetfigl 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 helpfgiven the interdisciplinary nature of the research
(see section 2.1.3 and Figure 2.The use of integrative diagrams in this regard
helped to make sense of relationships between emerging hypotheses and theories,
which often spanned multiple disciplindsey examples of the use of integrative
diagrams in this research can be found at FigBuB3,4.9and 4.15 and Table 4.7

2.4.2 Integrating qualitative data withexistingspatial 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 principlegovening the impact of land use/management on
the ecosystem services considered in this reseagcthe impact of slope on runoff
generation (section 4.7.2), the impact of river morphology on flow vegléagtction
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
ecosystm services in a given contexte.g. runoff reduction services will be more
valuable/important on steeply slopgdound located within catchmentat risk of
flooding. These factorsare sometimes referred to asausal variableCEP and
Geodata Institute, 2008a; Eigenbrod et al, 2010; Sheate et al, Z@lBgl variables
can help to illustrate the causal relationships between ecosystem services and the
contextual factors that influence their value/importamdere often than ntp causal
variablesare distinctly spatial in nature and ctrereforebe usefully considered
within spatial analyses, facilitated through the use of Geographic Information
Systems (GIS)echnology

A GIS combines hardware, software, data, people, proeeduand
institutional arrangements to collect, store, manipulate, analyse and display
information about spatially distributed phenomena for the purpose of inventory,
decisionmaking and/or problem solving (Jankowski, 2008; Ormsby et al, 2009;
ESRI Overviewwebpage, 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
begiven attributes tdink them torelated datasetsecognising thathere is more to a

spatialfeature than just its shape and location (Ormsby et al, 2@808), spatial
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featuresin a GIScan be analysed and integrated on the basis of their attribgtes e.
throughspatial 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 forther illustrate a

spatial problem.For example, Jankowski (2008) discussesw the use of
participatory GIS(P-GIS) tools can help the public to become more meaningfully
involved in decisiormaking processes that affect communities and natural resources.
Similarly, McCall 2003) outlines how ¥51S 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 gualitative (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 1 SEPA 1/200 year fluvial floodxtenti identifies the
extent and receptors spatial extent of the flood hazard
affected under 1/200 year | § OS MasterMajp identifies receptors affected by tt
event, anticipated location flood hazard (e.g. homes, roads etc)
of flooding within the
catchment

1 SEPAWater Framework Directive (WFD)

c
=
g Morphology: presence and pressures and measudedaset| identifies the
o location of culvert and broad location otulvert and realignmerpressures
E realignment pressures 9 Historic map tile§ identifies the historic, pre
é’ modification route of the watercourse
>
% E 1 PANG5 openspackeidentifies floodplain openspac
S = that may be providing flood storage services
g S already anddr that could be enhanced
= @ 1 Glasgow and Clyde Valley (GCV) Integrated
T ¥ Floodplain vegetation Habitat Network (IGN) Model data:
5 type and location of 0 Habitat patches identifies existing
‘% existing vegetation cover, floodplain habitat that could be providing
5 ecological potential to flood storage service
° create new natural/semi o Low/high dispersal habitat network
& natural habitat floodplain identifiespotential area for habitat
woodland and wetland expansion within the floodplain

o Biodiversity opportunitie$ identifies
potential habitat expansion sites within t
floodplain that are not within an existing
functional habitat network

Floodplain topography: 1 LiDAR topographical polyline$ used to evaluate
floodplain crosssection
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Ecosystem | Causal
service

variable/contextual factor

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

Spatial datasets used in modelling

gradient of the floodplain crossection

GCC 1/200 year pluvial flood extenhtidentifies the

c H . .
2 ;I(l:;”::l Jfggr ri?';bg?g;r spatial extent of the flood hazard and informs lan
g event use/management change for the enhancement o
E runoff reduction services
'5 3 Topography: location of L|DAR topographlcal polyline$ used to construct
g § steeply sloped ground ifljsl?aléaslflselgzggngl:gzizl (DEM) and identify aree
3~
-
£ 8 Surface waterbodies: GCC waterbodiedataseti identifies the location of
S j} location, immediate surface waterbodies and their immediate catchm
o 54 catchment area (i.e. natural drainage features)
o
g Impermeable ground: OS MasterMap used to identify large areas of
o location, immediate impermeable ground as a proxy for artificial
3 catchment area drainage features
- . ) . Glasgow and Clyde Valley (GCV) Integrated
“E I-!abltat patches: location, Habitat Network (IGN) Model data:
g g %€ 0 Habitat patches identifies existing habita
g g = Functional habitat that could be protected and/or enhanced
s g s ey A o Low/high dispersal habitat network and
‘_i o g ' ' biodiversity opportunities dataintegrated
o ‘%-: Ecological potential of to identify management interventions to
5’ c @ D e e protect functional connectivity and prime
= g 5 establishment:location, sites for habitat creation that can
w 0 el contribute to enhanced functional

connectivity

This research has used GIS technology to integrate causal vari@sles
identified through the analysis of qualitative datseeFigure 2.2 and sections 2.3.2
and 2.4.1) with existing spatial datasetable 2.9 links the ecosystem services
considered in thisesearch to causal variables and spatial datdseessence, new
spatial models have been developed that link existing spatial datasetsewith
identified causal variables to identify where land use/management change may be
required to protect or enheethe key ecosystem servicesnsidered in this research

(see sectiosi2.2.2and 3.2.%.
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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 approachi 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 variablasthe factors that influence the value/importance of ecosystem services in a
given context. The causal variables data then informedphatial analysis and thewnapatial 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 parametergetgerein
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 datee haformed the
analysis. The research has used ESRI 06s
suite of geoprocessing tools (including spatial andlystd 3D analysf). 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 dAwor kfl ows
tool s, feeding the output of one tool
ModelBuilder webpage, 2012). Chapter 7 proside detailed account of the

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

"ESRIT 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/0059000000000000/[accessed 22/04/14]

1BESRIi What is the ArcGIS 3D Analyst extension pages:
http://resources.arcgis.com/en/hetain/10.1/index.html#/What is_the ArcGIS 3D_Analyst extensi
0n/00g8000000wv00000(dccessed 22/04/14]
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The preceding Chapter describes thdhoméology adopted in this research.
Chapter 3overleafis the first of the evidence assessment Chajsers 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 anl the ecosystems approach
As described at section 1.the overarchin@im of this research isto understand

develop, trial and evaluate new approaches to urban planning that can operationalise
key aspects of the ecosystems approakhorder to met this overarchingim, a
substantiveevidence assessmedms beenundertaka asdocumented in Chapters 3,
4, 5 and 6 The approach taken to the evidence assessment is described in the
methodology Chapter at sectionl22Section 2.4 describes how the data collated
through the evidence assessment has been analysepptortother objectives of the
researchespecilly the development of new approaches to urban planning that can
operationalise aspects of the ecosystems appfsaetBox 1.2)

The overall output of thevidence assessmesthe development af suite of
new guiding principles for ecosystems approach based urban land use planning (see
Appendix 3. The principlesprovide the overall framing for the new urbiamd use
planning approaches developed through this research (see Chapters 7 andr8) and
intended tobe of practicalusein otherurban planning contexlsa The evidence
assessment has also informed the developmenspetific guidanceto help
practitioneranterpret and act on outputs from the new modetbe development of

integrated urban land useanagement strategiesee Chapters 7 and 8 and
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Appendices, 5 and §. This is the first of fouchapters documenting tlevidence
assessmerthat has underpinned this research. The focus of this chapter is on urban
land use planning in Scotland (secti@mnl) and ecosystems approach oepis
(section 3.2).In line with this focus Chapter3 has addressedive key research
questions that informed theata collectioractivities undertakendpbcument review,

REA andsemistructuredinterviewsi see sections.3.1, 2.3.2 and 2.3)4s well as
providing aframing for the key findings of this part of the evidence assessment as
discussed in the conclusions Chapter at secti¢h Bhe research questions

considered within this part of the evidence assessment &okoass:

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

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

1 What is the relationship between ecosystem health/function and ecosystem
services? How can ecosystems be managetidégorovision of specific
ecosystem services?

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

1 What are the key principles of the ecosystems approach andamotliey be

operationalised in decisiemaking processes?

3.1Urban land use planningi frameworks and opportunities in Scotland
Drawing on examples from the US, the UK and Scotlancticse 13 provided an

introduction tokey urban land use planningpncepts and objectiveBased on the
examples considered, sectior8 toncludel that a key objective of urban land use
planning is to help balance competingjeatives/demands on land use. It also
highlights how a plan document is frequently used to a®nan agreed vision,
objectives and strategy for future land use and development within the urban area.

Chapter dooks specifically at existing examples of ecosystems approach based land
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use planning to identifglements of googractice and gaps for cadsration in this
reseach, especially in relation todRearctObjective No4 (see Box 1.2)

The key purpose of this section therefore itat@ a more detailddok at the
existing system for urban land use planning inghet urban centre considered in
this researchi Glasgow (Scotland/UKJ®. In doing sg the intention is to identify
tangibleopportunities within thexistingplan-development procesghereby the new
urban planningapproaches developed thgbuthis researclisee Chapterg and8),
as well asecosystems approach principles more generediy be integratedThis
has helped to ensure that recommendations developed through this regsaeh
Chapter9) are practical andgrounded in realif§f (i.e. linking specific outputs from
the tools andmodelsdeveloped through this researth tangible decisiomaking
windows within the plardevelopment processThe remainder of this section
includes details of the land use planning gyste 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 defing roe e atnndat ur al
environmendt ype ur ban | and uses (section 3. 1. 3
level strategy for land use (section 3.143.discussed at section228, key findings
from the expert interviews are included, where relevant, as ad&aponent of the

evidence assessment.

3.1.1 The land useplanning systemin Scotland

The Scottish Government (2013h) describe the purpose of the planning system in
Scotl and thus: Athe planning system 1is
development and us# 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 diffeistdreststo make sure that land is used

and developed in a way that creatégh quality, sustainable plagedn essence, the

9 As discussed at sectiongtand 21.4, it has been necessaryuse a piloapproachunderResearch
ObjectiveNo.4 for pragmatic reasons, primaritpncerning access to data and local stakeholders.

20 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 areeall of wid
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, 20098 .planning system is

splitinto three main components (Scottishvémment, 2013h)

1 Development Plansthe planning system in Scotland is plan led. The plans set
out how places should change into the feitur

1 Development Managementthe process for making decisions on planning
application§'. Legislation requires that decisions on planning apiiina be
guided by policies in the development plan

1 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 cevelopment plan in the Scottish planning system

(Source: Scottisksovernment, 2013i)

Type of development plan Details

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

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

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

(LDPs) policies that will guide decision makirmn planning applications

The Town and Country Planning (Scotland) Act 1997 as amended by the
Planning etc (Scotland) Act 2006 together provide the |égahework 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 Teble 3.1 (Scottish Government, 2013i). SDPs are developed by strategic planning
authoritie4? and LDPs by local planning authoriti@sDevelopment plans must be

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

L Proponents require consent before they can legally progress a proposed developerenatcdds

of obtaining this consent is through plammapplications.

?2 Such as the Glasgow and Clyde Valley Strategic Development Planning Authority (GCVSDPA):
http://www.gcvsdpa.gov.ufaccessed 03/01/14]

% Suchas Glasgow City Councihttp://www.glasgow.gov.uk/index.aspx?articleid=294dcessed
03/01/14]
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Government planing 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 ¢
nationally important land usdgmnning matters

National Planning Framework (NPF) | The NPF i s the Scottish

Scotlandds | ong term spa
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 researchfocuses on the development placomponent (LDPs in
particular) of the Scottish planning system, as opposed to development management
or enforcementAs part of the expert interview process (see sesdh8and2.3.4
and Appendix 2), experts were askeid 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 developmentais in terms of thprimary legislation that provides the legal
basis for the statutory planning system in Scotlané. the Planning etc (Scotland)
Act 2006.This finding supports théhesi® f ocus on LDPs. Addi ti
regulatory framework#ighlighted were River Basin Management Plans (RBMPs)
and the Water Framework Directive more generally (three interviewees), the Nature
Conservation (Scotland) Act 2004 (one interviewésy Scottish Land Use Strategy
(one interviewee)and the Flood RiskManagement (Scotland) Act 2009 (one
interviewee).

I nterviewees were also provided with
mechani smsd (Phillips et al , 2014) t hat
statutory planning system (see Tables 3.1 a(l, ey guidance notes from the

Scottish Government planning series (see Table 3.2) and the statutory plans and

60



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

guidance documents associated with the Flood Risk Management (Scotland) Act

2009 (see Chapter 4).

Addi t i ese aategomes c hani

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 whidheof

mechanisms they were familiar with (Question #.8ee 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 planningQuestion 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 (SPRnd 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 supportivbBPsof the thesisd focus
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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 intarban planning?

Note: Question 4.4 was based on a list of 16 potential land use delivery mechanisms provided by the
researcher at Questioh3. At Question4.3 interviewees were asked to highlight which land use
delivery mechanisms they were familiar withthe highlighted mechanisms thenformed Question

4.4.Five experts were interviewed (see sectidh4).
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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 provicefal
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, patially 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 netwodee Chapters 4 and 5).
Crucially, planning legistion 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 givedevelopment plans in Scotland (and elsewhere in the
UK) their Il egal oOteetho6é i.e. the statuto
and development strategy (see secti@fdr. further information). The rationale for
this research therefore is tievelop 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 developmemanagement and enforcemésee
section 8.3 for further information).

The Scottish Government (20Q9aighlight how the purpose of the planning
system is to balance competing demands to make sure that land is used and
devel oped i n t hiterepturbdoingcsd the dlannmg sydteen ishrauld
support the Scottish Governmentds overar
growth i.e. building a sustainable econonity conjunction with protection of the
environment for future generations (ibidjhis objective for the planning system
chimes well with the ecosystem services concept and the principles of the
ecosytems approach (see section® dnd 3.2). As this thesis will go on to argue,
there exists a key opportunity within urban land use planpragtice to better
consider the role played higreem and natural environmeittype urban land uses
providing key urban ecosystem services and supporting economic, social and

environmental objectivesee section 3.1.3)
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| | STRATEGIC ENVIRONMENTAL ASSESSMENT/
TYPICAL TIMINGS LOCAL DEVELOPMENT PLAN APPROPRIATE ASSESSMENT
weeks| cumulative
Publish Development Plan Scheme (includin:
annual Participation Statement) Collate baseline environmental information
Prepare Scoping Report, submil to SEA Gateway, and
awail responses.
Engage with key agencies etc. Prepare Monitboring Consider comments from Consultation Authorities and
Statement and Main lssues Reporl. refine methodology.
Environmentally appraise Main Issues Reporl. Screen
to identify if Appropriate Assessment is required.
sh Environmental Report and submit via
Publish Main Issues Report and Monitori y. Publish Appropriaste Assessment |
0) 0 Statement necessary
!-i’ 8 | Consull 1 | Consult ]
*
Consider  responses.  Environmentally  appraise
Proposed Plan, and amend Environmental Report (and
Appropriate Assessment) if necessary (i.e. if significant
Consider representations and prepare Proposed Plan changes between Main Issues Repont and Proposed
26] 32 |and Action Programme Plan).
10 42 [Committee and printing |
Publish revised Environmental Report if necess.
Publsh Proposed Plan and Proposed Action and submit via SEA gateway. Publish revised|
0 42 |Programme riate Assess! if necessary.
12 (6 min” 54|  [Period for representation: ilotdy neighbours | [Consult if required - ]
Consider representalons. Prepare Summary of
Unresolved ksues and Report of Conformity with
17 71 Partcipation Statement. Consider responses.
6] 77]  [Committee and printing I
Submit Proposed Plan, Action Programme and
Report of Conformity with Participation Statement to
1 78 Ministers. Publicise submission of plan.
v
35 113]  [Examination of Proposed Plan | [Reparter refers © Environmental Repon ]
0 113 |Report published and submitted to planning autharity |
v v
Planning authority considers recommendations and
prepares Modifications, Proposed Plan as modified and Environmentally appraise modifications. Carry out
3 months| Statement of Explanation for not accepting any appropriale assessment of modifications if required.
max” 126 recommendations
v
Publish Modifications and Proposed Plan as
modified. Advertise infention to adopt Plan, Send mﬁm’:mm Mmm En;lmm
0 126 Ministers the Proposed Plan as modified ekc. ¥ A L 1
4 v
| |P|.blssh Post-Adoption SEA Statement and submit to
4 min"| 130 Pl ado SEA Gateway
3 months|
max” 143 Publish Action Programme

Figure 3.2 The statutory Local Development Plan(LDP) development process and
integration with strategic environmental assessmenSEA)

(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 LBdRevelopment process is set out in the Planning etc

(Scotl and) Act 2006 .

LDPs is set out in Planning Circular 1/2009 on Development Planning (Scottish

T h e gullancetoh deselopinGo v e r n
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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
developmat 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, aepthis research, are discussed at section 8.3.

The statutory LDRlevelopmetprocess is shown on Figure Jigjhlighting
the nine key stages involved (shown in bold in the second column). Crucial to these
is stage twa the development and publicationtbe Main Issues Report (MIR). The
MIR is central to the Scottish Gover nmen
planning regimg MIRs are intended to stimulate genuine debate on the proposed
approach and alternatives to land use and development plahearea as well as
front-loading the LDPdevelopment 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 legislatiorequires that LDPs contain a spatial strategy,
that they are concise mdgased documents and that they focus on specific main
proposals for land use and development within the plan area (Scottish Government,
2009a; Scottish Ge@rnment, 2009b; Scottish Government, 2010a). The MIR
contains a summary of these Obig ideasbd
engagement on the LDP (Scottish Government, 2009b). As such, this thesis argues
that the development of the MIR is thest useful opportunity whereby ecosystems
approach principles and key outputs from the new approaches developed through this
research could potentially be used to inform élverall LDP-development process
(see section 8.3 for further information)

The MIRG focus on strategic proposdfer where development and land use
change should and shouldot take place) andconsideation of reasonable
alternativesare particular strengths in this regqedg. the MIRdevelopment stage

could be a key opportunitio consider spatial priorities for important ecosystem
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services such as flood storaged habitat networks Additionally, the Scottish
Government (2009b) highlight how MIRs should be informed by a sound evidence
basewhich could potentially include inputs such as ecosystem service m&pse
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 candid&iteré are other key decision
making windows within the LDHlevelopment process that could also be utilised
the integration of ecosystems approach princigleparticular, the development and
publication of tle Proposed Plan (following consultation on the MIR) and-post
modification Proposed Plan (following consultation on the Proposed Etarl
provide opporturties (see Figure 2). At both of these junctures, there is potential
for new provisions to be inatled and/orfor significant updates to MIRstage
proposalsto be madgScottish Government, 2009b; Scottish Government, 2010a).
Despite this, the MIR is the strategic focus of the Ld¥velopment process
(including the key issues outlined above and atd ai8)and is felt to offer the most
useful opportunity for the integration of ecosystems approach principles.
important role of the MIR and early engagement in the ddefelopment process
more generally was highlighted in the expert interviews (setéoss 2.2.8 an@®.3.4)
in response to question 4.6 (see Apper@)iXx 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:

ARi ght at t he st arthoughtalbooirup fronthe pl &

engagement. At th(el) MI R or even bef
NnBefidhe whole process shoulld be in
ARi ght at the beginning and throug

vision is for (I-&nd use in the area
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Scottish Ministers expect LDPs to be concise, #naged documents with a
focus onthe specific main proposalf®r the plan arealn meeting this requirement,
local planning authorities have the option of presenting sufrtteeir planmaterial in
supplemerdry 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 likeot 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 supplemt&y guidance issues therefore, there is
potentially an argument for considering ecosystems approach principles at this level

of decisionmaking also. Thisssue isdiscussed furtheat section 2.

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| 1 Local planning authorities are required to setgrrieral policiesand
proposalsfor land useanddevelopmentin the plan area along with
reasonablalternatives to these policies and proposals

f  For LDPs withinthecity region$* (e.g.Glasgow) the spatial strategy
includessite specificproposals only

1 Proposals within the MIRVill inform the final choice of spatial strategy at
the proposed planstage

Policies MIRs arenot expected to include thietailed wording of planning policies that

will appear later in the proposed plan. Instead, the focus MIRrategic policy

issues only including:

9 Highlighting thenew or changedissues that requireglicy response(e.g.
new flooding legislation, new regeneration priorities)

1 Anexplanation of thebroad changego policies or policy areas as oppose,
to setting out theidetailed wording

1 An explanation and summary of the policy areas that are betught
forward from the extant development planchanged

1 A discussionof the policyalternatives considered to date
1 A discussionaroundpotential policy issueghat could be covered by
supplementary guidance(e.g. the design and layout of housing allocation
for a specific area, openspace strategy, renewable energy strategy etc)
“Scotlandbés main city regions (Aberdeen, Dundee,
Development Plans (SDPs) that set out a vision for-temm development including issues of
regional importance such as transport and housing (see TablE®1.s est abl i sh a &6hi gkt

spatial strategy including broad development areasditigite 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 tle development of their site specific spatial strategy.
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Provision Details

Proposals 1 The MIR sets ouproposalsfor whereland use changenddevelopment

should andshould notoccur within the plan area

1 Proposals must bsite specificand set out clearly onraap showing the
location andintended useof proposed sites

1 The MIR stage ishe key opportunity for developers and others (e.g.
community, conservain and other interest groups) to put forward
suggestiondor proposed sites

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

3.1.3 Urbanland use openspaceand green infrastructure

Urban areas can contain many different types of landuiBes are required to set

out proposals fohow land use changand developmenshould 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 plannitafitegis

(see section 3.1)1statutoryland use classes are defined in the Town and Country
Planning (Use Classes) (Scotland) Order 1987order 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 fromSPP,relevant PANs and Circular(see Table 3.2Figure 33

depicts an extract of the spatial strategy for Perth city centre taken from Perth and
Kinross Council 6s LDP Proposed Plan. Cru

existing and proposed land uses in the urban area ingtud

1 Residential 1 City centre secondary uses
1 Employment 1 Commercial centres

1 Mixed use 1 Openspace

1 Town andneighbourhood centres 1 Green corridors

As discussed at sectigrl2 and 3.2, tkb primary focus of thisthesisis on
@reerd and atural environmemttype urban land uses. It is these landsubat
provide a backbonef greenspace and sematural habitats withira widerurban
matrix, supporting urban ecosystem function and providiag land basedirban
ecosystem service@the landscape ecology priptes that provide part of the
rationale for this framing are outlined in Chapter I1B)terms of Scottish planning
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policy, these land uses are captured under the umbrella land use category of
6openspaced (Scottish Gover nobgAstpartoR 00 8 ;
the expert interview process (see sedi®2.8 and 2.3.4nd Appendix), 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 thenmalsls

and guidanceleveloped through this reseandee Chapters 7 and.8)he views of

the perts in this regard were broad though some common elements did emerge.

Key responses are shown below with common themes highlighted in bold:

i St r u babitatr Asb, access and functionality as human values

are i mpgldytanto

fRiver valleys fragmented habitats (primarily woodland), less
intensively manage@penspacessuch as grassland meadows and

some components of moi@mal parks I woul dnot real
parks and gardens and amenity gre

functiondoesnotmmi ¢ t he nat ulr2a l environmer

ACould be a whole range of things
importanti parks and openspacesre key in Glasgow due to the
number of large Victorian parks. Infrastructure corridarsoad, rail

and canals Water network andiver corridors. Public useable space

i allotments and school estatégacant and derelict land Areas of

seminaturalhabitatwi | |  exi st wi t(h3 n all of t

nGr een i nf T abtu¢/greerc tcarrrda@s that provide
connectiviy for surface water and biodiversitythis includes natural
and engineered corridors anchnalsas a historic feature. Areas of
limited human activity includingratural/seminatural greenspace

andvacant and derelict land (1-4)
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AWhat 6s outsi de pe owhatpeode cdndnteractt e p/ w
with immediately e.g. private gardens. Urban landscapes are not very

rich i some components are richer where development pressure is

less e.griver valley® (I-5)

Site Reference LDP Land Uses Policy Reference LDP Land Uses Policy Reference
D Settement Boundary . Transport Infrastructure Policy TA1
Resdental - New Road

w-wr [ Housing - proposal Policy RO1 I Town and Neighbourhood Centre  Policy RCY
% Significant Housing Planning Consent PRIt i volell ooee)

opt-0ps [l Opportunity - proposal I Gty Centre Secondary Uses Policy RC2

E1-E3 . Employment - proposal Policy EDIA Commercial Centre Policy RC3
[l Evvioyment- existng Policy EDIA “  indicative Landscaping
W vorormie Policy EDIC B Openspace Policy CF1

wt ] wixec use - proposal Poiicy ED1B [l Pertn Lace Green Cormidor Policy NES
B Cross Tay Link Road band of search _ Waste Management Site Policy EPS

5 N\ S\ AN

?
Va,

TASYTD
Figure 3.3 Example LDP spatial strategyi an extract from the Perth and Kinross LDP
Proposed Planshowing land use in Perth

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

Note: Theplan above has been adapted from the Perth and Kinross LDP Proposed Plan. It shows the
proposed spatial strategy for central Pevttich isthe 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

69



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

individuals b 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 m 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 systemhisntto 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. PAN65 on Planaind Openspace (ibid) deés the
statutory typology for openspace shown at Table 3.4. The PANG65 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 PANG5S openspace typology

(Source: Scottish Government, 2008)

Category Description
1. Public parks and Areas of land normally enclosed, designed, constructed, managed and
gardens maintained as a public padk garden. These may be owned or managed

community groups
2. Private gardens | Areas of land normally enclosed and associated with a house or instituti

or grounds and reserved for private use
3. Amenity Landscaped areas providing visual ameaitgeparating different buildings
greenspace or land uses for environmental, visual or safety reasons and used for a \

of informal or social activities such as sunbathing, picnics or kickabouts
4. Playspace for Areas providing safeandasxs i bl e opportunities

children and linked to housing areas
teenagers
5. Sports areas Large and generally flat areas of grassland or specially designed surfac

used primarily for designated sports (including playing fields, golf course
tennis courtsind 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 manage
network and used for walking, cycling lborse riding, or linking towns and
cities to their surrounding countryside or country parks. These may link
green spaces together

7. Natural/semi Areas of undeveloped or previously developed land with residual natura
natural habitats or whicthave been planted or colonised by vegetation and wildli
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 communégtivity
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. Otherfunctional | May be one or more types as required by local circumstances or prioriti¢
greenspace
Note: The PANG5 openspace typology has been adopted in this research as the definition for the
@reedanddatural environmeltype urban land uses that can be managed to provide key land based
urban ecosystem services (see sectiahard 3.2 for further information).

As describedat section 1.2this thesis hasxplored the degree to whictan
ecosystems approacto urban lan use planningmay be able tosupport the
protecion and enhancgeent of biodiversity whilst simultaneouslydelivering
multiple benefitdfrom urbanland use Current Scottish Government planning policy
on openspace (Scottish Government, 2008; Scottiste@ment, 2010b) reflects this
notion to a degree (e.g. PANG5 identifies a number of social, environmental and
economic benefits of openspace land use p.3 though the concept of
multifunctional openspaces providing a broad range of multiple beneéitgusbly
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 socieeconomic functions of openspace/cultural ecosystem servieegublic
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 an@hapter § is one where urban openspace is truly multifunctional
and fully integrated with the delivery of relevant urban services (e.g. flood risk
management, access, biodiverstg). 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 ofobjectivesin an integratednanne.

This concept is beginning to be recognised in Scottish Government planning
policy T for example the proposed update to thé $Fcottish Government, 2013))
focuses more on green infrastructure than opensfzscés the case ithe extant
SPB. In partcul ar , t he proposed SPP highlight

important to the health and wellbeing of our communities and the natural processes
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which provide a wide range of services
(Scottish Government, 2018j.38). Crucially, green infrastructure is referenced in
the SPP in a variety of contexnd in relation t@ broadrange of benefits and land
based ecosystem services including climate change mitigation and adaptatem,
managementsustainable urban drainage, flood risk managemgliagemaking,
habitat networks/ecological connectivity, biodiversity, access, recreation and
renewable energy (ibid)Green infrastructure is also central to the Scottish
Government 6s pl @reenilnfrastrugwel Deesagn and Placemaking
(Scottish Government, 2011b) which includessafulreview of practice elsewhere,

a comprehensive analysis of the ecosystem services that well designed green
infrastructure can providand guidancdor its useand applicatiorat a variety of
scales (see Figure43. Further examples of green infrastructure interventions at

different scales are provided at Figurg. 3.

Figure 3.4 The role green infrastructure at different scales

(Source: Scottish Government, 2011b)

Note: The Figure shows exampdeof green infrastructure at a range of scales for sites and places (e.g.
buildings, streetsneighbourhoods)ral for the connections between those places (e.g. cycle routes,
green links and corridors, canals et&) finer scales (e.g. buildings and gardens), green infrastructure

is less about land use/defined lgmatcelsand more aboupecificinfrastructureintervention 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. heighbourhoods
and strategic places), the focus of green infuastire is more concerned with different types of
green/natural environment land uses such as those defined in PANG5 (see Table 3.4).

The geen infrastructureoncept is increasingly being recognised at the EU
level also. In particular, the EC hascently published @aommunicationon green
infrastructure (EC, 20E} 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 cohesi@nd natiral capital(especially in relation to

land and soil, water and nature conservati@mucially thecommunicationincludes

a definition of green infrastructu(&C, 201&ap.3x fia str ategically pl
of natural and sermmatural areas with othexnvironmental 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 la@dl,is present in rural and urban

s et t iTmege€ definitionarguably chimes well with theconcept describeat

section 12 of urban ecosystemsomprsed of greenspace and samatural habitats

within a wider urban matrixproviding a range of urban larithsed 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 Institutmdatedl

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 spedifiastructue interventions e.g. water management
features such as swales and rain gardens, green roofs through to individual strésedresestion

4.7.3) Planning at the town or city district scdligght hand diagramis more likely to focus on land
use/defind areas of land such as parks and gardens, estates, large scale civic spaces and sports
grounds.

3.1.4 Getting the bestfromourlandScot |l andds | and 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 Lan8tridtsgy

(LUS) entitled Getting thebest from our land (Scottish Government, 2011d). The
LUSisas atutory requirement of SictletClimatadds ¢

Change (Scotland) Act 2000 recognising thekey role of land use/management
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contributing to climate changemitigation and adaptationCrucially, the LUS
recogni ses land s hot ferdooning as bast@s it could, even though the
demands placed on the land are ever increasing and often conflictiogh the
production of energy, food, fibre and timber to flood risk management, maintenance
of water resources, climate régtion and tourism (Scottish Governmen@12d,
Scottish Government, 20138hillipset al 2014).

As opposed to the development of a new land use delivery mechahem, t
Scottish Governmentds approach to the na
strategic principles for sustainable land use (Scottish Government,; ZHillghs et
al, 2014. Based on the premise tltherearealready a broad range of existing land
use delivery mechanisms Scotland (including the statutory planing system
consicered in this research amtkscribed at sections 3.1.1 and 3.1.2), the rationale
behind this approach is that t WwighthhkseSO6 st |
existing mechanisms, without recourse to any additional presessmechanisms
for delivering land use.Key findings from the recently completed LUS Delivery
Evaluation Project support thiationale(Phillips et al, 2014).

The Scottish Government have developed the LUS Principles to align with
principles of sustainable development as wadl key Government policy and
priorities that inform land use decisiomaking across Scotland (Scottish
Government, 2011d¥rucially, the LUS Principles have been designed to reflect the
principles of the ecosystems approach and the Scottish Governmendédaioped
an information note on applying an ecosystems approach to lantb useport
implementation(Scottish Government, 2011c\s such, the LUS Principles are a
key consideration in this research aindthe development of new approaches to
urban panningtherein (see Chapter 8 and Appendices 4, 5 andABhough the
principles are Scottishhey arearguablystrategicand generaénough to be of wider
relevance and will certainly be relevant to land use/management plaisévghere
in northern Euope (see sectioB.2.5.

Furthermore Phillips et al (2014p.121) highlighth ow fét her e i s r
perfect method or approach to support land use/management planning and delivery
that can be wused in all circumstances or

methods and approaches identified through the [LUS Delivery EvaluBtigect]
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can be used as an initial basis for the development of land use delivery methods
though this should be suppl eneroleahd by wi
methods developed through this research are, in part, intended to sthmport
integation of the strategic LUS Principles withurban land use planning as per the
statutory LDPprocessas a specific land use delivery mechan(seeChapters/ and

8 and Appendices 4, 5 and)6 T h e ter RtiSciples forsustainable land use

principlesare shown at Table 3.5.

Table35Sc ot | anddé Strategy npdinciples ¢or sustainable land use
(Adapted from Scottish Government, 2011d; Phileépsl, 2014

Category Description

Principle A | Multiple benefits
Opportunities for land use to delivewltiple benefits should be encouraged

Principle B | Regulation
Regulation should continue to protect essential public interests whilst placing as
a burden on businesses as is consistent with achieving its purpose. Incentives s
be efficient and costffective

Principle C | Primary use
Where land is highly suitable forpaimary use (for example food production, flood
management, water catchment management and carbon storage) this value shc
recognised in decisiemaking

Principle D | Ecosystem services
Land use decisions should be informed by an understanding fointtt@ning of the
ecosystemsvhich they affect in order to maintain the benefits ofeébesystem
serviceswhich they provide

Principle E | Landscape change
Landscape changeshould be managed positively and sympathetically, considerir
the implications of change at a scale appropriate to the landscape in question, g
that all Scotlandds | andscapes are i
individual and social welking

Principle F | Climate change
Land-use decisions should be informed by an understanding of the opportunities
threats brought about by tiebanging climate Greenhouse gas emissions associa
with land use should be reduced and land should continue to contribute to delive
climate change adaptation and mitigation objectives

Principle G | Vacant and derelict land
Where land has ceased to fulfil a useful function becauseétraict or vacant, this
represents a significant loss of economic potential and amenity for the communi
concerned. It should be a priority to examine options for restoring all such land t
economic, social or environmentally productive uses

Principle H | Outdoor recreation
Outdoor recreation opportunities and public access to land should be encourage
along with the provision of accessible green space close to where people live, g
their importance for health and wéléing

Principle | People and decisiemaking
People should have opportunitiesctintribute to debates and decisionabout land
use and management decisions which affect their lives and their future

75



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

Category Description

Principle J | Land use and the link with daily lives
Opportunities to broaden our understanding ofiitiles between land use and daily
living should be encouraged
Note: Emphasis and principle titles in the abowe taken from Phillipset al (2014) and are not
directly referenced in the LUS

3.2 Ecosystemsecosystem serviceand the ecosystems approach
Urban land use and the ecosystems approach are central coofcpssresearch

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 (&mx 1.2). Section 3.1 looks in some détat the

Scottish planning system in order to identify potential opportunities whereby
ecosystems approach principles can be integraadttion 12 introduces the
ecosystem services concept and outlines some of the main issues and problems that
have led ¢ the growing recognition of the natural envimbe nt 6 s r ol e sup
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 servis with decisiormaking.

Section 3.2 takes a more detailed look at th&cience of ecology and the
ecosystem services concefstection 3.2.1) identifies a typology of ecosystem
services and examingise relationship between urban land use/management and the
provision of urban ecosystem services (section 3.2eXplores the potential
relevance and utility of ecosystem services in practical policy deesaking
(section 3.2.3andoutlinesthe principles of the ecosystems approdskction 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 tnderstand and characterlggy aspects of the
ecosysems approach that can be operationalised in urban land use planning systems
(ResearclObjective No4) as well as helping to identify key ecosystem services that
canbe provided bygreedandatural environmeltype urba land uses (Bsearch
Objective Nb.2). Furthermore the material developed through this section has
informed thenew suite ofprinciples for ecosystems approach based urban land use

planningdeveloped through this researnsleeAppendix3). Chapters 4 and 5 look in
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more detail atthe specific role of urban land Usenagemenplanning inthe
provision of flood storage, runoff reduction and ecological connectivity ecosystem

services

3.2.1 Ecosystems and environmental limits

The definition of an ecosysterthat isused most widely isaken fromthe United

Natiors (UN) Convention on Biological Diversity the CBD(MA, 2005; UKNEA,

2012; Mace et al, 20)1The CBD (UN, 1992 p.3) definesn ecosystenas fia

dynamic complex oplant, animal and micro-organism communitiesand their

nonliving environment i nteracti firg hah of the f unc
definition (highlighted in bold) represents the biotic or liv{ibgplogical) component

of ecosystems and the latter htie abiotic or nofiving (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, &@d2)
these interactions fAultimately deter mine
e cosyst e nhatdaviram ecosystems (Mace et al, 2011)p.5

As shown on Figure 3.6he UKNEA (Mace et al, 201))1hasdeveloped this
concept by framing land, air, waatand all living things athe fundamental elements
that underpin the biological, physical amthemical components of ecosystems
Crucially, thespecificnature of these componenktendetermines the functioning of
ecosystem processes from which ecosystem services are derived I{ifatihws
therefore that changén theseinterdependentomponents (e.gpecies loss, land use
change waterbody modificatioret) can bring about changén the functioning of
ecosystem processes and the supply of ecosystem servicesT(iigdssue 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; acdsystem
processes (UKNEA, 2012; CBD Secretariat, 2013a). The effective functioning of
ecosystem$ via these three key aspedtss dependent on the biotic and abiotic
components of ecosystems and the interactions therein. Healthy ecosystems are

structually 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 speciefieeg.
sitchensi} and tees 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 cyting; and 3) water cycling (UKNEA, 2012; CBD Secretariat, 2§13

Social feedbacks,

instifutional interventions and responses Drivers of Change

(Direct and Indirect)
Demographic, economic, socio-political,
technological and behavioural
Management practices

Environmental changes

Future
scenarios

for the UK

Human Well-being: Ecosystem

Services

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

Ecosystems

Figure 3.6 Overall conceptual framework adoptedin 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 servicegially, the UKNEA conceptual framework mak

explicit the relationship betweeecosystemgscosystem functiorand the provision of ecosystem
servicegshownon the righthand side of the diagrgmmEcosystem functioim this regards expressed

in terms of the fundamental elements of air, land, water and all living things umiegpthe
biological, physical and chemical components of ecosystems and the interactions therein.

Biodiversity is another crucial factor in ecosystemction and ecosystem
services (Mace et al, 20Lthough the importance of different aspects of biodiversity
in this regard is not fully understood (UKNEA, 2012% with ecosystems, the most
widely used definition of biodiversitys takenfrom the CBD (UN, 1992 B):
Abi ol ogi cal diversity [biodiversity] me a

from all sources includingnter alia, terrestrial, marine and other aquatic ecosystems
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and the ecological complexes of which they are paid: ititludes diversity within
speci es, bet ween s p élthougts thearelationsbig beteeem s y s t
biodiversity and ecosystem servicesn fully understood, therarea number of
usefulconceptual framingor thinking about this relationshijMace et al, 2011 In
particular, the notion that biodiversity plays an important role in the fundamental
ecosystem processes that underpin estesgy services (ibid) is a cruciencept for

this research{e.g. the role ofoil biological communities supporting the effective
functioning of nutrient cyclesthe role of structuralj diverse forest ecosystems
controlling runoff and supporting the effective functioning of the water cyc)e latc

this manner, urban biodiversjtyard its protection and enhancement through
appropriate land use/managemasatconstrued as a central premise of ecosystems
approach based urban land use planning.

Recognising thamportant role played byiodiversity (including diversity
within species, betveen speciesand of ecosystemsunderpinning ecosystem
function the way in whichspeciesinteract with their physical environment aéso
crucial for ecosystem services. In particular, the maintenance of biodiversity (and
therefore key aspects of ecosystem functisrdescribed aboyés dependent othe
ability of speciesto migrae, disperse and interacfacilitating interbreeding,
colorisation, natural regeneration €Watts et al, 2005; Smith et al, 2008; Corbett et
al, 2009; JonedValters, 2009; Briers, 2011, SNH, 201These landscape scdle
ecologicalprocesses are reliant effective ecologicalnetworks to facilitatespecies
movemens beyond the bounds of individual habitat patcfiéd E, undated;Watts
et al, 2005Gutzwillerand Forman2002; Smith et al, 2008NIFFER, 2008 SNH,

2011, James et al, 2013; Matthies et al, 20RBillips, 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 tefelldlegime for

example. The potential role of CCF regimes in urban forestry has been considered in this research

see Chapters 7 and 8. uSeersivioultwespagesRa urthearr chds cont i
information:http://www.forestry.gov.uk/fr/INFB63CCQB[accessed 04/04/14]

®The notion of o6landscape scal ed hasedibthien descrit
research has been adapted from SNH (2014a) and Forest Research (2014), namely that the particular
definition of o6élandscape scaled depends on the re
definitions recognise that landscape seedeking 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, 2014). As discussedt section 3.1.3 (see Figure &R0, this issue can be
particularly important in urban areas where tgeeerd  a matiral @nvironmemt
type land usethatprovide the backbone of greenspace and seatural habitats are
oftenlocated within amatrix of more hostildess permeablarban land usesuch as
residential and commercial areas, paved surfaces and (daches et al, 2013;
Matthies et al, 2013,3Phillips, 2013. As such the maintenance and enhancement of
urban landscap@ermeability $ a vital component of urban ecosystem function,
supporting the provision of key urban ecosystem serviagsherinformationon the
principles of landscape ecology provided at Chaptes. Ecological connectivity
ecosystem services have been considered in the new spatial models developed in this
research (see section 7.4).

The UKNEA (2012) recognisehow the notion of an ecosystem as a spatially
defined, functional unit is largely a humaaonstruct, designed with management in
mind. In line with this approach, ecosystems can be defiegdfor management
and planningourpose} as areas which share similar features across the following

key characteristicgbid):

Climatic conditions

Geoplysical conditions

Dominant use(s) by humans

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

Species composition

= =4 4 4 -4 -2

Resource managemesystems and institutions

In line with thischaracterisatiompproachit is perfectlyreasonabldas per
UKNEA, 201]) to define and manage urban areas as ecosystentisis manner,
urban area$ as ecosystems are comprised of biological, physical and chemical
components interacting througbrban ecosystem processes to produce urban
ecostem services. Importantly for this research and urban planning more generally,
these components can be managed (withircgmstraintsof environmental limits as

discussed below) to manipulate ecosystem processes and urban ecosystem services.

80



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

The conceptualapproachadopted in this researcfin order to develop new
approaches to urban planning that can operationalise key aspects of the ecosystems
appoach as per &earctObjective No4) is to framethe greerinatural environment
typeurbanland s es (see section 3.1.3) as the s
ecosysters In principle thesébuilding block$can then be managed, through urban
land use planning, for the provision of key urban ecosystem services. This premise
has been tested throuthis researchsadiscussed further at Chagt@&rand8.

The final crucial aspect of ecosystem function considered in this research is
the concepof environmental limitsiwhi ch can be seen as defi
sustainabil it yd) Thesdndept FeEoBnjses 2hat th@re are limits to
the pressurehat can be placed on ecosyssewhile maintaining theimtegrity and
capacity to provide ecosystem serviddere sucHimits are exceeded, ecosystems
can undergo substantial changeften with a loss of biodiversity breakdown of
ecosystem functiorand degradation ofecosystem serviceHéinesYoung et al,
2006; SNIFFER, 2010; CBD Secretariat, 2813 his is indicated on Figure 3.7.

(a) Simple linear change (b) Zone of rapid change (c) Threshold response

] 4 -

RN L :

- i
S ) = o) i ]
S [ = Lg|s = ) A
s Z N 7 TR
! E I |

A 4 v! ‘ o
Pressure Pressure Pressure

Figure 3.7 Identification of limits and thresholds in natural systems
(Source: Haine¥oung et al, 2006)

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

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

tolerable by an indator species before it suffers drastic population decline; and 2)
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nonthreshold limitshased on societal preferenées.g. the number of wind turbines

tolerated in a given landscape (Ham&sung et al, 2006; SNIFFER, 2010).
Regardless of the approactopted, there will always be a degree of uncertainty
involved and policymakers and natural resource managers are encouraged to adopt a
precautionary approach, through the use of policy options and management

i nterventions e. g. epPpldxcastiysehnemd ke gdmnu
threshold or notthreshold environmental limits (ibid).

Given this, he environmental limits concefg potentially auseful toolfor
policy-makers and natural resouramanagers helping to guide policy and
management decisiotewards theprotecton of ecosystem function and ecosystem
services For the purposes of this resear@nvironmentalimits ar e dé&ééi ned
level of some environmental pressure, indicator or envirotahestate or benefit
derived from the natural resource system beyond which conditions are deemed to be
unaccept abl dHainesYosngeha, 2006 i Furthermore, SNIFFER
(2010 suggest that the following types of indicator can be used toedkfiits:

1 Anindicaor reflecting goressureon the ecosystem (e discharge of @ollutant
to water development pressure resulting in teenoval of vegetation and
building over greenspace in urban catchments

1 Anindicator reflecting thetateof the ecosystem (e.g. preseratefence of a
certainaquatic speciesand

1 Anindicator reflecting the ecosystesarvicesderived fromthe ecosystem (e.g.

the availability of drinking watematural flood storagetq).

This research argues thtate environmaetal limits concepshould bepart of
the framingfor ecosystems approach based urban land use planndegdit is a
principle of the ecosyems approach as outlined section 3.2). 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 planningln doing sqthis thesis argues thahvironmental limitan help urban

planners to thinkspatially about where land use/nmagement change may be
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requiredto enhance ecosystem servicespecially wherdghis may be required to
preventan environmental limit beingeachedor to help restore ecosystems where

thatlimit has already been exceedsée Chapter 7 and section 8.2)

3.2.2 Ecosystem servicdsa generic typology

Section 12 introduces the concept of ecosystem servicés the purposes of this
research, ecosystem services are framed in terms of healthy natural environments
(comprised of landscapes, ecosystems and habitats) providing a ratyanfages
or benefitsthat are essential for societal wellbeing and progpéMA, 2005;
HainesYoung and Potschin, 2008; Hughes and Brooks, 2D@%ga 2011; Scottish
Government, 2011c; UKNEA, 201Baker 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 functaond the relationship between
healthy ecosystems anelcosystem servicflows. The purposeof section 3.2.2
therefore is to further characterise the ecosystem services cofinejtding
consideration of kegonceptual and methodological developments made asul re
of the UKNEA), to define a typology of ecosystem services. Section 3.2.3 then
explores the potentialrelevanceand utility of ecosystem servicas practicalpolicy
decisionmaking”.

The Millennium Ecosystem Assessment (MEwas carried out between
2001 and 2005 with the aim @fssessing the consequences of ecosystem cfange
human wellbeing and establishing the scientific basis for actions needed to enhance
the conservation and sustainabke of ecosystems and their contribution to human
wel |l beingo ( MA, 2005 p.5). The MEA fr ame
t hat people obtain from ecosystemso (ib
ecosystem services (sdagure 13) that hassince been adopted in ecosystem
assessments and polieysewhere e.g. the UKNEA (Mace et &011),the EU
resource efficiencprogrammgEC, 2011b) and the UK Natural Environment White
Paper(Defra 201). Cr uci al | ys frarmingeofedddystetn servicedrew
attention tothe integrated nature of the nedl environment, especially tiveay in

" Chapters 4 and 5 look specifically at how urbamilase/management can impact the key
ecosystem services considered in this research as per Research Objective NBmR {s2e
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which multiple constituents ofhuman wellbein§ are dependent on muyte
ecosystem services whicim turn, are dependent omultiple interactions between
the living and nonrliving componentsof ecosystems(see section 3.2.1)The
integrating naitre of theecosystem serviceaoncepthas since beetdescribed as one
of its key strengths, especially as a means of encouraging jpodikgrs to think
holistically about thaatural environment asanterdependent system and not jast
a series of discrete topics or issuhat can be managed in isolati(Baker et al,
2013).

As described at section2].the UKNEA was a direct response to the MEA.
However, athe UKNEA commaced in 2009, the approach adoptbedhefitted from
four years of conceptual andmethodological developments (UKNEA, 20}1
Similarly to the MEA, t he UKNEA framed

{

ecosystems from whichs peepl eademnuistwr@aghbeé id

broad headingdor categorising ecosystem servicéssupporting, provisioning,
regulating and cultura{Mace et al, 2011p.6). Crucially however,the UKNEA
introduced afurther sub-categorisation under these broad headihg$ presents a
particularly useful conceptual framing for thihesis and practical natural
environmenpolicy decisioamakingmore generally

In particulay the UKNEA (ibid) differentiates betweethree suksets of
benefits that are derived fromecosystems: 1kcosystem processiggérmedide
services; 2) final ecosystem services)d 3) goods(see Figurs 3.8 and 3.9.
Ecosystem processedlérmediateservicescan be construed dbe key aspectsf
ecosystem function described at section 3(8.4. ecosystem structure, biodiversity,
ecosystem processes ef€nal ecosystem servicese,inef ect , t he oO6r aw
provided by ecosystemmcluding trees, crops and thé r ahazZard regulation
benefits(e.g. flood storageprovided by ecosystems in the absence of any specific

managemerslteration of the natural environmen{see Figurs 3.8 and 3.9).

Crucially, fintesren@ hne/omareagedecosystems to influence the
delivery of final asthess ineftea provilethevecosysteand (|
Obui | di ntgt chnl be m&ngpu@ated, managed, engineered, manufactured or

% such asadequate livelihoods, sufficient nutritious food, shekegurity from disasters, social
cohesionaccess to clean air and water @ee Figure 1)3
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otherwise altered to produce thgeodsthat people valuésee Figure 3.&nd 3.9).
Goodsarethe 6 t h itmgpedple value and that contribute directly to wellbeing

(i bid). |l mportantly, the UKNEA conceptua
can only be generated by applying manufactured capital (e.g. machinery) or human
capital (e.g. ingenuity) tdinale cosyst em ser vi c ep9hThiE Mac e
distinction has important consequences for this research as explained further below.

Other capital inputs People
Well-being value
Ecosystem processes/ ) ) . Shu(e«]i
Infermediate services Final ecosystem services | Good(s)* | Economic | Health socid
Crops, livestock, fish Food S o /8
Primary production Trees, standing Fibre e 4/ e/®
vegetation, peat N
Water cycling Water supply Energy I3 +/- /e
Drinking water -
Soil formation Climate regulation W s £ il ore
- - - atural medicine 7S e o
Nutrient cycling j290% Sipes! Teguaon Recreation/Tourism [ +/- /8
Detgxiﬁcclal,og & a{.:un’ﬁcuvion 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 /
£ +/- o/8
Environmental settings Spiritual/Religious ©/®
Undiscovered ¢ 4/ ©/®
Undiscovered services Undiscovered =
Cultural
Millennium Provisioning
Ecosystem
categories = =
Supporting

Figure 3.8 Ecosystem processes, services, goods and values used ittheéNational
EcosystemAssessment (UKNEA)

(Source: Mace et al, 2011

Note: Where relevant, the three sabts 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 rigitand cornepf the figure abog). As described at section 3.2.1, the
ecological interactiongcosystem process/intermediate sergicewn on the figure abovudghlights

the important roleglayed byecological networksupporting biodiversity and underpinning all other
aspects of ecost@m process/function and ecosystem servigeslogical interaction is an additional
ecosystem process/intermediate process that was not considered in the MEA but one that is of key
relevance for thishesisand urban land use planning more generaliglescribed at sectiar.2.1 and

7.4 andChapter 5
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-

Final ecosystem
services

——

Example ecosystem management
for delivery of desired goods

Potential impacts of management Key goods available

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 -/?
5 [Trees, standing |Re-wetting of peat forming soils  |Climate regulation + Equable climate (GHG mitigation)
.'% 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
'5 | 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 specgiaods

(Adapted from Hart, 1989 MA, 2005; Starr, 2005HainesYoung and Potschin, 200BEA,

2010c; Mace et al, 201Quine etal, 2011i ma g e s

ar e

t)he

aut hor 6s

Note: The figure abovehighlights key final ecosystem services provided by forest ecosystems
categoriseds petthe MEA frameworl(first column).As described in the text abeyfinal ecosystem

services

can be

regarded

as

ecosystem

Obuil di

producethe goods that are valued by peopled important for wellbeinsee Figure 3.8)n line with
this distinction, the figte above highlightsnanagementxamplegsecond columnthatcouldbe used

to manipulatethe key final ecosystem services provided by foréstshe provision of desired goods
(fourth column) In essence, this shows how different land management cam effesystem service
provisioni a key premise of this resear¢bee section 8.2)For examplehazard regulationfinal
ecosystem services can be managed to entilmockcontrolgoods. Specific land management might
include reversal of land drainage (ildocking land drains), using CCF silvicultural systems (i.e.
shifting to a system of permanent vegetation cover and therefgmeader degree ofiydraulic
roughnes$ see section 4)7and the restoration of riparian woodlgm@motion of large woody delsri
(LWD) dams to enhance the flood storage function of floodplain woodl@ndcially the third
column shows the potential impacts of land management on other final ecosystéoesserv
recognising that there cawoften be ecosystem servicesadeoffs andor 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 conteimcreases 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 rfiodeming this research and the tools,
models and guidance developed theteifrirstly, 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 resmgthat 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 thevmion 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 cesystem 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 ecosyst enmakecosyatend derviges) s t b
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 ensum@ngoing
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 rotedecisionmaking

The rationale and utility of considering ecosystem services in degisading 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 antkss0
(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

29 Although fundamental to the K N E Aodesall approach, the language adopted in the tools, models
and guidance developed in this research (see Chapaed8) does not differentiate between
ecosystem mrcesses, goods and services; rather it simply refers to ecosystem services
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ultimately human wellbeing) is seen as a key input to pal&yelopment and
decisio-making more generally (MA, 2003). A theoretical framing of this
relationship, based on ecological principles, is described at section Bractical
implications have been considered in the new tools, models and guidance developed
through this researqlsee Chapters 7 and 8).

Additionally, ecosystem services arensidered to bparticularly relevant at
the Opo0ienygé interface by helping to tr
environment/ecological processes and human wellbeing in a manner that is
understandable and useful for pohayakers(Carpenter et al, 2006; Baket al, 2013
Helming et al, 2013)In this manner, the use of ecosystem services can ensure that
relevant scientific knowledge and evidence informs decisiaking (ibid).The risk
of not considering ecosystem services in decisitaking is highlighted byDefra
(2011) and EC (2011b). I n particul ar, EC
prosperity and wellbeing depend on our natural capital, including ecosystems that
provide wus with a flow of essenti al goo
ecosystenservices are used almost as if their supply is unlirdited

The issues discusseabove help to explain why thecosystem services
concept is increasinglgaining prominence across many policy issudthough the
concept originates from the CBD and hdseg focus on biodivesity protection (see
section 12), it has a range of other practical applications in policy and ecosystem
management decisiemaking that are now coming to light.§. Baker et al, 2013;
Geneletti, 2018 Helming et al, 2013 Partidario and Gomes, 2013Jable 3.6
outlines several practical benefits ofecosystem services fodecisionmaking
processes in general (noting ti@iapter éconsiders benefitelatingspecificallyto
urban land use planning decisioraking). Examplepolicy areas and sectovghere
ecosystem services acarrently being applied tgractical policy decisionrmaking

are outlined below:

1 Biodiversity protectiorand enhancement (e[gC, 2015, Scottish
Government, 2013,
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1 European policy impact assessment includir@nteevaluation, a key
example being the development of member $Ratel Development
Programmes (RDPs) under Pillar 1l of the EU Common Agricultural Policy
the CAP(e.g.Helming et al, 2013; Sheate and Ibs, 2014)

1 Strategi¢national leveland use policy (e.g. Scottish Government, 2011

1 Water management and river basin planrigng. EC, 2000);

Urban land use/managemetamming (e.gEERA, 2008; GCV Green
Network Partnership, 2018heate et aR012 Baker et al, 2013; Gaston et
al, 2013; Geneletti, 2013PRsartidario and Gomes, 201EBmes, 2013;
Phillips, 2013);and
1 As a ramingfor an overarching national approach to action and policy on the

natural environment (e.@efra 2011).

Table 3.6 General gpplications/benefits of ecosystem service®r decisionmaking
(Adapted fromBaker et al, 2013; Helming et al, 2013; Partidario and Gomes, 2013)

Application/benefit | Details

1. Supporting a f AEcosystem services i s an inte
holistic approach with discrete environment al 0t
to the natural flow from the environmedt ( Baker et al, 201
environment 1 Inthis manner, ecosystem services can help deemikers to think

about the environment more holisticalpromoting consideration of
ecosystem health and function (eeosystem processes/intermediate
serviced see Figure 3.8) which essential for ecystem services

2. Understanding |1 Many policies Ado not explicit
howthe natural bound to cause impacts on ecosystem services as a sicld effe ( H
environmentan et al, 2013 p.82)
support policy |  Forthese policies, ecosystem services can be used as a ftaming
objectives communicate@pportunities whereby the natural environment may be

able to support policy objectivés.g. exploring thélood storageole of
urban greenspaaes part of dlood risk managemerstrategy)

1 Inthis manner, @system services can be used to help¥ the natural
environment as a benefit rather than a hindrama®nstraint

3. Stakeholder and| § Ecosystem services can provide a useful means of engstgkeholders

wider public and the wider public on decisianaking that affects the natural
engagement environment
f Framing the environment in ter

6thingsé (e.g. habitats, canpedpci
nontechnical stakeholdeend the public to communicaperceptions
and uses of the naturahvironmenion their termé(e.qg. this is where |
take my dog for a walk, this is where we go for a picnic on a nice da
4. Casting a 1 Similarly to No.2 above, ecosystem services can demonstrate the v,
different light on (monetary or noimonetary) of the natural environment
conflict between| §  These values can be used to explore different atglesnflicts between
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Application/benefit | Details

economic and economic and environmental objeeis 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 chal

Note: The general decisiemaking applications/benefits of ecosystem services outlined in the table
above are all of relevance to urban land use plani@hgpter 6also considers a range of specific
applications/benefits of ecosystem services for urban deaisaking contexts.

Although, as described above, there is arguably a strong case for using
ecosystem services practicalpolicy decisioamaking, there are key problems and
weaknesses that need to be balanced against the strefagginsple weaknesses
include problems concerning the language of ecosystem services and communication
with stakeholders, the complexity of the concept as a result of its inlyerent
integrated nature, the contested nature of ecosystem service economic vafuations
(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; Phillipset al 2014).

3.2.4 Key principles of the ecosystems approach

The purpose dthis section is to outline the established principles for the ecosystems
approach. In conjunction with material in sections 3.3.2.2and 3.23, this section
provides thegeneralscience and policy framework for the ecosystems approach that
this research is based on (noting ti@tapters4 and 5Sprovide more detailed,
technicalinformationon urban land use/management for the provision of the specific
ecosystem services considered in this resdasee sectio3.2.5.

As described atsection 1.2, the ecosystems approach was originally
developed as a practical means of delivering the bbgscof the CBDAt their fifth
meeting in May 2000the Caference of the Parties (CO8&f)the CBDendorsed the
description, principles andperational guidancéor the ecosystems approatithat

has played a key role informing this researCBID Secretariat, 2000 Despite the

% For examplePhillips etal (201497 found that @Al and owners/ manager
and consistent approach for ecosystem service assessmentdagdooa ecosystenervice values

would be accepted as aninputtodecisiba k i ng processesao

%! Following Recommendation V/10 of the CBD Subsidiary Body on Scientific, Technical and

Technological Advic 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 guidan¢as well as other key
resources such as th@BD Secretariat hosted ecosystems case sfidaw
sourcebook pagdy, there is[at least]a perception that the ecosyst approach is
not being effectively integrated into conservation strategiesdaredother policies
affecting the natural environment and ecosystem sefV/i(@8D Secretariat, 2006;
Fee et al, 2009;abiosa et al, 2093 The potentiallack of methodologies and tools
for adopting the ecosystems approach in urban land use plarasngith other
decisionmaking contextsis a key issueddressed itthis research as discussed at
Chaptes 1 and6.

The Parties to the CBD describe theoystenrsappr oach as 6déa st
the integrated management of land, water and living resources that promotes
conservation and sust a(CBR®etretariat, 2)0Thi;m an e
definition, i n conjuncti on approdch(seehsectio B)DH s gen
broadly reflectedn policy and actn on the ecosystems approach actbskey
contexts considered in this researdme EU (EC, 2011a; EC, 2011b; EC, 2013), the
UK (Defra, 2007;Defra 2011) andScotland $cottish Government, 20&1Scottish
Government, 2011d This research has framethe ecosystems approachn
particular, in terms of maintaininghealthy, functioning ecosystem® ensure
consistentsuppliesof ecosystem servicdse . g . in terms of the
focus on ecosystem processes/intermediate serviseg sections 7.3 and 7.4\
this mannerecosystem health/functiaa considerean the one hand and ecosystem
services and societal wellbeing and prospentythe otherThe intention here is not
to pursue a less integrated approach, ratheaims to ensure that the natural
environment is managetbwards an overall objective of maintaining health and

function as well as ecosystem service provisiolhis eches the conceptual

%2 CBD Ecosystems Approach Case Studies paugss://www.cbd.int/programmes/cross
cutting/ecosystem/cs.asfaccessed 13/01/14]

%3 CBD Ecosystems Approach Sourcebook pages:
https://www.cbd.int/ecosystem/sourcebook/default.sitectessed 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 goadtice development in ecosystems approach based decision
making elsewhere, including for key sectors such as urban land use planning as outlined further at
Chapter6. The intention of this thesis is to build on the strengths of existing research in the
dewelopment of new practical approaches to urban planning that can operationalise key aspects of the
ecosystems approach (see Chaptexsd8)
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framework adopted by the UKNEA (Mace et al, 2035 shown on Figures 3.6 and

3.8, especially the notion of ecosystem processes/intermediate sasssgmrate to

and underpinning the provision of final ecosystem services (see se@i@h Rey
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, 201Défra 2011; Scottish Government,
2011c; Scottish Government, 2011d; EC, 2013)

Policy reference Ecosystems approach considerations

Defra (2007 p.10) fiThe ecosystems approach has been defined in various ways, botelo¢
the approach lies imtegrating and managingthe range of demands place
on the natural environment in such a way that itindefinitely support
essential serviceand provide benefits for

EC (2011lap.5) filn the EU, manyecosystemand their services have begegraded largely
as a result of land fragmentation. Nearly 30 % of the EU territory is
moderately to very highly fragmenteBarget 2[of the EU Biodiversity
Strategy to 2020focuses on maintaining and enhancing ecosystem servi
andrestoring degradedecosystem$y incorporating green infrastructure i
spatial planning

EC (2011kp.12 i Bi o d i undemiasimany of our ecosystems and is vital to their
resilience. Its loss cameakenan ecosystentompromising the delivery of
ecosystem serviceand making it more vulnerable to environmental shoc
Restoring degraded ecosystems is costly, and in some casege @dan
become irreversibleo

EC (2013 p.2) i[f Green infrastructur e] i s ealogical c
economic and social benefits through natural solutions. Green infrastruc
is based on the principle thatotecting and enhancirg nature and natural
processesand the many benefits human society gets from nature, are
consciously integrated into spat

Defra(2011 p.7) AThe benefits we get from nature
Natural resources (such as food, timber and waterjuaradioning natural
systemg(such as healthy, fertile soils; clean water and air; and a regulat
climate) are vital suppbservices for our wellbeing and security, and are
themselvesustained by biodiversityd

Scottish Governmenf iLand use decisions should be in

(2011cp.9 functioning of the ecosystemsvhich they affect in order tmaintain the
beneftsof t he ecosystem services wh

Scottish Governmeni i We bel i eve that there is potent

(2011d p.1) to improve decision making, increase thelity of our natural
environment,ande nhance the value which

Scottish Governmeni{ i C o n shatwrad systemsi by using knowledge dhteractions in nature

(2011d p.2) and howecosystems function

Note: Emphasis in the table abohias beemdded by the authofhe example quotesre intended to

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

processes/intermediate services as the UKNiBAgddition tofinal ecosystem services as part of an

ecosystems approachhe plicy examples in the table above exemplify this distinction.
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As described at section 3.2.&cosystems are interdependent and complex
and atering one aspeaan have &ignificantimpact onoverall ecosystenfunction
and ecosystem servicBows (seeFigure 3.6). This may bparticularly significant
where there is a risk of arenvironmentallimit being reached (sed-igure 3.7.
Accordingly, when evaluating the impacof policy decisiors on the natural
environment, the ecosystsmpproach shifts the grhasis from an assessment of
impacts on discrete environmental media (e.g. air, water, biodiversity etc) to an
assessment of impacts on whole ecosystems (Defra, Fe@7get al, 2009SWT,
2009;Defra 2011; CBD Secretariat, 2043 The intention igo understand hovithe
complex, interdependent aspectobsystem functiomay changewhenimpaced
by a particularpolicy or policy option Potential changes in ecosystem function can
be further categorised on the basis of impacts on ecosystem strectm@osition
and procesgibid). As discussed at section 3.2.1, changes in ecosystem function can
also bring about changes in the supply of ecosystem seragasing, therefore, that
an understanding of potential changes in ecosystem function can swgwport
understanding of potential changes in ecosystem seftoiws also (see Figure 3.8
for further informatioi.

In relation to wurban planning in particular, an identified key
challenge/obstacle to the adoption of ecosystems approach based ewaisiogis
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
perspectiveChan et al, 2006; Gré&tegamey et al, 2013; Labiosa et al, 2013). &his
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 nev 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 thugh this research (see Append)x
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Table 3.8 International, UK and Scottish principles for the ecosystems approach

(Adapted from Defra, 2007; Scottish Government, 20CRID 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 conside
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 chang, 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 qiplied by
our ecosystems. There ar
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 showlonsider
the effects (actual or potential) of their
activities on adjacent and other ecosystems

EsA_ 2 Conservation ofcosystem structure
and functioning, in order to maintain ecosyste
services, should be a priority target of the
ecosystem approach

EsA_ 3 Ecosystemsnust 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 lagffects that characterise
ecosystem processes, objectives for ecosyst
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 ar
economic context. Any such ecosystem
management programme should: a) reduce
those market distortions that adversely affect
biological divesity; 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 seel
the appropriate balance between, and
integration of, conservation and use of
biological diversity

EsA_9 The objectives of management of lan
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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 nee EsA_1Q Management should be decentralise
to be involved in decision: to thelowest 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 relevansectors of society and

in decision making scientific disciplines

Note: The table above collates ecosystems approach principles from: 1) CBD Secretariat (2013a)
Ecosystems approach principje® Defra (2007) Securing a healthy natural environment: an action
plan for embedding an ecosystems apprgaaghd 3) Scottish Government (201Iic)Applying an
ecosystems approach to land use information.fidte table has been organised to show the links and
crossover between the principles in the three different policies. nat@mal and UK Government
principles have been categorised under the Scottish Government principles reflecting the specific
Scottish focus of this research (see sestitrt and 2.1)4 This analysis shows how the Scottish
principles (lefthand column) a broad and aggregated when compared to the International principles
in particular (righthand column) which are numerous and speciilt. these principles and the
analysis of links and crossvers therein have played a key role informing the developaighe new
approaches to urban planning in this research (see Ch@zeds).

3.2.5 Prioritising ecosystem services for consideration in this thesis

The peceding sections introduce ecosystem services and the ecosystems approach
which provide the overall theoretical framework for this research (see section 2.1.2).
As per B o x 1.2 however, Research Obj ec
ecosystem services that are particularly important in northern European urban
c e nt Asdeszibed at section 1.4, this objective recognises the importance of
defining a realistic scope for thbesis in terms of the key urban ecosystem services
consideredn subsequent objective$he prioritisation of ecosystem services in this
regard has beenndertaken with reference to kds{J 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 potentiallyelp to address these challenges (seetions 2.2.2
and 2.3.1)The ecosystem services consideiredhis thesisare: 1) flood storage; 2)
runoff reduction; and 3) ecological connectivity.

The more general focus on northern Europe recognises, as pen skedtio
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 prabéehkely

to be applicable to urban centres with similar climates fanohg similar climate

change impactst

his is the main rational

e

for

related ecosystem services. This rationale is supported by the review BUkayd

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 taurban climate change adaptation including flood risk

management (HR). Ecological connectivity has been included given the inherent

importance ofwell-connectedlandscapes supporting biodiversity which, in turn,

underpins all aspects of ecosystem function and ecosystem services (see sections

3.2.1and5.1).
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Ecosystem services

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 odKIKEA
typology (see Figure 3)8Five experts were interviewed (see sectidh4.-

As described at sections 2.2.8 and 2.3.4, five land use/management planning

experts weg engaged through a sestructured 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 ecosystemesvices 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 gootsfrom the UKNEAtypology (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 ecosystgoods identified in the UKNEA typology.
Goods/ services i dent i fiheathy Ufestylesr(threed ot her

interviewees) andcological networkgone interviewee).
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Prioritised ecosystem services

Figure 3.11 Expert interview Question 3.6 results’ of the services you have identified,
which three do you consider tdoe 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 &é&dasterviewees 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 intervieweg@ee section 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 benost important in the context of a northern European urbantre
(such as Glasgow). Responses to this question (see Figure 3.11) indicate a distinct
focus on key cultural ecosystem servitegesthetic/inspirationrecreation/tourism
andspiritual/religious Two of the interviewees highlighted the relationshipveen

food and healthy lifestyles noting thathealthy lifestylesvas one of t he

% 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 so@oonomic context (e.g. high incidence of multiple
deprivation, poor health record etc). Crucially howe¥lend controlwas identified
by all five of the interviewees as a key ecosystem service for northern European
ur ban centres. | mportantly, this finding
water management related ecosystem services (see Chapter 4).

Chapter 4 now explores how urbaantl use/management can impact the
functioning of the key water managemeelatedecosystem services considered in

this thesig flood storage and runoff reduction.
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4. Urban land use planningand water management
The overarching aim of thkesearch i s Ato understand,

new approaches to urban planning that can operationalise key aspects of the
ecosyst e mgseespction d.4o maet this overarching aim, a substantive
evidence assessment has been undertaketocumented in Chapters 3, 4, 5 and 6.
The approach taken to the evidence assessment is described in the methodology
Chapter at section 2. Section 2.4 describes how the data collated through the
evidence assessment has been analyssedpportother objectives of the research
especially the development of new approaches to urban planning that can
operationalise aspects of the ecosystems appfsaetBox 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
Appendix3). 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 bef practical use in other urban planning Bxtsalsqg 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

99



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

the development ahtegrated urban land use/management strategies (see Chapters 7
and 8 and Appendices 5 and &

As outlined at sections 4.and 3.2.5, this thesis focuses on specific
ecosystem serviceJhis is thesecondof four chapters documenting thevidence
assessmerthat has underpinned this researthis Chapterfocuseson the specific
role of urbanland use/margementcontributing to keywater managementelated
ecosystem servicdsflood storage and runoff reductiolm particular, the evidence
in this Chapter has underpinned the development of thed famtrol model (see
section 7.2 and hydrologtal cycle model (see section Y.8 line with this focus,
Chapter 4 addresse¢hree key research questions that have informed the research
activities undedken REA and semistructuredinterviewsi 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
assessmends discussed section R. The research questions considered within this

part of theevidence assessment are as follows:

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

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

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

water management?

This Chapterstarts by explaining the interrelationshipstween urbanisation,
drainage, climate change and flooding (sectidy), it then goes on to discuss theyk
principles of sustainable, catchmehasedapproaches tdlood risk management
(FRM) with a focus on Scottish policy and guidansection 4.2). The basics of
Flood Risk Assessment (FRA)yeathen introduced at sectigh3 and section 4.4
outlines thekey principles of hydraulicshat are fundamental to FRM and several of
the natural flood managemenNFM) techniques considered in this researthe
final sections 4.571 4.7) collate, analyseral synthesise information on thr&ey
land use/management dsedNFM measureshat can be adopted in urban areHse
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information herehas played acrucial role informing thetechnicaldevelopmet of
new spatial models fothe consideration of water management related ecosystem
services irurbanplanning (seesections/.2and7.3). The thredand use/management

based\NFM measuresubject to particular considerationthis researchre

1. River restorationdection 45)
2. Floodplain/riparian zone woodland planting and restoration (sectn 4.
3. Land use/managemeand sustainable drainage system (Sul8&asures for

redugng runoff at sourcand providing storm water storafgectiond.7)

Where relevant, additional land use/management based water management
measures have also been considered, to a degree, in iemodels and guidance
developed in this research. These incltltecreation, restoration and enhancement
of floodplain wetland featurese(. RRC, 2002; Scottish Government, 2011a;
Graham et al, 2012; Scottish Government, 2013a) andathgtructionof low level
bunds toprovide structures fothe temporary inundation of openspaurg flood
waters(Nisbet et al, 2011a; Parliamentary Office of Science and Technology, 2011).

In reality, both of these measures are considered within section 4.88@mable
drainage systerfSuDS 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 refentas).

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

increased incidences of precipitation related extreme weather events (including most
parts of the UK) FRM is a crucial issueFocussing in on Scotland, FRisllikely to
continue climbing the public policy agenda as flooding continues to be exacerbated
by climate change (Scottish Government, 2)1%cottish Government, 2013a;
SEPA, 2012)Projected changes in winter precipitation rates for Scotla@080are

shown on Figurd.l, indicating the potential for significant increases (ug@&o) in

some parts of Scotlan@hcluding Glasgow Additionally, hazardregulation flood

controlstorage etcare frequently discussed in the ecosystem services literature,
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particularly in an urban contexBgéker et al, 2013efra, 2007; TEEB, 201Davies
et al, 2011Scottish Government, 206, 1UKNEA, 2011;Sheateet 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, 2011a; Scottish Government, 2013a). This can include homes,
businesses, schisp hospitals as well as the other infrastructure and assets that
support our sock@conomic systems such as road, rail and energy networks and
agricultural land. This crucial soceconomic aspect of flooding is reflected in the
Scotti sh Go amre ansustairtalilesFRNg wherd flood risk is defined as a
measure of thékelihood of an event occurring in conjunction with the potential
consequences of the evefBcottish Government, 2011a). In effect, the likelihood of
a flood event occurring might besry 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
leveli very unlikely leveli unlikely to leveli central leveli unlikely to leveli 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 seeat sectionl.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 seeimonomic receptors are located. In

essence, urban areas are where the consespi@h 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 ldsg af e e n
a n dn@tural environmettype urban land uses (i.e. rewal of vegetation and
building over greenspadesee section 3.1)3vhich can contribute to the disruption

and degradation of the natural drainage processes (see #abéand 4.9 that they
support (Susdrain, 2012; Scottish Government, 2011a; Scotbigér@nent, 2013a;
Swan, 2010). Crucially, these natural drainage processes combine to provide natural

protection against floods and their absence can create significant problems.

o
~ ¥ |High Low g
L T [Medium Low Low

e S T Low Low Low
=4 Low Medium |High

Consequences of flooding

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 managenerthé 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 sectibf) dthe impacts of flooding are
felt locally and the demand for flood control goods and servicesaritietimeseed
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 w
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
systemi be thatthe catchment associated with a natural (e.g. a stream of)owrn
artificial (e.g. a waste water treatment works or individual surface water drain)
drainage featurenlline with this, there are a range of practical larelrnanagement
strategies that cahe used tancrease 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 magge of runoff in the catchment, thus
helping to reduce the likelihood of flooding at more vulnerable locatiors least
providing the relevant agencies withore time to issue flood warnings. This is
exemplified by the recent shift towards catchmemtles¢-RM as endorsed by the
Floods Directive Glasgow City Council, undated&C, 2007; Scottish Government,
2011a; SEPA, 2012).Section 4.2 outlines the catchment based approach to
sustainable FRMsee Figure 4.3)ith particular reference to threquiremets 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 flows

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)

®Thetermburnisa Scots word meaning stream or small ri
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4.2 A catchment based approach tsustainable 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 enhancingatheal landscape features
that affect the timing, magnitude and duration of flood evesust{ish Government,
2011a; SEPA, 2012; Scottish Government, 2013a). In essence, catchment based
FRM balances the use of more traditional flood defence orientatgeéges (that
mitigate the impacts of floodingn 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 loca{s®es Figure 4.2)The three key land
use/management based NFM approaches considered in this research (see sections 4.5
i 4.7) are all designed for use within a catchment based approach to sustainable FRM
as per Figure 4.3.

The Scottish Governmentdés statigh ory g
Government, 2011a) identifies fideey outcomes for sustainable FRM in Scotland
(see Tablet.2). Thereare clear areas of synerbggtween these outcomes and urban
land use planning, as reflectedtinhe Scotti sh Environment
(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 tasere 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 p(eeess
section 3.1Yo guide development away from areasere 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,dsoetc).
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Table42Scot |l andds gui d&lood RiskManagemestt-FfRM) nikey | e
outcomesand links with urban land use/management planning

(Adapted fran Scottish Government, 20113EPA, 2012)

FRM outcome Potential links with urban land usémanagementplanning

1. Areduction in the 1 Urban areas are where most people livetandeforewhere the
number of people, home: consequences of flooding are likely to be most pronounced
and property atrisk of | §  Appropriateland usémanagemerinterventioncanact to
flooding as a result of reduce runoffait sourceand/or provide increased flood storag
public funds being in urban catchments
invested in actions that | ¢ |f designed and delivered effectivelpesse types of
protect the most interventioncanreduce the number of people, homes,
vulnerable and those properties and businesses at risk of urban floqdingporting
areas at greatessk of this FRM outcome
flooding

2. Rural and urban 1 Many NFM approaches (including the specifiban land
landscapes with space tc use/managemeapproaches considered in this research) wc
store water and slow by restoing natural landscape featuresincreae flood water
down the progress of storage capacity and redumnoff at sourcéi.e. providing
floods flood storage and runoff reduction ecosystem services)

1 The land use planning system can introduce policies to prot
areas of land that are already providing these sergivgsr
requirenewdevelopment to enhance or provide these servic
(e.g. through planning conditions/planning gaisee sections
13and 3.1.1)

1 Accordingly, well planned land ugmanagement intervention
candirectly support this outcome

3. Integrated drainagat 1 Land usémanagement intervention that provides flood stora

decreases burdens on ou and runoff reduction ecosystem serviegghin urban

sewer systems while alsc catchments canincreaseh e | andscapebs ¢
delivering reduced flood water (increase jetherebyreduéng runoff

risk and an improved 1 Recognising the high degree of interaction between differer
water environment sources of flooding and natural and artificial drainage syste

in modified urban catchment#ig type ofintervertion has
significant potential tseduce pressure attificial drainage
infrastructure (includingewer systems andaste water
treatment plants), helping to reduce the incidence of untrea
sewage effluent discharge and contributing to water
environment outcomes
1 The land use planning system can introduce specific policie
integrated drainage and surface water rgangent for urban
catchmerg. It can also direct land management policy to
enhance/restore the drainage processes provided by existir
6greendé and o6natural envir(
Tables 4.1 and 4.6)
4. A well informed public 1 As FRM actions become more integrated with other policy
who understand flood risl agendas (e.g. land usad developmermilanning and exposure
and adopt actions to increases, # publicmaybecome more engaged with the
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FRM outcome Potential links with urban land usgmanagementplanning
protect themselves, their process and begin to adopt their own FRM act{ens.
property or their Property Level Protectidf
businesses 1 The LDP process has statutory provisions arquutialic

consultation whichmayseeintegratedlooding andand
use/managemepblicies gaining increased public exposure
Involving people in land use decisiomaking is also a key
principle of the Scottish Land Use Strategy (Scottish
Government, 2011d) see section 3.1.4

5. Flood management 1 FRM that usesand use/managemepdsed structuraheasures
actions undertaken that is potentiallymore resilient thampproaches based 6nh a r ¢
will stand the test dfime e n gi n streatusldr@asuresich as embankments and
and be adaptable to futur culverts for a variety of reasanSor examplegulverts have a
changes in the climate defined capacity that may be difficult and/or expensive to

increaseandongoing maintenance costs of underground
infrastructure can be expensi{RRC, 2002

1 Achievinga greater balance betwedRM and hard engineere
FRM measurearguably has the potential itacrease urban
resilience to climate change related flooding impacts

TheScotti sh Gouidaaaceon sastainable FRMScottish 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 fidimg from other infrastructure (see Table
4.3 also). Furthermore, the guidance recommends that SEPA and the feitidr
stakeholdersadopt thesourcepathwayreceptorimpact (SPRI) framework in the
development of FRM actionsb(d). Specifically, the guidance describes sources of
flooding as the weather events @onditions that result in flooding such as heavy
rainfall, rising sea level, waves, dam break, river #atc (ibid.

The SPRI approach provides a useful framework for planning sustainable
FRM measures. Thinking in SPRI terms for example, there arealalsgtwo key
land use/management based strategies for mitigating flooding in urban areas: 1)
reducing runoff at source, especially in the fagper 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,

See for example the Environment Agencyo6s advice
http://www.environmentigency.gov.uk/homeandleisure/floods/31644.4apgessed 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 se/management based NFM interventions considered in this research (see

sections 4.% 4.7) fit into one or both of these categories.

Table 4.3 Definitions of pluvial and fluvial flooding

(Adapted fromScottish 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 beforét entess a natural or artificiadrainage
system or watercourse, or when it cannot enter the
drainage system because the system is already full to
capacity

4.3Flood risk assessment (FRAI the fundamentals
The initial stage ofFlood RiskManagementKRM) planning is understanding the

likelihood of flooding taking place at a given locatian combined with an
understanding of the consequences of flooding (i.e. an analysis of local receptors and
their value and vulnerability), the technicahges of flood isk assessment (FRA)
help to build um picture ofthe contributory factors to flooding in a given catchment
and an understanding of overall flood rigke. the likelihood of flooding in
combination with the consequence®f flooding). Using this knowledge,FRM
stakeholders can take stepsput in place suitable warning mechanisagoid the
exacerbation of flood risknd reduce the likelihood and impacts of flooding e.g.
though the use dftructuralFRM measureat the catchment scalleatreduce runoff

at source and/or provide sustainable flood storage interventions away from
vulnerable receptoras well astraditionally engineeredstructural measureghere
required(Scottish Government, 2011a).

Understanding the likelihood of floodinigking place in a given lation will
involve hydrologicaland hydraulic modelling (SEPA, 2010; SEPA, 2012) to inform
the development of aps and plans thashow the spatial extent of flooding.
Depending on the scale and complexity of the modelling igid®, maps and plans
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may indicateother types of flood hazattsuch adlood depth flood flow pathways
flood flow velocity, inundation rates and the order in which various parts ef th
sitelocation are likely to flood, for a range pfobabilisticreturn period$® (SEPA,
201Q Scottish Government, 201)1a
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Figure 4.4 Flood extent for Tollcross Burni short return period rainfall event
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(Source: SEPA, 2014)

Note: The map above shows flood extent (dark ldueas) for the lower reaches of the Tollcross Burn
(northeast Glasgow) under a short return peraidfall eventi.e. where the likelihood of flooding
happening in a given year lisgh (note how the flood extent shown on the map above is significantly
less than that shown on Figure 4.5 for the long return perieh). 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 flapaia high (see Figure 4aad Table 4.1

The greatr the probability of floodingi.e. flood events witta shorter return
period) the lsser the extent of thibooded area as the associated rainfall event will

be less severg@.e. there will beless water in the drainage system and lower flows)

% Other key flood hazards include: fidod duration i.e. how long it takefor flood waters to

dissipate; 2ater qualityi heavy rainfallevens can also result in sewer flooding/discharge of raw
sewage effluent to water coursasgd3) sediment conterit certainland usesvithin a catchment (e.g.
agriculture, forestry) can bailnerable tcsoil erosion during heavy rain (Scottish Governien

2011a)

% Return periods arstatistical 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 Zle extarit’® Scottish Planning
Policy (SPP) on flooding and drainage (SisbttGovernment, 2010; SEPA, 2012
defines flood risk by wayfaa three tieredisk framework as outlined in Tabke4.

The SPP risk framework (ibid) has informed the use of data in this research. In
particular, the flood control model (see sectibB) has used existing fluvial and
pluvial flood maps showing flood extent for a 1280 yeamainfall event (i.e. 0.5%
probability of occurring in any given year mediumi high risk as per the SPP risk
framework shown at Table 4.4Further information on the data is pided at

section2.4.2
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Figure 4.5 Flood extent for Tollcross Burni 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 longturn periodrainfall eventi.e. where the likelihood of flooding
happening in a given year lisw (note how the flood extent shown on tmap above is significantly
greaterthan that Bown on Figure 4.4or the short return periodeven) Where valuable rad/or
vulnerable receptors fall within the potential extent of flooding shown on the map, dlooderisk

will be low asalthoughthe consequences of flooding are hitite likelihood of a flood taking place in

any given year is losee Figure 4.2nd Table 4.4

0 Recognising that a review of SPP is currently underway with the finalised®P#® be published
in June 2014http://www.scotland.gov.uk/Topics/BuiEnvironment/planning/NPFSPR
Review/SPPReview[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 thenodels, tools and guidance developed in this research (see Chapters

and8) i 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 Governme10 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 rainf:
flooding is 0.1%.e.a 1 | event issevere and the extent of the potential flood:

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 rislcategory the associated rainfall
risk flooding is between event is moderately severe and the extent of the

0.1% and 0.5% or a 1 ir potential flooded area would be largeedium. The
10007 1 in 200 year probability of flooding however is lownedium
return period

Medium to high | Annual probability of Under this flood risk category the associated rainfa

risk flooding is 0.5% or a 1 | event is more moderate and the extent of the poter
in 200 yeareturn flooded area would be smaller. The probability of
period flooding however is considered to be meditigh

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 (210) recommend the begtactice use of the Flood Estimation Handbook
FEH (CEH, 2009) to derive design river flood flows (or simply design“ipand/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/HFlows UK database) to estimate how an actual catchment is likely
to respond to rainfall events under different return periods. Other methods are

“ISEPA (20D p.10) highlight how design flow is often the most significant variable in determining
the risk of flooding at a sitén 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 measuretisn@mce design flows have been
established, engineers are then able to assess other paramettrs §hape, area and roughness of
the channel crossection), using hydraulic modelling, to predict where flooding is likely to aiccur

i.e. flooding is likely to occur where the capacity of the channel is insufficient to hold the volume of
water flowing thiough it.
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available and SEPA (2010) suggest that the approach described above (known as the
FEH statistial method) is not necessarily the best fit for all catchrffents

In line with the above, a key parameter considered in FRA when determining
design flows and modelling flood hazan@scluding flood extent)s catchmentand
use. In effect, different landsas have differergropertiesn terms of their hydraulics
(how roughor smooththey arg, steepnesandpermeability. These properties affect
the functioning of the natural drainage processes listed at Z&bMhich in turn will
affect the proportion ofprecipitation that drains to watercoursisi.e. runoff-
precipitation ratiosor runoff coefficients(Kuchment, 2013 The runoff coefficient
of a catchment is an estimation of the integrated effect of catchment larahdise
other factors (e.g. geology, soils, land form ett)these different drainage processes
(ibid). In less modified catchmen{se. where removal of vegetation and building
over of greenspace has been kept to a minijuime proportion of precipitation
draining to watercourses will be lowes avill runoff coefficients.In these cases,
flooding is less likely to occur as a high proportion of precipitation is retained by the
landscapeThe opposite is true of more modified catchmeismodified urban
cachmentstherefore these key principles of hydrology and hydraubes provide
land use planners with the tools to considew sustainable FRM objectives can be
integrated with plans and programm@&sese principles have been integrated with
the newtools, models and guidance developed through this research (see Chapters 7
and 8).

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

in this resarch) isthdr 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 hydrauliGdoughnes8of the land, river channel etthe greater the flood

storage/runoff reductioeffect is likely to beThere aranevitably 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 FEHRtbws UK database (SEPA, 2010). Accordingly, there
may be a lack of suitable comparisons to narwith model catchments.
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rule*® but for the purposes dfiforming strategic urban land use plannifig. as per
the objectives of this researtlisee Box 1. this provides a useful general principle.
The remainder of this section introduces the key principles of hydraulicedhat
have a bearing over how urban land is used and managed foramdtdéiood risk
managemenbbjectives These principles have been integdateith the new tools,
models and guidance developed through this research (see Chapters 7 and 8).

In simplistic terms, e hydraulic properties @n area ofand (i.e.its degree
of doughnesg will influencethe way in which water flows across it. In particular,
high degree of hydraulic roughnessll provide flow resistance dissipaing the
kinetic energy of flowing wateland decreasingts velocity (Tabacchi et al, 2000;
Nisbet et al, 2011c)In general ¢rms, reducing theinetic energy of flowing
watevdecreasing flow velocity (i.eflow attenuation)can act to increag water
depthiflood leveland increasthe area of land that is inundated during a flood event
i i.e.the flood extent (Nisbet and Thom&§06; Nisbet and Thomas, 2008; Nisbet
et al, 2011aNisbet et al, 201)cThere 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 thehelping toredue or delay
flood peaksseeFigures4.97 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 Kietic energy losesfrom
flowing water.rOne of the most c omfho (Mansel,l®808d i s
Ernst et al, 2010;SEPA, 201D In hydraulic modelling, the channel and the
floodplain are treated separately as the degree of roughness often varies significantly
between the twpoinfluenced bya number of factorsThere can also be significant
variation in roughness withispecific stretches ahe channel and floodplaifi.e.
roughness is unlikely to be uniformjfluencedby spatial variability in vegetation,

soil type land form land manageentetc (see Figure 4.6 scenarig.d his variation

43 Equally, land use/management change to alter the hydraulic properties of land must be undertaken

in a careful, planned manner to ensure that chanc
synchronise peak flow discharge frarbutaries 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).

“TheManningd6s formula is on enifanfowforeulamoroperctaoneimon | y appl i
computationsNlansell, 2003Nisbet 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. topographaiatg land covedataand soilsdat (ibid).

Factors affeahg channeln (and therefore thaature of the flow there)n
include a) channel irregularities; b) channel alignment;scpur and deposition
within the chanel; d) size and shape of the channel;water temperaturef)
suspended materjadndg) 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 channal are the type of material forming the riverbed and banks
and the crossectional shape of ¢hchannelAs described in further detail at secson
4.5and 7.2.4this is a key issue for river restoration based NR&asues which are
designed to restore a more natural morphology in watercourses e.g. reversing river
realignment/channelisation by m&ioducing meandersRRC, 2002;Parliamentary
Office of Science and Technology, 201E)oodplainn (and therefore the nature of
flows across the floodplainjs also subject to variability and is influenced, in
combination, by the following factors: 1) thature 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)milar factors will affect the hydraulic
properties of land in the wider catchmemtfluencing overland flow based runoff
generation mechanisn(dlisbet et al, 2011cParliamentary Office of Science and
Technology, 2011;Kuchment, 2014)i see section .Z4. This variation in the
hydraulic propertiesof land is, in part, what createsthe opportunities forwater
management based on changeamal 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 afparian 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 structsri 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 (FathMaghadam and Kouwernl997), 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) arel phesence/location of dead plant
structures (which are mobile) will also influence the hydraulic properties of

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

¥,

9t
3

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 atfé kinetic erergy 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, fepiralling 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 orilyhigh lateral resistance and lbutence at internal and external edges.

(C) Wide, heterogeneous corriddre. a common profile found in more natural watercourses)
inducing a better dissipation of kinetic energy but favouring numerous-soaddl 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 b@revented 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 principlesitroducedabove, land management in
the floodplain/riparian zone must be designed carefully to ensure that management
supports desired water/flood risk management objectimgsarticular, the nature of
vegetation ad 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 watercouraed its floodplain For example, very high
riparian zone vegation densities can be virtually impenetrable to overbank flows
(Naot et al, 1996), essentially acting as embankments and reducing connectivity
between watercourse and floodpla@onversely, Were natural flooding is desirable
(e.g. where the absence\aflnerable/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 energhus increasing flood height and temporary flood
storage(Tabacchi et al, 2000As indicated on Kure 4.6, land managememill
require careful consideration to ensure that the hydraulic properties of the
floodplain/riparian zone are such that they do catpletely impede lateral flow
whilst causing sufficient turbulence such that kinetic energy is dissipated and flood
height increased his is best indicated by riparian vegetation pattern C on Figure 4.6.
The land management principles inherent to tlaiepn of riparian vegetation have
been considered in the new flood control model (see section 7.2 and Appendix 4).

4 5River restoration
River watercourse morphology (i.e. the physical characteristicvexfs) has been

modified by humankindfor 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 higtondustrial 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

4> A mill lade is an artificial watercourse that conveys water/flow to a mill
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use/management planning and delivery. Thislushes 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 modditadnd ecosystem

services and key restoration strategies (section 4.5.3).

4.5.1 Problems caused by river modification

The replacement of small urban watercourses with culverts and other drains is
recogniseds a keyauseof surface water flooding in urban are&\( 1999; SEPA,

2006; Scottish Government, 2011&cottish Government, 2013a). Additionally,
development and urbanisation pressures (e.g. removing vegetation and building over
greenspace) can fundamentally altatunal drainage processes in urban catchments
by reducing infiltration and evapotranspiration rates, thereby increasing the volume
and rateof runoff (i.e. increasing runoff coefficienissee section 4.7)1Combined

with reduced capacity of the naturabohage networkife. 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 resultinflood g when surface water <c
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 basketgders, 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 stretb 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. IndicatedroFigures 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 hasppro&hed river restoratioras a key land us@anagemenbased
strategy for sustainable FRM the sense that project interventions will require close
integration between land and water management, as outlined further beldoing

so, there has been focus on two key morphological pressures: 1) river
realignmentded and bank reinforcementand 2) culverting &ee Table 4.5), the
rationale being that these pressuresadten common to small urban watercourses

and the costs and benefigrestoratiorareoftenagreeableWild et al, 2010.

Restored main channel

kb i

T
Restored floodplain

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

(Source: Glasgow City Council, 2013)

Note: The crosssection 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 beeredeara 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 pdaws downstream (see Figue).
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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 waterbodighenmanner
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 potentialinboodetomes 1t reuocd edms n
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 watewrse 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 19ERA,

2006; CIWEM, 2007). River realignments can meet similar obyestiby 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 providecal protection against floodsbid).

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 locg@re@ughthis will be limitedby the
i nfr ast r urccapacitle Assdisadssesd iingmore 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 (dte 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 hadamay 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 (CIWEM007; Wild etal, 2010; Parliamentary Office of
Science and Technolog011).
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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 floodplaini high flows

(SourceGlasgow City Council, 2013)

Note: The crosssection 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 barriggtlveen 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

realignments adversely affect the landscape and ecological value of a watercourse by

Generally speaking, morphology pressures such as culverts and river

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 cul vertds concrete
stream andbankside habitats (SEPA, 2006; CIWEM, 2007).

453

River modification and ecosystem services

As discussed at sectiah2, the key rationale for the ecosystems approach is the

inherent link between ecosystem health/function and digply 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 fundament al r oreggme t o
(Environment Agency, 1999; UKTAG, 2003; SEPA, 2006). In effect, the hydraulic

roughness of wvegetation (in combination

natural morphology e.g. meanders, variation in channel geometry etc) creates

longitudind 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 Technolagy11). This in turn promotes out of
bank flows during high flow auditions, 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 gradientssaeepened, flows are smoothed out
and flow velocities increasePérliamentary 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 aemted 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 gslwihwater

will be rushed downstreafibid).

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 acc@ssblems. 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 blamlfes can act to restrict high
flows, causing water to baakp and potentially contributing to upstream floodasy
well*®. These issues are also exacerbated by climate changenincircumstances
(i.e. where anticipated impacts of climate change includeeased 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 bgdSIEPA, 2006) Due to the egineering
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 floodtith).

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

realignment pressures can raise significant opportunitieERd by reconnecting

“8 As discussed in relation to floodplain woodland planting at sexfidh) 7.2.5 and 7.2.8 can
sometimedea desirabld-RM 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
receptorsupstream of thenitervention.
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the watercourse with its floodplairither as a standalone measure or in conjunction
with other sustainable FRM measures such as those oudlisedtiors 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 openspate 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 bnatural/semnatural 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 floodplain§ome of he key practicalities of this approach

are indicated ofrigures4.7and4.8.

There are many goegractice examples of river restoration from the UK and
elsewhere, including urban projects that address culvert and realignment pressures.
In particular, the River Restoration CeiffrgRRC) is a UK based national
information and advisory centre on all aspects of river restoration and enhancement
and sustainabl e river management . The
Techniques (RRC, 2002) has beemsafulresource informing the key aspects of the
tools, models andujdance that have been developed in this research, especially Step

4 of theflood control model (see section.2.4).

4.6 Floodplain/riparian zone woodland planting and restoration
There has been wariety of research into the role of woodland in flook

managementRobinson et al, 1998; Calder and Alyward, 2006; Nisbet and Thomas,

2006 Beedell et al, 2012 Furthermore much of the UK research has been

a49

commissionedby key national agencies, especialBefra™ and the Forestry

" These types of rivaestoration project caasobe 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 restoratiortludit 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 wel |l as supporting and I
drainagesystem(Susdrain, 201p

“8 River Restoration Centre homepabép://www.therrc.co.uk/index.phjaccessed 22/02/14]

9 Departmenfor Environment, Food and Rural Affairs (Defrajtp://www.defra.gov.uk[accessed

12/10/13]

122


http://www.therrc.co.uk/index.php
http://www.defra.gov.uk/

Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

Commissior’ (Nisbet and Thoms 2008;0doni and Lane, 201®roadmeadow and
Nisbet, 2010\Nisbet et al, 2011d\isbet et al, 2014). In line with section4.2, the

role of woodland incatchment based approaches to sustainable FERM be
differentiated in terms of whether ¢ontributes taunoff reduction or flood storage
based FRM strategieShe hydrologicabnd hydrauligoroperties of woodlandand

their soils are fundamental to the manner in which woodlands are able to provide
flood control goods (Nisbet and Thomas, @0Nisbet et al20110. In addition, he
relative importance of thegwoperties varies between the flood storage and runoff
reduction functions of woodlandlhe remainder of this section provides further
information on the hydrological and hydraulic peofees 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 asuatiwgal FRM measure
(section 4.6.3).

4.6.1 The hydrologicaland hydraulic properties of trees and woodland

Woodlands have three key hydrologibgdraulicproperties that can be manipulated
in urban land usémanagementplanning to providewater management egkd
ecosystem serviceJhese are: 1) the greater use of water by trees; 2) the so called
O60sponge effectd exerted by forest soil s
associated with riparian and floodplain woodland (Nisbet®rmmas, 2006; Nisbet
andThomas, 2008Nisbet et al, 2014; Nisbet et al, 201)bThe first two properties
are of greater relevance to runoff reduction arel @ealt with in relation to land
use/managemenintervention aimed at enhancing runoff reduction ecosystem
services(seesection4.7). The third property however creates an opportunity for
increasing flood storage anaducingdelaying peak flows in urban and rural
catchments and is disssed in more detail below.

Nisbet and Thomas (2006) argue that the appropriate usgasian and
floodplain woodland to delay the progression of flood flows offers the greatest
potential to assissustainable FRMAs describedn more detailat section 4.4,he

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

* Forestry Commissiarhttp://www.forestry.gov.ukfaccessed 12/10/13]
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woodland, acto increasahe roughnes®f the floodplain (i.e. altering the value of

Ma n n i mfg thes floodplain)which in turn, helps to reduce the energy of flowing

water in ri

contribution to roughness is in addition to that made by vegetation in the open

channel and along riverbanks and tleighness of the channel itself and other

ver

channels and on the

hydraulic features such as bridges, embankments and cyb&sgtsection 4.4)

The presence of floodplain woodlardn affect all of the factors listedt

section 4.4that may influenceMa n n i mvaldesfor the floodplainFor example,

mounding & silvicultural technique involving thelanting of tree saplingsin raised

f

00C

mounds of earth) is often undertaken at wet sites to provide increased space for root

growth above the water tablelgrt, 1991 Nisbet and Thomas, 2006). By definition,
this approach wouldntroduce obstructions on the floodplain and, combined with
deadwood and the large woody stems of the trees themselves, beouised to
manipulatefloodplainn (see Figuret.9).

Coniferous Woodland

Broadleaved Woodland

Floodplain n high at crown height due to densely branched nature of
conitfer species. Year round foliage therefore floodplain 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

Floodplain n increages again at crown height (more material present to
add resistance 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)

Floodplain n greatest near to the ground surface due to presence of
dead wood, tree stumps and understorey/ ground flora

Figure 4.9 Impact of tree species choice and management on floodplaigdraulics

(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 charmefFrequently located in the mid to upper
reaches of river catchments, LWD dams are a natural feature of native riparian and
floodplain woodand (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 floastorage (ibid). When combined with the introduction
and/or restoration of riparian and floodplain woodland, the associated increases in
both channeln and floodplainn have the potential to create a significant flood

storage effect.

4.6.2 Constraints and oppottnities for floodplain woodland planting in urban areas

The sensitive introduction and/or restoration of riparian and floodplain woodland can
contribute positively to flood storagsees section 4.6.1Where appropriate, this
may be complemented with tBensitive 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 thepdle and extent of flooding in and around the newly
wooded area of the floodplaifsee 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 likeliltbof flooding at more vulnerable locations
further downstreani i.e. helping to reduce overall flood rigkee section 4.2 and
Figure 4.2)

Clearly, the availability of suitable urban sites where this typelaoid
use/management based NFMervention 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 floodplaimd
promote out of bank flows canleadlt t he -Gpéadckbifndl oodwaters
Thomas, 2008; Nisbet et al, 20)1dn 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 woodlandarping, thus negating the

downstream benefits. Accordingly, situations where urban floodplain woodland can
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be utilised safely as BAIFM measure are likely to be focussed where burns flow
through substantial areas of openspace. In these situations, thpamgecan provide

the physical space for increased flood storage (see Figutesd 48), assuming

that additional receptors are not placed in flood risk due to any baggiod flood
waters.The principle has been considered within the new flood contoulel (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 sect®od.5 and 7.2.4 and/or incorporates a diverse mosaic of
differert habitats within the floodplain such as wetland and wet woodland (see
sectiors4.7.3and 7.2.%.

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 approaststainable

FRM (Nisbet and Thomas, 2008doni and Lane, 201MNisbet et al, 201taNisbet

et al, 201Db). 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 Thoma008). The project used
hydraulic modelling to undstand 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 rombination.

In summary, Nisbet and Thomag2008) found that the restoration of
floodplain woodland and the associated changes in floodplaiauld contribute to
increased flood depth, increased flood extent and a reduction in flood velocity in and
arourd the area of restored floodplain woodland. addition, the modelling
suggested thailanting 8.1ha of woodland acsothree sites would have a combined
impact of delaying peak flows at Ripon by 22 minutes (ibAddthough this impact is
relatively insigrficant by itself, the work suggests that strategically planned, larger
scale planting could have a more significant impactterms of delaying and
reducing peak flowsibid). Nisbet et al (201J)anoted analogous findings in a similar

study undertaken fathe River Seven catchment. Examples of these impacts from
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the River Laver study (Nisbet and Thoma08) are indicad on Figuret.10 1

4.13. The magnitude of the impacts varied across each site, influenced by a range of
factors including the area ofi¢ 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 captéyependix4 as part of

the suite oftechnical guidance fointerpreting 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 byPrice (20095 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 evounly 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 etdje Gther handPrice
(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 keyvanere smaller
scale, targeted floodplain woodland planting can be used to delisgndicant
overall impact on flood flows with relaly low levels of interventionSimilarly,
work by Park and Cluckie (2006) in the River Parrett catchmeDbiset/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) suggdsittsome of the variation in
hydraulic model outputs are due to the parameter values adopted in the calculations,
especiall y tm(aeesections 4Mandd.b.b-g éxample, Nisbet and
Thomas (2008) and Nisbet et al (2011a) used quite differaues for channel and
floodplain n in their work on the River Laver and River Saveatchments
respectively. In the former, converting grassland to a cover of native floodplain

woodland was represented by increasing floodpidiom 0.05 to 0.3 (amicrease of
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83%) and in the latter from 0.05 to 0.12 (an increase of 58%)early this is a
significantdifference and could feasibly have a dramatic impact on outputs were the

models for each catchment to berua with the different values for floodptan.

A

05 9 05 1 Kilometers
! N

Figure 4.10 Literature examples of floodplain woodland impact on flood storagé flood
extent and depth at Ings Bridge(base cask

(Source: Nisbet and Thomas, 2008)

Note: This mapshows the modelleflood extentand depthfor the bas case i.e. without proposed
woodland planting (shown in red). The darker blue indsafreater flood depths

That said, the impact of floodplain woodland planting on downstream peak
flows is influenced by a whole rangé factors other than woodland related surface
roughnes$ 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 overalh@ 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 adeed better) results to blanket
planting of the whole floodplairPfice, 2005Nisbet and Thomas, 2006; Nisbet and
Thomas, 2008; Nisbet et al, 2011a; Nisbet et al 2011b).

%1 Both studies explain the rationale for increased floodpiain the basisf specific woodland design and
management measures.
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Figure 4.11 Literature examples of floodplain woodland impact on flood storagé flood
extent and depth at Ings Bridge \{ith woodland planting)

(Source: Nisbet and Thomas, 2008)

Note: Thismap shows thenodelled flood extent and depth foseenario 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 storagé
impact of woodland planting on flood depth at Ings Bridge

(Source: Nisbet and Thomas, 2008)

Note: 6 Dst anced ofiguretrdiates ta the® nver channel. The two vertical green lines
represent the distance of the channel encompassed pyothesedvoodland planting at Ings Bridge.
The pink line represents the impact of the woodland planting on flood depth. Note howdbied
impact of the planting at Ings Bridge results in the slizdtking up of flood waterapstream of the
planted stretch
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Figure 4.13 Literature examples of floodplain woodland impact on flood storgei
impact of woodland planting on flood flow velocity at Ings Bridge

(Source: Nisbet and Thomas, 2008)

Note: 6Dst ancedé6 on the above figure relates to the
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 fldacitg. Note how the modelled

impact of the planting at Ings Bridge causes a decrease in flood flow velottigy@lanted stretch

Nisbet and Thomas (2006) and Nisbet et al (2011a; 2011b) discuss how the
scale of woodland planting can impact downstrgaak flows. They note that the
scale(in terms of spatiaéxten) of planting appears to have a lesser impact on the
flood storage function of floodplain woodland intervention (i.e. increased flood
storage) whereawider catchment woodland intervention gi.reducing runoff at
source)is impactedmore strongly. The River Sewe case study for example
considered floodplain woodland planting equivalent to 0.07% of the ¥0km
catchment (Nisbet et al, 2011a) and a case study from the River Cary considered
planting equivalent to 2% of the 82kmatchment (Nisbet and Thomas, 2006). Both
interventions were predicted to have a significant impact on the timing and/or
magnitude of danstream 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 mucleaer 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 arghrian woodland planting identified
through thisevidence assessmeate documented in Appendi 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 discussedat section 4.2, a catchment based approach to E&Mffer a more

sustainable, integrated means of delivering FRM actions that work with rather than
against natureThis is achievedy restoring and enhancing thariety of natural
landscape features that affect the timing, magnitude and duration of flood events.
Thesewider catchment land use/management badEM measures that address
sources of flooding (runoff reduction measures) should be designed to work in
tandem with rore traditional structural flood defence measufesg. floodwalls,
embankmentshelow grounddrainagéstorageetc) as well as NFM measures in the
floodplain (flood storage measures) such as those described at sectians 4.6
For example, NFM measwgean the wider catchmeffioodplain may reduce peak
flows to an extent (i.e. helping to reduce tikelihood of flooding). Althoughthese
measuresmay partially reduce the requirement for traditional structural flood
defences (e.g. the height of a floodNvaa degree ostructuralflood defence in urban
areas (i.e. where thm®nsequencesf flooding are high) isikely to still be requiretf,
especially as opportunities to change land use/management in the wider
catchmenftloodplainare likely to beconstrainedy other management objectives

In terms of the sourepathwayreceptofrimpact (SPRI) framework for FRM
actions described at section 4.2nd use/management measuiesthe wider
catchmentare source control measuris.e. they are intendketo reduce runoff at
source These types of measuran playa key role in modified urban catchments by
helping to restore the more natural functioning of the hydrological cymfe
addresmg the historic removal ofvegetationand building over of greenspa¢see

Figure 4.14) This sectionof the thesisprovides anoverview of the hydrological

%2 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/WhiteCartWaterFloodPreventionScheme?2 tcm4
716465.pdfaccessed 23/02/14]
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cycle and its constituent natural drainage processelsom an urban land
use/management perspectiygection 4.7.1) In particular, oppdunities are
highlighted wherdoy sustainableurban land use/managemecdn be utilised to
manipulate these processes in orderestore the more natural functioning of the
hydrological cycle andeduce runoffSeveralpractical measures are then introdilice

that have informed the tools, models and guidance that have been developed in this
research (sgions 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 cyaee of three core
ecosystem processes tiatuencethe health and functiamg of ecosystems arttie
supply of ecosystem services (see Figure 3Blrban catchments in particular, the
removal of vegetation and building over of greenspace has the effect of modifying
hydrological cycle function (see Figure 4.1#).wet climates such as the west coast
of ScotlandGlasgow (see sectiord.1l) and northen Europe more generally (see
sectiors 1.4, 2.1.4and3.2.5, this modification canantribute tosignificantflooding
problems as the natural drainage processes suppbitdrological cycle function
are absent or greatly diminished, resultingnorelimited retention of water by the
landscape and high runoff coefficients. This section provides an overview of the
hydrological cycleand its key constituent processes that can be manipulated by land
use/management to help restore hydrological cycle fundtiomodified urban
catchmentsreduadng runoff at sourcend contributing to sustainable FRM

As shown on Figure 4.14 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 processésinterception/depressmstorage, 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 ajphere. 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 t ff AN

Figure 4.14 Drainage processes in natural catchments and urban catchments

(Source: Sugdin, 2012)

Note: The figure above shows the functioning of natural drainage processes in natural (undeveloped)
and urban (developed) catchmer8sirface runoff (indicated by the larger blue horizontal arrows) is
much greater in urban catchments as other natural drainageespes (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 a surfa
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 moff, 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 tielaship 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, Zat 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 surfacemanoff 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, 20t01tSh 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 thefieidl 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 actiah d¢an enhance natural
drainage processes and reduce runoff at sourhes 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 thels, models and guidance developed
therein (see Chaptersd and 8). Within urban catchments, this principle can be
applied to the existing network of greenspace and-samniral habitats that support
urban ecosystem function and supply key land baskedn ecosystem services (see
section 3.13). In essence, this thesis argues that for any given urban area, there may
be potential to change land managenteatross the network of green and natural
environment type urban land uses (i.e. PANG65 openspatetaited 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 condifiondand usg
within the catchment, fundamentally altering catchirtgrdrology, reducing runoff
and runoff coefficients and contributing to sustainable FRM (see sectionsi#4)
Accordingly, the key purpose of the hydrological cycle model developed through this
research (see sectiah3) is to identify and prioritisdocations where this sort of
management intervention may be delivered, in conjunction with the enhancement of
biodiversity and ecological networks (see Chapter 5 and séttipn

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 surfaceater runoff and delay peak flows (see Table 4.6 and section 4.4).
Trees and woodlands (i.e. a type of natural/seaiiral greenspace or a component
of other types of PAN65 openspace as per Table 3.4) have particular utility in this
regard due to the roughbss of their foliage (contributing to higher rates of
interception and transpiration) and the nature of woodland soils which are more open
in structur e, contributing to the so c:
infiltration (Nisbet and Thomas, 260Nisbet et al, 2011c).

3 This could include, foe x amp |l e, | and management recommendati o
and d6énatur al environmentd |l and resource or any ne
development and associated legal agreements as part of planning consent (see sectbBs111).an
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Table 4.6 Potential relationships between atural drainage processes and land
use/management

(Adapted from: Nisbet and Thomas, 200disbet et al, 2011cSugdrain, 2012;Scottish
Government, 2013a; Kuchment, 2014)

Drainage
process
Interception
and
depression
storage

Evapo
transpiration

Details

il

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

Some of this precipitation will
evaporate back to the atmosphere
and some will flow down on
vegetation stems to the land surfac
Interception losses are influenced |

the storage capacity of vegetation |

Depression storage occurs when
precipitation eaching 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 ofvater by plants is
called transpiration. The sum total |
evaporation from land and
transpiration from plants is called
evapotranspiration

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

Implications for land use/management

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

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

Conifers have a greater interceptio
capacity than broadleaves as their
foliage is rougher a dense conifer
stand can intercept 280% of
rainfall whereas broadleaves only
intercept 15% with leaf and 7%
without (Kuchment, 2014)
Interception losses froense
grasses and herbs can be as muck
for broadleaved tree species
Interception losses from trees and
woodland decreases as the size ar
intensity of a rainstorm increases. |
major storm events, interception
losses from dense conifer stands a
likely to be <10% (Nisbet and
Thomas, 2006)

Land can be manipulated to nease
depression storage e.g. through tht
construction of detention and
retention basins (see section 4.7.3]

Transpiration losses can be
particularly high where vegetah
cover is dense

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

Infiltration

Attenuation

Details

il

f

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

Conditions on the soil surfadethe
presence (or not) of vegetation
influences infiltration. The impz of
raindrops on bare soils can produc
silt/clay particles that clog soil
macropores and reduce infiltration
Soil propertied soil structure is
characterised by bulk density, pere
size distribution and vertical profile
The presence of soil organic reat
influences pore size and the action
of soil fauna (e.g. worms) can crea
macropores in the soil, increasing
porosity and infiltration capacity

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

Catchment characteristics influenci
runoff rates. Of particular relevance
to this research, the roughness of t
land in terms of land use and
vegetation cover influences overlar
flow based runoff generation
mechanisms

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

Implications for land use/management

1

The presence of vegetation can ac
to protect the soil surface from
raindrop impacts, reducing erosion
ard the production of silt and clay
particles that can clog soll
macropores. In principle, the greatt
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 (an
therefore more porous) structure di
to greater amounts of organic matt
the action of tree roots and soil
fauna and fewr disturbances by
human activities

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

Similar principles apply as per
interception described above.e.
the rougher the land/vegetation, th
greater the attenuation effect
Attenudion 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 lat
Despite this, land use/managemen
intervention that entmces
attenuation capacity may also
enhance other drainage processes
(see above) that act to reduewell
as delay peak flows

As such, land use/management
measures that provide an attenuati
benefit can give relevant agencies
more time to issue flood warnings,
put in place emergency preparedn
measures etc
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As a general principlésee 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 reduce runoff at source via the four key
mechanisms outlined at Table 4/8.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, parkgegréation grounds), will have a much
less significant runoff reduction functiavherevegetation iggenerallycharacterised
by short mown grass (Woodland Trust, 200)is is supported by empirical data
for example infiltration ratesf soilsunder yaing native woodlad was found to be
60 times that o$oils undelgrazed pasturkand (Nisbet and Thomas, 2006; Nisbet et
al, 2011c) which itself willbe hydraulically rougher than the amenity grassland
found in many urban areaBable 4.7 explores some thie key issues influencing the
hydraulic properties of different types of green and natural environment type urban

land use and ranks the PAN65 openspace typology by hydraulic roughness.

Table 4.7 PANG5S openspace typologprdered by potential hydraulic roughness

(Adapted from: Scottish Government, 2008; Greenspace Scotland, 2010; AECONI, 2011
Google Maps, 2004

Roughness Category Example site Rationalei hydraulic properties

Most rough Natural/ Includes woodland which, for the
semk purposes of this research, is considere
natural to be the roughest land use type. Also
greenspace includes opessemi natural habitats suc

as rough grassland, meadow and

naturally colonied brownfield land (see
aerial photo opposité) vegetation on

: these types of site will generally be

Open semnatural relatively dense/structurally diverse an

greenspace is considered to provide a significant

degree of roughness in this regard

Green
corridors

Green corridors are either green acces
routes (e.g. accessible disused railway
or riparian routes (e.g. canal towpaths,
accessible river corridors etc). Green
access corridorsan bemanaged
extensively and may contain diverse
vegetation including treeendshrubs.
e Riparian routegre frequently wooded
Green corridor$ (see photq)especiallywhen locatedn
riparian routes steep sided glensheremoreintensive

138



Land use planning in urban areas towards an ecosystems approach
PeterM. Phillips, Department of Civil and Environmental Enginiegy, University of Strathclyde

Roughness

Category

Example site

Public
parks and
gardens

Public parand garden
with areas of woodland

Allotments
and
community
growing
spaces

Allotments

Private
gardens or
grounds

Burial
grounds

Playspace
for children
and
teenagers

Playspace

Rationalei 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, amen
grassland) and less intensively manag
land (e.g. woodlandough grassland,
meadow etc). fie diversity of vegetatior
and land managemeint park and
garden sites is such thhey may

exhibit a high degree of roughness

Allotments contain a variety of
vegetation though cover will vary
throughout the growing seasand
dependent on specific management
objectives, including at plot level
Cultivated soils may have a more oper
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 thepatial
extent of the land and specifjorivate
management objectivése.g. some
gardens may contain structurally divers
vegetation including trees, shrubs and
grasses whereas others may only
comprise lawns or harstanding

Similarly to private gardens and
grounds, the hydraulic properties of
burial groundsnay bedepenénton the
spatial extent of the site and the specif
management objectives (which may be
private). Burial grounds frequently
contain trees (including conifesuch as
Taxus baccatpthough 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 aace less
likely to contain significant vegetation.
Sites often contain areas of hard
standing (e.g. skateparks, seating aree
and therefore hydraulic properties for
runoff reduction may be poor
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Roughness Category Example site Rationalei hydraulic properties

Sports areas § Greenspace Scotland (2010) define fiv
sub-classes for sports areas including
sites that may hav&medegree of
hydraulic roughness (e.qg. playing fields
with associated woodlaridsee aerial
photo opposite) and those likely to be |
rough (e.g. bowling igens). Heavily

= | Mmanaged components of sports areas
Sports areas (e.g. grasplaying surfaces) are likely tc
have poor hydraulic properties for runc
reduction

Amenity
greenspace

Greenspace Scotland (2010) defiheee
sub-classes of amenity greenspéce
housing, business and transport. As wi
sports areas, sites may contain areas (
rougher land use (including areas of
. . - natural/semnatural greenspace)
S e RS although the heavily managed areas (i
K .Sl areas used for infaral social and
Housing amenity recreational activities) often comprise
greenspace short mown grass which will have mor
limited hydraulic properties in terms of
Least rough runoff reduction

In line with thediscussioraboveand Tables 4.6 and 4tferefore, this thesis
argues that prioritisethanagement intervention can be undertaken to improve the
hydraulic properties of existin@greer® and hatural environmepttype land uses in
urban area$ (i.e. the range of PAN65 openspace detailed at Table 3.4). Equally,
where new openspace is being eleped (e.g. as part of new development or
through a section 106 agreeménsee section B), 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 toicluament scale hydrological
improvements. The hydrological cycle model developed through this research (see
section?7.3) has been designed sapport 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 section7.3), the management of existing

% 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 \ahites (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 openspaoebecaltered to
change thenydraulic propertiesof the site. As discussed further at Cha@ethis

must be undertaken sensitively and with respectexesting constraints (e.g.
landscape and natural heritage designations, other primary land uses such as
peat/carbon rich soilsfor examplethe managementf a public park and garden

site could be altered to include a greater density of tree planting and some areas of
amenity grasslandithin the parkcould be converted to rough grassland or meadow.
The overall effect would be tamiprove the hydraulic properties of the site whilst
maintaining its primary use as a public park and gardeis.is illustrated on Figure

4.15 though the same principles apply to all types of green and natural environment
type urban land use3.he economic benefits of thisort of approach, in terms of
reduced annual maintenance costsyehbeen 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 hydraulicbenefits

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 measdreslising a

wata management benefft.e. reducing or delaying runoff to the extent that peak
flows are reducas or delayed alsoysing land use/management baseeasurs is

likely to recuire targeted action across multiple land pardelg. changing the
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management regien across all amenity greenspasiges located within ajiven
catchment).In addition to these broader, land use/management based measures
however there may also be scope to deliver water management benetitban
areasthrough the use of targeted green infrastructure meagsegessection 3.1.3)
namely sustainable drainaggstem(SuDS).

I n technical ter ms, SuDS are def i ne
practices, control structures and strategies designed to effjcemi sustainably
drain surface water, while minimising pollution and managing the impact on water
qguality of | ocal waterbodieso (Susdrain
section).Similarly to the land use/management based measures describedat sec
4.7.2 therefore SuDS techmjues aredesigred to mimic and/or restore natural

drainage processes in urban catchmgsdrain, 2012)

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

Note: The sustainable drainage syste®up9 triangle recognises that effective SuDS intervention
should deliver multiple benefits, especially water quality improvements, water quantity
management/flood risk reduction aadhenity/biodiversity enhancements. Tlamsideration of SuDS

in this research (i.e. as a measure for reducing runoff at source and providing storm wateii storage
see Chapters 7 and 8) focusses on the water quantity/flood risk reduction function. There is some
consideration of biodiversity berigf 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). Partauobjectives of SuDS however include

pollution reduction and water quality improvemethirough the treatment of runoff
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