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fabbricando case... ospedali... casermoni... € monasteri...
fabbricando case... ci si sente piu veloci e piu éegg
fabbricando scuole... dai un tuo contributo persoraléstruzione...
fabbricando scuole... sub-appalti e corruzione buetarda un milione...
fabbricando case... popolari biservizi secondo ilnpaegolatore...
fabbricando case... ci si sente vuoti dentro il cuore
ci si sente vuoti dentro il cuore...
ma dopo vai dal confessore e ti fai esorcizzare...
spendi per opere assistenziali...
per sciagure nazionali...
e ti guadagni l'aldila...
e puoi morire in odore di santita...

[Rino Gaetano, 1978]
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Summary

Most of the significant changes on the environntexve resulted from individually minor but
collectively significant human actions and decisioithis kind of consequences has been
defined Cumulative Effects (CE) and their systematinsideration can be attributed to the
scientific basis and institutional context of Emwimental Assessment (EA) theory and
practice. In particular, addressing CE in EA hagrbaccepted to be more particularly
important at strategic level, giving a great empshas higher tier assessment, namely Strategic
Environmental Assessment (SEA), as the most apijatedevel to effectively consider CE due
to its broad scale and its focus on influencingifeitdevelopment (Sadler and Verheem, 1996;
Cooper and Sheate, 2002; Fischer, 2002; ThériveRarss, 2007).

Within the European context, Strategic Environmenfssessment (SEA) Directive,
concerning the integration of environmental considerationsoimilans and programmegs
explicitly solicit CE to be considered\ignex ) and spatial or land use plans are among the
most important planning instruments required tolibked up with SEA by this Directive.
Generally speaking, spatial plans aim to manageptiesent and the future use of land,
resources and services to allow for sustainableedincient pattern and future development,
mainly acting at regional and local level. Therefahe SEA of spatial plans can be defined as
a decision support process aiming to address ttenfa environmental effects that can result
from implementing the proposed plan, paying paldicattention to anticipate cumulative and
large-scale effects.

However, in spite of recognition amongst the sdient regulatory and practitioner
communities of the importance to adopt a stratagjroach to appropriately deal with CE, it
is worth noting that it seemed to be seldom the @asthe treatment of CE results particularly
disregarded in current SEA practice, suggesting tthere is a gap between the theoretical
emphasis given to SEA and SEA practice with resfeettte consideration of CE.

Additionally, referring to the spatial planning d¢ext, the challenge to capture those
individually minor consequences on the environnrehés on its hierarchical tiered system as
local spatial plans often contribute to small imgigant changes, mainly not subjected to EIA,
that could significantly affect regional environmhem\nd this could cumulatively cause
significant environmental changes at regional sedieh are seldom considered by local level
decisions since not significantly relevant at tbedle (e.g. land take, air quality, biodiversity
loss, etc.). In particular, these scale-lag conseges has been stated mostly noteworthy for
highly urbanised regions, where environmental oolagical thresholds (e.g. air quality
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standards, land take, G@®missions, etc.) tend to be more easily exceededalnarrow, small
and, apparently, insignificant land use changesr@jn 2004; MEA, 2005; EEA, 2006).
In the light of this, this dissertation aimed t@pose and apply a methodological approach to
improve the consideration of cumulative effectsSIBA of spatial plans, by focusing on the
Italian spatial planning system and urban regions.
This overall goal was reached by pursuing the Walhg intermediate objectives:

1. to understand how SEA for spatial planning workpriactice;

2. to explore how CE are currently treated in SEApHt®=l plans;

3. to develop a methodological approach to improve ¢besideration of cumulative

effects in SEA of spatial plans;
4. to apply the proposed approach to a case studgnipyrically testing its applicability
and discussing its limitations.

The first assumed that proposing a methodologipat@ach to support SEA in treating CE
required the achievement of a good knowledge on &&d\ planning processes. To meet it a
double-perspective was adopted, by moving forwamnf theoretical basis to empirical
observations. Findings suggested a number of sist@amd methodological constrains
affecting SEA practice. Among the most importarte tinadequate role of scoping in
appropriately addressing relevant issues and irpatipg the overall SEA process and
methodology; as well as a scarce considerationaasdssment of future alternatives and an
unsatisfactory definition of monitoring plans.
The second investigated whether and how cumulafifexts are currently considered by SEA
practice in different international contexts, witarticular reference to spatial plans at local and
regional level. To meet it, both an internationgbert survey and a systematic review of SEA
reports were carried out. The results suggested @& were poorly and not thoroughly
considered by international SEA practice, highligiptgeneral and contextual barriers (e.qg.
legal requirements, availability of guidance, etchhey further highlighted a lack of
methodological approaches to: support the scopin@QEy orient the assessment towards the
‘future’; and assess CE through a more evidenceebagrspective, being the most frequent
consideration of CE a qualitative description basadexpert opinions. Conclusions mainly
regarded the need to: better scope CE issues (V&aesystem Components (VEC)ther
foreseeable future action®tc.); better handle the scale-lag effects {apatowding and time
lag); better explore planning alternatives and reitoonditions; and improve the systematic
treatment of uncertainty.
Basing on findings and shortcomings emerged frogoriétical and empirical outcomes, a
methodological proposal for improving the consitieraof CE in SEA of spatial plans was
developed in order to meet the third objective. Bgusing on regional spatial plans, it
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consisted of four key tasks: the selection of VH identification of relevant PPPs (other
projects, plans, programmes and policies) contniguto cumulative changes on identified
VEC,; the definition of spatial planning alternatvand future conditions; and the assessment
of CE on VEC through a core set of indicators.

Therefore, in order to achieve the last objectiéhe research its applicability was tested in a
case study in the peri-urban region of Milan. Thedg area represents one of the most
urbanised and industrialised part of Italy, withrsficant urban pressures on existing protected
areas and remaining rural patches, which are plagim important role in maintaining the
regional ecological network and provide for sevémgbortant environmental services. Firstly,
regional green infrastructure was selected as VEBER, three relevantother foreseeable
future actions were identified (i.e. highway transportation ddar, protected areas
conservation plans, and rural policies). Subsedyetwo main planning alternatives and
future land use scenarios were developed and npdléy explicit, starting from a couple of
regional land use maps. Then, the regional cunwalagffects on VEC (e.g. habitat
fragmentation, surface runoff, etc.) were asseag@ihst a range of future conditions through
a core set of indicators, mainly quantitative ammhtslly explicit, simulating relevant
environmental processes, such as hydrological cyotml surface temperature, ecological
connectivity. They were all selected and computadiag from land cover data, allowing the
combined effects to be quantified and land usea@@nto be compared. The results mainly
showed that the method provided an applicable miegrisstly, transfer policies and decisions
into maps, and then, predict their combined effertisselected VEC. Moreover, it can be
straightforwardly included in SEA of regional sgplans in order to support more evidence-
based and sustainable decision-making, and therappglied to other case studies, by
appropriately tailoring the selection of indicatars relevant VECs. In addition, future
developments of the proposed approach were suglgesteong the most important were: a
better exploration of future conditions, includinfgy instance, those actions and decisions
whose spatial explicitness is not directly deteletabut whose contribution to CE on VEC
could be significant; and a systematic treatmerthefuncertainty characterising assumptions
and predictions.

Finally, being the proposed approach specificallipted for the SEA of regional spatial plans,
it would be particularly interesting to test itsagbility and effectiveness in a real-life spatial
planning process, providing, at least, an indicatd whether or not the developed method
could have any discernable impact on the managewiei@E and, subsequently, on the
environmental quality of the region in which thesal plan would be applied.

Xiv



Chapter 1

1 Scope and outline of thethesis

1.1 Introduction

Most of the significant changes on the environmeate resulted from the combination of
minor effects of multiple actions, rather than fréime direct effect of an individual action or
decision. This kind of consequences has been dkfwemulative Effects (CE) and their
systematic consideration can be attributed to thensfic basis and institutional context of
Environmental Assessment (EA) theory and practinefacts, addressing CE through EA
procedures has been required over the world sineeiriception of Environmental Impact
Assessment (EIA) regulation. However, it has bemmdly agreed that project-level EIA
generally failed in addressing CE, due to narroepscof analysis (single project, site effects),
reactive support to decision-making and limitedpogsibilities of projects’ proponents to
mitigate those individually minor effects (Duinkamd Greig, 2006; Gunn, 2009). Then, a great
emphasis has been given to higher tier assessnmambely Strategic Environmental
Assessment (SEA), as the most appropriate levelffextively ‘re-consider’ CE due to its
broad scale and its focus on influencing futureettgyment (Sadler and Verheem, 1996;
Noble, 2000; Cooper and Sheate, 2002; Canter asd,R610).

Within the European context, spatial or land ussplare among the most important planning
instruments required to be linked up with SEA bg tBEA EU-Directive, concerninghe
integration of environmental considerations into plans and programmes’. Generally speaking,
spatial plans aim to manage the present and tlheefutse of land, resources and services to
allow for sustainable and efficient pattern andufatdevelopment, mainly acting at regional
and local level. Therefore, the SEA of spatial plaan be seen as a decision support process
mutually interacting with the planning process, idgntifying and addressing the potential
environmental effects that can result from impletimgnthe proposed plan, paying particular
attention to anticipate cumulative and large-scatects. Then, according with the EU
procedure, the outcomes of SEA process need taitenarised into an SEA report which
usually forms part of the spatial planning docursent

However, being the consideration of CE mandatoguired by the SEA Directive (séenex

), it is worth noting that it should be a priorussto address within SEA of spatial plan. On the
contrary, this seemed to be seldom the case adreéhément of CE results particularly
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disregarded in current SEA practice, suggesting tinere is a gap between the theoretical
emphasis given to SEA and SEA practice with resggettte consideration of CE.

In particular, two major factors generally congttahe proactive consideration of CE in SEA:
the greater inter-institutional efforts required ander to face on broad scale and future
significant consequences arising from a set oftiée actions, mostly dealing with contextual
aspects (institutional arrangements, legal framksgjoetc.); and a methodological lack to
appropriately deal with combined effects at strigtégyel (Gunn and Noble, 2009; Canter and
Ross, 2010), further exacerbated by the scarcdabildy of technical support characterising
several contexts.

With particular reference to spatial planning, tteallenge to capture individually minor
consequences relies on its hierarchical tierecesysts local spatial plans often contribute to
small insignificant changes, mainly not subjected BIA, that could significantly affect
regional environment. In particular, local spatitdcisions often concern small changes in
urban and natural patterns due to the direct rbleaal spatial plans in: converting natural or
agricultural land into urban land, promoting urlsanewal, providing for services and, thereby,
increasing the demand of transport, housing, enmpémy, protecting nature conservation
areas, open spaces, etc. And this could cumulgtoalse significant environmental changes
at regional scale which are seldom considered bgl llevel decisions since not significantly
relevant at that scale (e.g. land take, air qudtbiydiversity loss, etc.). Moreover, these scale-
lag consequences has been stated mostly notewlortlurban regions, or regions with high
level of urbanisation and/or industrialisation, wéenvironmental or ecological thresholds
(e.g. air quality standards, land take, £H&missions, etc.) tend to be more easily exceeded d
to narrow, small and, apparently, insignificantdamse changes (Antrop, 2004; MEA, 2005;
EEA, 2006). With particular reference to Europs,ttban future has been stated a matter of
great concern as more than a quarter of land ieewtly covered by urban land uses and
urbanisation is no longer tied to population growEA, 2006). As a result, the various
demands for land in and around cities are beconmmugeasingly acute and, by 2020,
approximately 80% of Europeans will be living irban areas, peaking at over 90% in several
European regions. Consequently, being the urbaawsmonsidered one of the most ignored
European challenge, a great emphasis has beentgilemd use planning policies at both local
and regional level in order to define and shareasusble urban and environmental planning
strategies (EEA, 2006; Gibelli and Salzano, 208lowever, the management of individually
minor land use decisions and, then, their likelynalative consequences on the environment,
is still considered a tricky goal to achieve duébtwh methodological and contextual factors.
Consequently, SEA may play a key role in supporspgtial plans to anticipate negative
cumulative consequences and mainstream positivallatiire benefits, by focusing on those
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resources that are particularly valued for the camiy and vital to the healthy functioning of
the environment.

In the light of these considerations, this dissemaadvances a methodological proposal to
improve the treatment of cumulative effects in S&fAspatial plans, by focusing on: urban
regions and Italian spatial planning system.

1.2 Research objectives

The purpose of this research is to improve the idenation of cumulative effects in SEA of
spatial plans, by proposing a methodological apgroand applying it to an Italian urban
region.

The specific objectives of the research are:

O1. to understand how SEA for spatial planning workgiactice. The objective assumes
that proposing a methodological approach to suppBr in treating CE requires the
achievement of a good knowledge on SEA and planmiogesses;

02. to explore how CE are currently treated in SEA phtal plans, with the double
purpose of ascertaining the main research hypdatliesi gap between SEA theory and
practice in respect of the treatment of CE) anatifieng conceptual, procedural and
methodological key issues, including the investarabf methods applied;

0O3. to develop a methodological approach to improve ¢besideration of cumulative
effects in SEA of spatial plans, focusing on shamitgs emerged from theoretical and
empirical outcomes;

O4. to apply the proposed approach to a case studgnipyrically testing its applicability
and discussing its limitations.

1.3 Sructureof thethesis

The thesis is structured in three main sectiongp@s 1, 2, 3 and 4 constitute the theoretical
and methodological basis of the research; as weheainput to frame the framework proposed
in Chapters 6 and 7 in order to meet the main reBeaim. Chapter 5 is a linking section,
proposing preliminary findings and remarks comirmnf the previous section and advancing
important shortcomings for the advancement of #w part.

Figure 1.1 shows the structure of the thesis wisdbllowing in depth described.
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Figure 1.1: Structure of the thesis

Chapter 2 introduces the topic of the research, focusingtlmee key concepts, namely
Strategic Environmental Assessment (SEA), cumwdagéiffects (CE) and spatial planning. It
generally aims at framing the research focus, bieveng the literature and establishing the
interactions among these three key elements. tlhdurprovides a description of the research
methodology, by illustrating its approach, as wadl how the research activities have been
structured in order to meet the specific objectipesviously listedChapter 3 andChapter 4
respectivelypresent the results of: an international experteyuand a systematic review of
twenty SEA reports of Italian and English local ardional spatial plans, aiming to explore to
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what extent and how CE are considered and ass&ssadrent SEA practice, uncovering
conceptual, procedural and methodological key sd0bapter 5 is a linking section within
this dissertation, being a crucial input to, on ¢ime side, define the research problem and, on
the other, frame the methodological approach. Assalt, it, firstly, summarises the findings
of previously conducted activities, including lessdearned from two real-life SEA processes;
and subsequently, it introduces the specific cdntexespect of the methodological approach
has been developed: urban regions and Italianasgatinning system. Then, it provides an
introduction to the case study selected to empiyitast the proposed approach.

Chapter 6 andChapter 7 propose a methodological approach to improve tmsideration of
cumulative effects in SEA of spatial plans, by aclucing a general framework and testing its
applicability in a case study selected within tleequrban region of Milan. Its boundaries fit to
the new administrative Province of Monza and Brégrovering a surface of 405 Em

In particular, the proposed framework focuses o\ SiEeliminary steps (i.e. CE scoping;
definition of CE future conditions; and predictiah CE), consisting of four key tasks. It
generally bases on Valued Ecosystem Components YMigihg the selection of those vital
resources at the heart of the conceptual developaighe framework. Additionally, it adopts
a spatially explicit approach, being the spatialdence at the methodological core of the
framework. Accordingly, Chapter 6 introduces thenggal framework and applies three
preliminary steps (selection of VEC; identificatioof other relevant projects, plans,
programmes; definition of spatial planning alteivieg and future conditions); while Chapter 7
proposes the fourth step, by applying a core setdi€ators to assess CE on VEC.

Then, Chapter 8 summarises the main research findings; advanceslusions; and offers
some recommendations for further research.
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Chapter 2

2 Research topic and research methodology

2.1 Introduction

This chapter aims at introducing the topic of tksearch, focusing on three key concepts,
namely Strategic Environmental Assessment (SEAmutative effects (CE) and spatial
planning. It also aims at framing the research d$ochy reviewing the literature and
establishing the interactions among these threesla@ypents (see Figure 2.1). The structure of
the chapter is as follows. Section 2.2 introducegeneral overview of SEA. Section 2.3
analyses the concept of CE and their treatmentirwitie environmental assessment domain,
discussing the important issue of scale. Sectidne®plains the rationale of treating CE in
SEA of spatial plans, focusing on the opportunityetirly approach CE through SEA and to
adopt a spatially explicit approach in order to ioye the effectiveness of SEA in addressing
CE within the spatial planning processes. Finallgction 2.5 describes the overall research
methodology, by illustrating the research approactt portraying how the research activities
have been structured in order to meet the spettifiectives.

Strategic Environmental
Assessment (SEA) (§ 2.2)

RESEARCH
TOPIC

Spatial planning (§ 2.4) ; Cumulative effects (§ 2.3)

Figure 2.1: Research topic
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2.2 Introduction to SEA

2.2.1 Origin and purposes

The National Environmental Policy Act (NEPA, 1968) the United States is generally
acknowledged as the original legislative impetus feystematically integrating the
“environment” within the decision-making procedurdllowing NEPA, other countries
started to establish environmental assessmentresgents, such as: Canada, Australia, West
Germany, and France (Dalal-Clayton and Sadler, 268&her, 2007). However, during the
1980’s, a distinction started to be made withinehgironmental assessment domain, between
project and higher tiers of decision-making (Fisct2907). And with particular reference to
the European Union (EU), this distinction was folised through the introduction of
Environmental Impact Assessment (EIA) in 1985, Hase Directive 85/337/EEC, covering
projects only.

However, due to a growing awareness that envirotemhemnsequences also needed to be
considered above the project-level and addressedrebepractical actions, Strategic
Environmental Assessment (SEA) was introduced engbcond half of the 1980s, covering
policies, plans and programmes (PPPs) (Wood andlddjg, 1991). Consequently, SEA
practice has received considerable impetus fromnaber of international organisations, such
as the World Bank, the United Nations DevelopmembgfRamme (UNDP) and the
Organisation for Economic Co-operation and DevelepnfOECD) (Fischer, 2007). The same
purpose to integrate environmental consideratioith wevelopment drove the Brundtland
Commission through the 1992 Earth Summit, Agenda(QRCED, 1992a) and the Rio
Declaration (UNCED, 1992b), providing further impetfor national governments to enforce
the incorporation of the “environment” into all kg of decision-making. Moreover, the Rio
Declaration stated the role of environmental assessas a means to enforce this institutional
challenge (UNCED, 1992b, Principle 17). Accordinglthe United Nations Economic
Commission for Europe (UNECE) recommended the asibarof EIA principle to PPPs.

Many countries now have some type of SEA systemulations requiring SEA, guidance
recommending SEA (or various SEA procedures andhnigaes), and/or experience in
carrying out SEAs. Therefore, SEA procedures atermationally characterised as formal or
informal approaches to the environmental assessofeRPs and, in certain cases, policies.
Moreover, in some instances (i.e. Canada, Hong Kbti®) South Africa, etc.) SEA occurs
under other labels (e.g. regional planning, etc,)im some cases, under the guise of EIA
legislated systems. Consequently, it is currenifficdlt to give an exact account of formal
SEA systems globally due to terminological diffeves. Not all the systems explicitly use the
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term SEA. Furthermore, the international SEA litera tends to focus on certain systems only
(Fischer, 2007).
Currently, the SEA European Directive 42/2001/&Cthe assessment of the effects of certain
plans and programmes on the environm@%iA Directive, European Commission, 2001) may
be probably recognised as the best-known SEA l&gahework establishing a minimum
common framework for spatial and other sectorahpland programmes (Dalal-Clayton and
Sadler, 2005), leaving each member states to abRexmplementation. In particular, the
Directive advocates the application of a systematio-active, EIA-based and participative
process that must be prepared with a view to amgidinnecessary duplication in tiered
assessment practice (Thérivel, 2004; Fischer, 2007)
Definitions of SEA have been provided by numerocesdamics (Sadler and Verheem, 1996;
Thérivel and Partidario, 1996; Brown and ThérivaD00; Partidario, 2000; Fischer, 2003;
Stoeglehner, 2004). In general, SEA may be defaged decision-making support instrument
for predicting and evaluating the likely environrtaneffects of implementing a proposed
PPPs (Sadler and Verheem, 1996), and thereby, @iatisupporting the design of PPPs, by
“greening” their decisions and anticipating thekegative consequences. As a result, the
implementation of SEA has been conceived as arposern transition of decision support
paradigm from substantive (rational choice) to prhral rationality (rational choosirig)due
to the recognition that in practice decision- araliqy-making processes do not follow a
rational procedure owing to subjective norms, valaed interests of different systems and
actors involved (Kgrngv and Thissen, 2000).
Consequently, the purposes of SEA can be resumilil@sing (Fischer, 2007):
1. SEA should support the systematic consideration enf/ironmental and other
sustainability aspects during the overall decisitaking process;
2. SEA should add an evidence-base to decision-mgkiogess, thus ensuring scientific
rigour through the application of a range of assesd methods and techniques;
3. SEA should support more effective and efficient isiea-making, by facilitating
consultation between authorities, enhancing pulticolvement and improving
governance.

! According to Simon (1976), substantive decisidienseto approaches that attempt to provide knoveeused
expertise to address particular decisions and [gaigicularly useful when what need to be done whg are
known, but it needs help in deciding how it shookddone. Consequently, substantive decision suppag may
help to decide how an objective should be achiehedce the value of a knowledge base. At the ofmoai
procedural decision support tool should supporisitat makers in addressing the why and what questi@ather
than just helping them to think about how an oldyecshould be achieved. As in higher decision t{picies,
plans and programmes), procedural rationality melp the use of reasoning in order to think aboutirt
developments and consequences in a structuredraadtive way.
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Therefore, the perceived opportunities from SEAehbegen mostly argued as stemming from
its proactive and strategic nature as well as fitsncapacity to achieve a more integrated and
sustainable sound of development during decisiokimgaallowing to facilitate:

= the earlier consideration of environmental consages;

= the examination of a wider range of potential aléives;

= the generation of standard mitigation measures; and

= the opportunity to address a wide range of efféCterivel et al, 1992; Sadler and

Verheem, 1996; Eggemberger and Partidario, 2008ghEr, 2003; Thérivel, 2004;
Joneset al, 2005).

Additionally, SEA has been widely acknowledged asmaportant addition to project EIA due
to the opportunity to adequately and proactivelgsider cumulative impacts of more that one
project (see § 2.3.2).
However, several systemic and methodological caimstr have been recognised in
international literature affecting SEA performar(@®érivel and Partidario, 1996; Partidario,
2000; Fischer, 2003; Jonet al, 2005; Fischer and Gazzola, 2006; Runhaar andsé@nrjs
2007; Stoeglehnegt al, 2009). On the one hand, the position of SEA thi political arena
submits its effectiveness to political interestd atitudes, varying among different decision-
making contexts. And these have been considerethtst threatening factor for SEA to be
effective as well as the longer to overthrow. Oa tther hand, the often wide geographical
scale, the extended time horizons, and the braagkraf alternatives, as well as higher level of
uncertainty inherent in assessing strategic dewsican complicate the development of
methodological approaches for enabling tiering sdessments between different levels of
decision-making. This can be further constrainedhgyavailability of information, data, time
and resources (Thérivel, 2004).

2.2.2 The SEA process

SEA is a process that requires connection and danoe with the decision-making process
into a linked up, continuous and integrated denislow (Fischer, 2007) in a timely fashion
(Dalkmannet al, 2004; Gunn, 2009). According to Verheem and T@000), a number of
different SEA procedures exist, varying in theileopess, scope, intensity and duration, such
as policy SEAs, sectoral SEAs, sustainability-baSEds, regional SEAs, issue-based SEASs,
and ElA-based SEAs. These often vary accordindnéoctrcumstances under which they are
applied. Even though flexible SEA approaches haenlrecognised to be essential to allow
the process to be tailored for that particular eshind situation, a number of particular SEA
stages can be recognised from practice both in ahaenon-EIA- or EIA-based approach is

10
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adopted. This includes scoping, definition of SEBjeatives, identification of alternatives,
prediction and evaluation of effects, follow-up amdnitoring; consultation and participation
and preparation of a report (Sadler and Verheer@6;18hérivel and Partidario, 1996; Brown
and Thérivel, 2000; Jones al, 2005). Scoping generally details the environmiesttde of the
context, by selecting through an evidence-baseltysiadhose relevant environmental aspects,
describing the institutional framework and propgsanrange of environmental and sustainable
objectives and criteria. Scoping further includesnathodological proposal for the overall
assessment. Then, the definition of plausible rditere developments allows to explore how
objectives can be achieved in an environmentabljlieat way as well as predict their likely
consequences, by comparing and assessing theiroemantal performance. Subsequently,
specific objectives and measures to avoid, reducempensate negative adverse effects could
be envisaged in order to optimise environmental sodal benefits. This is supposed to
influence the underlying plan and programme malpngcess, with a view to improving it
from an environmental perspective, as well as totrdoute to more transparent, robust and
sustainable decisions. Then, monitoring helps tduate the effectiveness of decisions taken,
highlighting unexpected or negative environmentatomes of planning actions which might
require appropriate remedial actions, as well asesd the validity of the assumptions and
predictions previously made and, thereby, it magbda to tackle uncertainty better. Finally,
consultation is supposed to ensure a participationultiple agencies and knowledge, assuring
a better cohesion and a more integrated approduitstyparticipation is supposed to ensure
more transparent processes as well as more demccamdtequal decisions.

At the heart of SEA process is the preparation rofEavironmental Report (ER) which is
expected to: provide as detailed a picture as plessif the environmental consequences
related to the implementation of a plan or progr&mom relevant environmental aspects;
portray the relationship with other policies, plaasd programmes; explain how SEA was
considered in decision-making and provide adeqirdtgmation on the choice of a certain
alternative (Fischer, 2007; Geneledtial, 2007). According to the SEA Directive, CE must be
taken into account and reported on within the ERingx 1 note 1). However, the
methodological approach for treating CE at stratégyvel is still largely unclear and further
research is required to tackle this (see 8§ 2.3afd

11
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2.2.3 Overview of methods

Over the last few decades, impact assessmentggaatved from point source analysis to a
more strategic approach, responding to the conmpleXicombined effects caused by human
activities on natural resources, services and huwwlhbeing searching to avoid them; and
coping with uncertainty related to the effectstoftegic actions.

Some authors have argued that new methodologiepraeédural requirements are required
for SEA, in order for it to be able to provide atable framework to bring different methods,
tools and techniques together in a more conscgius;tured, and comprehensive way, moving
towards more holistic analysis (Thérivel, 2004;a]lo2007; Sheatet al, 2008; Morris and
Thérivel, 2009). Even where existing techniquesuishe an emphasis on the environment, SEA
provides an opportunity to broaden it from a biogpbgl emphasis in some instances, or a
social emphasis in others (see § 4.4). And thpmrsicularly appropriate for the formulation of
strategic-level actions, where environmental castsne tier of decision-making can be offset
with benefits at other tiers.

Despite environmental assessment methods and teawibeing numerous, only a very
limited range of them has been used in practicé&i{Val and Partidario, 1996; Thérivel, 2004;
Fischer, 2002). And these mostly include experg@ments, matrices, multi-criteria analysis,
mapping and overlays using GIS, and modelling (iVie€et al, 1992; Fischer, 2002; Thérivel,
2004; Gonzalez, 2008). Moreover, they have beeenofiassified by: purpose in case of
descriptive, analytical or involvement and commatiie (Fischer, 2007); components in case
of environmental or socio-economic issues (Morngl a hérivel, 2009); tier of decision-
making and scale of analysis (Thérivel and Paiitigd996; Jodo, 2007); approach adopted in
case of qualitative, quantitative or semi-quantieat(Baldizzone, 2006); and SEA stages
(Cooper, 2004; ODPM, 2005).

For instance, impact matrices and forecasting/strari techniques have been suggested as
more suitable for the impact assessment stages MDR2B05). Referring to the issue under
concern, network analysis has been found partigukelpful to identify cumulative impacts
(Thérivel and Ross, 2007; Perdicoulis and Pipef)72@Cooper, 2010). While MCAand
optimisation techniquéshave been considered particularly powerful in carmy and

2 MCA is a decision support technique by which tacfesolutions of a structured and known decisioobfem is
ranked based on a set of evaluation criteria atnithaies or objectives. MCA allows to provide indiions on the
performance of alternatives and then to comparathe

3 Optimisation is a normative approach to identifg best solution for a given decision problem gafilet al,
1981; Thomas and Huggett, 1980). An optimisatiorthm@& seeks to find the best (maximum or minimum)
solution to a well-defined management problem. @jstation techniques help to support well structyreablems
where objectives are clear and, comparing with M&lRgw to generate an optimal solution from a mlarer or

12
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assessing different alternatives in case of stradtyproblems (Malczewski, 1999). Overlay
mapping, whether weighted or not, has been showhetosery functional for supporting
suitability analysis in order to obtain maps indicg different values or properties such as
sensitive or vulnerable area for a specific purgbseugh the merge of different spatial themes
such as topographical issues, relevant environrhesfzects, etc. (Marukt al, 2007). And
this has been demonstrated as having the opportaaitimprove consultation, active
participation and consensus building as well as dhierall SEA process, with particular
reference to spatial planning (Gonzéalez, 2008). élar, lack of knowledge, information, and
data as well as time, availability of resources ncaptribute to limit the application of
sophisticated techniques as well as to hinder imiggacceptability and trust for the outputs.
Additionally, the environmental assessment at atrat levels requires to cope with
considerable degree of uncertaityhereby, incorporating systematic analysis/disicurson
uncertainty into environmental assessment procecas been advanced in order to:

= address and relate the role of uncertainties irctimeext of policy advice;

= not necessarily reduce them but assess their pateahsequences;

= avoid susceptibility associated with their ignoriagd

= facilitate the design of effective strategies famenunicating uncertainty (Van der

Sluijs et al, 2004).

Nonetheless, uncertainty seems to be a challeragipgct to address in practice and its tackling
in environmental assessment procedure seems toagdqguher investigation (see § 2.2.3).

possibly infinite set of alternatives, where the sk alternatives to choose from is implicitly cted by the
optimisation procedure itself.

4 Two principal types of uncertainty further concplie assessment of future environmental changesfirtt
arises from an incomplete understanding of theactens and dynamics within environment hencéefdurrent
situation; the second depends on the indeterminéd@/l future developments and could be distinguasiong
ignorance, surprise and volition (Raskén al, 2002; MEA, 2005). Ignorance refers to limits ioientific
knowledge in the understanding of possible futymeathics and it is similar to the first type; susgris due to the
inherent unpredictability of complex systems tha @xhibit emergent phenomena and structural shifigion
represents the institutional and societal uncestaamd is introduced when the future is subjectechiiman
choices.

13
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2.3 Theconcept of cumulative effects

2.3.1 A challenging concept to define

The possibility of environmental cumulative effe¢@E) arising based on certain actions has
been discussed in literature since before the trmepf environmental assessment (EA)
practices. Various authors observed that signifiearironmental changes may result not from
the direct effects of a particular action, but frdme combination of individually minor effects
of multiple actions over the time. This has bedarred to as thedestruction by insignificant
increment$ (Gamble, 1979) and thetyranny of small decisiondOdum, 1982). However,
although these consequences on the environment beee notable for centuries, their
systematically recognition can be attributed to shientific basis and institutional context of
EA theory and practice.

The US National Environmental Policy Act (NEPA, 996s generally acknowledged as the
original legislative impetus for cumulative effe@ssessment through Environmental Impact
Assessment (EIA). These days, the process of sgsitmity analysing and assessing
cumulative environmental changes or Cumulative d&feAssessment (Spaling, 1994; Smit
and Spaling, 1995) is mandatory required by mamyntaes around the world.

The concept of CE has been firstly defined by tti& Council on Environmental Quality
(CEQ, 1978) and later detailed by other scholars (Canter, 1%08ss, 1998; Sadler and
Verheem, 1996; Cooper, 2004), highlighting two $abtve issues:

1. the causal-effects relationship between the contbmeof activities (sources) and
impacts on the receptor or resources of concerso (gblled Valued Ecosystem
Components or VEY;

2. the accumulation of individually minor effect of itiple actions over space and time.

To develop a clear picture of CE, numerous con@gtameworks have been elaborated and
appropriate terminology regarding CE has been plgated (Canter and Kamath, 1995).
Among others, the concept Yalued Ecosystem Componet&EC)’ is commonly referred to
in the CE literature, as it has been consideredntaén focus of CEA. Other conceptual

® The impact on the environment which results fréva incremental impact of the action when addedthero
past, present and reasonably foreseeable futurenadt..] Cumulative impacts can result from indivally
minor but collectively significant actions takintape over a period of time.

® Any part of the environment that is considered ingat by the proponent, public, scientists or goweent
involved in the assessment process. Importance baajetermined on the basis of cultural values @mnsfic
concern (Hegmanet al,1999).

"Hegmannet al. (1999) suggested that VECs need not to be nedgssamphysical in nature, rather they may
encompass aspects with a social or economical ¥alueh as recreational areas, local communitiesitae
categories of people, etc.

14
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developments contributing to the notion of cumukatienvironmental changes have been
further identified in the literature (Smit and Spagl 1995). However, they generally followed

a causal model consisting of: sources (or stregspashways of accumulation (e.g. additive,

synergistic, etc.); and receptors (or VECs) (Figu).

SOURCE SOURCE Individually minor but
SOURCE collectively significant
actionstaking place over
time
effect  effect Ot < 5
o \
effect effect Additional or synergistic

Y

Valued Ecosystem
RECEPTOR Component

Figure 2.2: Cumulative effects: conceptual framework

As a result, this conceptual basis has been apiplieder to:
= set substantive principles (Contant and Wiggin911 $paling, 1994);
= frame practical EA guidance (CEARC and NRC, 198&dI& and Verheem, 1996;
CEQ, 1997; Hyder, 1999; MacDonald, 2000; Cooped420and
= establish criteria to review whether and how EAcpcags deal with CE (Burris and
Canter, 1997; Baxteat al, 2001; Piper, 2001a; Cooper and Sheate, 2002).
However, it has been noted that no internationatlyepted definition of CE currently exists,
leaving the basic concept deceptively simple (Mawd, 2000; Cooper and Sheate, 2002;
Warnbacket al, 2009). One of the main problems arising from tuaceptual lack has been
considered to set the assessment boundaries in [2&zices (Piper, 2001a; Piper, 2001b;
Duinker and Greig, 2006; Noble, 2008). Furthermaine, choice of what human activities to
consider in CEA practice is difficult: existing giaince typically refer to past, present and
likely future plans and projects (CEQ, 1997; Hegmahal, 1999; Hyder Consulting, 1999),
even though underlying trends not related to spmegléins or projects may often be much more

15



CHAPTERZ2

significant, particularly at more strategic levélhérivel and Ross, 2007). Additionally,

although the adoption of a VEC-centred approacholeas often recognised the key in order to
better scope, assess and manage CE both at pam@citrategic level (Duinker and Greig,
2006; Thérivel and Ross, 2007; Noble, 2008; Caater Ross, 2010), the choice of VEC is
tricky in practice, since: on the one hand, CE raffgct multiple receptors in a synergistic
way; and on the other, there may be various factitaencing their relevance (specific

contextual values, scale, etc.).

2.3.2 Project-based vs. strategic based assessment

By recognising that determining the cumulative emwimental consequences of an action
requires delineating the complex causal-effecttiaahips between multiple actions and
resources, ecosystems, and human communities codeern (CEQ, 1997), it has been agreed
that the assessment of CE should go beyond theaiai of site-specific and direct project
impacts (Sadler and Verheem, 1996; Cooper and &h2802; Piper, 2002; Duinker and
Greig, 2006; Thérivel and Ross, 2007), moving foovthe EA legal frameworks from the
traditional Environmental Impact Assessment (EIA) Cumulative Effects (or Impacts)
Assessment (CEA/CIA)and Strategic Environmental Assessment (SEA).

Despite approaches for addressing particular tghesimulative problems varying, e.g. with
different tiers of assessment; two distinctive, lmtérconnected, perspectives have generally
been recognised in the CEA theory literature: thejegt-based and the strategic-based
(Spaling and Smit, 1993; Dubé, 2003; Cooper anc&®h004). While the first mainly refers
to the traditional procedure of EIA, or, to someaee, to CEA, using principles of research
design and scientific analysis to support the mfation-generating and the integration of
environmental considerations in project approvacpdures; the second usually refers to a
more strategic and proactive approach to EA, wiltigular reference to SEA, or regional
CEA?, utilising planning principles and procedures wpport the avoidance and management

8 CEA or CIA is amad hocproject-based procedure implemented in North Acaefiespectively Canada and US)
during the Nineties to systematically assess tmeutative effects of single or cluster of projec@antrasting the
regulatory approach of the US, where CIA was imgetad through various federal acts, Canada emglbsis
institutional responses to CEA that was gradualltipto action during the eighties through a sedksesearch
reports and “pilot” project-ElIAs followed by varisuenvironmental assessment panels. Subsequently CEA
became mandatory for all EIAs required under theadan Environmental Assessment Act of 1995.

° Within the EU, the strategic approach to the tresit of CE was formalised by the SEA Directive ®1/EC)
which is known as the best “framework law that les$aes a minimum common procedure for certaincifi
plans and programmes” (Dalal-Clayton and Sadled520At the opposite, within the Canadian contelespite
SEA is kept a voluntary procedure without legisiatbasis, interest for assessing CE through reg®BA is
strongly growing and several regional-SEA framewgotll integrate regional CE assessment and managemen
through planning processes have been developed froth academic and institutional side (AXYS
Environmental Consulting Limited, 2000; Gunn, 2Q09)
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of CE at higher tier of decision-making. Howevéistdistinction is not exclusive to CEA, but
rather it seems to be at the basis of the evolutiohigh tier EA such as SEA, requiring a
better and more effective integration with decisimoaking processes than project-level EIA.
Therefore, despite project-EIA contributing to:

= the advancement of theoretical understanding of CE;

= the promotion of the development of various anefftimethods and approaches for
predicting and assessing cumulative environmemiahges; and

= the integration of the environmental considerationgroject approval procedures.

It has been accepted that it currently fails toqad¢ely analyse and manage CE (Duinker and
Greig, 2006; Gunn, 2009). On the one hand, limigxdporal and spatial dimensions generally
narrow impact analysis to consideration of singlejgrt, simple causal-effects relationships,
first-order impacts and immediate individual sitéeets; disregarding complex causalities,
spatial and temporal crowding and nibbling effeetsd changes induced by higher level of
decision-making, which are frequently the drivirmydes behind individual projects (Spaling
and Smit, 1993). On the other hand, traditionajgmtelevel EIA has been conceived by many
as reactive, unfocused and divorced from the suadimg policy and environmental context
(Creasy, 2002; Duinker and Greig, 2006, Gunn, 2088)a result, it has become commonly
accepted that strategic-based EA can improve thsideration of CE, by considering multiple
levels of decision-making tiers, higher-order imgadnteracting processes and time lags
(Fischer, 2002; Cooper and Sheate, 2004; ThérnetRoss, 2007).

By resuming the major reasons for addressing cuivealaffects at strategic level, Cooper and
Sheate (2004) pointed out to four main aspects:

1. cumulative effects can occur at different scalag+{®gional, regional, national and
transboundary), hence project-level CEA does nfdcefely address the concern of
gradual environmental degradation from a rangectvities and multiple stresses, and
the interaction of multiple projects, programme aoticy decisions;

2. strategic planning authorities are in a better tpmsithan the project’s proponent to
address cumulative effects because of its avaihabil information and resources;

3. cumulative effects mitigation requires a broaderprapch than project-based
assessment and monitoring and the necessity fdipteuhgency involvement;

4. the strategic approach to CEA can be more proastivdentifying and minimising the
potential for cumulative effects as these effeets lse addressed earlier in the planning
process.

Additionally, recommendations to adopt a stratdgised approach to better address CE
through EA have been largely arisen, in both, theogean and North American literature,
from the systematic review of EIA practices (ElAateiments and CEA documents).
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Consequently, the call for a broader analyticalrapph as well as a more strategic planning
perspective is one of the most stressing recomntiemdr adequately treating CE (Baxesr
al., 2001; Piper, 2001a; Cooper and Sheate, 2002;kBuand Greig, 2006).

However, in spite of recognition amongst the sdient regulatory and practitioner
communities of the importance to adopt a stratagroach to appropriately deal with CE, the
advancement of CEA beyond the individual projecthbconceptually and methodologically,
seems to be slow to evolve (Cooper, 2003; Gunn92Ganter and Ross, 2010). In addition,
although different methods have been developed theeryears and several manuals with
practical guidance to support the assessment oA practice were published in the US,
Canada and the EU (CEQ, 1997; Hegmanal, 1999; Hyder Consulting, 1999), most of the
guidance has been tailored to project-level CEA fiteld for North American procedures,
further presenting a number of limitations (Fubexd Sadler, 1999).

Consequently, although not mutually exclusive, e@hof assessment asks for conceptually
different questions, playing a different role incd#on-making and delivering different levels
of detail of assessment results. According to G@@99), much work has been done to define
both, SEA and CEA as individual processes, but ittty has been done to develop a strong
conceptual and methodological foundation to suphair integration, recognising that further
investigation on this subject is needed.

2.3.3 Does scale matter ?'°

The role of scale is generally considered a chgifenissue in the EA literature. Jodo (2002)
showed how results of EIAs can be affected by ceamgg scale, in term of detail and spatial
extent, such as in determining impact significaaed in measuring environmental parameters,
concluding that scale choice can have importanéressions for the accuracy of an EIA
study. Based on this assumption, a special isstieeodournal EIA Review (Issue n.27, 2007)
was entirely dedicated on Data and Scale Issue®Ea#, facing on the role of scale in EA
from a strategic perspective. Accordingly, Joao0{@0confirmed how scale (both, temporal
and spatial) fundamentally shape the SEA procefiscting the problem addressed, the
objectives identified, the options found, and timpacts evaluated. And although this generally
applies to EA, when it deals with CEA, the choiéejpatial and temporal boundaries becomes
more difficult (CEQ, 1997; Burris and Canter, 19€86oper and Sheate, 2002; Jo&o, 2007).
The US CEQ handbook (1997) argued that if spatiaindaries are defined too broadly, the
analysis of CE becomes unwieldy; whilst, if they alefined too narrowly, significant CE

10 This section’s title reminds to the title of ali¢Cumulative effects assessment: Does scale mitiEn@rivel,
R. and Ross, W., 2007, Environmental Impact AssessiReview 27: 365-385.
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issues may be missed. Additionally, Ross (1998)i@aed that the larger the area covered by a
CEA, the less likely a particular effect is to lokentified as being significant, because more
other sources of effect get captured in the amal\&imilarly, the greater the temporal extent
covered by a CEA, the less likely short-term eBeate to be identified and captured. And this
could imply that effects can be “lost” and thatgtenproject’s effects are likely to be less
significant in a regional-level than a project-leassessment (Thérivel and Ross, 2007).
However, even though smaller stressors seem Igsgisant over a large area, the cumulative
effect on VEC may be not less significant. Theredstting the assessment boundaries based
on VEC can be particularly important for adequatedat CE, considering that the inadequate
definition of spatial and temporal boundaries hasrbrecognised as one of the most important
deficiency in EIA and CEA practices (Piper, 200Ciopoper and Sheate, 2002).

Additionally, determining SEA boundaries is notye&rtolano and Shepherds, 1995), being
strategic-level decisions, not only based on l@rgatactions over a large geographic area, but
further substantially linked to different adminggive levels of decision-making.

By reviewing how CEA practice considers scale isSu&hérivel and Ross (2007) recently
moved backwards through the CEA process, from effeanagement to scoping, concluding
that scale matters in:

v' the ability to manage CE, because the managemef@Eoktrongly depends on if
decision makers have the clout to impose managemeasures and if they are willing
to do it;

v' the appropriateness of scale for predictions, keedimited choice of scale, with
particular reference to time, and the avoidancengiortant issues due to the excess of
level of detail needed by many prediction method@s, could lead to preclude
significant CE that needed to be considered bysitatimakers in order to be avoided,;

v' the understanding of the policy and environmentantext, because limited
investigation of past trends and scarce applicaifan VEC-based approach, could lead
to an inadequate consideration of CE;

v' the relevance of scoping, because the lack of g@pjte methodologies in order to
capture scale-dependant or relative CE could leadmiss, underestimate or
overestimate CE at that specific level of analgsid management.

Referring to strategic level CEA, adopting a msttaled approach has been suggested among
scholars, in which regional and strategic analyaes to inform the scope of downscale
assessment, avoiding to overlook localised andtmmarces problems (Duinker and Greig,

" The article refers to scale as identified in JE&ID7), assuming it as having two key meaningsliegige to
both spatial and temporal issues. The first meaisitigeextentof the assessment (e.g. size of area, time period)
and the second the level or amountefail (map scales, rate of sampling).
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2006; Therivel and Ross, 2007; Noble, 2008). Furtioee, a better linkage between different
tiers of EA have been advocated in order to cogé vagional CE and the opportunity for
strategic-level CEA to set the rules for lower tier EA, such as establishing maximum
acceptable levels of change or regional managefreemeworks, has also been recognised by
various scholars (Thérivel and Ross, 2007; GunA9PMNevertheless, in practice this appears
to be rarely the case since significant CE at beoatale are often neglected at lower tier
decisions (see also § 5.6). And this seems to beparly relevant in the context of spatial
planning as is subsequently argued.

24 Cumulative effectsin SEA of spatial plans

24.1 Arationalefor theinclusion of CE

CE has been deemed to be most effectively treatedigh SEA due to its substantive nature
(systematic, proactive and participative approaxtthe assessment) (Sadler and Verheem,
1996; Fischer, 2002; Canter and Ross, 2010). Howewven though the need to assess CE is
clearly remarked in the EU SEA-Directive (Dir 42040 Annex J}, it seems that little has
changed regarding CE since the implementationeDtnective in practice (see 8§ 5.4). On the
one side, the effectiveness of SEA practices inresyihg CE still remains scarcely
investigated (Thérivel and Ross, 2007; Warnbéack liding-Rydevik, 2009). And on the
other side, the limitations of EA to adequatel\atr€E are still based on the assumption that
the project-based environmental assessment had f@bxteret al, 2001; Duinker and Greig,
2006), leaving the topic disregarded and unsatisidyg considered in SEA common practices.
Spatial or land use platfsare one of the most important planning processesiring to be
integrated with SEA by the EU-Directive and varimagional legislations.
In particular, spatial planning may be definedtes decision-making process of managing the
present and the future use of land as well aggsurces in order to:
= coordinate different socioeconomic sectors andrdete the amount and location of
their development;
= prevent environmental problems, protect natural irenment and maintain
environmental functions and services, by ensuirag interests at stake are taken into
account; and

12 One of the earliest definitions of spatial plannazgnes from the European Regional/Spatial Plan@imarter (often called
the Torremolinos Charter), adopted in 1983 by tlheopean Conference of Ministers responsible foriétegd Planning
(CEMAT): "Regional/spatial planning gives geographical expis to the economic, social, cultural and ecolagjaolicies

of society. It is at the same time a scientificcigine, an administrative technique and a policgveloped as an
interdisciplinary and comprehensive approach dieecttowards a balanced regional development and phgsical

organisation of space according to an overall st@t
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= ensure that the development and use of land isnergl “public interest” (Jonex al,
2005).

Consequently, it can be argued that spatial plave o commonly face on various decision
complexities (e.g. multi-objective decision probkeand conflicting interests of stakeholders;
changing of global situation and accelerating disbdon; and uncertainty surrounding
decisions), including the chaotic domains of enwinental decisions (French and Geldermann,
2005).
In particular, the need to better consider cumugadiffects in spatial planning seems to mainly
rely on:

1. the tiered system and the strategic nature sga#iat deal with; and

2. the kind of actions under spatial plans’ agenda.

2.4.1.1 The tiered spatial planning system
In principle, there exists a tiered and hierardhaggroach to spatial planning systems among

countries. This is normally portrayed as startirnithwhe formulation of a policy at the upper
level followed by plans, programmes and projectguie 2.3). And this also applies to SEA.

Level of government Spatial planning tiering
National - Spatial strategy
Federal
.. Regional -~
Regional _ \\\Spatia| plan///
Sub-regional oo
. Local
Local % land use ;
plan

Figure 2.3: Spatial planning tiered system

In reality, however, this model oversimplifies tlter-tiered relationships since spatial
planning bounded to a specific geographical andiridtrative context has to mutually dealt
with different spatial tiers (European and inteloral land use policies, national spatial
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strategies, regional planning, provincial and urlptanning) as well as sectors and projects
(transportation, energy, etc.).

Additionally, even though linking spatial plannimgth SEA has been considered a crucial
condition for sound development, and an importappootunity to ensure a mainstream

consideration of environmental concerns and thagiliex integration with social and economic

issues within the plan (Eggemberger and Partid@d00; Fischer, 2003; Thérivel, 2004); in

practice, the effectiveness of SEA process andjtiadity of its outcomes may vary according

to the circumstances under which SEA is appliedluoing contextual and methodological

elements (Jonest al, 2005; Fischer and Gazzola, 2006).

2.4.1.2 Actions under spatial plans’ agenda

Evidence that environmental changes associated withan development have been
significantly increasing during the last centundaare expected to continue through the next
several decades has been largely demonstrateckititénature (Antrop, 2004; Alberti and
Marzluff, 2004; MEA, 2005). However, the regionalneulative effects of urban land use
changes are seldom considered in local level dpalenning decisions (see § 5.6).
Consequently, understanding the implications ofdlase changes has been recognised a
fundamental part of planning for sustainable dgweient (MEA, 2005).

In fact, activities under spatial plans’ agendamwfinclude developments that, despite being
individually insignificant in terms of the likelyn@ironmental consequences and, hence, not
subjected to project EIA; they might accumulate rotime and space causing gradual and
multi-scale changes, which may negatively interatth natural resources, environmental
processes and human well-being. For example, thauladive effects of landtake by small
housing, retail and road developments can leadgi@@ual loss of open spaces, fragmentation
of habitats, increasing of water runoff, increasifiggreenhouse gases emission and decreasing
of air quality which combined could lead to a sfgrint erosion of environmental quality over
the time. And plans’ lifespan as well as their gddioundaries are often inadequate to cover
that scale-gap (spatial crowding and time delay)whych the effects become significant.
Therefore, managing those proposed human activiteen though their effects are
individually insignificant, could result more chatiging than avoid impacts from human
activities commonly considered hazardous or dangesoch as waste treatment plants, energy
production plants, etc.

As a result, treating CE through SEA of spatialnplaloes not merely mean to sum up the
effects of planned activities within their geogregah administrative boundaries; rather, it

requires:
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= on the one hand, to ensure an adequate scopimgeofelationships between multiple
activities/tiers and their likely consequences elevant VECs, including the linkages
among these effects over time; and
= on the other hand, to delineate inter-tier managermameworks in order to cope with
CE across different levels of planning and tierdedisions.
Accordingly, SEA provides an opportunity for ‘regitering’ CE among different systematic
tiers of planning, by supporting higher level sphfilans to set the terms of reference for the
downstream tier, and consequently addressing ltavet spatial planning decisions. However,
according to Gunn and Noble (2009), this seemgdaire a better focus upon resource-based
standards, thresholds or maximum acceptable |d\aiange, allowing broader level strategies
(regional visions, strategic initiatives, etc.)a® translated into local operational measures.

2.4.2 Addressing CE through different SEA stages

Despite the consideration of CE should be an ialguart of the overall SEA process (Cooper,
2004), it is worth to note that for SEA to be effee in addressing CE, there is a need to treat
those during the first SEA stages, with particuleference to scoping and definition of
planning strategies (objectives, options, alteuesl, since predicting, monitoring and
managing CE mostly depend on how scoping (spandl @mporal scale, complexity of
effects, relevance and importance of environmerdgalles and processes, etc.) and the
definition of planning strategies are adequatelgresised. According with the assumption of
Thérivel and Ross (2007), it is impossible to gedd) management without good prediction;
good prediction without a good understanding of lthekground context; or a good context
description without good scoping. Nonetheless, gusinds effective only in case of an
adaptive process of feedbacks and learning threnghitoring planning and SEA outcomes
(predictions, successful of mitigations, uncertgietc.) is in place.

2.4.2.1 Scoping of CE

Extending the scoping stage is not a new taskenQBA literature (CEQ, 1997; Hegmaah
al., 1999; Baxteret al, 2001; Cooper, 2004). Scoping has been often discussea lasy
procedural step for addressing CE through EA due to
= the importance to consider CE from a range of @&s/and multiple stresses;
= the need to set appropriate temporal and spatiahdaries and to early consider
explicit ecological and social values required &mlecting sensitive and important
VECs;
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= and the opportunity to analyse positions, interestd interrelationships of actors

involved in both planning and SEA processes (Kgram Thissen, 2000; Baxter al,

2001; Thérivel and Ross, 2007).
Nevertheless, findings that current CEA scopinddse poorly in practice and that there is a
lack of appropriate methodologies to scope CE Hmaen accepted in literature (Canter and
Kamath, 1995; Baxteet al, 2001; Thérivel and Ross, 2007). Consequentlyuber of
methodological approaches to scoping have beeramakfor project-level CEA (Canter and
Kamath, 1995; Baxteet al, 2001). Nevertheless, strategic-level scoping meguire the
consideration of many interrelationships amongedéht tiers of decision-making and their
effects, which need to go beyond the biophysicstaech and the traditional rational approach
to EA in order to be understood (Kgrngv and This2800; Partidario, 2000; Fischer, 2003;
Gunn, 2009). Therefore, benefits from extendingpsty at strategic-level CEA have been
further relied on the importance of addressing appate issues and alternatives throughout
different tiers and sectors of decision-makingpheg to identify environmental conditions and
strategic objectives and to set assumptions fopader future-oriented approach (Duinker and
Greig, 2006; Gunn, 2009).

2.4.2.2 Definition of future planning alternatives

Supporting a better understanding of what alteveatimay be suitably addressed in a specific
decision-making context is considered one of thénmohallenges of applying strategic-level
EA (Partidario, 2000; Kgrngv and Thissen, 2000¢Hes, 2007). Therefore, it has been largely
argued how strategic-level EA provides the oppotyuior considering a wide ranging nature
of options, giving proper consideration to differ@ays of achieving certain aims, presenting
a comparison of the likely environmental conseqgesnaf each option, and supporting the
choice of the preferred one (Noble, 2000; Parta&000; Jonest al, 2005).

Referring to spatial planning, although intrinsigakpatial in nature, options may be
substantially different in scale and level of detaccording to the tier of plan. Generally
speaking, the higher the planning tier the largerdeographic area and the more strategic the
plan actions and policies. On the opposite side|diver the planning tier the more definite the
land uses and the more punctual the actions afy lik be (e.g. allocation).

In particular, the definition of reasonable plampaternatives for the treatment of strategic
level CE seems to be even more challenging, edpeiiamter-tier CE are considered, due to
the addition of other foreseeable actiondealing with different level of detail which may
require different amount of information as well diéferent methodological approaches in
order to be defined and assessed.

24



Research topic and research methodology

Additionally, an earlier analysis of alternativea during the process should allow plan
strategies that are less likely to cause significamtributions to CE to be better predicted, as
well as social conflicts on use of resources (lamaer, etc.) to be avoided. Nonetheless, the
development of reasonable planning strategies nigtdepend on whether SEA is applied at
each during the planning process, but also on tilengness and openness of a particular
decision-making context to think about alternatiygions before decisions are already taken,
or, in other terms, on to what extent options amalcratically and transparently developed. In
fact, appropriate consideration of alternatives lb@sn recognised as one of the most critical
and weak feature in EA practices: by citing theutissof an EU report about the application
and effectiveness of EIA in different Member Statéanderhaegen and Muro (2005) noted
that the development of alternatives is a weakufeain many of European environmental
assessment processes. In addition, the consideraficappropriate alternatives has been
considered as one of the most critical SEA issussedn current SEA practices alternatives
are arguably generated to fulfil the minimum regoia requirements of SEA Directive rather
than to consider a number of plausible ways foieachg the strategic goals (Gonzalez, 2008;
Rega, 2008).

2.4.2.3 Prediction of CE

Generally speaking, strategic-level predictionsunexjto cope with considerable degree of
uncertainty® (Partidario and Fischer, 2004; Fischer, 2007)jmglon: the specific preferences
of stakeholders resulting from decision-making psses; the assumptions made for
predictions; as well as the assessment methodsoaislapplied. According to most authors
(including e.g. Morris and Thérivel, 2009), predoat of effects is not an exact science, and
therefore it needs to be aware of the level of tag®y which can considerably increase at
higher planning levels because scales are bro@&seres generally larger and assumptions
which alternatives are based on potentially untMereover, in case of CE, uncertainty can
also arise due to: the variation in natural systamstheir interactions, the lack of information
and knowledge regarding cause-effect relationsbipthe inability of predictive models to
accurately represent complex systems (see § 2r8png others, adaptive management based
on feedbacks of monitoring has been consideredi@atrtool both to evaluate to what extent
CE are thoroughly predicted and CE management mesague. mitigations, compensations,
enhancements) successfully implemented (CoopeBhardte, 2004; Duinker and Greig, 2006;
Noble and Gunn, 2009). Nevertheless, due to thelvement of multiple agencies/authorities
it requires, an effective management of CE couldhbee difficult to achieved.

13 See note 4.
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Accordingly, SEA provides an opportunity for earyldressing CE during the planning
process, by better scoping VEC amther foreseeable planning actiorand simulating what
if the combined effects of planning alternative® dikely under different management
frameworks and future conditions which may be dyaatcertain (see § 6.3-6.5).

2.4.3 Opportunities of adopting a spatially explicit approach™*

The use of appropriate tools on SEA depends on, bethnical and procedural aspects, such
as: the tier of plan (strategic, project, etc.)p stage of SEA (scoping, impact prediction,
mitigation measures proposal, follow-up); technieapertise, data and time availability, and
their credibility among others (see § 2.2).

Although various approaches and techniques maysbed in assessing CE, given the intrinsic
spatial nature as well as the importance of theagament of space for spatial planning, it has
been shown how spatial evidence and spatially exmpproaches can significantly benefit
plan-making and their SEA (Antunes al, 2001; Vanderhaegen and Muro, 2005; Genedetti
al., 2007; Gonzalez, 2008).

In general, spatial data and spatially explicithteques allow to simultaneously consider
different scale (spatial and temporal dimensioegell of detail) as well as environmental and
planning issues. And this is particularly relevémt land use planning since the potential
significance and magnitude of an impact largelyeshepon the spatial distribution of proposed
actions, receptors and their sensibility over time.

Therefore, the opportunities to adopt a spatiabylieit approach rely on the potential
improvement of:

v the quality of scoping and prediction of CE in SEAipporting the visualisation of
future land uses and planning options, displaymemds of relevant environmental
processes over the time and quantifying the conabéfiects of urban land use change
at regional scale;

v’ the inter-tier management of CE in spatial plannibg spatially simulating small
future developments which together may contribute régional environmental
consequences and, thereby, improving the coordmalietween different spatial
planning levels and decision-making tiers.

Nevertheless, the benefits to adopt a spatiallyli@kpapproach not only rely on the
presentation of spatial baseline data in a mapitlioay also contribute to the transparency of
decisions, by enhancing the understanding and tkeeeption of the distribution of

¥ This thesis refers to spatially explicit approastthe integration of spatial analysis (e.g. oyemapping, etc.)
and techniques (e.g. GIS, etc.) into a broader SBieghodology.
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environmental issues and effects within a geogcgbhtontext, and by facilitating more
effective communication, consultation and partitigna assuring a deeper consideration of CE
during the preparation and adoption of plans. Tioeee SEA provides the opportunity to bring
together different methods, tools and techniquesaimmore conscious, structured, and
comprehensive way, improving the prediction of clative effects and consequently their
management earlier on during the planning process.
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2.5 Research methodology

25.1 Research aim and objectives

This dissertation starts from the hypothesis thate is a gap between SEA theory and practice
in treating cumulative effects. In fact, while thebstantive nature of SEA has been broadly
emphasised in literature as a proactive means& tumulative effects, SEA practice seems
to remain far from achieving this intention. In thght of this, the main purpose of this
research is to propose and apply a methodologmaloach to improve the consideration of
cumulative effects in SEA of spatial plans. Accagly, in order to advance the proposal, the
achievement of a good knowledge on spatial planrand SEA theory and practice is
considered the key (Figure 2.4).

SEA process
spatial planning process assessment of the
' effects of certain
§t(ateglc . plans and programs
decision-making on the environment
process (Dir EC 42/2001)
influencing land
use patterns
Methodological

proposal to support
SEA of spatial plans in
treating cumulative
effects

Figure 2.4: Integration of the methodological proposal in SEApatial plans

In particular, the specific objectives of the resbaare:

O1. to understand how SEA for spatial planning workgiactice. The objective assumes
that proposing a methodological approach to suppBr in treating CE requires the
achievement of a good knowledge on SEA and planmiogesses;

02. to explore how CE are currently treated in SEA pétal plans, with the double
purpose of ascertaining the main research hypathasd identifying conceptual,
procedural and methodological key issues, includimg investigation of methods
applied;
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03. to develop a methodological approach to improve ¢besideration of cumulative
effects in SEA of spatial plans, focusing on shamings emerging from theoretical
and empirical outcomes;

04.

and discussing its limitations.
Additionally, it is worthy noting that the methodgical approach does not aim to provide a
comprehensive guidance to treat CE in SEA of sppldens, rather it suggests and discusses a
basic framework that can improve the consideratibeumulative effects in SEA of spatial

plans.

2.5.2 Research approach and activities

to apply the proposed approach to a case studgnipyrically testing its applicability

According to the main hypothesis, this researchpteda double-perspective, moving forward
from theoretical basis to empirical observationsnskquently, several research activities are
organised and programmed over the research periodier to meet the research objectives.
Table 2.1 summarises them according with each Bpetiective.

Table 2.1: Research objectives and activities

Objective 1

Objective 2

Objective 3

Objective 4

Literature review

Literature review

Literature rewi

SEA real life case
study

International expert
survey

International expert
survey

Critical review of
documents (spatial
plans, environmental
reports, etc.)

International expert
survey

SEA reports’ review

SEA reports’ reviev

v

SEA real life case
study

SEA real life case

study

Firstly, an in-depth literature review is conductkding the overall research period in order to:

1. frame the research topic, by focusing on three kewcepts, namely strategic

environmental assessment (SEA), cumulative eff@Cts) and spatial planning and

establishing the interactions among these threesl@yentsQ1, O2);

2. support the theoretical framework, by identifyingykissues for the treatment of
strategic level CE @2), highlighting conceptual, procedural and methodual

shortcomings©2, O3); and

3. further refine the research objectives.
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It mostly focuses on: theoretical developmentscimas and empirical findings published in
the international journal literature; as well asvgmment guidance and handbooks such as
SEA and CEA guidelines, etc.

Secondly, two real-life SEA processes (Italian Iegatial plans) are followed according to the
SEA EU-Directive, national and regional regulatiamsrder to:
1. better understand the integration between SEA gadiat planning processes, and
thereby, support to frame the research topit){
2. select, develop and test a methodological SEA ambromainly based on indicators
(quantitative and spatially explicit) in order topport the decision-making process to
integrate environmental considerations during déifié planning stage©@, O4).

Thirdly, an international expert survey and a systec review of SEA reports are conducted
in order to:

1. contribute to fill in the literature gap on thedamment of CE in SEA current practice

(01, 02);
2. support the theoretical background, by in-depthegtigating conceptual, procedural
and methodological key issues for the treatmestrategic level CE@2; O3).

In particular, the international expert survey expt both inputs and outputs of SEA processes
(Chapter 3), otherwise namely quality and effectess of SEA, by including a range of
questions on the overall satisfaction of SEA oftighglans, assuming that advancing the
methodological basis of strategic approach to Gthéu requires a good understanding of SEA
practice in terms of output©(). At the opposite, this does not apply to the e@avof SEA
reports (Chapter 4) which only explores SEA processerms of inputs, with particular
reference to SEA methodologies.
Among others, particular attention is paid to th&®A methodologies in which spatially
explicit approaches are integrated®jnconsidering the relevance of ‘space’ and ‘spatial
thinking’ for spatial planning (see § 2.4.3). Camsently, both activities (survey and review)
investigate the application of those specific teghes to scope, predict and assess likely
effects, including CE, in current SEA practice adl\as their potential role in supporting SEA
of spatial plans with special regard to several S&Ages (i.e. scoping, definition of
alternatives and prediction of effects) and aspgas;.

15 A distinction between inputs and outputs of SEAgesses has been proposed in literature in orderaioate
SEA practice (Thissen, 2000; Joratsal, 2005), respectively referring to quality (i.esfiitutional arrangements
and SEA methodologies) and effectiveness of SEA éichievement of identified goals).

1% See note 14.
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Furthermore, considering that future decisions asdessments are inextricably linked to
uncertain issues (see 8§ 2.2) and this has beerdag® particularly the case of combined
sources and effects (see 8§ 2.3), a direct invegiigan uncertainty is conducted through both
the survey and the review, in order to explore Weetand how current SEA practice are
actually dealing with this crucial aspect.
Finally, while the survey involves a sample of mt&ional experts, by covering international
spatial planning contexts; the SEA reports’ reviawy focuses on SEA of Italian and English
spatial plans, basing on the following criteria:
1. outcomes of survey, as experts involve in the summjorly represent these two
planning systems (7 from UK and 6 from ltaly inaargple of 21);
2. preference to look at the EU context, where SEAonat legal frameworks are in place
(i.e. Italy and UK);
3. outcomes of literature review: Italian and Engl@hnning contexts have been often
deemed as opposite in terms of contextual decisiaking and methodological EA
aspects.

Fourthly, according to the findings and shortcorsinfithe above activities (see § 5.2 — 5.4), a
methodological approach aiming at improving thatiment of CE in SEA of spatial plans is
firstly framed (8 6.1) and, then, applied to a catrly (Chapter 6 and 7) located in a highly
urbanised region in north-eastern Italy: the Progiaf Monza and Brianza.
In particular, although the proposed approach cabeoapplied to a real-life SEA process,
mainly due to time constraints (the extent of tksearch period cannot cover an overall
planning process), the case study is selected rwithé same Italian administrative region
where the two real-life SEA processes are folloRegion of Lombardia), assuming that the
good understanding of that environmental and palmytext allows:

= the approach to be more soundly and ‘fit for theppae’;

= a better discussion of its applicability and lintibas to be advanced.
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Chapter 3

3 International expertssurvey

3.1 Introduction

This chapter aims at presenting the results of estipnnaire survey on whethdevel of
consideratiof and how By means of which approaches and meth@is are considered and
assessed in current SEA practice. In particuldipviong the purpose of this research, the
questionnaire focused on: the procedure adoptedheyEU legal framework (EU SEA-
Directive); and SEA of spatial plans, regardingaloand regional level. Consequently, a direct
reference to the environmental report documents (R been made, being its preparation at
the heart of SEA process (Fischer, 2007), at \wdbktn the EU context.

The structure of the chapter is as follows. SecBad describes the survey methodology.
Section 3.3 illustrates the results, focusing be:d¢onsideration of CE in current SEA practice
(8 3.3.1); the state of art of SEA of spatial pl§6s3.3.2); the treatment of uncertainty (8
3.3.3); and the application of spatially explicgipaoach (8§ 3.3.4). Subsequently, section 3.4
discusses results with respect to three key aspietstreatment of CE at strategic level (8
3.4.1); the role of scoping (8 3.4.2); and appreacdnd methods (8 3.4.3). Finally, preliminary
conclusions are presented in section 3.5.

3.2 Questionnaire survey methodol ogy

In order to carry out the survey, a questionnaimecorrent SEA practices as well as on the
treatment of CE in SEA of spatial plans (both cdaestion and methods) was prepared in July
2009 and conducted between August and October 260@y international EA academic
experts and practitioners were selected based em #xperience on SEA, CEA and
environmental assessment methods. They were igghtiking both literature references and
lists of participants of the two special thematieatings of thdnternational Association for
Impact Assessmel@AIA) on SEA (Prague, 2005) and Cumulative Effeé&ssessment and
Management (Calgary, 2008). Other criteria for tdgimg them included the context they

33



CHAPTER3

came from: EU and Canada, representing two oppapipeoaches to the treatment of CE at
strategic levél(see § 2.3).

Then, the experts were twice contacted and invibegdarticipate to the survey. 21 of them
accepted to be involved. They were predominantdynfEU (19) and the other two were based
in Canada (2). EU member state included: UK (Blyl{6), The Netherlands (3), Irish/Spain
(1), Germany (1) and Portugal (1).

The questionnaire was firstly sent by e-mail, tlaefiexible approach was adopted allowing
experts to agree with the most convenient way tobelved. The majority of them preferred
to fill in the questionnaire on their own and to later contacted for adding their comments,
others chose to be interviewed by phone and orferped to have a general chat on the topic
instead than strictly follow the survey.

The questionnaire included 3 main sections (seeeAg 1):

a. investigation of current SEA practice, aiming at exploring whether SEA stages are
conducted to a satisfactory standafEhissen, 2000; Jones al, 2005); how often CE
are treated (Cooper and Sheate, 2004; ThérivelRaoss, 2007; Gunn, 2009; Canter
and Ross, 2010); which environmental issues ardlynaddressed (Thérivel, 2004;
Karngv, 2009); and how often uncertainty is diseds@’ischke and Cashmore, 2006;
Canter and Atkinson, 2010);

b. application of techniques, intending to understand which methods and tectasigre
mostly used, with particular reference to: CE scape prediction (Thérivel and Ross,
2007; Perdicoulis and Piper, 2008; Cooper, 2016jindion of planning alternatives
(Gonzalez, 2008; Collingwood Environment Plannetgal, 2005) and treatment of
uncertainty (Duinker and Greig, 2006);

C. suggestions on the potential role of spatial techniques ineortb improve different
SEA stages and critical issues (e.g. CE, unceytaetit.) (Thérivel, 2004; Gonzélez,
2008).

Generally, questions based both on contents of &&Aments expert reviewed and on his/her
own opinion on the topic. Therefore, the directengnce of experts on SEA procesdasw(
many SEA processes have you been involvedam® SEA documenthi¢w many Strategic

! Contrasting the regulatory approach of the EU, rettbe systematic assessment of CE has been mandato
required by SEA Directives; in Canada, despitergyltradition of project-level CEA, SEA is kept alwatary
procedure without legislative basis and interests d&ssessing CE through regional “pilot” SEA isosgly
growing (Noble, 2008; Gunn, 2009).

% This thesis refers to the satisfaction of SEA ficacin terms of both inputs and outputs of SEAcesses,
avoiding to distinguish between quality and effestiess of SEA practice as proposed in Thissen 2800
Joneset al. (2005). Consequently, satisfaction refers to boguts and outputs of SEA processes, including, on
the one side, institutional arrangements and SEAhad®logies; and on the other side, the achievernént
identified goals.
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Environmental Reports have you read®ere further explored, showing the majority of
interviewees (60%) read more than 30 environmemwejabrts and half of them were directly
involved in 10 to 30 SEA processes (see Figure 3.1)

Involvement of experts in SEA

n.of respondents

less than 10 10+30 more than 30

B SEA processes O ERs review ed

Figure 3.1: The involvement of international experts in SEA
3.3 Reasults

3.3.1 Consideration of CE in current SEA practice

The consideration of CE in SEA practices was firgtivestigated, by asking how often they
were treated; and secondly, by in-depth reviewiogiments of respondents. Although class
frequencies (occasionally, frequently, etc.) weoe a priori defined, most of respondents
considered CE as an issue occasionally considsesdRigure 3.2).

How often are cumulative effects considered?

n. of respondents

o P N W A~ OO N 00 ©
T T N A T ST S R AU}

Alw ays Frequently ~ Occasionally Never

Figure 3.2: Consideration of CE
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In fact, additional comments generally agreed tuatsidering CE does not mean accurately
treating and assessing them. Several experts dubémat CE are frequently considered, but
not in enough details” CE are occasionally considered, but never tregtédonsidering CE

is not necessarily the same as assessing”tlaenh “cumulative effects are commonly seen as
the sum of impacts, instead than a complex intevadif effects

A number of constraints to appropriately consid& Were further pointed out such as the
complexity to scope and assess synergistic effeatsin practice are completely disregarded,;
the definition of scale (spatial, temporal and lewk detail) of the analysis as well as the
identification of those other tiers of decision-nmagk cumulatively contributing to the effect;
the uncertainty associated with strategic-level tBE;availability of data and time.

Two broad approaches were recognised having bestetiin assessing CE in SEA practice:
objective-led and baseline-led. And this was hgjiteéd to be not distinguished from the
overall SEA methodology. Furthermore, the most desg consideration of CE was a
qualitative description based on expert opinionsctviwere often who followed the SEA
process and wrote the ER. Moreover, a matrix-baggutoach to predict CE was frequently
found either in case of objective-led or baselim-bpproach. Additionally, a consistent
application of spatial techniques, mainly basedacstraightforward use of GIS, was found
since they allowed the identification ofUmulative areas of impdc{i.e. impact on natural
sites or noise from different sources) through layeand weighted overlay maps. And this
was mentioned as mainly the case of local spataisp(site allocation plans, local master
plans, etc.). Furthermore, casual-effect networéis eited by an expert to be coupled with GIS
for predict and assess CE at local level. Whilstlefiing was stated to be used to assess CE on
biodiversity at landscape scale in a pilot regid®BA.
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3.3.2 SEA practice: stateof art

The general satisfaction of each SEA stages inentirspatial planning practice was
investigated (see note 2). SEA stages followedBRebased approach adopted by the EU
SEA-Directive and they were clustered in four maants, according with the Table 3.1.

Table 3.1: SEA stages

Context scoping o

Scoping Definition of SEA objectives 3 S
Definition of alternatives = é

— m

Prediction of effects 9 =

Assessment — . g- S
Mitigation/compensation measures 58

Monitoring/Follow up e

Figure 3.3 summarises general results.

Satisfaction on current SEA practice

Participation

Monitoring/Follow -up

Mitigation measures

Prediction of effects

Definition of alternatives

SEA objectives

Context scoping

12

n.of respondents

W Satisfactory B Not satisfactory @ Occasionally satisfactory ‘

Figure 3.3: General satisfaction on SEA practice
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3.3.2.1 Scoping
Context scoping

The scoping was the stage with the major agreemning interviewees since the 65% of
them considered it occasionally satisfactory ads@sThe main reason it did not result well
done was that it manly failed to appropriately @&ddrthe context, including the definition of
scalé, the selection of relevant environmental issueb semsitive receptors, the setting of the
baseline, the identification of significance crideretc. As stated by an expertte’Spite reports
are generally voluminous, most of the informatiowluded is generally useless for the
assessment scdpe

With particular reference to CE, it was found tbatrent practice is paying very little attention
on scale, since spatial and temporal dimensiorfratgiently disregarded, ignoring to scope
spatial crowding effects and future trends, beimng baseline assessments mostly treated as
“here and noW As stated by an expert! Would argue that the current baseline conditign i
the result of cumulative change and any contributod a project, plan or programme to that
change is inevitably a cumulative effect

Definition of SEA objectives

This stage has been stated as always formally sskeile Nonetheless, SEA objectives were
generally commented as:

v' not fitted for the context and consequentlyod' generi€, “not specifi€, “not
realistic’, “not ambitious, “too broad;
v" not completely useful for assessing plans’ objestiv
In facts, whilst it was generally agreed that thehould support the definition of plans’
objectives and the assessment of their sustaitgliis was not perceived as always the case:
SEA objectives often resultedhdt congruent with the ones really pursued by tleer’pand
“not useful for the assessmient

Definition of alternatives

This stage was considered one of the most inadelguatdressed through SEA practices,
regardless CE. In particular, it was agreed thateoti SEA practice generally failed to
proactively deal with alternatives since, when edex®d, they were perceived as reactive and,
in most of the cases, mainly generated to comply whe legal requirement. As noted by
several intervieweesirf many cases, the ‘do nothing’ is the main altéineacompared with a
worst casé and ‘they take the form of variants or amendments to'rttenstream’ option

% This chapter refers to scale as identified in J@®7), assuming it as having two key meaningplieable to
both spatial and temporal issues. The first mearsrigeextentof the assessment (e.g. size of area, time period)
and the second the level or amountefail (map scales, rate of sampling).
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Furthermore, the types of alternatives mentionedged from $patial allocatior,
“dimensioning *“functional, “scenario-based to “topic-baseti and *“objective-based
mostly varying with the level of spatial plans. Asesult, a ‘scale’ matter emerged sinkeél

of detail of alternatives within the plan was nia¢ tsame and the SEA process played little role
in determining a preferred option as it was notgbke to provide a comparable appraisal of
thend.

Finally, techniques mostly applied to support tleéirdtion of planning alternatives in current
practices were workshops, expert opinions and siceanalysis.

3.3.2.2 Assessment
Prediction of effects

Agreement about current SEA practices always irelsome kind of predictions was found.
Nonetheless, this stage was mainly commented assiocally satisfactory as well as one of
the most difficult to address through SEA. Two lor@xisting approaches to prediction were
found: qualitative and quantitatiyeand the first was mentioned as the most appliezliirent
practice.
Methods and techniques mostly found to predictotffevere:

= matrices and checklists; and

= combination of techniques, with particular refeeno GIS, multicriteria, causal-

effects and scenario analysis.

In particular, the use of scenario analysis wasmented being specifically applied in order to
support SEA of spatial plan at regional level; whshusal-effects analysis to support SEA of
spatial plan at local level. Moreover, the applmatof modelling was mentioned to be usefully
applied to predict risk of flooding and biodiveysiioss at regional scale. Finally, it was
reconfirmed that no particular methods or techrnsquere applied in order to predict CE (see §
3.3.1).
Proposition of mitigation or compensation measures

This stage was chiefly considered occasionallys&atiory addressed. Firstly, it was generally
recognised that, although proposed within the SEport, compensation and mitigation
measures were not often included in the final @ad the role of SEA in supporting the
integration of these measures was generally pexdeweak. In facts, it was observed thais
not always known whether these are carried’;otgpatial plans aim to include them, but is
still arguable whether they are the results of Sprdcess “...at least at local level

4 Although not exactly synonymous, they were oftesogiated with the appraisal or objective-led asskasment
or baseline-led approaches since a baseline assessnoften based on quantitative or semi-quaé@ariteria.
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compensation measures do not arise from the SEfepsoand “when proposed, they are
barely considered by planners or local adminiswag personnél Secondly, there was
agreement, at least regarding local spatial pknsut measures proposed were not adequate to
the specific EA tier since their level of detail svaften more appropriate to project than to
strategic level (i.e. suggestions on building cargion methods or materials, plantation
indexes, etc.).

3.3.2.3 Monitoring and follow-up

This stage was considered one of the most poortfoqmeed in current SEA practices,
although it was recognised that it might be diffido evaluate its enforcement as so far in
many countries few SEA processes came up to fipaloaal. However, a scarce role of SEA
in adequately defining and planning monitoring plawas pointed out. Additionally,
monitoring plans were often limited to a list ofdiocators which often appeared to be not
completely suitable for monitoring neither planstians nor the ‘goodness’ of the predictions
of likely effects.

Furthermore, the scarce implementation of monitpriwas generally perceived as a
consequence of it is not strictly mandatory, asitéa most of EU countries, as well as of
institutional responsibilities and arrangementsftectively put into force monitoring plans are
not a priori identified (e.g. Mmonitoring is often very poor and follow-up is nodrmative
required’, “there is no monitoring system implemented in Ita&yen for the oldest and
virtuous SEA proce8s

3.3.2.4 Consultation and participation

This stage was considered by the majority of inesvees occasionally satisfactory addressed.
And the main concern was generally its effectivené$owever, the results were different

among countries. In fact, several interviewees nthdepoint that, at least for some national

regulations, the results of consultation and/ortigigation processes are not meant to be
included within the SEA reports. Finally, a distioo was pointed out between consultation
and patrticipation.

3.3.3 Uncertainty

Agreement was found about uncertainty is commomgyedarded in current SEA practice:
none of the interviewees answered uncertainty viaaya addressed and only three of them
stated frequently (Figure 3.4).
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How often uncertainty has been addressed?

14+

n. of respondents

Alw ays Frequently ~ Occasionally Never

Figure 3.4: Consideration of uncertainty

Concerning the prediction of effects, uncertaingsviound being mainly cited and justified as
a general lack of data and methods, as well asoavikdge-gap regarding some complex
environmental problems, including CE. Whilst regagdassumptions in which future planning
decisions and, thereby, predictions stood on, waicsy was rarely discussed.

Referring to how uncertainty was tackled, there wagseat agreement about qualitative expert
opinion was the way mostly found. And whilst sevéngerviewees additionally specified that
experts were simply who wrote the report, otheasest that opinions were often based on the
results of consultation with environmental agen@e®ther experts involved in the process.
Furthermore, other techniques such as scenaricamsltivity analysis were mentioned being
suitably applied to support a better consideratibtiis aspect.

3.34 Spatially explicit approach

Spatially explicit contents (e.g. maps, etc.) wahleways found/applied by experts in SEA
reports as a consequence of the spatial natuneatibbplans. And this particularly applied to
several SEA stages (i.e. context scoping and prediof effects) (Figure 3.5).
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Spatially explicit contents

Participation
Monitoring/Follow -up

Mitigation measures

Prediction of effects
mi

ol
|V

Definition of alternatives

SEA objectives

Context scoping

T T T T T T T

T

0 2 4 6 8 10 12 14 16 18

n.of respondents

Figure 3.5: Spatially explicit contentgdénking priority in roman characters

Moreover, several experts added that the use dbspachniques was mostly applied to:
» present thematic issues (nature, soil, infrastrestu protected areas, hindrance
contours) during scoping and consultation; and
» define spatial allocation options and spatiallyotes their effects (i.e. loss of open
spaces, risk of flooding, etc.), mostly at localele(e.g. site allocation plans, local
master plans).
Furthermore, it was commented that these methodst@ols were generally applied in a
straightforward way mainly due to time constraiAs. a practitioner notedGIS and spatial
tools are often perceived as very complicated ameé-tconsuming techniques and politicians
ask for quick responsés However, spatially explicit aggregated indexescls as
environmental sensitivity and vulnerability compaddgy different environmental parameters
were further found and commented as a suitablecapprto spatially ‘sum-up’ environmental
effects as well as spatial conflicts.
Finally, there was agreement among interviewedsstbetial analysis may improve the overall
SEA process, with particular reference to the opyuty to:
= better understand environmental issues and phergmen
= help to integrate planning and environmental issunesto treat CE;
= support the visualisation and assessment of atteesa by identifying areas of
influence of certain biophysical effects (e.g. s&ves areas), affected ecosystems, and
“spatial conflicts”; and
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= support better and transparent consultation antitgeation processes.
It was further opined that spatial techniques mamprove the consideration of temporal
dimension. And this was underscored of particutapartance for the treatment of strategic
level CE through the comparison of alternativedifime’.
The advantages of applying spatial techniques Wetber recognised due to the opportunity
to spatially resolve the effects stemming fromehércement of mitigation and compensation
measures. Whereas different opinions were foundrdegg the monitoring stage, since only
part of the experts perceived those tools suitabtehelpful for this purpose.
At the opposite, it was commented that spatial y@mslrequired spatial data and technical
skills which may do not always available. Additiipait was cautioned that the application of
spatial techniques may be an additional sourcead, leading to bring along new uncertainty
instead than uncover it. Finally, the digital deidzas mentioned to be a limitation to the use of
certain kind of techniques with particular referema local public authorities.

3.4 Discussion

The results of questionnaire allowed general camattbns to be illustrated with respect to: the
treatment of CE in international SEA practice; dmel overall SEA process. Moreover, several
contextual trends emerged from the analysis duaeodifferent planning systems in which
SEA was applied.
The following discussion focuses on:

1. the treatment of CE at strategic level;

2. the role of scoping; and

3. approaches and methods.

34.1 Thetreatment of CE at strategic level

The added value to treat CE at strategic level edamt to be fully perceived in common SEA
practice since disagreement was found among expgernighe one side, the role of SEA in
order to better cope with CE was broadly strengtherstating the adoption of a more
proactive approach as the benefit of assessingnGEnnore strategic context a is only in
examining alternative possibilities that we canlyrunderstand the magnitude of cumulative
effects. On the other side, it emerged how in practioe ¢tbnsideration of CE is still mostly
related to a narrow and ElA-based approach, asgessipacts and not their likely risk to
occur; and giving poor consideration to differerstyw of avoiding certain negative CE before
decisions have been taken. As commented by senezaliewees: CE does not determine the
strategic nature of the assessnieartd “for CE to be adequately addressed, it is enough tha
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the information about assumptions and environmeantdl spatial context is well discussed and
detailed.
Furthermore, despite the definition of planningaltatives (objectives, options and measures)
and the prediction of their likely effects were smtered crucial for SEA to be ‘strategically
effective’ (i.e. ‘it should facilitate decisions by alerting for risknd opportunities of strategic
options), predicting strategic level effects arising frdature decisions was perceived difficult
to perform in a reliable way through SEA;ohsidering the uncertainty implicated, the data
available and the actors involvedAnd this particularly applied to the predictiohCE due to:
on the one hand, there may h®ot enough of an understanding of the issues ocgsees
involved in some aspect of the assessment or iarterlying theory required to adequately
predict effect§ and, on the other hand, the predictions may &setl on assumptions which
“may not hold true for every cdse
In particular, the treatment of strategic level 6&emed to be constrained by three main
barriers:

1. the complexity to deal with tiered decisions;

2. alack of future-oriented approaches; and

3. contextual issues.
The first referred to the recognition that theréstsxa strategic gradierit of decisions, being
the strategic nature of objectives, alternatived amanagement measures (e.g. mitigations,
compensations) different, not only among differgets of decision-making, but even within
the same spatial plan (see also § 2.4). In fagpite in theory a tiered system of spatial
planning decisions was recognised, specifying thathigher the tier of decision-making, the
more strategic the option, the more difficult tdide it and the less certain the prediction of
their effects; in practice, SEA seemed to playttielrole in supporting to define them as well
as to provide a comparable appraisal of their caetbieffects due tospatial planning
actions often range from allocation issues to strateggions whose combined effects could
be tricky to predict whether or not other PPPs rbuting to the effects are taken into
account.
Secondly, although several ways to look at stratégvel CE and to develop alternative
management strategies were suggested by respongespesing for instance the distinction
between different topics or main objectives of fhan (e.g. environmental issues, transport
concerns, etc.), a lack o€dnsensual way to dd’igenerally emerged, highlighting a lack of
future-oriented approaches and confirming the éuohitole of SEA in supporting to take future

® A broad distinction can be made among intra-tiera@ising from different component of the plan amer-tier
CE arising from the plan in combination with otli@reseeable future actions.
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decisions. Furthermore, the need to include assangptased on reasonable management
responses to CE were suggested as the key ofgitréégel assessment, although in practice
this was noted as seldom the case as, on the dee ‘Hiis difficult to propose effective
mitigation/compensation measures when the effectsetmitigated are not really identified
and assességand, on the other side, the uncertainty reldtetheir implementation may not
ensure management measures to be such effectaxoiding or minimising negative as well
as enhancing positive CE.

Additionally, despite developing future decisionaswecognised asiéver an easy taskn
SEA practice, the choice of whether and how defjrimem was further perceived as a matter
of institutional arrangements, willingness of demsmakers and time which may be different
among spatial planning contexts. With respect to, W€ instance, it was specified that
“definition of alternatives is the role of the plaraker, rather than the SEA practitiofer
Nonetheless, an effective role of SEA was perceivedrder to support to communicate
options since the requirement to undertake SEA has driven forwHrd appropriate
consideration of options, which has led to muchermeoansparent plan-makirigeven though
“often alternatives (if developed) are suggestedtlfier sake of it and not as real potential
alternative options Referring to the Italian context, it was gengralommented how:coping
with alternatives is not commonly considered innpiag practicé; or “the definition of
alternatives, when complied, is done in a very gerierms since decisions are not driven by
environmental concerfis

In fact, willingness and openness characterisirfieréint planning systems, timing, legal
requirements and definition of clear objectives aedponsibilities were argued as main
constrains to adopt a proactive and strategic ambran current SEA practice. And this
consequently applied to the treatment of CE atesjra level.

Referring to the Italian context for instance, eklaf higher tier sustainability strategy as term
of reference to set SEA objectives was pinpointedicing the requirement of higher spatial
strategies in order to adequately share responigbiland goals for the management of
combined effects. Furthermore, even though sigmiticefforts were done by several Italian
administrative Regions (i.e. definition of gene&A objectives through regional legislation,
etc.), an upstream problem emerged from commengstducultural planning attitudes as
“decision makers generally tend to avoid to makariteg goals evideht even though' SEA
led to a wider recognition of the need to cleatigts planning goals and purposes

Finally, major contextual differences were pointad with respect to SEA consultation and
participation processes whose importance with &sjgeCE seemed to mainly rely on their

45



CHAPTER3

management, needing a broader effort in terms siftinional responsibilities at multi-levels
of decision-making.

English experts, for instance, stated that dueguolatory requirement under UK planning and
SEA system, plan-makers have the responsibilitgnsure that there is adequate consultation
on the plan and this was perceived as adequatpposted by SEA. Nevertheless, they further
added that in practice engaging the public wasddifficult; as well as including the values of
different statutory bodies sincéhey simply do not have the time to meaningfulltigipate
and therefore their input is often of little value

Italian experts underscored how, despite consattatin the plan is a common practice, it
generally tended to occur late during planning esses, limiting its effectiveness.
Furthermore, a scarce involvement of environmeaadhorities on during the SEA processes
was underlined as a consequence of a poor cooinamong different institutions and
agencies; and the ‘bureaucratic application’ of SE#at country. Finally, a scarce attitude to
public participation in decision-making processesswinpointed as plan-makers are inclined
to ‘deliberatively’ confuse it with consultation &xhieve public consensus (e.gafticipation

is often more formal than substantial®public participation is a leg-pulling and
“participation has been rarely required by publidhieh in this country seems not to believe
that it could effectively impact decisidpsfurther avoiding relevant issues to be consder
(“cumulative effects are one of the reasons why guatiministrators tend to avoid
participatory processés “despite the public ‘ignorance’ on complex environtak issues,
they perceive better than consultants what cumudatieans in terms of quality of Tife
However, public participation was argued as commaehctive and ineffective even with
respect to other planning contexts (i.e. Irelangkis Portugal, etc.), where it seemed to be
often carried out to comply with legal requiremeautsl legitimate decisions already taken.

3.4.2 Roleof scoping

Despite the general role of scoping was confirmegtial for SEA to be successful, both in
terms of effectiveness and quality (see note 2practice it was generally perceived as often
‘reduced’ to an analytical description of the sumding environment, not being context
specific as it should, and consequently not leadoigscope out those issues that are not
relevant for that particular situation; as welfasus on those significantly relevant.
Consequently, there was agreement that poor scamnoglly reflected unsatisfactory SEA
process and contents (issues addressed, scalesrasse methodology, monitoring plans, etc.),
emphasising the importance of this stage for tleeessful of the overall assessment process
as: ‘it is the lack of clear focus on the scope, purpmse objectives of the SEA that in turns
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affects the satisfactory implementation of theofeihg stag€s and “scoping could be deemed
as the most important SEA stage due to it folldvesglanning process when strategies are
going to be definéd

Furthermore, despite in theory, if an SEA does $ocn one issue, this should be because the
scoping process highlighted (through a review d@lilable evidence) that this issue should be a
focus given the particular planning context ancelijksignificant effects. Practically, other
reasons were recognised driving this choice inclgdassessment approaches, scale, the tier of
plan, specific legal requirements, data availahiliime and background of practitioners.
Among others, several experts underlined hae ‘integrated approach used by Sustainable
Appraisal for spatial planning in UK plays a rola what is looked &t “because of global
climate change, climatic factor are taken into asebat local and county scale mostly in
terms of flooding and “extensive European and national legislations orurstissues and
biodiversity call for great attention on these issu

However, although this generally applied to SEAewldealing with CE, the role of scoping
was stated even more crucial. Firstly, in spitselfiom the case, scoping was deemed the key
stage in order to identify significant and impottaissues, namely valued ecosystem
components within CE literature (see 8§ 2.3). Selypratoping was commented essential in
order to give proper consideration to scale du€HKoanalysis and management often require,
one the one hand, to enlarge physical boundariesder to capture crowding effects; and on
the other, to extend decision-making boundariesrder to identify those planning actions and
tiers likely contributing to CE over time and spaddoreover, this aspect was further
commented of particular concern with respect teaife management of CE, requiring
follow-up to go beyond the single plan’s boundanyorder to ensure a more flexible and
adaptive management of combined consequences.

Finally, a lack of appropriate methodologies to pedCE at strategic level was broadly
perceived. In facts, in spite of several approasher® cited having been occasionally adopted
to scope CE (i.e. thematic approach, holistic apgnpetc.), a systematic CE scoping seemed
to be rarely the case in common SEA practice, filefecting an appropriate consideration of
combined effects during the overall SEA process.

3.4.3 Approachesand methods

A great emphasis was generally given by respondentkie baseline-led and quantitative
approach for the treatment of CE, commenting thenmare effective to assess cumulative
consequences on the environmerd: solid baseline assessment is essential to igemdif

assessing, and managing potential cumulative sffetfrom the measure is easier to know
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what the effect fs and “likely environmental effects may be better defithedugh quantitative
predictions. Nonetheless, the availability and reliability afata, accuracy, credibility,
uncertainty, time and resources were commonly caatl as barriers to satisfactory predict the
effects in practice, particularly at strategic levas stated by several intervieweesg:..]
quantitative approach depends on data availabgibd reliability both on environmental and
planning issu€s “qualitative approach often relies on lack of dataersimplifying the
assessmeht“ data reliability and time are often barriers for guantitative approach and
“carrying out a reliable assessment in a quantimtivay is usually perceived by decision
makers as time-consuming and not at all as a bewefitrade-off of a shorter planning
process.

Moreover, the approach by which CE were considaradl assessed in SEA of spatial plans
was commented as relying on different planningesyst and availability of supporting tools,
providing conceptual and methodological framewofksy. guidelines, handbooks, etc.).
Regarding UK for instance, the integrated SustalityaB\ppraisal approach used for land use
planning was noted playing a role with respectvibédt is looked dtas CE usually encompass
socioeconomic issues (i.e. deprivation, loss ofitig etc.), and they are typically considered
as combined consequences piféferred spatial policies and optidhg.e. intra-tier CE).

With respect to spatial analysis and spatial tegnes, they were suggested as more suitable to
those SEA stages requiring a better understandiremdronmental phenomena and a better
communication of them, having been spatial techesqta fast and effective means of
communication with planners and stakeholdetaring particular SEA stages (i.e. scoping,
consultation and participation, definition of aftatives and prediction of effects); as well as a
synthetic means to represent complex issues andulative changes (i.e. deprivation,
environmental sensitivity, spatial conflicts, etcNevertheless, it was argued that the
integration of this kind of techniques in a broadssessment methodology further depended
on: the decision-making system, the scale of argltfse nature of issues, data availability and
time. Moreover, there was some caution expressedtapatial analysis only represent the
‘spatial piece’ of the plan which could not be yu#xpressed in a spatially explicit way (i.e.
strategic objectives, monitoring results, etc.).

Finally, with respect to the role of methods withihme SEA process, it was reminded that
“methods have to improve the process and to betaldepe with it in a time-fashion way
providing a support during important ‘decision wings’ in a ‘fit for the process’ way
(“sometimes processes take a break of months andhégrsuddenly reopen and conclude in
a very few time. These ‘decision windows’ cannat fea the perfect methdyl
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3.5 Conclusions

The results of the survey highlighted both contakand methodological aspects with respect
to the overall SEA process and the treatment of CE.
With respect to the overall SEA process, the mosatisfactory standards referred to:

= an inadequate role of scoping in appropriately esing relevant issues and in

supporting the overall SEA methodology and process;

= ascarce consideration and assessment of futeraatives; and

= alacking definition of monitoring plans.
And among others, a number of contextual barriemssttaining their satisfaction emerged
such as: national legal frameworks (e.g. consoliei outcomes not required to be reported,
monitoring not strictly mandatory in several coiggr etc.); availability of guidance (e.g. SEA
handbooks, topic guidelines); and socio-politic#itedes (e.g. reactive assessment and
decision-making, scarce public participation, bucgatic application of SEA which precludes
monitoring phases, etc.), suggesting that moratdie should be paid to the context in which
SEA is applied in terms of both environmental antigy aspects.
With respect to the treatment of CE, a lack oftlotight-over methodolofyfor scoping
emerged as a barrier for strategic CE to be satmfa addressed, suggesting that more
consideration should be given during scoping téesdater-tier issues, scale-lag-effects, etc.
Secondly, a scarce attitude in orienting the assesss towards the future and in tackling
uncertainty was found, highlighting a restrictedassness on the added value to treat CE at
strategic level. Additionally, both a methodologditack, concerning how to technically deal
with ‘future’; and a series of contextual barrigesg. data availability, time, definition of
responsibilities, credibility of decision-makerdc.g emerged, suggesting the need to further
investigate on this topic.
Thirdly, the main risk with respect to the assesgmef CE was perceived the greater
uncertainty characterising both assumptions andligiens, suggesting to base future
assumptions on management and adaptive measuoedento better tackle uncertainty and
cope with CE.
Finally, the main opportunities to adopt a spatialkplicit approach were mostly suggested in
order to support: a better understanding of enwremtal issues and effects; the definition of
spatial options; the identification of areas ofluehce of decisions and ‘spatial conflicts’; a
better and transparent consultation and parti@pgtrocesses. Among the disadvantages were:
the scarce support to map aspects with limitediapexplicitness (i.e. strategic objectives,
monitoring results, etc.); data availability antaiaility, and time.
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Chapter 4

4 SEA of spatial plans: current practice review

4.1 Introduction

This chapter aims to explore to what extent cunudagffects are currently consider by SEA
practice in two different spatial planning systefd& and Italy), by systematically reviewing
about twenty SEA reports of Italian and Englishaloand regional spatial plans. In particular,
the review mainly focused on conceptual and metlogpical issues (CE and strategic aspects,
assessment approaches, methods, etc.), being tleeag@nformation on SEA process (e.g.
effectiveness, etc.) scarcely noticeable from tBA 8ocuments.

The structure of the chapter is as follows. Sectidgh introduces to the Italian and English
spatial planning systems. Section 4.3 describesrémw framework and the sample set.
Section 4.4 illustrates the results, focusing dre tonsideration of CE and key strategic
aspects in SEA reports (8 4.4.1); the treatme@Botiuring SEA process (8 4.4.2); approaches
and methods applied for the analysis of CE andtegfi@ aspects (8 4.4.3). Section 4.5
discusses the results of SEA reports’ review. Binareliminary conclusions are presented in
section 4.6.
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4.2 ltalian and English spatial planning systems

The ltalian spatial planning is based on a tiengdtesn, including national acts, regional and
provincial spatial coordination plans, and generdicy and land use plans at municipal level
(Gazzolaet al, 2004; Genelettet al, 2007). However, spatial planning and environmenta
assessment is the responsibility of the regionegl)etherefore, each region has its own
regulation and SEA is currently applied at regiomabvincial and municipal levels (Figure
4.1).

National level State National Acts of direction and coordination
s L """""""" .
Reqi Regional Acts (spatial planning and SEA)
gions . N o
Regional territorial coordination plan
Territorial level ¢
Provinces Provincial territorial coordination plan

l T General policy and land use plan

Local level Municipalities | | Building regulation
Executive planning tools

——p Addressing ————p Complying with (negotiation)

Figure 4.1: Italian spatial planning tiered systeModified from Gazzola, 2006

In fact, although the implementation of SEA Dirgetiat national level occurred extremely late
(D.lgs. 152/2006 and D.Igs. 4/2008), SEA emergednduan institutional reform which
involved spatial planning system, and provisionpgédform SEA have been introduced before
by several regional governments (Genelettal, 2007). Therefore, it can be argued that a
great variability of SEA experiences is currentlyatacterising the Italian spatial planning
context, moving from pioneer studies to usual pcast at least for those regions that earlier
implemented the Directive (e.g. Emilia Romagna, bandia).
The review focused on SEA reports of:

1. spatial coordination plan at provincial level, tedter referred to as the regional spatial

plan, and,;
2. municipal spatial plan, hereafter referred to a&sltical spatial plan.
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The first sets up general strategies for spatiaéld@ment and for the use of natural resources
as well as regulations on soil management and aalazard prevention. While the second
defines a more detailed local spatial planning &amrk by integrating higher regional
strategies and regulating new developments andcsstvin particular, local spatial plan
encompasses different documents (General policy land use plan, Building regulations,
Executive planning tools) which may or not whollybgected to SEA according with the
particular regional regulation.

With respect to the English context, the Plannimgl &£ompulsory Purchase Act 2004
incorporated the requirements of the SEA Directint® the procedure of Sustainability
Appraisal (SA) which under UK legislation must beepared for regional and local
development plans, by assessing whether proposads phnd policies meet sustainable
development objectives, including socioeconomiceatp Consequently, SA is actually
applied at regional and local levels. In particulire Regional Spatial Strategies is the
statutory development plans for the regions of Bnd) providing a regional level planning
framework. And the Local Development Framework ()DWhich made up of a portfolio of
local development documents (LDDs) is required &wehregard to the Regional Spatial
Strategy. Additionally, the Core Strategy represengé key strategic document for local spatial
plan and all other policy documents produced as patocal Development Framework
(Supplementary Planning Documents, Area Action ®léRigure 4.2). Furthermore, it should
also draw on other strategies that have implication the development and use of land (e.g.
Local Transport Plan, Waste plan, etc.). This leviecused on SA/SEA reports of Regional
Spatial Strategies and Core Strategy.

National level Planning policy Statements (PPS)
EYETR e e e g
Regional Regional Spatial Strategies (RSS)
. Local level Local Development Frameworks (LDF) !

—— Main decision flow —p Some scope for influencing decisions

Figure 4.2: English spatial planning tiered systewndified from Fischer, 2007
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4.3 The review framework and the sample set

In order to explore to what extent CE are consmlemed predicted in current SEA practice, a
framework was firstly developed and, therefore, ligdpto systematically review SEA/SA
reports. It needed to be as flexible as possilaesidering that SEA process vary according to
the planning system, stage and procedure (Nob@Q;2@erheem and Tonk, 2000; Fey al,
2002; Joneet al, 2005). Furthermore, it mainly focused on concapand methodological
issues with respect to the treatment of stratemyell CE emerging from both the theoretical
background (see Chapter 2) and the results of egperey (see § 3.3 and 3.4), encompassing
general and specific aspects (e.g. CE and strategitents, assessment approaches, methods,
etc.). In particular, general issues mostly refén@ those aspects deemed crucial regardless
the treatment of CE, such as: the definition ofnplag alternatives and uncertainty
characterising assumptions and predictions.
The framework includes three sections (see AppeRdix
1. the exploration of to what extent CE and key sgiat@spects are considered (Cooper
and Sheate, 2004; Cooper, 2008; Gunn, 2009; CanteRoss, 2010);
2. the investigation of when CE are identified anddpted during SEA process (Cooper,
2004; Thérivel and Ross, 2007);
3. the examination of approaches and methods apptietfeat CE and key strategic
aspects (Thérivel, 2004; Cooper, 2004; ODPM, 2005).
The sample set consisted of twenty SEA documerieteel based on the suggestions of
Italian and English experts involved in the surpegviously carried out (see question 16 in
Appendix 1). English SEA repoftsncluded: Sustainability Appraisal Reports of Reyil
Spatial Strategies (2); Sustainability Appraisap&#s of Core Strategies (6); Scoping Reports
(2). Italian SEA reports consisted of: SEA Enviremtal Reports of Provincial Spatial
Coordination Plan (5); SEA Environmental ReportsLotal Spatial Plan (5). Appendix 2
included the detailed list of SEA documents comsllproviding information on the spatial
plan and SEA document, date of publication, andyasy) an ID code to each document in
order to facilitate next discussion.

! A range of sustainability appraisal tasks in dafab the Core Strategy are commonly carried ®be findings
of appraisal are contained in a series of SA doatsn@e. ‘Issues and Options’ SA report, ‘Prefdr@ptions’
SA report, Final SA report).
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4.4 Results

The results of the review are presented accordinghé three sections of the framework
previously portrayed.

4.4.1 The consideration of CE and key strategic aspecta SEA reports

4.4.1.1 Definition and consideration of CE

An explicit definition of cumulative effects wasuiod in five SEA reports (25%), while the
rest of documents consulted (75%) did not providéear explanation or classification of them
(Figure 4.3).

Explicit definition of CE

ITA

Partially

No

Figure 4.3: Definition of CE in SEA reports

Referring to UK, the definitions of CE varied frageneral descriptions such as those provided
in guidelines (e.g. U.S. handbook, OPDM, etc.) kassifications more tailored for spatial
planning.

Regarding lItalian SEA reports, an explicit mentionCE was only once found, although
numerous statements having reference to them wecevared in SEA reports such as:
“combined effectsof different planning objectives (e.g. achievidgnd use efficiency,
protecting natural resources, meeting the developnrequirements such as housing,
accessibility, etc.); andiriteraction of effectsof different human activities within the same
area such as small developments induced by traasjoorinfrastructures or other projects and

2 CE were identified asifhpacts that result from incremental changes caulmsedther past, present or reasonably foreseeable
actions together with the South East Pldreffect that results from all of the policies of ED acting in combination upon

a common recepttrand ‘two insignificant impact combine to form a sigréfit impact[...] several policies can work
together to achieve what may be more accurate b acdcollective impact’ both positive (synergigtiand negative
(cumulative).
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spatial plans which together could cumulativelyeeffopen spaces and biodiversity (ITAG;
ITA7; ITA10) or cumulatively contribute to an ovdraeterioration of air quality (ITAL;
ITA2) and landscape character (ITA1; ITA3); as wadl synergistic effects on population and
human health due to the interaction of natural amthropogenic risks (ITA1; ITAS8; ITA10).
A brief example is following reported:

“The area included between Coriano and Ravegnararieng the most important industrial sites
of the region. However, due to the high indust@ald road density and the planned new
developments (highway, industrial and commercigdssi waste incinerator) an increasing of
mobility demand and atmospheric pollution is expécto occur as combined effects of those
sources of pressure on air quality, population &odghan health ?
Therefore, two kinds of CE were identified withlretsample:
1. the combined effects on relevant issues/objectiaeising from the different
components of the spatial plantta-tier CE);
2. the combined effects on relevant issues/objecb¥élse plan together with other PPPs
(inter-tier CB).
And the first was the main frequently discoveradees other projects, plans or programmes
(PPPs) contributing to minimise, maximise or neutraliséeets of spatial plan were only
identified in four SA/SEA reports (20%) of the todample (Figure 4.4).

Other PPPs contributing to CE

10

ITA

UK
Yes
No

Figure 4.4: Consideration of other PPPs contributing to CEERASeports

Furthermore, explicit recommendations, mitigati@ms compensations to address CE were
only found in three SEA reports of regional spatiahs (UK1, ITA3, ITA4) (Figure 4.5).

® This is an extract of ITA1 (pg. 30). Original Il version has been personally translated.
* Referring to current and reasonable foreseeahlecfactions in CEA literature.
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Consideration of CE
mitigation/compensation measures

ITA

Partially

No

Figure 4.5: Consideration of CE management measures in SEAtsepo

In particular, they mainly concerned the propodaltegional policies, objectives and targets
such as: including policies to maximise the userefzious development land in order to face
on loss of greenfield and land tdkprotecting existing woodland and supporting theation

of new green spaces throughout technical suppodrder to prevent biodiversity loss and
adapt to climate chan§eestablishing of clear CQreduction target for the region during the
lifetime of the Plan in order to offset climate ogd. Mitigations further included more
detailed targets or frameworks for addressing lsgatial plans such as encouraging sub-
regions to adopt strategies that promote conceutreather than disposed developriiestt
promoting the allocation of parking areas in pulihensport accessible zones in order to
prevent cumulative increasing of road traffisrevent new housing/development in flood plain
areas or implementing of sustainable drainage syst(SUDS) for all new development to
avoid incremental flooding ridk However, the expected effects of their implemeéoawas
only partially predicted or discussed (ITA6, UKMdanone of reports included predictions
based on assumptions on the implementation of pepmanagement measures.
Finally, a general disregarding of CE in monitorjplgns were found. Moreover, none of the
SEA reports proposed remedial actions to be urkkntd adverse CE would occur.

5Found in ITA1, ITA2, ITA3, ITA4.
5 Found in UK2, ITA2, ITA4.
"Found in UK1.

8 Found in UK1, ITA2, ITA3, ITA4.
9Found in ITA1, ITA3.

' Found in UK1, UK2, ITAS.
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4.4.1.2 ldentification of planning alternatives

A description of how reasonable alternatives wdemiified considering objectives and scope
of the plan was not provided in SA/SEA reports cdiesl since an outline of the reasons for
selecting them was lacking. Furthermore, they wgererally those developed in the plan
preparation and the process leading up to theinitieh was rarely reported.

In general, reasonable alternatives, both at lacal regional level, mostly concerned the
situation without Plan, with Plan and with sevepmbposed changes, which for instance
corresponded to policies set out in the adopted fpla. UK?2).

Moreover, with respect to Italian SEA reports, raisgives were completely disregarded in five
cases (50% of Italian sample): three were SEAaEres of spatial plans; a report stated it as a
consequence of SEA was anitere process, while the other did not provide any nagton
(Figure 4.6).

Description of planning alternatives

ITA

Partially

No

Figure 4.6: Consideration of planning alternatives in SEA répor

4.4.1.3 Uncertainty

Information on uncertainty was generally providey thirteen SA/SEA reports reviewed
(65%). In general, the mostly mentioned sourcesirafertainty included: external factors
influencing regional and local conditions (e.gesfyle and personal choice, economy, other
policies, etc}: the way in which a policy will be implementédand speculation due to
incomplete/missing baseline data, lack of availabsearch’, etc.

Among others, uncertain effects relied on: borougte issues (e.g. climate change, air
quality)'* long term effects (unemployment, air quality, teaied areas, ett) indirect

1 Found in UK1, UK2, UK3, UK7, ITA3, ITA6, ITA7, ITA.
2Found in UK1, UK2, UK4, UK7, ITA3, ITAG, ITA7, ITA, ITAQ.
B Found in UK2, UK7, UK10, ITA6.

¥ Found in UK4, UK7, UK8, UK10, ITA3, ITA4.
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consequences (e.g. enhancing green infrastruatusgscontribute to encouraging cycling and
walking and then improve heatfj)combined effects (increasing of air pollution dadoss of
open spaces and increased traffigpatial distribution of impacts (e.g. noiSegtc.

Finally, uncertainty characterising spatial optiamsplanning alternatives mostly relied on
assumptions made to define suitable locatjoimplementation of mitigatioR% future
changes on transport patterns and land use chfang#sle in case of future growth scenarios,
uncertainty mainly referred to exogenous factors. (people’s future behaviour, climate
change, economy, et®)

4.4.2 The treatment of CE during SEA process

The identification of likely CE generally occurrédring the prediction of effects or appraisal
of preferred options. In none of the reports caeslikhe issue was addressed before (i.e.
scoping).

In particular, twelve SEA reports (60%) analysed @Fing the stage in which the likely
significant effects of spatial plan were predictedhjle the comparison of likely CE between
future planning alternatives, such as the ‘do mgthand the implementation of spatial plan
was partially found in: ITA2 (aggregated effect @iinning policies); ITA5 (incremental
effects of alternative set of planning policies)A6 (combined effects of noise, air pollution
and electromagnetic radiation on population); ahd7l (combined effects of plan together
with other PPPs).

Referring to UK SA/SEA reports, the consideratioh @E usually occurred during the
appraisal of preferred options stage as any coradida of CE was absent before (i.e. scoping
and issues and OptionSA/SEA documents; see UK6, UK8, UK9).

4.4.3 Approaches and methods

4.4.3.1 ldentification and prediction of CE

The identification of CE did not integrate any dotgial analysis to the overall SEA approach,
being generally focused on those aspects recogaseelevant through the SEA scoping such
as thematic issues (e.g. housing, community, ednyjronmental issues (e.g. land, water,

15 Found in UK3, UK4, UK7, ITAA4.

18 Found in UK3, UK4, UK7, ITAB, ITA3, ITA4, ITAT.
Y Found in UK4, UK7, UK,10, ITA3, ITA7.

8 Found in UK1, UK4, UK7, ITA4, ITA6.

1% Found in UK7, UKS.

2 Found in UK2, UK3, UK4, UK8, ITA4, ITA6.

2 Found in UK2, UK7, UKS.

2 Found in UKL, UK2, ITA6.
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biodiversity, etc.), policies and strategies (égusing, service and facilities, economy, etc.),
or sub-areas (e.g. sectors of municipalities, ®gmwns, etc.).

Nevertheless, a systematic scoping of potentialv@k separately found in UK1 which set out
a matrix-based analysis of potential cumulativeaotp, by identifying: potential CE (e.g. lack

of affordable housing; increased emissions fromdpart; loss of rural and urban character;
increased flood risk; increased social exclusiors lof Greenfield Land; loss of biodiversity);

causes (e.g. exogenous factors; ways of implementaf policies; etc.); limits and thresholds

(e.g. flooding areas; climate change scenariognec Deprived Households, etc.); influence
of RSS; receptors (e.g. residents of the regioasta zone, water, biodiversity, tourism, etc.);
relevant PPS; and potential mitigations. And aftenéract is following reported (Figure 4.7).

Cumulative/synergistic Cumulative Causes Limits, thresholds, Influence of RSS Affected receptors Relevant Potential
effects Effect current status etc plans and mitigation
programmes
The use of PDL, if Loss of The impacts of The amount of derelict and | The policies within | Residents, R55, RES, Policies to
maximised, will help to Greenfield development in vacant land in urban areas | the RS5 aim to businesses, Regional maximise the
reduce the overall Land the region depend | increased by 600ha to encourage the use agricultural / green Housing use of FDL
demand on on the extent to 4,520 in 2003. This of PDL to satisfy belt land Strategy should be
undeveloped /Greenfield which represents 2.2% of the regional housing Biodiversity included in the
sites. However, due to development can region's developed land and development ° Plan Detailed
large msmber of factors be accommodated The South East has the needs. Ttis, mapping,/ asse
affecting the use of FDL, in away that third most extensive areas however, the role ssment of FDL
not least the location of maximises the use | of derelict and vacant land | of local authorities including
such areas, pressures on of PDL whilst of any English region. to assign specific identification
Greenfield sites are still minimising the use areas for of
likely to be strong. This of green fields sites | 600ha of land was covered | development constraints /sol

demand will be strongest
where there is low
availability and low

by derelict buildings in
2003.

The ability of local
authorities to

utions should
be carried out
to guide the

be taken into account.

1998-99 to 60% in 2002-03,

panels (ie, infill

demand for PDL. The The proportion of homes focus on the use of implementatio

overall effect of the RS5 built on PDL has increased | PDL will depend nof LDFs.

should be a reduction in from 55% im 1998-99, 68 % on the

available PDL. in 2001-02 and 71% in characteristics of Flan policies
2002-03 (compared to a the stock of PDL in and sub-

A focus on use of PDL target of 60% by 2008). their area. Key regional

will also require the The proportion of housing | characteristics will strategies

‘green infrastructure completions in urban areas | include: should favour

needs of development to has increased from 53% in | ¢ The size of intensification

rather than

This should incorporate although there are wide or larger areas) dispersed
existing areas of FDL o intra-regional variations * The distribution development
high biodiversity value from 43% in SEpenelc this should be
to prevent erosion of Buckinghamahureto 50% | ¢ THE carried
urban biodiversity. in Berkshire. f‘m fuser/bruye through into
« Existing LDFs. Use of
72% of land with planning adjacent land Greenfield
permission for howsing in e Land should
2003 was PDL. * Accessibility be minimised
o Degreeof as should the
Housing density rates contamination use of high
average at 342 * Current quality
homes /hectare across the planning agricultural
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Figure 4.7: Systematic scoping of CE adopted in UK1

Referring to the prediction of CE, a systematic rapph emerged from English SA/SEA
reports. Moreover, a range of terms of referenceeveaplicit cited to have been followed by
seven SEA reports in order to assess CE.

In particular, English SA/SEA appraisal adoptedohiective-led approach, by qualitatively
evaluating each plan’s policy on SA objectives ahdrefore, by combining the results of each
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policy into a summary matrix, assuming there maydie which occur as a result of the
combined implementation of plan’s policies (Fig4t8).

SA objectives

[
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Cumulative effects

Figure 4.8: Systematic assessment of CE of plan’s policies Aroljectives adopted in
English SA/SEA reports

And this summary matrix was often followed by extcanments such as:

“Preferred Policy 6 (Town Centres expansion) is eoted to develop PDLs. Also, Preferred
Policy 1 (Managing Growth) directs development égeneration areas (Haringey Heartlands,
Tottenham Hale, Seven Sisters and Wood Green Mditaop Centre) which are likely to have
PDLs. This policy would strong contribute to thi& Sbjectiveto encourage the use of previously

developed land] Or

“Preferred Policy 4 (Movement) could have a positsumulative impact on air quality in the
long term by reducing car dependency. Also, PreférPolicy 1 (Managing Growth) and
Preferred Policy 6 (Town Centres) directs growthrégeneration areas and town centres which
should reduce travel and indirectly contribute tast SA objectivgto protect and improve air

quality].” Source: UK4

The same approach was found in English SA/SEA @dligpatial plans in order to predict CE

of site-specific proposals or strategic sites devant environmental issues, assuming there
may be combined effects as result of the overalligation of plan’s development sites as

showed in Figure 4.9.
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tanagace | SR | mmesan | U | S | i, | S | reane | Somergte
Impacts
Biodiversity (designated habitats) X 0 0 0 XX X 0 XX X
Biodiversity (species) ? 7 ? ? ? 7 ? ? ?
Air quality a) Impace XX XXX X XXX XXX x XX x XXX
Air quality b) With infrastructure secured 0fv v v 0 v 0/ % 0 0/v v
Soil & minerals a) % brownfield XX x XXX X XX xx’ XX v XXX
Soil & minerals b) Agricultural land x x X i) 0 0 b4 0 X
Water a) Flood risk 0 0 0 0 0 0 X XX 0/ x
Water b) water supply 0 0 2 ? 0 0 x 2 0
Water c) Waste water& drainage 0 XU X ? XXX 0 0/ x 0 0 x
Landscape (Character assessment) 0 0 XX v v x XX 0 0
Buildings (Impact on heritage) 07 1] 0 0 0 0ix 0 0 (]
Community Safety nia nia nia nfa n/a nia nia nl/a nfa
N.Quality a) Amenity impacts 0/ x 0% 05 x ] 0lX 01X 0/X 0 01X
N.Quality b} Environmental gain 0/ x 0 x v vy v 0 v 4

Figure 4.9: Systematic assessment of CE of site-specific padposn relevant issues
adopted in UK3

Referring to Italian SEA reports, a systematic apph to assess CE was only found in ITA7:
providing a definition of CE {mpacts of planning actions affecting the same
component/receptdr identifying those direct and indirect plannirsgtions which together
with local spatial plan could likely affect the samomponent (e.g. population, local economy,
landscape); and qualitatively predicting likely pioe and negative CE through a coaxial
matrix (e.g. positive synergistic effect on langszaue to new building regulations and urban
renewal; incremental increasing of traffic due éwski areas and housing for winter tourism,
etc.).

With respect to the others Italian SEA reports, dpproach adopted to predjzseudo-CE®
varied from qualitative description (ITAl) to seguantitative matrix-based assessment
(ITA3, ITA4, ITA5, ITA7), quantitative aggregatechdex (ITA2, ITA8), map overlay and
spatial multicriteria analysis (ITA6, ITA9, ITA10)n particular, the objective-led approach
was usually adopted to assess the synergies bepmaesi objectives and higher level spatial
and sectoral policies (EU sustainability principlesgional policies, etc.). While a baseline-led
approach mostly characterised the prediction &otdf on relevant environmental or planning
issues (e.g. air quality, settlement density, aibéiy to green areas, flooding risk, etc.).
Figure 4.10 showed an example of a spatially eipéggregated index (calledombined
impact of urban land use charf§e based on a zoning multicriteria analysis, ‘comitig’
different thematic parameters (e.g. hydrogeologisél accessibility, protected areas, etc.) and
assigning a score to support the allocation oédéffit land uses.

% The definition refers to Italian SEA reports sit@€ were only explicitly mentioned in ITA7, othesei
personally interpreted.
# personally translated from Italian version.
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[ Confine comunale CONTESTI CONSOLIDATI
0.13
AMBITI TERRITORIALI 0.46
marino costiero meridionale - 0.52
marino costiero ssttentrionale B 057

[ portuale 0.65
7]

rale della marina 0.67

mrslecaliassha GONTESTI DELLA TRASFORMAZIONE
[ urbano 050

Figure 4.10:Index ofCombined impact of urban land use chafigend in ITA10

Additionally, Figure 4.11 shows a spatially exglieiggregated index (callegrban quality
indeX applied in ITAG6, combining the effects of noisar pollution and electromagnetic
radiation in order to compare the baseline sitmatath the future implementation of local
spatial plan.

Legend
ZonalSt_Zone1
Legend Value
sn - High : 3323.04887:

ZonalSt_Zone3
Value

- High : 305054201

B Low - 1137.003784

B Low : 1162.080303

[ ] acerace

Figure 4.11: Urban quality indexfound in ITA 6 (on the left: baseline conditiom ¢the
right: implementation of spatial plan)
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Finally, the methods and techniques applied to ipredE were not different from those
generally used in common SEA practice, varying froratrices, quantitative indicators and
aggregated indices, spatial analysis (map oves&y) and MCA. Furthermore, qualitative
analysis and semi-quantitative assessments wadynioghd in regional SEA reports; while
map overlay mainly characterised local SEA reports.

4.4.3.2 Definition of planning alternatives

The planning alternatives were generally identiedl developed during the plan preparation
and, thereby, taken from the plan. Thereby, thenailing’ alternative was generally set as the
baseline condition in order to compare likely efécloetween different future planning options.
Both English SA/SEA reports of RSSs (UK1, UK2) codesed what if the situation was:
without Plan, with Plan and with several proposkdnges, under different growth scenarios
which mainly assumed future level and distributiminhousing and employment provision
based on existing plans as well as national anidmabpredictions, including temporal targets
(e.g. number of new housing, etc.).

English SA/SEA reports of Core Strategies usuafgnred to two levels of detail of planning
alternatives: those related to the allocation dabirfier developments (i.espatial option$ and
those referring to policies (i.policy option$, characterising different ways to achieve plan’s
objectives. The first was found in four reports @JKJIK4, UK5, UK10), while the second was
always present.

In case of ltalian SEA reports, regional alternsgivmainly concerned: ‘do nothing’ and
different levels of implementation of spatial plienterms of objectives (protection of natural
sites, prevention of natural and industrial riskynicolling sprawl and regulating local
developments, etc.) and/or spatial developmentasd(iofrastructures, industrial sites, etc.).
Whilst local alternatives mostly regarded: ‘do notgi and spatial future developments
proposed by the plan based on their allocationrdfbee, suitability analysis was often found
as a means to map and visualise the most suitb&aton for particular land use purposes
(settlements, industrial sites, public services.)et

Additionally, three SEA reports (ITA2; ITAG, ITA7¢xplored the implementation of spatial
plans under different future conditions, by assuwimat if exogenous factors (e.g. population
growth, public transportation demand and provisamtessibility to public services, realisation
of relevant projects, etc.) were changed undersibss as usual future condition. And in two
cases (ITA2, ITA6), transportation models were ggupin order to computed and spatially
represent future scenarios, assuming differentipimnvand/or demand of transportation.
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4.4.3.3 Uncertainty

An explicit reasoning upon uncertainty in policypagisal was found in UK1, suggesting the
uncertainty associated with the assessment asethankassessing impact significance, and
proposing two strategic dimensions of uncertaitityy magnitude of impact the policy will
have (vhat magnitude of impact will the policy hayed the likeliness of implementation of
policy (how certain is the policy to be implemented?

However, although sources of uncertainty and/oredat effects were often cited (e.g.
uncertain impacts on air quality dependant uporcesaful implementation of infrastructdte

or long-term future consequences on protected stesnsidered highly uncertain as a result
of complex influences and pressures, including atenchange and active management of
site€), uncertainty was systematically treated only K7\ by adopting a score-based
approach which, firstly, defined a scale of undattelevels and, then, assessed the probability
that the effects will occur as appraised, shoudahisl policies be implemented.

The results of the review are following summaris@pgpendix 2 further provides a more
detailed synthesis of results.

= Poor definition and vague scoping of

General . . .
i i = Inadequate comparison of CE of planning alternative
consideration of .
) = Vague predictions of CE
CE in SEA = Disregarding of CE in monitoring plans

= Scarce consideration of other PPPs and exogenwess

= Poor consideration of reasonable planning altereati
aspects = Inadequate consideration of ways to compensatgahétiCE
= Lack of information on uncertainty

Key strategic

Approaches and = Lack of structured approaches to identify CE is
= Predictions of CE only qualitative
= Lack of future-oriented approaches

methods

% Extracted from UK3 (pg. 41).
% Extracted from UK7 (pg. 30).
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45 Discussion

The following discussion focus on: the role of sogp the treatment of CE at strategic level,
and the approaches and methods discovered in Siohtse

4.5.1 The role of scoping

The scoping of CE was generally vague. None ofréports consulted explicitly identified
relevant issues referring to potential CE, ratheytmainly predicted CE for each issue listed
in the SEA Directive or, alternatively, for all tfose issues or objectives emerging from the
baseline condition, by ‘summing up’ single effecénd this consequently influenced: the
selection of 6ther foreseeable future actionthe range of effects investigated, the mitigatio
and enhancement measures recommended, and thé assegsment approach.

Concerning UK SA/SEA practice, despite a separatdyais of potential cumulative impacts
was found in UK1 (see Figure 4.7), it seemed totieusefully applied in order to: appraise
preferred spatial strategy, regional and sub-redipolicy framework; predict likely impacts
of the RSS plus other PPPs; and support the idsatidn ofad hocrecommendations. In fact,
most of its contents seemed to remain separatebteld from the final report (e.g. cross
reference, etc.). Moreover, its updating was optignpostponed to the monitoring phase,
leading to be probably neglected in practice.

Referring to Italian SEA practice, an upstream pgwbwas generally found due to the lack of
appropriate conceptual and methodological framesoskipporting CE assessment and
management. However, in contexts characterisingumh as scarce technical support (e.g.
guidelines, best-practices handbooks, etc.) (seenBitini and Geneletti, 2004), a flexible
approach with respect to the treatment of CE cbeldleveloped during scoping stage, varying
with relevant VEC, scale (spatial extent, leveldetail of plan, etc.), environmental context
and planning system.

Finally, ‘spatial crowdingeffects or effects which may become significanhigher scale (e.qg.
increment of traffic at regional level due to a neweal commercial area; cumulative impact on
regional water balance due to housing growth; kakeé due to small developments, etc.) were
often disregarded, as well as both spatial and gemant boundaries of CE analysis never
expanded in order to capture them. Consequentlypadh this may rely on time constraints
and indirect responsibilities of planning authestiin managing broader scale issues (water
regulation, flooding risk, etc.), it could be fuetha consequence of the failure of scoping in
focusing on relevant VECs and, thereby, in expamthie analysis only for those key issues.
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In particular, a better scope of CE could be inpsupof SEA, not only by focusing on relevant

key receptors, but by further detailing the analysn combined threats and opportunities of
other tiers of decision-making (e.g. coordinatidnsectoral policies, planning tools, etc.)

which together with the proposed spatial plan caaldtribute to the CE management.

4.5.2 The treatment of CE at strategic level

The review suggested that the exploration of deffierway to deal with CE was not well done
due to the assessment of CE was only partially takien when considering options or
alternatives. Additionally, the way in which othdpreseeablefuture actions (PPPs and
exogenous factors) could cumulatively affect a pgmewere seldom identified; as well as their
combined effects vaguely predicted.

In particular, the treatment of strategic level €med to be threatened by the complexity to
deal with tiered decisions; and by a lack of futareented approaches supporting the adoption
of a management-oriented perspective.

Firstly, a large variability in levels of detail pfanning components was found both in Italian
and English SA/SEA reports, ranging from plannimiggples, broad strategic objectives and
spatial development options to site-specific prafgmswvhich in case of local spatial plans were
characterised by a more detailed spatial refer@reeallocation). And although this relied on
the systematic decision tiers characterising Spptans, it seemed to further influence the
level of detail of CE predicted which ranged from:

a. the combination of effects of planning objectives sustainable objectives or issues,
assuming that all planning policies were impleméntgetheriftra-tier CE);

b. the combined effects of strategic developmentsariqular issues or areas, assuming
spatial planning developments to be fully impleneenintra-tier CE)*":

c. and the combined effects of spatial plan and oftti@reseeable future actiohs
including other PPPs and/or exogenous factorsnaasguthat there may be other tiers
of decision-making and/or external factors intaragctogether with spatial plariner-
tier CE):

However, the predictions of CE generally based upenassumptions that: firstly, all policies
and objectives were fully implemented which maynbé always the case; and, secondly, they
were strictly implemented across all developmerdppsals and/or planning applications
which may not always occur, considering that thaliaption of strategic objectives requires an
appropriate level of flexibility due to site-specitonditions or executive planning regulations

" The distinction betweea andb was particularly marked in UK SA/SEA reports ofrf€&trategy (UK4, UK5,
UK10) since the prediction of CE was separatelgtee for different levels of detail of planning qooments
(core strategy objectives, spatial options, pretépolicy options).
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which can vary with physic and planning context. féct, even though the likeliness of
implementation of planned actions (policies, sgetg, proposals, compensations, etc.) was
among the most cited source of uncertainty (see48 48), planning alternatives considered
mainly referred to:do nothing and full implementation of plan through policiaad spatial
options (with minimum variations).
Secondly, a lack of proactive approaches to CE gemant was perceived since:
= the combined consequences of reasonable planniegnatives were frequently
compared after preferred options were selected; and
= options were seldom based on assumptions on thely liknplementation of

management measures, despite negative CE (e.gathlshgmentation, flood risk, etc.)

were often predicted as a consequence of the dadtiplan in addressing and ensuring

appropriate mitigation/compensation and enhancemsmasures (e.g. habitat

restoration, sustainable water drainages, etc.).
Consequently, it seemed that introducing assumptmnthe likeliness of implementation of
those measures could improve the prediction andmbeagement of CE as well as the
treatment of uncertainty characterising them. Amotigers, measures could encompass those
generally found in SEA reports both at local (iketegration of compensation targets in
building regulations} and regional level (i.e. identification of thostarming tools which
could contribute in facing on negative or enhangingitive cumulative consequencds)
Additionally, the exploration of what if the situmt changed under future exogenous
conditions was rarely considered, even though eatefactors were among the most cited
source of uncertainty (see § 4.4.1.3). As a regudidicting likely effects under exogenous
conditions (people’s future behaviour, populatioovgh, etc.) seemed to be particularly
important in order to support reasonably foreseeabanagement actions to be identified.
Nonetheless, different assumptions on such comiglexes (e.g. energy sources, economic
dynamics, climate change, etc.) could lead to hugeertainty which may affect predictions,
and hence, a great consensus may be required uhihiplanning arena in order to deal with
future and avoid cumulative conflicts.
In particular, a future-based approach standinghanagement measures could be of benefit to
SEA, by supporting to set assumptions on futureditmms (e.g. implementation of planning
policies and regulations; exogenous driving foreas) improving the overall planning process
in managing combined effects.

% Quantitative targets for new developments in orgeboth control flooding risk which may cumulagiv

increase with soil sealing and loss of permeal#asrand promote renewable energy and energyesftigi(e.g.

10 nf of solar collectors for developments with more th@® nf of surface, energy efficiency standards, etc.).
See ITA3, ITA4, ITA6, ITA8, ITA9, ITAL0.

# Local Transportation Plan, EMAS, Building regubais, Land reclamation Programmes, etc. (ITA3, ITA4)
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4.5.3 Approaches and methods

A structured approach to address CE in SEA pradidyg emerged from English SA/SEA
reports since English government guidance on SA/8HAPM, 2005) sets out key procedural

points in the assessment of secondary, cumulatigesgnergistic effects.

However, it seemed that:

= firstly, it failed to address CE in a proactive wayice CE were never considered
before preferred options were selected, and

= secondly, it led to a ‘win-lose’ analysis of CE samg from the ‘sum up’ of
sustainability issues, due to economic benefitddcoautralise negative environmental
or social consequences, and, thereby, resultirey @ssitive, or, at least, a neutral CE
against SA objectives, leading important consege&rio be disregarded (see Figure

4.12).
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Figure 4.12: Systematic assessment of CE of Core Strategy dgecdn relevant issues

adopted in UK5

Accordingly, by summing up the effects for each @hective, the overall Core strategy often
resulted performing in negative way in case of emnental consequences (e.g. biodiversity
and landscape; see Figure 4.12) due to the subvgtanatture of spatial plans, aiming to protect
environment and ‘accommodate growth’. Thereby, sitpe cumulative performance of plan

against SA objectives resulted as often the cadesaggestions to minimise this trade-off were
generally disregarded. Moreover, by simply ‘summupg the effects, several consequences
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may be accounted for twice or more, since there Ineagnore than one policy cumulatively or
synergistically contributing to the same effect &md was only cautioned in UK7.

Finally, due to qualitative appraisal, predictiamild be affected by a greater subjectivity and
uncertainty which highly dependent upon profesdigudgement, requiring a great consensus
of stakeholders and public. And this seemed to beeradaptable to flexible and “deliberative”
planning contexts such as the English case, evength a more evidence-based approach
focusing on environmental limits has been receadlyocated for better treating CE also in UK
SA/SEA practice (Thérivedt al, 2009).

On the other side, ltalian SEA practice showed &k laf conceptual and methodological
approaches to treat CE, since they were seldontifiéenor assessed in a structured way.
However, among the wide variability of methods fdum Italian SEA reports, aggregated and
spatially aggregated indices (e.g. dashboard ind&gs, etc.) composing by a core set of
semi-quantitative indicators seemed to be partibulaseful in predicting and mapping
combined effects on a specific issue/area (e.qg.ilitypbrisk, neighbourhood, etc.) or, in
general, on the environment. And this seemed teflghiely on the zoning-based perspective
of local Italian land use plans, whose SEA mostgaerns the assessment of future land use
changes.

However, a better treatment of strategic level €&nsed to be required at broader level due to
the direct role of regional spatial plans in addireg future small local developments which
together may have a significant effects. In paléicuspatially explicit approaches should help
to better manage CE since the spatial simulatiosnodll future local developments could
improve the coordination between regional and Ispaitial plans and the integration between
spatial and sectoral policies, by supporting tonide likely spatial distribution of
enhancement measures (e.g. small renewable eneugyes, ecological restoration of open
spaces, etc.) which in common SEA practice resydseticularly disregarded.
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4.6 Conclusions

The results of the review firstly confirmed a lamka systematic CE scoping, considering that
the identification of CE issues was generally vagath at local and regional level. And this
allowed previous research findings (literature egwiand international expert survey) to be
ascertained. Furthermore, it suggested that meeatatn should be paid by scoping on the
selection of relevant VEC and of those other t¥rdecisions and external factors contributing
together with spatial plan to CE on VE@tér-tier CE), confirming a general lack of
structured approach to do it.

Secondly, a scarce proactive approach in consigl€t mostly emerged both from lItalian and
English SEA reports. On the one hand, the poorideration of bther foreseeable future
actions likely contributing to CE, together with a limdeexploration of spatial planning
alternatives, suggested that more efforts are btemuired in SEA practice in order to orient
the assessment of CE towards the future. And #xsned to rely on both contextual and
methodological aspects. In fact, even though gwdaupporting the assessment of CE there
exists, such as the case of UK, a failure in eadgiressing CE was perceived because they
were never predicted before preferred options wefmed (see Cooper, 2008).

On the other hand, an inadequate consideratiomasbnable ways to manage CE appeared due
to none of the reports addressed an earlier expdaraf likely management measures to cope
with CE, including assumptions on the envisagemehtcompensation and mitigation
measures. And this was particularly the case @lyilpositive CE arising, for instance, from
small enhancements, which were completely negleloyedurrent SEA practice, despite the
opportunity of spatial plans to deal with individlyaminor effects at narrow scale.
Accordingly, a better consideration of managemenCB& seemed to be required in SEA
practice in order to cope with CE and better tackleertainty characterising the assumptions
on which predictions based on, being the way inctvta policy will be implemented among
the most cited source of it.

Thirdly, the qualitative and objective-led approagmerally adopted in order to analyse and
predict CE, particularly structured in English SRractice, seemed to often lead to: disregard
relevant environmental consequences arising frononsources due to a scarce evidence-base
perspective, threatening significant thresholdseadentified; as well as focus the assessment
away from relevant valued environmental componéehutsl. this seemed to confirm the need of
a more evidence-based analysis in order to addygudgal with CE (Thériveet al, 2009). In
particular, spatially explicit approaches such lagsé found in local Italian spatial plans
seemed to be of benefit to the treatment of CEadnling baseline and spatial evidence to the
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simulation of future small developments and of ithigely crowding consequences at broader
scale. And, referring to the Italian context, teéemed to further support a better coordination
between regional and local spatial plans in whieh thanagement of those particular kind of
CE (i.e. crowding effects arising from small mir@cisions) based on.
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5 Problem definition

5.1 Introduction

This chapter aims at:
1. defining the research problem; and
2. illustrating the rationale behind the selectionaoparticular physical, structural and
socio-economic context (i.e. urban regions), byokhticing the case study in which the
methodological approach will be tested.
The main findings of the international expert syrnvand the SEA reports’ review are
separately summarised in section 5.2 and 5.3. Vékii¢ion 5.4 presents the major overarching
considerations coming from both the theoreticam@aork and the previous research
activities. Section 5.5 shows the results of twal-lide SEA case studies followed during the
research period, by pinpointing the most impori@ssons learned, being a crucial input to
define the research problem and frame the methga@b approach. Finally, section 5.6
introduces the description of the case study redigriscussing the rationale for its selection.
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5.2 Main findings of the international expert survey

The international expert survey allowed general ematextual trends in current SEA practice
to be highlighted with respect to: the overall SEAcess; and the treatment of CE. Figure 5.1
summarises the main findings of this activity, whare afterward briefly argued.

= Scoping not well dor

= Unsatisfactory consideration of alternatives anaitooing plans
= Poor consideration of CE

= Disregarding of uncertainty

General trends in
current SEA
practice

Contextual trends | = Different SEA legal requirements and planning sys
in current SEA = Availability of guidance (for general SEA, for tteay CE)
practice = Different socio-political attitudes

= No particular methods used for treating CESEA practic:
Approachesand | « Opportunities and threats of spatially explicit eggzh
methods = Lack of future-oriented approaches
= Lack of baseline-led approaches and scoping metbgigs for
strategic level CE

Figure 5.1:Main findings of the international expert survey

Firstly, an inadequate role of scoping in apprdphiaaddressing relevant issues (including
CE) and affecting the overall SEA process, was anibie most frequent outcomes of the
survey'’s results. Furthermore, the consideraticth @sessment of future alternatives and the
definition of monitoring plans were generally agtess the most unsatisfactory SEA stages.
Among others, a number of contextual barriers cammshg their satisfaction emerged such as:
national legal frameworks (e.g. reporting of coteidn’s outcomes not required, monitoring
not strictly mandatory in several countries, eémyl/or socio-political attitudes (e.g. reactive
assessment, scarce public participation, bureaccagplication of SEA which precludes
monitoring phases, etc.).

Secondly, even though the availability of guidafmethe treatment of CE was argued as an
advantage in supporting their consideration in camrBEA practice, a general agreement
about CE were poorly and not thoroughly considdrgdnternational experts was confirmed
since not enough attention seemed to be paid thio@u effects such as synergistic, scale-lag
effects (spatial crowding, time lag), etc.; as vasllto bther foreseeable future actions’ which
together with the spatial plan could contributetiiose effects. On the one side, the results
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showed that: the most frequent consideration ofw2s a qualitative description based on
expert opinions; and no particular methods or tephes were applied to scope and assess CE.
On the other side, a large consensus was found #imilack of appropriate methodologies to
scope CE at strategic level.
Thirdly, a restricted awareness on the added valueeat CE at strategic level was perceived
due to the scarce role played by SEA in suppotingefine and assess future decisions and in
uncovering uncertainty characterising predictiond assumptions. And this was commented
as a consequence of both a methodological lackcezomg how to technically deal with
‘future’; and a series of contextual barriers (edata availability, time, definition of
responsibilities, credibility of decision-makers;.¢
Finally, spatial analysis and spatially explicittneds were commented as having usually been
part of SEA process (above all in scoping and ptemh of effects) due to the relevance of the
‘space’ for spatial plans. And the main opport@stio integrate a spatially explicit approach
in SEA mostly referred to:

= a better understanding of environmental issuesiq@iena and effects;

= an useful support to define and assess spatiargtby identifying areas of influence

and ‘spatial conflicts’; and

= ameans to achieve better and transparent consunltatd participation processes.
However, it was generally reminded that: the spatimalysis can only deal with thepatial
part’ of the plan due to the limited spatial explicitiseof several actions (i.e. strategic
objectives, monitoring results, etc.); and its gn&ion into a broader SEA methodology may
rely on various aspects (e.g. decision-making odntscale, planning tier, issues, data
availability, time, etc.).

5.3 Main findings of the SEA reports’ review

The review of SEA reports showed whether and howa@Ecurrently considered, by only

focusing on Italian and English SEA of local andiomal spatial plans. In particular, several
key aspects for treating CE at strategic level gedkrFigure 5.2 summarises the main findings
of this activity, which are afterward briefly arglie
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General = Poor definition and vague scoping of
. . = Inadequate comparison of CE of planning alternative
consideration of .
CE in SEA = Vague predictions of CE
= Disregarding of CE in monitoring plans

= Scarce consideration of other PPPs and exogenmess

= Poor consideration of reasonable planning altereati
aspects = Inadequate consideration of ways to compensateatitiC E
= Lack of information on uncertainty

Key strategic

Approaches and = Lack of structured approaches to identify CE is
methods » Predictions of CE only qualitative
= Lack of future-oriented approaches

Figure 5.2: Main findings of the SEA reports’ review

Firstly, the definition of CE was generally pooarficularly in Iltalian SEA reports, where an
explicit mention of CE was only once found, althbugtatements having reference to
“combined effects” were recurrent (e.g. spatial plans which togetterld cumulatively affect
open spaces and biodiversity, etc.). Furthermbeejdentification of CE was generally vague
and never addressed in both Italian and Englisipisgoreports, leading to an overarching
disregarding of key issues (VEC, other PPPs, manege measures, etc.); and an
inappropriate focus on thoserhor actions’ which collectively could significantly contribute
to cumulative problems or benefits (scale-lag e#fedn fact, none of the reports consulted
explicitly identified relevant issues referring potential CE on VEC, rather they mainly
predicted CE for each issue listed in the SEA Divecor, alternatively, for all of those issues
or objectives emerging from the baseline conditlon,summing up’ single effects. And this
subsequently influenced: the selectionathér foreseeable future actions’, the range of effects
investigated, the envisagement of mitigation antiaenement measures, and the overall
assessment approach which never based on a ress\WEE.
In particular, two kinds of CE were recognised witthe sample:

1. the combined effects on relevant issues/objectieeising from the different

components of the spatial plantta-tier CE);
2. the combined effects on relevant issues/objectieshe plan together with other
decisions or PPPs{er-tier CE).

And the first was the most frequent, since otheP$®Rhich together with spatial plan could
likely contribute to CE were seldom identified; aell as their combined effects vaguely
predicted.

76



Problem definition

Secondly, the combined consequences of reasondhblmipg alternatives were rarely
predicted in SEA reports, suggesting a general lalstructured approaches to explore
alternative ways to cope with CE. In particularnacof the reports reviewed addressed an
earlier exploration of a range of likely managenmmaetisures to cope with CE (i.e. mitigations,
compensations, enhancements, etc.), envisagingter lm®nsideration of them in order to
improve also the treatment of uncertainty, being thay in which a policy will be
implemented and the effectiveness of mitigationsfgensations among the most cited source
of it.

Thirdly, although the English government guidanceSA/SEA (ODPM, 2005) sets out key
procedural points in the assessment of secondamyulative and synergistic effects, it seemed
that: firstly, it failed to address CE in a proaetiway, and, secondly, by assessing them
through an objective-led and integrated approaetemsl environmental consequences could
be: missed due to a scarce evidence-base perspéletok of environmental limits, targets,
etc.); or not adequately offset due to the SA iraesgl approach (see § 4.5).

At the opposite, the Italian SEA practice showethek of conceptual and methodological
approaches to treat CE, since they were neveratkplconsidered. Nonetheless, aggregated
indices and spatially explicit analysis seemed doplarticularly useful to predict combined
effects on particular issues/areas (e.g. mobitisk, neighbourhood, etc.). However, a better
treatment of strategic level CE seemed to be reduat broader level due to the direct role of
Italian regional spatial plans in: sharing regiorfature strategies on environment and
development issues; coordinating different sectpealicies; addressing future small local
developments which together may have a signifiedfects; and setting regional frameworks
for the future management of CE (see 8§ 5.6).

5.4 Overarching considerations

A lack of methodological approaches to treat CEtatdtegic level was confirmed through the
theoretical background (Chapter 2) and the outcoaidsoth survey (Chapter 3) and SEA

reports’ review (Chapter 4). In particular, majaghlights are following summarised.

Firstly, the poor quality of CE scoping suggesteat 2 better scope could support SEA to both
adopt a resource-based approach, by focusing onrdagptors or VECs, and improve the

analysis of combined negative threats and posutpportunities of other tiers of decision-

making with the proposed spatial plan (e.g. coatiom of sectoral policies, planning tools,

etc.). And this seemed to be particularly relevardrder to adequately deal with individually

minor effects at narrow scale, but collectivelyrsfigant at broader level, having the tiered
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spatial planning system the opportunity to coortfingifferent levels and sectors of decision-
making, by translating strategic purposes into apemnal mandates.

Secondly, the scarce exploration of future alteveatand the vagueness of the prediction of
their effects envisaged that a future-based appreacld be of benefit to SEA in treating
strategic CE and managing the uncertainty chaiattgrfuture decisions and complex effects.
And this could further improve the exploration offerent ways to manage CE under future
conditions, by setting assumptions on the impleat@rt of planning policies and regulations.
Thirdly, the qualitative approach adopted in orteassess CE in current SEA practice which
often led to disregard relevant environmental cqusaces and focus the assessment away
from relevant valued environmental components, sstggl the need of a more evidence-based
analysis. Moreover, spatially explicit approach Idofurther be of benefit to the treatment of
CE, by: adding baseline and spatial evidence tosttmellation of future small developments
and of their likely crowding consequences; and sujiy to address the spatial distribution of
management measures. And referring to the Italrtext, this could further facilitate a better
coordination between regional and local spatiahpla which the management of crowding
effects arising from small minor decisions based on

5.5 SEA of local spatial plans: a review of two real-fe processes

Two SEA processes of local spatial plans have baéwed during the research period. The
case studies referred to two small municipalit@sated within the Region of Lombardithe
first one, Comune of Ponteranica, is located withi province of Bergamo, covering an area
of 8,5 Knf with a population of about 6.750; while the secam®, Comune of Albiate, is
located in the North-east part of the Province dfaW covering an area of 3 Knwith a
population of about 6.000. (Figure 5.3)

! The Region of Lombardia can be consider one ofpioaeer within the Italian context in respect d&/S

experiences due to a series of SEA pilot caseestiglich as the SEA of Spatial coordination plahefrovince

of Milan (Colomboet al., 2008); and the involvement of the Region in Emplan project which helped an earlier
introduction of SEA procedure in its normative goldnning frameworks. Th&nplan project was conducted
within the EU-Interreg 111B Medocc programme and coordinated by the Region of Lombardia. It exdmat

supporting the implementation of SEA Directive ilwmog several Italian and Spanish regions. It pded a

procedural SEA guideline based on a series of pdee studies, including SEA of spatial plans, tvigian be still

considered one of the few technical supporting dea for Italian SEA practice.
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Figure 5.3: Municipalities of Albiate and Ponteranica — Regai.ombardia

In particular, although the local contexts werdead#nt in terms of natural, environmental and
socioeconomic aspects, local spatial plans aimeditee common purposes such as increasing
the quality of public spaces and services (openespgublic transport, local services, etc.) and
demanding for suitable areas to be transformed.s€prently, a flexible methodological
approach was adopted and integrated within theomadjiSEA standard procedure for local
spatial plans based on the following steps. Firstly, the assess methodology was defined
during scoping stage. It started from a baselidesleoping of local and sub-regional context
(field work, and data processing supported by G#ipwing environmental strengths and
weaknesses to be identified and discussed durengrijoing consultations with environmental
and planning authorities, and stakeholders (NGQs,).eThen, relevant planning and
environmental issues (soil, accessibility to pulkgvices; ecological network; human health)

2 SEA Directive was implemented by the Region thtoiitg territorial planning reform (L.R. 12/2005)dan
followed by an SEA guideline, standardising the SgrAcedure at different planning tiers (regionabvincial

and municipal). Thereby, in order to comply witle thew regional planning regulation, local spatlahp need to

be updated and integrated with SEA procedure. M@necthe new regional planning system reformed the
traditional structure of local plan based on zonibyg splitting it into three parts: strategic, ogtére and
normative. According with the regional planning ukgion, only the strategic part of the local splaplan
(Documento di Piano) is subjected to SEA.
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were selected and a core set of indicators (qasingtand spatially-explicit) was defined and
integrated with qualitative information, supporting
1. the definition of general planning strategies apecdic actions (local mobility, cycle
paths, building regulations, etc.);
2. the comparison of likely CE of alternative plannipgtterns (‘do nothing’, overall
implementation of previous plan, new plan);
3. the assessment of likely effects on relevant enwrental issues due to site-specific
proposals (e.g. housing allocations, etc.).
Thematic maps further supported to set assumpbtanfiture developments (e.g. population
growth, etc.), by helping the definition of altetiva planning patterns which mainly referred
to allocation of green areas, public services aa housing. Moreover, the envisagement of
several measures to prevent and reduce signifiadwerse effects was provided, including
suggestions to lower assessment tiers (e.g. EliAglll, a list of indicators was proposed to
SEA follow-up concerning the monitoring of the effe predicted and the effectiveness of the
proposed planning strategies and measures.
Furthermore, depending on the particular politazaitext, SEA timing as well as the openness
of the two processes were different. While thet fBEA process started from the preliminary
planning phase, allowing environmental concernsedetter integrated into local spatial plan
on during its elaboration, the second played a mimbe since it started when most of
decisions were already been taken.
However, Figure 5.4 briefly shows the results & tdomparison of CE of alternative planning
patterns for the local case study located in theyrean region of Milan.
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planning patterns

Relevant
issues

[ sz

Indicators A greater increase of sprawl was

expected for rural fringes in both
alternatives.

In the case of land take it was also
possible to quantitatively compare the
prediction with a threshold established
at regional level.

Sprawl index

Soil
Land-take

Green areas and
Accessibility to|cycle paths
public services

Schools

Naturalness

Ecological : Ecological connectivity was expected to
network Ecological increase through compensation
connectivity : ;
: : measures (e.g. new ecological corridor).
Air pollution

Naturalness was expected to decrease
due to the net loss of open spaces and
rural areas.

Human health |Noise
Electromagnetic
radiation

The results showed how the overall implementatibthe new spatial plans was likely to contributeatdetter accessibility to public
services, cycle paths and green areas. Neverthélesas expected to have negative cumulative &ffen land take and ecological
connectivity. While in the case of land take it vpassible to quantitatively compare the predictidth a threshold established at higher
level, ecological connectivity was expected to setrease only in case of new plan will enforce cemgation measures (enhancements).
Cumulative negative effects were also cautionechfonan health as an indirect consequence of inogeas$ pattern of disturbance (i.e.
traffic, industrial sites, etc.) as well as a sgigic effect between different impacts (noise, @itlution, etc.). Nevertheless, it was
avoided to quantitatively predict CE on human tedlie to the complexity of pathway of the effe@tadunavailability, time constrain
and uncertainty.

Figure 5.4: Results of an SEA followed at local spatial plan
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5.6 Introduction to the case study region

By considering the previous outcomes as well adgbgons learned from the couple of case
studies followed at local scale, a particular pbgkistructural and socio-economic context has
been selected in order to applied the proposedeinark (Chapter 6 and 7). In particular, it
focuses on urban and peri-urban regions, wherer@mviental thresholds (e.g. air quality
standards, land take, G@&missions, etc.) tend to be more easily exceededalnarrow, small
and, apparently, insignificant land use changesr(jn 2004; MEA, 2005; EEA, 2006). In
fact, this does not significantly apply to othebgephical contexts such as mountain basins or
low-populated regions.

5.6.1 The biophysical context

The case study focuses on a flat peri-urban relgicated in the central-northern part of Italy
(Region of Lombardia) (Figure 5.5).

Kilometers

The case study region - Monza and Brianzaregion

Figure 5.5:The case study region

It forms part of the ‘central European urban regiatherwise known aguropean Blue
Banana®, reproducing the same structural patterns (e.gh hirbanisation, large industrial

® The Blue Banana (also known as théfot Banana, European Megalopolis or European Backbone) is a
discontinuous corridor of urbanisation in Westenrdpe, with a population of around 110 million sttetches
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concentration, dense traffic networks, dense pdpua well-developed physical and
telecommunications infrastructure) and socio-ecandeatures (European highest per capita
incomes and lowest unemployment rates, strong dpmednt of services such as business,
banking and public administration, large supplgwoitural and educational facilities) (Hospers,
2002).

Since the nineties this European urban region taaited to experience an incessant process of
sprawling suburbanisation, generating a new urbam,ffuelled by globalised economics and
facilitated by new infrastructure (De Geyter, 20G2yelli e Salzano, 2007).

In particular, this ‘type of growth’ has been renwmgd particularly at risk in terms of:

= urban development, since the sprawling phenomesdikely bound to not stop in the
forthcoming future, increasing in an incrementacamulative way. Furthermore, the
phenomenon has been recognised particularly triokjoresee as no longer tied to
population growth, but rather driven by a variefyother powerful factors such as:
individual housing preference, price of land, iremed mobility, means of
transportation, commercial investment decisions] emherence and effectiveness of
land use policies at all levels (EEA, 2006);

* major environmental impacts that are evident inrdased energy, land and soil
consumption, threatening both the natural and remironments, raising GHG
emissions that cause climate change, and elevatedicanoise pollution levels which
often exceed the agreed human safety limits (EBA62 And most of them have been
recognised as caused by minor local land use clsange

» social divide, by generating greater segregatioresifiential development according to
income, leading to inner cities with poor neighlmrtls and suburban outskirts and
peripheral areas with middle and upper lifestyle;

»= encouragement of private transport and inhibitidnpablic transport solutions and
mass transportation systems which consequentlyeaser travel related energy
consumption (EEA, 2006).

Therefore, this pattern of urbanisation inextrigdlebd to a greater consumption of numerous
natural resources. And under particular concethasconsumption of land and soil which are
mostly non-renewable since urban land use chamgks ti®e be permanent or reversible at very
high costs (EEA, 2006). Moreover, a large presgion natural and protected areas (reduction
of ecosystem services, noise and air pollution jtatfragmentation, biodiversity loss), rural

approximately from North West England in the nddhMilan in the south. It covers one of the worltlighest
concentrations of people, money and industry (Hasp2002) and it has been often identified as tlea ¢hat
traditionally has shown the greatest developmentergial in Europe’'s geo-economy (RECLUS, 1989;
Delamaide, 1994).

83



CHAPTERS

environments and open spaces as the growth of Earnopities in recent years has primarily
occurred on former agricultural land. In fact, f@ns: can secure substantial financial benefits
for the sale of farmland for new development, cqosatly reducing the quality of land in
peri-urban areas and rural fringes. Finally, urlameas and their hinterlands are becoming
increasingly vulnerable to geo-problems from m#gog. earthquakes, floods, land subsidence,
landslides) to minor hazards (e.g. local swellimgsbrinking of clays in foundations) which
could be further worsen due to expected climategba

During the last decades, similar to the Europedamcore, the peri-urban region of Milan has
experienced an incessant process of urban spraéreing a clear trend of encroachment of
rural areas which does not occur with the samengiitg in case of natural areas due to a more
restricted regime of protection. And this impliepexsistent increase of built-up areas and soil
sealing which consequently caused major environaheptoblems (air pollution, noise,
biodiversity loss, habitat fragmentation, healtll dlood risks, etc.). Furthermore, despite the
limitation of land consumption has become a prominissue of regional environmental
reports (Provincia di Milano, 2005; Provincia dil&fio, 2007; ONCS, 2009) and one of the
most frequent recommendation of regional spatehl(PTCP, 2003; PTCP, 2008); seeking to
steer urbanisation has not been converted in afeegdanning tools (Gibelli and Salzano,
2007).

However, despite the problem of restricting theagping expansion of built-up areas within
the peri-urban case study region could be percavashsequence of:

» the Iltalian fragmented spatial planning system mage of a huge number of
municipalitied whose local spatial plans could together contebitd regional
significant cumulative changes on environment;

= reactive planning attitudes and corrupted politicaits (e.g. historical and cultural late
integration of environmental aspects in plannitrgditional planning attitudes, etc.).

It could be argued that the these kind of urbancgsses further distinguishes different
European contexts (Germany, UK, Benelux, etc.) wysically, European cities flow
imperceptibly across municipal boundaries and tpiscess is at different stages of
development in different countries, but it occuvergwhere (EEA, 2006). Furthermore, the
blame for land use management is often fragmenérdden different administrations and
frequently exacerbated by the political tensionsnefghbouring administrations, leading to
incoherent and uncoordinated land use managemdrdaarsing regional significant effects on
the environment. However, although planners atidhals level have prime responsibility for
the management of present and future use of ld&r&dstrategies and instruments to address

* Italian local municipalities are about 8,100. Csisgly region accounts for &omuni (municipalities).
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urban development and, thereby, to cope with kel regional cumulative changes on
environment, strongly depend on the interconne@sslietween local, regional and national
conditions (EEA, 2006) since the solution to on®btem at one scale (local housing
provision) is often the case of another at difféserale (regional biodiversity loss).

5.6.2 The Regional spatial planning system

The Italian spatial planning tiered system is basedhational acts, regional and provincial
spatial coordination plans, and general policy lamd use plans at municipal level (Gazzetla
al., 2004; Genelettet al., 2007). However, spatial planning and environmleasaessment is
the responsibility of the regional level, therefoeach region has its own regulation (Gazzola
et al., 2004). The planning system of the Region of Loml@ais currently based on the
Regional Spatial Planning Act n. 12/20Q5%dge per il governo del Territorio), establishing
the minimum role of plan’s tiers and implementihg EU-SEA Directive. Thereby, in order to
comply with the new regional planning regulatiomcdl spatial plans need to be updated and
integrated with SEA procedure.
However, according with the ltalian spatial plammisystem, a crucial role in managing
cumulative consequences on the environment arfsorg small developments together with
‘other decisions seemed to be played by the provincial spatialrdmation plan Piano
Territorioale di Coordinamento Provinciale), hereafter referred to as the regional spateh pl
It aims at setting up general strategies for regli@patial development and for the use of
natural resources as well as regulations on sailagement and natural hazard prevention.
Moreover, it intermediates between regional andlladministrative levels, aiming at:
1. addressing local spatial plans, by ascertaining t@mpatibility with higher spatial
strategies and establishing inter-institutionaloads (Figure 5.6);
2. coordinating spatial and sectoral programmes ani&ig®, by integrating sectoral
strategies (e.g. waste management, protected ateagsand establishing inter-sectoral
accords.

Regional spatial plan complying
with

addressing Local spatial plan

Figure 5.6: Mutual coordination between regional and local ishatans
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Consequently, a great coordination between locdlragional spatial decisions as well as a
better integration with sectoral policies have be&an advocated in order to deal with scale-
lag and crowiding effects both negative and posityiving a great emphasis on the regional
planning level (INU, 2008; INU, 2009; Pompilio, Z)0as the administrative decision-making
level mostly appropriate for the management of kimsl of consequences on the environment.
Additionally, the ltalian planning academic debhts often focused on the need to consider
urbanisation processes at ‘comprehensive’ levdiélBiand Salzano, 2007), avoiding to leave
the management ofpace’ at the mercy of fragmented decisions and loctdrests with short
term perspective and scarceness of resources.

Accordingly, it seemed that the regional spatiahpis the most appropriate level of decision-
making in order to manage the cumulative consegsné small local decisions due to the
broader scale it deals with and the clout in adsngslocal level decisions and coordinating
‘other sectoral policies. As a result, the case study area fit to the adstriative boundaries of
the new province of Monza and Brianza.
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6 Methodological proposal: selection of VEC and
definition of future conditions

6.1 Introduction

This chapter aims at proposing and applying a naetlegical approach to improve the
consideration of CE in SEA of spatial plans. Theeagal framework is based on the findings of
literature review and the analysis of the shortemwiin current SEA practice presented in the
previous chapters.
In particular, it refers to the SEA of regional dabeing the role of this planning level crucial
within the Italian spatial planning system in ortier

1. provide a strategic framework for regions;

2. address local level small decisions and, therdimjir tumulative consequences on the

environment; and
3. coordinate spatial and sectoral programmes andiesli

Accordingly, the proposed framework consists of floey tasks:

1. the selection of Valued Ecosystem Component (VEC);

2. the identification of relevant PPPs (other proje@ans, programmes and policies)

contributing to cumulative changes on identifiedG/E

3. the definition of spatial planning alternatives dntlire conditions;

4. the assessment of CE on VEC through a core satiafators.
This chapter introduces preliminary steps (1 tae®pectively in Sections 6.3, 6.4 and 6.5,
while the assessment of CE (step 4) is present&hapter 7. Section 6.2 introduces the study
area and Section 6.6 describes the land use coeaasos. Then, Section 6.7 discusses the
land use cover type approach adopted with a fooushcertainty.

Firstly, the identification of VEC and the selectiof those relevant PPPs which together with
regional spatial plan can contribute to CE, cowdaddressed during CE scoping, basing on
baseline information and/or consultation with eamimental agencies, local stakeholders, etc.
Furthermore, other relevant PPPs could be seléased on: their role in likely contributing to
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cumulative negative and positive consequences ob;\dE well as their management capacity
in facing on those consequences (planning toalantial supports, etc.).

Secondly, the proposed approach assumes the effect$ferent combinations of PPPs on
VEC as cumulative, suggesting that the definitidnreasonable planning alternatives and
future conditions should look at those selected PRFherwise termedother foreseeable
actions), by exploring what if the effect will be accondj to different level of implementation

of both spatial plans and relevant PPPs. Conselgudikely CE could be predicted as the
consequence of alternative combinations of futwrBoas, allowing CE to be proactively
addressed. In order to do it, the proposed framewoggests to adopt a baseline-led approach,
by quantifying and comparing CE of different plamyialternatives through indicators.
Nonetheless, the prediction of large-scale issuns fature time frames may involve both
policy and scientific uncertainties (8 2.2.3). e bne hand, the simulation of environmental
processes may have a high level of uncertainty tdueomplex dynamics, data gaps and
exogenous factors. On the other hand, the effews® of management measures and the
collaborative efforts required in order to face ©& could be highly uncertain. Therefore, a
systematic discussion on uncertainty’s sourcegrtbér advanced.

In particular, the framework starts from the pdimt spatial plans at local and regional levels
seek to guide land use changes through a wide rahg#erventions that either constrain
certain developments (e.g. restrictive policies flood risk zones, protecting nature
conservation areas, etc.) or promote them (e.ggumiason of new areas for residential and
commercial development, implementing ecologicalwoeks, etc.). And this implies that
various configurations of land use patterns leaat@rnative outcomes in terms of amount and
interspersion of built and natural land cover thate different effects on ecological processes
at regional scale (landscape dynamics, hydrologigale, energy flow, biogeochemical and
atmospheric cycles, etc.).
Consequently, a spatially explicit approach is psgal as the methodological core of the
framework (Figure 6.1), aiming to:
= establish the spatial extent and the areas ofanfla of selected relevant PPPs (e.g. road
corridors, protected areas, etc.);
= make future conditions (planning alternatives amiire scenarios) spatially explicit, by
adopting a land cover type approach (see also Neidsal., 2009; Pauleit and Duhme,
2000); and
= guantify and spatially simulate likely regional ©& VEC, by selecting and computing a
range of indicators in order to compare planningrahtives under different future
conditions.
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6.2 Study area

6.2.1 Biophysical context

The case study focuses on the peri-urban regioatddcin the central-northern part of Italy
(Region of Lombardia), 30 Km north of Milan. Theptgraphy is mainly flat with a limited

hilly area on the north corner (maximum elevati®0 m) (Figure 6.2). The climate is
classified as humid continental warm with cold watters (minimum temperature: -10°C/-
12°C) and hot sultry summers (maximum temperata8®°C in hilly part and +40°C in flat

part).

Figure 6.2: Case study regiorocal administrative boundaries in yellpw

The region covers 55 municipalities which form pzfrthe new provincial authority of Monza
and Brianza (405 KA). With a total population of 830,000; a populatidensity of 2,087
person per Krhand an enterprise density of 76 enterprises [@01linhabitants, it represents
one of the most urbanised, dense and industriadiseal of Italy and Europe.

However, different patterns of development candmgnised within the region. The central
part is respectively characterised by: scattereallsimwns interfacing with semi-natural areas
included in the Lambro river Valley regional parkthe north sector; and continuous urban
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fabric densely populated with limited open spacsn(-natural and rural areas, urban green
areas) in the south sector. The western part ifasito the central-northern sector with the
presence of residual forest and low density seétfdm While the eastern part represents the
rural core of the region with an extensive presesicekomogeneous arable lands and a more
polycentric urban system.

6.2.2 The Provincial Spatial Coordination Plan

Within the Italian spatial planning tiered systetime Provincial Spatial Coordination Plan
(Piano Provinciale di Coordinamento Territoriglépreviously termed regional spatial plan)
represents an important planning instrument withpeet to the ‘translation’ of spatial
strategies into operational terms and mandatesglibe Province an intermediate institutional
authority between regional and local administratexesl, aiming to:

1. coordinate spatial and sectoral programmes andcies]i by integrating sectoral
strategies (e.g. waste management, landscape ptanratural hazard prevention, etc.)
and establishing inter-sectoral accords;

2. address local spatial plans, by ascertaining thepeadtibility with higher spatial
strategies and establishing inter-institutionaloads.

In particular, théProvincial Spatial Coordination Plagenerally provides:

= alarge-scale description of the socio-economiceandronmental context;

= indications on land capability and land allocatadrbroad scale;

= the basic framework for mobility and infrastructsire

= the comprehensive scheme for landscape and ecalagitwork;

= regulations concerning water and soil managemest,wall as natural hazard
prevention.

And this further applies to thBrovincial Spatial Coordination Plawef Milan (PTCP, 2003)
which constitutes the regional spatial planningnkeavork for the study area.

However, the Province of Milan has been recentht spto two new provincial authorities,
including the new Province of Monza and Brianza séhdoundaries limit the study area.
Therefore, a new regional spatial plan is goingb® prepared for the new region and,
according with the regional spatial planning acR(L2/2005), it will include the integration of
SEA process and documents.
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6.3 Selection of VEC

Considering the emerging regional features (see&8B.6), the selection of VEC started from
the analysis of two main spatial patterns of laodec: urban and natural.

During the last decades the region has experierasedncessant process of sprawling
suburbanisation, further intensified by the depapoh of the core city of Milan and the role
played by the agricultural park surrounding thetlsazrown of the metropolis in containing
land consumption. Therefore, an unprecedented esiove of agricultural land into urban
areas has been accounted during last 15 years (DR@), evidencing a clear trend of
encroachment of rural areas which does not occtlr thie same intensity in case of natural
areas due to a more restricted regime of protecAmd this implied an incremental augment
of built-up areas and soil sealing within the reginegatively influencing local climate, water
balance, biota, as well as an increase of pollutiealth and flood risks. Additionally, despite
the limitation of land consumption has become arpment issue of regional environmental
reports (Provincia di Milano, 2005; Provincia dil&fio, 2007; ONCS, 2009) and one of the
most frequent recommendation of regional spatehl(PTCP, 2003; PTCP, 2008); seeking to
steer urbanisation has not been converted in efeeglanning tools (Gibelli and Salzano,
2007).

Accordingly, urban land uses are actually covetimg 47,3% of the total region, peaking at
over 80% in several municipalities. Moreover, adaag to local spatial plans, urbanisation is
expected to increase more than other 10% duringele15/20 years (ONCS, 206%roadly
exceeding theoil-regeneration threshol@equal to 45%) established at regional level (PTCP
2003; PTCP, 2008)Figure 6.3).

! The expected local transformations refer to thasd plots planned to be converted by local spatahs. In
particular, according to the Italian spatial plamgnisystem, although these ongoing transformati@ve tbeen
approved by local authorities, their specific lamge (i.e. housing, retail, etc.) will be later defi through
executive planning tools (e.gpiani attuativi, ‘piani di recuperg etc.). Therefore, they are only zoned with
respect to that planning tool required in ordemike approved land use changes executiiedalita attuativg.
Consequently, a broad distinction is hereinaftedenanly between expected urban green areas ane furtoian
expansions which were generally considered as eesia artificial surfaces (alternatively contingowand
discontinuous urban fabric).

2 Due to land consumption has been deemed one ofthe relevant regional planning concernsail-
regeneration thresholdthas been established by the regional spatial glddilan as the maximum acceptable
regional land take assuring the renewability ofl danctions (food production, landscape characted a
naturalness) based on a ‘multicriteria’ perspectagronomy, rural economy, water availability, matness,
landscape values, etc.).
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Regional land use
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Figure 6.3:Regional land use cover — baseline condition apeeted transformations

However, despite this high level of urbanisatiomt@cted areas cover the 17,5% of the region,
including Natura 2000 sites; regional and locauraltparks. Furthermore, the region is mostly
characterised by low-density urban patterns, ruraén fringes and scattered semi-natural
areas not including into the natural protected nét&/ which are still playing an important role
for the regional ecology (e.g. ecological connegtjvregulating of water balance, etc.).
Consequently, theegional green infrastructure, including existing greenspaces (from tiny
city parks to residual woodland landscapes, riverridors and rural patches) and their
distribution, was selected as the most importahted ecosystem component (VEC) due to its
limited amount (PTCP, 2003; Toccoliat al, 2006), as well as the multiple functions it il st
supplying (Regione Lombardia, 2002; Pileri, 2007).

Moreover, the demand for increasing the amountpehospaces, greenways, and cycle paths
for recreational purposes has been frequently stowesulting from citizens, civic
organisations and public in order to off-set th@se/ironmental problems that typically
characterise these urban contexts such as pooguality, noise, traffic congestion, etc.
(Swanwick, 2009). And this further applies to these study region (Provincia di Milano,
2006; Provincia di Monza e Brianza, 2010).
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6.4 ldentification of relevant PPPs

With respect to the selected VE®Regional green infrastructuye other decisions were
identified as playing an active role in contribgtito change regional green infrastructure
together with the regional spatial plan in termsoth built environment and natural patterns
(Figure 6.4).

Regional spatial plan together with

____________________________________________________________________________

Transportation
corridor

%

Regional green
infrastructure

Rural Protected areas
policies conservation plans

Figure 6.4: Relevant PPPs contributing to cumulative changegeEm

Firstly, a major planned transportation corridoossing the overall case study region, also
called ‘Pedemontariahighway (Figure 6.5a), was selected due to itsugion with the VEC in
terms of:
» land consumption, habitat fragmentation and degi@ulasince it will take up part of
the regional ecological network;
= and likely mitigation and compensation measures;esithe overall project plans to
stem mitigation and compensation measures suchomstétion (about 73 ha),
restoration and enhancement of urban green partkslaandoned green areas, as well
as to design a green buffer zone (about 100 ha).
Secondly, conservation plans of regional and lpoatected areas (Natura 2000 sites; Regional
and Natural Parks; PLfswere selected due to their relevant role in présg biodiversity

® PLIS is the acronym dParco Locale di Interesse Sovracomunadeich refers to local parks under particular
concern for the surrounding inter-municipal arebey usually include rural and semi-natural patohkih are
not under restricted management.
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and ecological functions (Gambino, 1994; SenesTaratolini, 1998). Figure 6.5b shows the
protected areas’ network.

However, establishing of large scale ecologicalvonéts such as Natura 2000 was recognised
not enough to preserve important environmentalicesvand save up their functions within the
case study region (Gibelli, 2003; Provincia di Mita 2006), enforcing the role of regional
decision-making level in addressing, designing a&mdhancing ecological networks and
corridors, including non protected zones. Furtheana great urban pressure is expected on
rural areas and fringes over the region as: orottee hand, agriculture is not securing large
financial benefits; and on the other, rural patcescharacterised by poor ecological value as
a consequence of intensive use of rural land, 1nnglthe loss of traditional agroforestry
network (hedgerows, irrigation channels, etc.) higth fertilisation standards which negatively
affected landscape and water quality, increasimgpdihg risk and biodiversity loss.
Consequently, a calling for a major integrationn®sn rural policies and spatial planning was
often advocated through academic studies and pigrdocuments as a means to face on land
consumption within the case study region (PTCP32@deri, 2007).

Accordingly, the actions of several regional rupalicies, such as those proposed by: the
Regional Rural Development Programme (PSR, 20074 #re Regional Operational
Programme (POR, 2007) referring to the Europeane€ioh Policy (2007-2013); and other
plans (e.g. Sustainability Regional Plan), wereceld due to their active role in shaping the
regional green infrastructure through spatial itvesits (e.g. rural heritage, urban-rural issues,
agricultural landscapes, etc.) and the creatiomafe general funds and subsidies, in order to
preserve structures and functions of agriculttaatiscapes and green areas. Figure 6.5¢ shows
the regional rural network, calledbrsale Verde Nord identified at regional level with the
purpose to enhance urban-rural linkages througletseintegration of spatial and rural
policies as a means to: face on urban sprawl (PRG@3; Pileri, 2007) and maintain regional
ecological network (PTCP, 2003; PTCP, 2d08)

* The rural network does not refer to a planningrieted area, rather it has been suggested adialgmheme in
which several measures could be implemented (eeh@nts, compensations, etc.).
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: a) New highwayin pink)
and road and rail networks

b) Protected areas network

¢) Regional rural etwork
‘Dorsale Verdé

Figure 6.5: Area of influence of PPPs
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6.5 Definition of spatial planning alternatives and scaario conditions

6.5.1 Development of reasonable spatial planning alternates

The development of reasonable spatial planningreitaves started from the point that there
exists a mutual interaction between regional andallospatial plans, considering the
opportunity of regional spatial plan to address pravide indications for local decisions and,
vice versathe scope of local plans for influencing regiodatisions (i.e. inter-institutional
negotiation for approval of regional spatial pldRgferring to the Italian planning context, this
mutual interaction was stated varying, among otheith respect to different issues (INU,
2009), suggesting:

1. a stronger role of regional spatial plans in adslreslocal level decisions regarding
mobility and environmental issues (protected arbax]iversity, main transportation
corridors, etc.); and

2. a weaker role of regional spatial plans in oriegptsettlement and housing aspects
(allocation, dimensioning, etc.) which are tradiadly driven by local land use plans;

due to the normative lack of a clear definition amgtinction of institutional mandates in terms
of settlement development and a stronger influexfdecal authorities and local interests on
urban aspects (i.e. housing, building, etc.) (Fegil6).

Regional spatial plan complying
with
Environmental issues Urban issues

N

Local spatial plan

addressing

Figure 6.6: Mutual interaction between regional and local spatians

Accordingly, the proposed method assumed two altese cases of spatial development as
reasonably foreseeabl@ldnning alternativels standing on different level of coordination

among local and regional spatial plans with respectfuture urban development and
conservation/creation of urban green areas.
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Therefore, two spatial planning alternatives weraggated and made spatially explicit, starting
from a couple of land use cover maps:

1. the land cover map (DUSAF, 2007; scale 1:10,00&prasenting the existing land
cover information data base, generated from thectien of aerial images covering
the region ot.ombardig

2. the digital map oMosaic of municipal urban pland1ISURC, 2008; scale 1:10,000)
which represents the spatial composition of appmtoleeal land use plans for the
overall region, basing on local land use zoning.

However, in order to come to spatially expliciteattatives, two preliminary steps were
required. Firstly, the land cover map needed tadyeected, by incorporating important linear
elements such as road and river corridors whiclewet included in the original map due to
their smaller dimension with respect to minimum edgédble element (minimum size of
polygons: 1,600m; minimum linear dimension: 20mhefi, the corrected map was set as
baseline condition. Secondly, the approved loaadl lase changes were selected and extracted
from the digital map oMosaic of municipal urban plandeing the land plots zoned as
‘modalita attuativa (see note 1) expected to be definitively transfed. In particular, the
underlined assumption was that urban transformstianth particular regard to the conversion
of private land from non-urban (i.e. natural, ruett.) to urban uses (i.e. residential, industrial
commercial, etc.), did not recede once they wepga@d by local land use plans, mostly due
to the increase of land vafue

Consequently, the pattern made up of the overaleeted transformations extracted from the
MISURC map was, firstly, merged with the baselimadition obtained by the correction of
the regional land cover map; and secondly, rediadsiThe reclassification was done by
adopting a land use cover type approach. And thdied that, the expected land use cover
(hereafter LUC) was reclassified based on LUC festof two broad LUC types (i.e. artificial
surfaces and urban green ar@asf)the regional land cover map. Table 6.1 and &P
provide a detailed description of them, in ordebétter underline the assumptions following
made.

® The underlined assumption is that urban transfooms directly imply the increase of land value efidfore, if
the approved transformation had to be canceledlotted authority should pay land owners. And thés heen
often argued as not reasonable with respect tolt#fian planning context (Salzano, 2007), even ¢ioin

accordance with the national urban law.

® See note 1.
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Table 6.1:Artificial surface — LUC

Types of artificial
surface

Land use cover features

Land use cover
pattern

Dense residential urban
fabric

It mainly covers historic and modefn
town centres made up of high and
dense buildings. It has more that
80% of built-up surface.

Medium-dense residential detached areas with small or no

urban fabric

It mainly covers a residential semi-

gardens and yards. It has more that
80% of built-up surface.

Discontinuous residential
urban fabric

It mainly covers a residential
detached areas with front and back
gardens and small number of trees.
has a built-up surface from 50 to
80%.

Nucleated residential
urban fabric

It mainly covers clusters d
residential detached areas with lar
front and back gardens, ali
significant numbers of trees. It has

built-up surface from 30 to 50%

Sparse residential urban
fabric

It covers sparse residential areas
mainly located in rural and semi-
natural contexts. It has a built-up
surface from 10 to 30%
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Table 6.2:Urban green areas — LUC

Types of urban green
areas

Land use cover features Land use cover pattern

Parks and gardens — poor Grass cover less than 50% and
conditions generally no trees.

Parks and gardens — fair | Grass cover from 50 to 75% an
conditions tree cover from 25 to 50%.

Parks and gardens — goodGrass cover larger than 75% a
conditions tree cover larger than 50%.

In particular, despite both planning alternativefemred to the same distribution of expected
transformations within the case study region (tlee overall expected transformations
approved by local land use plans), the LUC typer@gqgh allowed different ‘internal pattern’
to be supposed under the two planning alternatw#srespect to artificial surfaces and urban
green areas, by generating two cases of development
» (Case aassumed a development mainly driven by local apptanning level with the
overall implementation of local spatial plans (Fg6.7);
= Case bassumed a development mainly driven by regiondiapalanning level with a
major polycentric perspective. Consequently, a nemuf poles have been identified
based on: population growth; hosing demand andkstaed accessibility to public
transport according to the regional spatial plahdP, 2008) (Figure 6.8).

"Pole municipalities have been selected accorairexpected growth in population or housing deménaadiging
demand corrected for the housing stock) for the hBxyears Average+1Standard DeviatignAnd this allowed
16 municipalities to be selected. Moreover, two itoithl municipalities were included based on their
accessibility to public transport, despite theywmid meet the previous criteria.
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Legend

I urban expansion
I green areas

Figure 6.7: Spatial planning alternative — case
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Figure 6.8: Spatial planning alternative — cdse
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Referring to expected urban growth, a differentpetage of built-up surface ranging from 10
to 80% was supposed, and thereby a different LUWSscbf artificial surface was assigned,
based on their location with respect to the basealondition haseline land use cover

In particular, whilst alternativa and the sector included in pole municipalities emdaseb
supposed an intensification of artificial surfaspsawled through the overall region, including
an increase of built-up areas within the existiegidential pattern (e.g. from discontinuous to
medium-dense residential urban fabric), a minorrdase was assumed outside pole
municipalities under cagedue to a stronger role of regional spatial plaaddressing a more
polycentric urban development. Table 6.3 showsaggimptions made for casend for the
sector included in pole municipalities under clasivhile Table 6.4 illustrates the caseavith
respect to the portion outside the pole municiesslit

Table 6.3:Expected urban land use cover changes — Artifstiglaces (I)

Casea
Case b — within pole municipalities
Baseline land use cover = == == = = = = = > Expected land use cover
Discontinuous residential urban fabric Medium-deresgdential urban fabric
Nucleated residential urban fabric Discontinuowsidential urban fabric
Sparse residential urban fabric Nucleated residiemtban fabric

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Discontinuous residential urban fabric

Arable land
Permanent crops Discontinuous residential urban fabric
Pastures
if within a distance of 200m from urban fabric
Discontinuous residential urban fabric
Forests if within a distance of 400m from urban fabric
Nucleated residential urban fabric
otherwise
Sparse residential urban fabric
Shrubs Discontinuous residential urban fabric

Table 6.4:Expected urban land use changes — Artificial sesdd)

Case b — out of pole municipalities

Baseline land use cover = = = = = = = = = o > Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Discontinuous residential urban fabric
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if <1 ha surface
Arable land Discontinuous residential urban fabric
Pastures
if >1 ha surface
Nucleated residential urban fabric

Permanent crops Discontinuous residential urbaricfab

if within a distance of 200m from urban fabric
Discontinuous residential urban fabric

if within a distance of 400m from urban fabric

Forests Nucleated residential urban fabric
otherwise
Sparse residential urban fabric
Shrubs Discontinuous residential urban fabric

Finally, the natural condition of expected urbaregr areas were assigned based on the
previously LUC baseline land use covein both alternativesa(andb), assuming, at least, the
conservation of their natural condition. Table @iails LUC changes assumed for alternative
a andb, by only showing LUC transitions from no previousleveloped lands to urban green

areas.

Table 6.5:Expected urban land use cover changes — urban greas

Caseaandb

Baseline land use cover = == = = = = = — > Expected land use cover
Mine and construction sites Gardens and parks +qmulitions
Arable land Gardens and parks — poor conditions
Permanent crops Gardens and parks — fair conditions

Permanent pastures

Shrubs in abandoned agricultural land Gardens and parks — fair conditions

Permanent pastures with significant presence of
trees and shrubs Gardens and parks — good conditions
Broad-leaved forest

Figure 6.9 summarises the overall procedure foltbiweorder to make planning alternatives

spatially explicit.
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Figure 6.9: Generation of spatial planning alternatives
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6.5.2 Definition of scenario conditions

Starting from land cover data, a core set of fuscenarioSwas developed, assuming different
level of integration and implementation between #pPRviously selected and spatial plans at
local and regional level (case and b). Accordingly, the ways in which the three PPPs
previously selected (i.e. highway corridor, progectareas plans and rural policies) will be
implemented were considered those external comdittmder which the two spatial planning
alternatives were simulated and compared.
The underlined assumptions on external conditinokided:

1. whether or not the highway corridor will be reatisand

2. an opposite role (strong vs. weak) of both cons&megplans of protected areas and

rural policies.

Therefore, a range of future LUC scenarios was igeee, by simulating the implementation
of planning alternatives (case and b described in 8§ 6.4.1) with respect to different
combinations of external conditions. Figure 6.10@veh all the possible scenarios resulting
from the combinations of spatial planning altewediand scenario conditions.

Relevant projects contributing to
cumulative changes on VEC

1
Without with  S~_— Without With
transportation transportation transportation transportation
corridor corridor corridor corridor
Sla S2a S5a S6a
Relevant Weak Strong
plans regime of regime of
contributing [ parks Sib S2b parks S5b S6b
to cumulative S3a S4a S7a S8a
changes on 1/5”(?”9 Weak
VEC regime of regime of
parks S3b S4b parks S7b s8b
Weak role of Strong role of Strong role of Weak role of
rural policies in rural policies in rural policies in rural policies in
enhancing rural enhancing rural enhancing rural enhancing rural

patterns

Figure 6.10:Possible scenarios

patterns

= >

patterns

Relevant policies contributing to
cumulative changes on VEC

patterns

8 The term scenario is here referred to as a rahgessible futures which assume different futugimes of
implementation and integration of PPPs.

105




CHAPTER 6

Scenarios Sla and Sl1b respectively correspondatiniplg alternatives and b under the
future conditions of: no realisation of highway mdor and weak role of conservation plans of
protected areas and rural policies.

Scenarios S3a and S3b respectively correspondatiniplg alternatives and b under the
future conditions of: no realisation of highway @dor, strong role of conservation plans of
protected areas and weak role of rural policies.

Scenarios S4a and S4b respectively correspondatiniplg alternatives and b under the
future conditions of: the realisation of highwayrrodor, strong role of conservation plans of
protected areas and strong role of rural policies.

Scenarios S5a and S5b respectively correspondataniolg alternativest and b under the
future conditions of: no realisation of highway wdor, and the strong role of conservation
plans of protected areas and rural policies.

Scenarios S6a and S6b respectively correspondataniolg alternativest and b under the
future conditions of: the realisation of highwayrrodor, strong role of conservation plans of
protected areas and weak role of rural policies.

Scenarios S8a and S8b respectively correspondataniolg alternativest and b under the
future conditions of: the realisation of highwayrador and weak role of conservation plans of
protected areas and rural policies.

In particular, despite a set of 16 scenarios cbteldjenerated from the different combinations
of external conditions, only 12 were consideredugilaly implementable with respect to the
case study regidnAnd thereby, they were made spatially explicjtgixtending the same LUC
type approach previously adopted (see § 6.5.1)therorelevant LUC types which were
supposed to change according to the external feturditions assumed (role of PPPSs).

Table 6.6, Table 6.7 and Table 6.8 detail LUC fesddor relevant land types used to generate
LUC scenarios.

° Due to the limited rationale on the implementaidrcombination 2 and 7, only 12 development sdesdrave
been considered, and, thereby, spatially resolwedhanging land use classes under alternativergmns.
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Table 6.6:Arable land — land use cover

Types of arable lands

Land use cover features

Homogeneous arable lan

[N

Arable land (monoculture or
temporary fallow lands)

Lanagse cover pattern

=

Arable land with
significant presence of
trees

Arable land with presence of
permanent crops (e.g. vineyard
fruit trees and berry plantations
etc.) and agro-forestry element
(hedges, etc.)

Table 6.7:Permanent pastures — land use cover

Types of permanent
pastures

Land use cover features

Land use cover patterr

Permanent pastures

Dense grass cover of floral
composition harvested
mechanically mainly for grazing

and not under a rotation systen. 4

Permanent pastures with
significant presence of
trees and shrubs

Permanent pastures (see
previous description) with
significant presence of tree ang
shrub species
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Table 6.8:Shrubs — land use cover

Types of shrubs Land use cover features Land use & pattern

Bushy or herbaceous vegetatign
Shrubs in abandoned mainly located in abandoned
agricultural land agricultural land with scattered
trees

Bushy or herbaceous vegetatig

. C with significant presence of tree
Shrubs with significant g P

presence of natural
vegetation

and shrub species, representin
either woodland degradation o
forest regeneration/

recolonisation

Consequently, starting from LUC type features, qusace of LUC assumptions was firstly
made with respect to future external conditiongl #ren, a number of LUC change rules was
defined for each combination in order to generdtkCLscenarios under which both planning
alternativesdq andb) could be implemented.

Firstly, the realisation of road corridor assumedraen buffer zone (25m) as a minimum
mitigation measure (combinations 4, 6 and 8). Farrtiore, if combined with a strong regime
of protected areas conservation plans (combinadipmnd rural policies (combination 4),
additional measures based on enhancement of gemssmnd rural patches from least-
degraded to most-natural were assumed, respectivplptected and rural areas.

Secondly, when the regime of protected areas ceasen plans in both containing
urbanisation and enforcing green infrastructures @xpected to be strong (combinations 3, 4,
5 and 6), different levels of changes of artifidialC (from 10 to 80%) were assumed both in
casea andb, as well as different enhancements of green itrfretures within protected areas’
network (see Figure 6.5b).

Thirdly, if the role of rural policies was expectedbe strong (combinations 4 and 5), a major
enforcement of policy actions was assumed actintpinvithe regional rural network (see
Figure 6.5c).

Next tables detail the set of LUC change rulesbdistaed for generating scenarios 5a and 5b.
The corresponding tables are reported in Appendax 8ach combination.
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Table 6.9:Expected urban land use cover changes — Artifstigaces (1)

Case a
Case b — within pole municipalities

Baseline land use cover = = = = = = = = = o > Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Nucleated residential urban fabric

Arable land
Permanent crops Nucleated residential urban fabric
Pastures
within a distance of 200m from urban fabric
Nucleated residential urban fabric
Forests

Riparian vegetation otherwise

Sparse residential urban fabric

Recent forest

Nucleated residential urban fabric
Shrubs

Table 6.10:Expected urban land use cover changes — Artifszigiaces (ll)

Case b — out of pole municipalities

Baseline land use cover = = = = = = = = = o > Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas
Arable land

Permanent crops Sparse residential urban fabric
Pastures

Forests

Riparian vegetation
Recent forest
Shrubs

Sparse residential urban fabric

Sparse residential urban fabric

Table 6.11:Expected urban land use cover changes — Urban grean

Caseaandb

Baseline land use cover = = == === = = o > Expected land use cover

Mines
Construction sites Gardens and parks — fair conditions
Abandoned and degraded sites

if <3ha surface:

Gardens and parks Gardens and parks — fair conditions

Non-agricultural vegetated areas if >3nha surface:

Gardens and parks — good conditions
Arable land if <3ha surface:
Permanent crops Gardens and parks — fair conditions
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Permanent pastures

Permanent pastures with significant presence of if >3ha surface:

trees and shrubs Gardens and parks — good conditions
Shrubs in abandoned agricultural land

Forests

Riparian vegetation

Shrubs with significant presence of natural
vegetation

Gardens and parks — good conditions

Table 6.12:Additional land use cover changes in protectedsarea

Caseaandb

Baseline land use cover = = = = = = = = = = > Expected land use cover

Abandoned and degraded sites <3ha: Gardens and parks — poor conditions

Non-agricultural vegetated areas >3ha: Permanent pastures

Homogeneous arable land Arable land with signifigaesence of trees

Permanent pastures with significant presence o

Permanent pastures trees and shrubs

f

Shrubs with significant presence of natural

Shrubs in abandoned agricultural land .
vegetation

Table 6.13:Additional land use cover changes in rural network

Caseaandb

Baseline land use cover = = = = = = = = = o > Expected land use cover

if within flooding areas or with high permeability,
Gardens and parks — good conditions
Gardens and parks — poor and fair conditions
otherwise
Gardens and parks — fair conditions

Abandoned and degraded sites <3ha: Gardens and parks — poor conditions

Non-agricultural vegetated areas >3ha: Permanent pastures

Homogeneous arable land Arable land with sigaift@resence of trees

Permanent pastures with significant presence o

Permanent pastures trees and shrubs

f

Shrubs with significant presence of natural
vegetation

Shrubs in abandoned agricultural land

Table 6.14:Additional land use cover changes

Caseaandb

Baseline land use cover — = — = = = = — — — > Expected land use cover

if within flooding areas or with high permeability,
Gardens and parks — good conditions
Gardens and parks — poor and fair conditions
otherwise

Gardens and parks — fair conditions
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if within flooding areas or with high permeability

Abandoned and degraded sites Permanent pastures

Non-agricultural vegetated areas .
otherwise

as baseline land use cover

if within flooding areas or with high permeability

Arable land with significant presence of trees
Homogeneous arable land

otherwise

as baseline land use cover

if within flooding areas or with high permeability
Permanent pastures with significant presence 0
trees and shrubs

=+

Permanent pastures

otherwise
as baseline land use cover

if within flooding areas or with high permeability
Shrubs with significant presence of natural
Shrubs in abandoned agricultural land vegetation
otherwise
as baseline land use cover
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6.6 Results

The 12 LUC scenarios developed are following descti Table 6.15 reports the LUC classes
used to illustrate results. They base on the sagend (ID code and LUC classes) of the
regional land cover map, excepting fttd O, corresponding to the highway buffer zone

assumed if highway corridor is realised (combinatid, 6 and 8).

Table 6.15:Land use cover classes

Broad land use category

ID Land use class
111 | Continuous urban fabric .
-------------- mrmrmmreseeseecececceceoccoeooooeooooooooo- - Urban fabric
112 | Discontinuous urban fabric
_____ 121 Industrial, commercial and service units , :
1221| Road networks and associated land Industrial, cqmmermal and
Pt e T EELEE T transport units
1222 | Rail networks and associated land
13 | Mine, dump and construction sites gftlgse dump and construction
1411| Gardensandparks | 'A' fII """ o
------------------------------------------------------------------------ rtificial, non-agricultura
_1412) Abandonedgreenareas vegetated areas
142 | Sport and leisure facilities
2112 | Arable land with significant presence of trees
2111| Homogeneous arable land
So2113)
2114 | Other arable land
o215, Agricultural areas
22 | Permanent crops
2311| Permanent pastures
Permanent pastures with significant presence eftre
2312
o landshrubs e
31| Forests
3241 | Shrubs with significant presence of naturgketation ,
————————————————————— Srmemeooeeeeoooooooeoooo- oo~ Natural and semi-natural
3242 | Shrubs in abandoned agricultural land
41 | Inland wetlands
51 | Inland waters Water bodies
0 | Green buffer zones — highway Added land use class

Table 6.16 shows the land use cover for each la®dsgenario in terms of percentage of
surface with respect to the regional surface. Ithier includes the baseline conditions.

Additional information on each scenario is included\ppendix 3.
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Table 6.16:Land use cover under land use scenafescentagg

ID Baseline Sla Sib S3a S3b Sda S4b Sha S5b S6a S6b S8a S8b
111 3,31 4,87 3,89 4,82 3,87 3,31 3,31 3,31 331 4,82 3,87 4,87 3,89
112 2480| 27,80 2873 27,85 28,75 2923 2924| 2931| 2932 27,78| 28,67 27,73 2865
121  1356| 14,00| 1398 1400 1398 1394 1396 1396 13,98 1398 13,97 1398 1397
1221  386| 386| 386 386 386 417| 417| 386| 386 417 417 417 417
1222 032|032 032 032 032 032 032] 032 032 032 032 032 032
13| 19| 130 131 128 128/ 121| 111| 116| 116|123 123 125 1,25
1411 325| 644 645 646 647 658 657| 661 660 644 645 642 643
1412]  028] 021] 021/ 019 019 014 014 014 014 o018 018/ 020 0,20
42| 243|243 243 243 243 243| 243|243 243 243 243 243 243
2112| 027|022 022| 942 9,44 2000 19,99| 2017 2016 9,33 934 022 022
o111 3217| 2710| 2714 17,90 17,92 699| 698 721| 720 1760 17,63 26,71 2675
2113
2114 1,60 1,36 1,36 1,36 1,36 1,35 1,35 1,37 1,36 1,34 1,35 1,34 1,35
2115
22| 033 o019 019 019 019 0419| 019] 019 019 o019 019 019 0,19
o311 160 115 1,16 065 065 049 049 047 047 066| 066 115 1,16
2312] 009|007 007 060 060 082 082] 083 083 o061 061 010 0,10
31|  876| 753 754 753 754 749 749 754 754 748| 749 748 749
3241 029 020] 020 038 038 050 050| 050 050 038 038 020 0,20
3242|  057| 040| 040 022 022 010/ o010]| o010 010 020 020 038 038
""" 41| 002 002 002 002 002 002 002] 002 002 002 002 002 002
51| 052 052 052 052 052 052 052] 052 052 052 052 052 052
"""" o/ 000| 000 o000 000 o000 031 031] o000 000 031 031 031 031
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Next figure provides an example of LUC change untiézrent scenarios.

n

114

Legend

I Continuous urban fabric
Discontinuous urban fabric
I Industrial, commercial and service units
Il Road and rail networks and associated land
I VMine, dump and construction sites
Il Sport and leisure facilities
Gardens and parks - poor conditions
Gardens and parks - fair conditions
Gardens and parks - good conditions
Non-agricultural vegetated areas
Homogeneous arable land
[0 Arable land with significant presence of trees
I Other arable land
Permanent crops
I Permanent pastures
Il Perm. pastures with presence of trees/shrubs
Shrubs in abandoned agricultural land
Shrubs with presence of natural vegetation
I Forests
Inland wetlands
Inland waters

Figure 6.11:Land use cover changes under scenarios 1a, 8bband 5
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6.7 Discussion

The following discussion mainly focuses on the lasé cover type approach adopted in
order to generate LUC scenarios and the uncertelrdyacterising assumptions made.

6.7.1 Land use cover type approach

This approach allowed reasonable LUC scenarioset@gdnerated, assuming that land
uses could change under different future conditiand decisions. Accordingly, by
starting from a couple of available and free-dowadiable land use cover maps, it
provided a straightforward procedure based on Lb&hge rules which were established
according to LUC features. Nevertheless, considetimat changes in land use are
amongst the most controversial consequences of musmtons (Meyer and Turner,
2007), as well as factors influencing the urbamsatprocess could be non linear,
interdependent and agent-based, the approach magrbeived as oversimplify complex
LUC dynamics. However, despite the great interesécent literature in developing land
use change models focusing on simulating socioeuajophysical and agent-based
processes that drive spatial and temporal dynaafichange (see Verbueg al, 2004),
their application were deemed out of the aim o$ tthiesis, being the purpose of the
method to be time-fashionably applicable into SEfmon practice.

Therefore, the assumptions made to generate sgdéiahing alternatives based on a
business as usual future condition supposing thrertutrend of urban growth to persist,
at least over the next 15/20. However, althougk thay lead to disregard important
drivers affecting the distribution of LUC patter(esg. peoples’ lifestyle, transportation
policies and behaviours, etc.), it seemed to besore@bly foreseeable in respect of the
Italian spatial planning system, as local land waasformations seemed to never recede
once they are approved (see note 5). Additiondllg to the level of detail of the digital
map ofMosaic of municipal urban planssed to extract expected LUC transformations,
important urban LUC changes, and, thereby, desswere unavoidably neglected such
as urban renewal policies, new industrial sitesytsand leisure facilities, etc. And this
consequently influenced the selection of those Ltyges (i.e. artificial surfaces and
urban green areas) in which the spatial representat planning alternatives based on.
However, the generation of alternatives from lage cover maps was inevitably affected
by a time conflict because of the time-gap betweBC changes and available spatial
information. In addition, the proposed LUC type sggzh may be further improved, by
encompassing, for instance, the generation of offlanning alternatives based on
additional or alternative assumptions on urban g¢novweing those proposed mostly

115



CHAPTER G

generated in order to test the applicability of #ugproach, rather than provide a
comprehensive range of reasonably foreseeablensptio

Furthermore, the assumptions on LUC changes masientdate future conditions mostly
referred to the implementation of those PPPs pusiyoselected with respect to VEC and
regional context (see Appendix 3). However, it iertlv to note that the previously
selected PPPs referred to their ‘relative’ rolenituencing VEC, even though they could
interact with other issues (e.g. transportatiomidor may affect air quality or contribute
to urban sprawl, etc.). In addition, there may Itleeo policies (reforestation, carbon
reduction policies, etc.) or other external comditi (e.g. climate change) influencing
VEC; as well as, there may be conflicts betweerctetl PPPs since they could not be
implemented simultaneously or their implementatcmuld reveal a ‘spatial overlap’.
Moreover, the assumptions and, thereby, the LUGQghaules standing on LUC types,
were defined assuming that a greater coordinatinang spatial and sectoral decisions
could allow VEC (e.g. open and green spaces, emalbgetworks, recreation, etc.) to be
better managed through different measures (e.g.logical restoration, etc.).
Accordingly, the enhancements of ecological coaditf greenspaces and rural patches
from least-degraded to most-natural condition weupposed acting within important
sectors of the region (i.e. protected areas, rafjinmal network, river banks, etc.) as a
measure to: improve the ecological quality of VE€®mpensate urban growth; and
provide other important environmental services. &baless, the ecological conditions of
LUC types was assumed basing on LUC features, #wamgh they may not always
match to. However, it was deemed enough appropastthe scale of analysis did not
allow natural and rural patches to be tested thrptay instance, ecological field surveys.
Furthermore, major findings that landscape patteams structures mutually influences
landscape functions are at the basis of landscagegy (Forman, 1986).

6.7.2 Uncertainty

The assumptions made in order to define spatiahphg alternatives and LUC scenarios
involved a high level of uncertainty.

On the one side, the definition of spatial planniai¢ernatives assumed an overall
implementation of approved local transformations iclwh firstly, may do not
simultaneously occur, and secondly, they inevitably on site-specific conditions and
executive planning regulations. In addition, eveough defined according with the
regional spatial plan, the selection pble municipalitiesin which alternatives based on
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(see note 7), may lead to disregard local conflitte to restrictive urban development
was supposed for municipalities out of poles.

On the other side, the effectiveness of the implaat®n of management measures (e.g.
enhancement of greenspaces, improvement of ruealsaretc.) and the collaborative
inter-institutional efforts on which future scertaibased on, seemed to be highly
uncertain since:

» there may be a number of technical and non-techfactors constraining the
realisation of those measures (e.g. scarce finkanthtechnical support, limited
plan’s or policy's timeframe, local and politicabrdlicts, lack of monitoring
responsibilities, etc.); and

» they may be not successfully achieved due to urigiital barriers (shared blames,
etc.) and lack of shared regional strategies on VEC

As a result, the role of follow-up seems cruciabyn insight into the reliability of the
assumptions made, suggesting the opportunity toaugpthe proposed framework, by
extending it towards the ex-post assessment inrdiebetter cope with uncertain
consequences arising from the volition of decisiwakers.
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7 Methodological proposal: indicators to assess CE on
VEC

7.1 Introduction

Following the general framework introduced in §,@His chapter deals with the fourth step,
namely the assessment of CE on VEC. In particitlproposes a core set of indicators, mainly
guantitative and spatially explicit, in order toedict combined effects on the selected VEC
(see §6.3).

Accordingly, section 7.2 firstly introduces and ddses the proposed indicators. Then, the
results are presented in sections 7.3, includihg: d@stimation of the expected land take (8
7.3.1); the expected changes of indicators underradtive future conditions (8 7.3.2 — 7.3.5);
and an overview of the performance of differentnse®s (8 7.3.6). Subsequently, the results
are discussed in Section 7.4, by underscoring a@ngnglevant considerations (8§ 7.4.1 and
7.4.2) with a focus on uncertainty’s sources (83).4Finally, Section 7.5 summarises the
overall application of the proposed approach.
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7.2 Description

The selection of indicators started from the pdiret regional green infrastructure (selected
VEC) plays a role in regulating important processash as hydrological cycle and local
climate as well as in preserving biodiversity (sdeo Pauleitet al, 2005). In fact, with
particular reference to urban regions, it has b#®mwed how environmental thresholds (e.qg.
air quality standards, ecological limits, etc.)degn be more easily exceeded as a consequence
of small minor actions (Antrop, 2004; MEA, 2005; AE2006). Furthermore, urbanisation
generally led to a decline of vegetated areas,thattby, a reduction of evapotranspiration
rates due to a negative interplay with land anceteggpn cover contributing to increase surface
runoff (Haase and Nuissl, 2007) and alter locahate (Barberat al, 1991; Taha, 1997).

Firstly, the major effects of urbanisation on hydgical processes are caused by the
replacement of vegetated areas by more impermesthletures (i.e. roads and buildings),
leading to less: evapotranspiration; interceptibramfall by plants; and water infiltration. As

a result, surface runoff increases both in termgoddme and speed. Thus, more of the rain is
diverted to drains, storm sewers and streams, imegltice time between the rainfall event and
its appearance in streams; and increasing thefibkth riverine flooding, as well as flooding
from combined sewer overflows, where the capacftyhe drains is overwhelmed by the
runoff (Whitford et al, 2001; Gisotti, 2007).

Secondly, urbanisation also alters energy exchadgedo heat produced by building and cars
directly warms up the environment. Moreover, theslof vegetated areas directly contribute to
lower energy loss from evapotranspiration, changimg energy exchange processes (Oke,
1987; Tsoet al, 1991). And this has been agreed as particulalyese during the summer
months, making life uncomfortable for the inhabitamarticularly on hot days; and increasing
the need for air conditioning (Whitfoet al, 2001; Gisotti, 2007).

Thirdly, urbanisation has been considered among gheary cause of natural areas
fragmentation, altering both structure and functafnhabitats (Forman and Godron, 1986;
Turner et al, 2001; Farina, 2005); and consequently, contmigutio biodiversity loss and
reduction of ecological resilience (Holling, 197Barticularly at landscape scale.

Therefore, a core set of indicators were seleatedrder to quantify and map those effects:
surface runoff, surface emissivity, evapotransmmtand ecological connectivity (Figure 7.1).
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Surface
runoff

Hydrological

piration

N
green Local ;
infrastructure @’D> climate UM{ Surface

thermal
emissivity

Biodiversity

Ecological
connectivity

Figure 7.1: Selection of indicators

The data required to map these indicators weravailable and freely downloadable on the
web, mainly including regional land use cover magusl types, climate data, and a satellite
image.

7.2.1 Surface runoff

A surface runoff indicator was selected to deteartime approximate amount of direct runoff
from a particular rainfall event. Although thereigt® many models for estimating it (e.qg.

Watershed Science Centre, 2000), most of themttebd complex computer-based, requiring
large amount of data (Mansell, 2003). Thereforepating to the purpose of this thesis, the
Soil Conservation Service approach was adopted (3G®&) as it is based on theoretical
foundations and empirical studies, providing aightiorward method for quantifying surface

runoff with few input requirements (Whitforet al, 2001) (see Box 1). In order to compute it,
a rainfall event of 24 hours duration was fixed doefirstly, 24 hour duration spans most of
the applications of the SCS approach (NRCS, 198t]J; secondly, a daily rainfall of 80 mm

corresponded to the alarming threshold for hydcandik with respect to the case study region
(DGR n. 7/21205, 2005).
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BOX 1: computation of surface runoff indicator

According with SCS (1972), the computed equatiorcidculating surface runoff for a givel
rainfall event is:

_(P-029)°
©” P+08S

where P is the precipitatiompd, and S is the maximum potential retention of ¢hechment,
given by the expression:

S—@—254 (7.2)
CN

=

(7.1)

where CN is a dimensionless curve number of thiqodar type of watershed experimentally
determined. It ranges between 0 and 100 dependirtheoamount of pervious surface, and
thereby, on land cover type, and hydrologic sailditions.

Land use Permeability
map map
Integ rated

map

Assignment of CN value

Definition of )
precipitation Computation

value
Map of surface
runoff

! For impervious and water surfaces CN=100, whitepfervious surfaces GN.O0. However, runoff is affected
by the soil moisture before a precipitation eventheantecedent moisture conditigAMC). A curve number
may also be termed AMC Il &N, or average soil moisture. The other moisture itmms are dry, AMC | or
CN,, and moist, AMC Ill oiCN,; (USDA, 1986). This application adopted fér normal antecedent moisture
condition (AMC).
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7.2.2 Surface emissivity

One of the most important parameter for the urblmate research is theand Surface
Temperature(LST), which modulates the air temperature of tbwer layer of urban
atmosphere (Voogt and Oke, 1998; Gisotti, 2007 weteer, the relationship between the total
amount of energy emitted by a surface and air teatpe is not linear, being latent or
horizontal heat fluxes also important for the egergchange balance. Therefore, despite many
approaches are available in order to model LSTy tifeen base on complex algorithms and
equations, requiring intensive amount of data.h&t @pposite, according to the purpose of this
thesis, an indicator of land surface thermal emissvas chosen starting from the approach
proposed in Schwaret al. (2010) which analysed thermal data for the LeipziRegion
(Germany). Following the same procedure, a fregbilable remote sensing satellite image
obtained from Landsat 7 ETM+ (band 6.1, spatiablteggon 60x60) covering the case study
area was firstly downloaded (acquisition date: @1eJ2001; acquisition time: approximately
10:00am), and secondly used to extrapolate casty stpecific emissivity values for all
regional land use classes (see Box 2).

BOX 2: computation of surface emissivity index

Emissivity values were obtained for each regiolaaldl cover category (see Appendix 4),
based on the following equation:

emissivit{i]
emissivitjGardensAngarks_ good

emissivityLinde{i] = ( DlOOJ -100
(7.3)

where: the numerator is the emissivity value farldmd use type [i]; and

the denominator is the emissivity of the referelarel use class (emissivity value of gardens

and parks in good conditions). Both are express d—lwi )
m** ster* m

Thermal map

Selection of Extraction of rougt

relevant land missivity val
use categories emissivity values

Computation

Map of surface
emissivity
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7.2.3 Evapotranspiration

To determine evapotranspiration, both empiricaf.(eeddy-correlation, Bowen ratio) and
estimating (e.g. hydrological equations, water he#d methods are available. According to the
regional climate conditions (see § 6.2.1), thisstheproposes the use of tlievalue for
evapotranspiration potential of land use classasdisator following the method described in
Schwarzet al. (2010) which approximates potential evapotrangipineof a land use class for
emitting latent heat in Leipzing region (Germarhgsing on empirical estimations, soil types
and regional climate data. A set of evapotrangpimatalues were obtained for several regional
land cover categories based on average age of amesavailable water capacity of soils
(AWC). Therefore, different combinations of thedasses were used in order to assign
evapotraspiration values to the overall land usegoaies (see Box 3).
BOX 3: computation of evapotranspiration indicator

The f-value for land uses bases on the followingagign:

f[i] = max_evapotrangirationi]

ET, (7.4)

where: the numerator is the maximum evapotrangpirdor the land use type [i]; and the
denominator is the reference evapotranspiratiogragés, 12 cm high, depending on logal
climate. Both are expressed mii.

The f-value for water surfaces was fixed at 1.05wagested in Allert al.(1998).

Selection Land use map AWC map ‘/ Soil type map/
of relevant
land use
categories
A
Integrated
i/
Definition of _
average age Computation

of trees

Evapotranspiration
map
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7.2.4 Ecological connectivity

Many spatial landscape metrics have been propaseédested in order to describe structural
and functional changes on ecosystems (Handley,; 1R@&8nan, 1995; McGarigal and Marks,
1995; Lofvenhafet al, 2002; Geneletti, 2004; Marull and Mallarach, 20Ghowing them as
suitable set of measures to evaluate ‘configuradimh pattern effects’.

According to the purpose of this thesis, two inthega commonly employed in landscape
ecology (Gustafson, 1998; Geneletti, 2008) wemrdlfirselected in order to predict changes on
VEC structure, and therefore, computed with FRAGB3EAMcGarigal and Marks, 1995): the
Landscape Shape Ind€xSI) and theMean Shape IndeSl) (see Box 4).

BOX 4: computation of ecological connectivity indexes
LSl is a shape index expressing the overall conmgast level of patches within a regio
according to the formula:

E
min E (7.5)

>

LSI =

Where: E = total length of edge in landscape; aimdEn= minimum total length of edge in
landscape. Accordingly, LSI=1 when the landscapesists of a single square (or almast
square) patch, whereas LSI increases without lmsitlandscape shape becomes more
irregular and/or as the length of edge within #hedscape increases (McGarigal and Matks,
1995).
MSI is a shape index expressing the average comgscievel of patches within a region,
according to the formula:
Zm Zr‘l p|]
=== min p,
N (7.6)
Where: pij is the perimeter of patch ij in termsmafmber of cell surfaces; min pij is the

minimum perimeter of patch ij in terms of numbercefl surfaces; and N is the total number
of patches.

MSI =
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7.3 Results

The spatially explicit indicators previously inttozkd were computed for each land use
scenario in order to compare their different perfance and, thereby, to predict their
cumulative effects on VEC. In particular, sectioB.X showed a rough means to assess CE, by
estimating and comparing the likely land take faclhe planning alternatives under future
conditions, whilst the following sections presentwthat extent spatial planning alternatives
(e.g. increase of artificial surfaces, etc.) afthetrole of VEC under different future conditions
(e.g. enhancement of ecological conditions of gia&astructure, etc.), referring to the control
of surface runoff, the local climate regulation ahd preservation of the regional ecological
connectivity. Therefore, the results are discugeedsing on expected cumulative changes in
terms of surface runoff, surface emissivity, evagadpiration and ecological connectivity.

7.3.1 Land use cover changes and expected land take

According with the assumptions made (see § 6.53ti@pplanning alternatives showed
different distribution of urban and natural patgeeumder future scenarios. Changes in urban
patterns mostly resulted between different spafiahning alternatives (caseandb); whilst
changes on natural patterns were mainly driven Xgreal conditions, particularly under
strong role of protected areas conservation pladsaral policies.

Figure 7.2 shows the overall land use cover chdogeslevant broad LUC categories under
different scenarios. Appendix 4 includes a tablmsarising values of changes in terms of
percentage.
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Land use change
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Figure 7.2:Land use cover changes under different scenarios

In particular, LUC changes are mostly expectedtfor broad land use categories: artificial
surfaces and agricultural areas. The first is etgokto increase ranging from 4,6% (Sla) to
4,4% (S4a, S4b); while the second is expected twedse of about 5,5% in all scenarios,
confirming the foreseen trend of encroachment odlrareas predicted for the region (see §
6.3). Furthermore, a net decrease of forests (akh¢fo) is expected under all land use
scenarios, covering the 14,6% of the regional warodi

Additionally, although the overall land take showedinor changes between different
scenarios, artificial surfaces are expected toems® more if urban development is locally
driven (casen), exceeding the 4,5%. Furthermore, by comparimgaimount of urban fabric
under different scenarios, different internal patte emerged, due to major changes are
expected with respect to discontinuous and contisuarban fabric under different future
conditions (Figure 7.3).
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Urban fabric
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Figure 7.3: Urban fabric land cover under different scenarios

Moreover, an intensification of continuous urbarttgra is expected for scenarios Sla, S3a,
S6a and S8a. At the opposite, it is expected to inotease for both spatial planning
alternatives under combination 4 and 5, maintaimingost the same percentage of the baseline
condition (Figure 7.4) and, consequently, confirgnthe role of rural policies in preserving
rural fringes and patches within the urbanisedsarea

Continuous urban fabric

Continuous
urban fabric

Sta
S1b
S3a
S3b
S4a
S4b
Sba
S5b
S6a
S6b
S8a
S8b

Baseline

Figure 7.4: Continuous urban fabric land cover under diffess#narios

As a result, major changes in urban patterns,aat lor the next 15/20 years, resulted under
combinations 1, 3, 6 and 8, anticipating that:
1. spatial plans, even though regionally driven (dgseould be not enough in avoiding
soil regeneration threshold to be exceeded;
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2. a strong role of protected area conservation ptamgd be not enough effective in
containing urban developments;
3. then, under weak role of rural policies, the curteend of encroachment of rural areas
caused by urban developments is likely to contones the case study region.
Referring to urban green areas, a total increasgpected in all scenarios (about 3,2%) which
slightly rose in 4 and 5 combinations (+3,3%). Hoere their natural condition, ranging from
good to poor, is expected to largely change undé&rent future combinations due to the
enhancements planned in case of strong integratiwong protected areas conservation plans,
rural policies and spatial plans. Figure 7.5 shtvesexpected transformations on green urban
areas under different future conditions.

Gardens and parks

4,5
4,0 1
3,517
3,0 1
2517
2,01
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0,0 7

percentage

Baseline
Sta
S1b
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S3b
Sda
Sdb
Sb5a
S5b
S6a
S6b
S8a
S8b

W good condition fair condition poor condition

Figure 7.5: Gardens and parks (natural conditions) under @iffescenarios

Moreover, different combinations of agriculturaldasemi-natural patterns resulted for both
spatial planning alternatives @ndb) under different future conditions. In particuldespite
the expected net decrease of rural areas, theylikehversion of arable land from
homogeneous to rural land with significant presesiceees (Figure 7.6), respectively inside
(+9%) and outside protected areas (+20%), resulbelér combinations 3, 4, 5 and 6, due to a
strong regime of protected area conservation pkam$ rural policies in mainstreaming
ecological enhancements within protected sitesragiwnal rural network.
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Arable land
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Figure 7.6: Arable landunder different scenarios

And, in spite of their limited amount, this wasther the case of other natural LUCs such as
pastures and shrubs, whose enhancements are ekpadter scenarios 3, 4, 5, and 6, due to
the enforcement of protected area conservationsptard rural policies in converting, and

thereby, improving, their natural condition. Figut& shows the total amount of those LUC
classes among different scenarios, including tiselbee condition.

Pastures and shrubs

18
1,6
1,4
1,2
1,0 1
0,8
0,6
0,4
0,21
0,0

percentage

Baseline
Sta
S1b
S3a
S3b
Sda
Sdb
S5a
S5b
S6a
S6b
S8a
S8b

Permanent pastures
B Permanent pastures with significant presence of trees and shrubs
B Shrubs with significant presence of natural vegetation

Shrubs in abandoned agricultural land

Figure 7.7:Pastures and shrubgader different scenarios

Finally, a slight additional decrease of agricidtuand and forests is expected for both spatial
planning alternatives under conditions 4, 6 andd@ to the realisation of the highway
corridor, even though this could be mitigated by fitanned measures (i.e. green buffer zone,
etc.).
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7.3.2 Expected changes in surface runoff

The results of the surface runoff indicator reéer t

1. the daily trend (trend of the indicator during enfall event of 24-hour);

2. the value of a rainfall event of 6-hour; and

3. the weighted average value for the overall region.
In particular, the first was applied to illustrdbe different performance of those relevant LUC
categories used to generate LUC scenario; the dagas chosen to visualise the difference of
the spatial distribution of the indicator betweetle scenario and the baseline condition (all
the maps are included in Appendix 4). And the thwds applied to compare the overall
performance of spatial planning alternatives urdiéerent future conditions.
Firstly, artificial surfaces (i.e. continuous andabntinuous urban fabric, road networks)
showed similar trends of indicator under differsoénarios. Specifically, it exceeds 80% after
a rainfall event of 1 hour, 6-hour and 12-hour,pexdively for roads, continuous and
discontinuous urban fabric, suggesting a largeritmriton of these LUC classes to the regional
surface runoff, which can indirectly affect urbamidage systems and increase flooding risk.
Figure 7.8 shows the daily surface runoff for ai#fl surfaces for baseline condition and under
three different scenarios (i.e. 1b, 5a, 6b), caomfig a similar daily trends under different
future conditions with respect to these LUC types.
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Figure 7.8: Daily surface runoff — artificial surfaces (Baselinondition and scenarios 1b,
5a and 6b)

However, residential patterns showed a differenfopmance mainly due to the amount of
open spaces included in. In particular, discontisucesidential areas allowed rain water to
infiltrate more than continuous urban fabric, bytgmtially contributing to avoid drains to
exceed their capacity. Therefore, major increasesimoff are expected in case of locally
driven development (case a) under combination &, @&)d 8 due to both a rise of continuous
urban fabric and a net loss of semi-natural andl finges.

At the opposite, a set of different trends of dalyface runoff are expected in urban green
areas according to the condition of their natumaler (see Figure 7.5). Figure 7.9 shows the
variability of the indicator within the dardens and parKsLUC classes, highlighting a
maximum range for a rainfall event of 6 hour, ahdwing a net decrease if urban green areas
are improved (from poor to good), particularly undeenario 5a which supposed a net
increase of 3,3% of parks in good conditions (sppehdix 4). And this seems to be mainly
important in case of gardens and parks locatedeims&, medium-dense and discontinuous
urban patterns such as the central part of themedjie to their role in mitigating the effect of
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artificial soil sealing on water flow, particularfpr critical rainfall events and high intensity
precipitations.
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Figure 7.9: Daily surface runoff — green urban areas (Bas&oralition and scenarios 1b,
5a and 6b)

Secondly, by comparing alternative scenarios wibkeltine condition, if no enhancements of
semi-natural and green patterns are expected (scelke 1b, 8a and 8b), the surface runoff
indicator showed an overall increase scattered thveregion mainly due to the net conversion
of semi-natural and rural areas into artificial amblands (Figure 7.10), confirming that local
spatial plans, even though regionally driven (dasenay cumulatively contribute to alter the
water regulation capacity of regional green infiactiure, with likely negative consequence on
water recharge and flooding risk.
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Legend
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Figure 7.10: Difference of surface runoff between scenario 1t laaseline condition

At the opposite, the surface runoff indicator shdwevide improvement over the region under
combinations 4 and 5 due to additional enhancemaingemi-natural and rural patterns are
expected, not only in protected areas and regiomal network, but even on river and
irrigation ditch banks, flooding areas, etc., cimiting to an overall decrease in surface runoff,
particularly relevant in rural areas mainly locateer the eastern sector of the case study
region (Figure 7.11).

Legend
Surface runoff

5

Figure 7.11:Difference of surface runoff between scenario Salzaseline condition

Finally, if the highway is realised (combinations&and 8), an increase of surface runoff is
expected along the corridor as direct effect ofsealing (Figure 7.12). However, the indicator
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showed the effect can be slightly mitigated by ptened green buffer zone, especially when
it is co-located in higher infiltrating soils. Mareer, green buffer zone can further play a
multifunctional role, by filtering road atmosphepollutants (e.g. PM, NOy, etc.), as well as
in providing to a recreational corridor (walkingdaeycle paths, etc.).

Figure 7.12:Difference of surface runoff along the road corrifkcenario 8b)

Finally, the weighted average value of the indic@teean of surface runoff indicator weighted
for the surface of land use types) allowed diffésmenarios to be compared both with baseline
condition and between them (Figure 7.13), sugggstveral considerations.

S6b

—e&— weighted average value

— — baseline weighted
average value

Figure 7.13:Weighted average surface runoff — comparison betweenarios

Firstly, spatial planning alternatives (cas@ndb) similarly performed under the same future
combination, even though caseshowed a slight increase (about 0,05%) under coatibn 1,

3, 6 and 8 due to the intensification of artificglrfaces within previously urbanised lands.
Secondly, the indicator highlighted the positiveerof enhancements of open spaces and rural
areas in controlling surface runoff, suggestingrtlas potential ‘compensation’ measures to be
envisaged in order ensure surface runoff to, astle@ot exceed the average value of the
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baseline condition (scenarios 3a, 3b, 6a and 8palternatively to decrease (scenarios 4a, 4b,
5a and 5b).

7.3.3 Expected changes in surface emissivity

The results of surface emissivity refer to:

1. the estimated value;

2. the weighted average value for the overall region.
In general, the values of surface emissivity indsttmated for the region ranged from -2,2 of
medium-high density coniferous forest to 7,1of amntus urban fabric (see Appendix 4).
Firstly, referring to the baseline condition it migishowed a negative vafuganging from -2
to 0) in protected areas where most of natural ioeee located (residual forests, riparian
vegetation, green areas in good condition, etog; ia the large urban green pafkaco di
Monzg situated in the middle of the region due to @kevant tree cover (Figure 7.14). And
this generally confirmed the current role played thg regional infrastructure (VEC) in
regulating local climate, by contributing to maintéhe natural flow of heat exchange between
land surface and air temperature.

A
L Taomens e

Figure 7.14:Emissivity index — baseline condition

Secondly, when the total implementation of locakts plans is expected to occur with no
coordination with protected area plans and rurdicigs (combinations 1 and 8), the index
showed a scattered increase, particularly withiotgoted areas due to both a net loss of

2 According with the method adopted in order to ghite the surface emissivity index (see Box 2 in.&2),
negative values correspond to land covers with dagissivity value than the reference, where refezaralue is
the emissivity of green urban area in good conaltio
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woodlands, and a scarce enforcement of improvemergseen and open spaces. Figure 7.15
maps the distribution of the index over the regioy showing the spatial difference between
scenario 1b and the baseline condition (all theswaap included in Appendix 4).

ML L Thiometess Weié“;%'—z
o s s ¢ }

Figure 7.15Difference of emissivity index between scenaricabd baseline condition

Thirdly, under future combinations 4 and 5, the sswity index showed a general decrease
over the region as a consequence of ecologicalneengents both in rural areas and open
spaces are largely expected. Figure 7.16 showdistrution of the index under scenario 5a
and its difference with respect to the baselinedgmn.

..AQF)VE

s

Figure 7.16: Emissivity index — scenario 5ar( the leff and difference with baseliner{
the righ)

Fourthly, if highway is realised (combinations 4aied 8), the index showed a direct increase
due to the replacement of vegetated areas witha#isptowever, as in case of surface runoff, it
showed that the effect can be slightly mitigatedaliyreen buffer zone which may contribute to
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compensate the augment of local air temperatureetiieless, it could negatively contribute to
local climate due to an increase of £€missions from transportation which may globally
change climate conditions, and local compensatongd be not enough effective in offsetting
this consequence, requiring a better integratiotwden spatial, transportation and climate
strategies at different levels of decision-making.

Finally, by comparing the weighted average valuegmof surface emissivity index weighted
for the surface of land use types) of differentnse®s, the indicator showed a better
performance with respect to the baseline conditioly under combinations 4 and 5 (Figure
7.17), confirming that the cumulative effect on VEC respect of the regulation of local

climate could be positive only if enhancementsaaisieved.

—— weighted average value

— — baseline weighted
awerage value

Figure 7.17:Weighted average emissivity — comparison betweenaos

And this seems to be particularly important in caeural fringes and open spaces located in

medium-dense and discontinuous urban areas, sutle asntral part of the case study region.

In fact, due to higher radiance of artificial seda, local temperature may increase, especially
during the summer, leading to a rise in heat iskfifects and human discomfort.
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7.3.4 Expected changes in evapotranspiration

The evapotranspiration pattern mainly followed fthistribution of vegetated and water
surfaced showing the direct role of regional green infrasture in reducing temperature, by
cooling, storing and reradiating less heat thartdopi surfaces. Furthermore, a significant
contribution to evapotranspiration resulted frora thrge urban green parRgrco di Monza
situated in the middle of the region which is fertiplaying a recreational role (Figure 7.18).

w B,
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%

Figure 7.18:Evapotranspiration — baseline condition

However, the current evapotranspirating pattereseapected to be negatively influenced by
the total implementation of local spatial plangyexsally under combinations 1 and 8 due to
the intensification of urban developments which lisgpa net loss of vegetated surfaces and,
thereby, a decrease of evapotranspirating ardatéamnaps are included in Appendix 4).
Nonetheless, even when a strong integration amotigigs is expected (combinations 4 and
5), the indicator did not show a better performanith respect to the baseline condition due to
the low value of soil available water capacity ewderising the central part of the region which
seemed to strongly influence its performance ewerase of enhancements of green and rural
areas are implemented (Figure 7.19).

® The case study region showed a current distribwibwoodlands and natural vegetation in protecteshs
mostly located in the western and northern cereats (see Figure 6.5b). While the eastern sestondinly
characterised by homogeneous rural areas.
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-

Figure 7.19:Evapotranspiration — Scenario 5a

In addition, if the highway is realised (combinato 4, 6 and 8), a decrease of
evapotranspiration is expected along the road legoe to the net loss of vegetated areas. And
mitigation buffer zones seemed to not compensagenttgative consequence, except for areas
with high soil AWC (i.e. eastern sector of the mi

Finally, by comparing the weighted average valuditiérent land use cover scenarios for the
overall region, the indicator did not significantdliange, ranging from 0,92 (combination 4) to
0,93 (baseline condition). However, it showed to demsitive to: firstly, the net loss of
vegetated surfaces as none of the scenario perdobmter than the baseline condition; and,
secondly, the AWC value as when significant land asanges where expected in high soil
AWC (i.e. eastern sector of the region), it chandgedmbination 4 and 5), otherwise it
performed as the same (combination 1, 3, 6, artgiglure 7.20).

—&— weighted average value

— — baseline weighted
average value

Figure 7.20:Weighted average evapotranspiration — comparisbmdes scenarios

140



Methodological proposal: indicators to assess CEB6

7.3.5 Expected changes in ecological connectivity

Two connectivity indexes were calculated both forecareas and stepping stones. Core areas
were considered the overall regional forest; whikpping stones were selected among natural
and semi-natural LUC categories (i.e. shrubs wiginiScant presence of natural vegetation;
riparian vegetation; gardens and parks in good itiond; permanent pastures with significant
presence of trees and shrubs; and arable land sigtiificant presence of trees) identified
within the regional ecological network. Table 7ubmnarises results for each scenarios.

Table 7.1:Connectivity indexes

Indicator Connectivity index
LSl - MSI —
LSI—forest MSI—forest stepping stepping
Scenarios stones stones
S-base 63,665 1,844 20,214 1,797
Sla 63,099 1,791 23,833 1,831
Sib 63,099 1,791 23,866 1,832
S3a 63,099 1,791 36,212 1,685
S3b 63,099 1,791 37,072 1,682
Sda 63,236 1,798 39,145 1,693
S4b 63,236 1,798 39,493 1,695
S5a 63,099 1,791 38,436 1,685
S5hb 63,099 1,791 38,780 1,687
Séa 63,236 1,798 37,723 1,703
Séb 63,236 1,798 38,070 1,696
S8a 63,236 1,798 26,901 1,857
S8hb 63,236 1,798 26,958 1,854

With respect to core areas, both indicators deerkas all scenarios comparing with the
baseline condition due to a net loss of foresty dhre case study region (see § 7.3.1) and,
consequently, a decrease of compactness levekofghtches. However, it can be noted that
they mostly changed whether the highway is expetdet realised (combinations 4, 6 and 8),
confirming the negative role of road corridor imtdbuting to habitat fragmentation.

Referring to stepping stones, connectivity indegkdwed an opposite trend among scenarios.
Although all scenarios performed worst comparinthvie baseline condition, if a significant
increase of stepping stones is expected (combmgti®y 4, 5 and 6), while the overall
compactness of patches increases (LSI), their geexalues (MSI) decrease due to an
augment of patch numbers (Figure 7.21).

141



CHAPTER7

1,88
S8a
1,86
sgo B
1,84 p
Sib
1,82 Sla
1,80 [ ]
Baseline

B 1,78
=2 17

1,74

1,72 S6b

1,70 Soam sap

' " Ssa

168 S3a L] L] Sha

’ S3b S5b

1,66 T T T -

0,0 10,0 20,0 30,0 40,0 50,0
LSI

Figure 7.21:Correlation between stepping stones MSI and LSI

And this suggests that protecting natural areaddcbe not enough in order to preserve
biodiversity, even though analysis with more levkEbetail seems to be required. As a result,
supporting spatial plans to improve regional eclalgconnectivity by designing multi-scale
ecological networks and enhancing their ecologicalditions seem to be particular important
in order to preserve structures and functions bithts and ecosystems, particularly in case of
peri-urban regions such as the case.
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7.3.6 Overview of the performances of scenarios

The performances of alternative scenarios can loi@dally compared against the overall
indicators. Table 7.2 qualitatively summarisesrdmilts which are subsequently portrayed.

Table 7.2:Performances of future scenarios*

Indicators Connectivity indexes
Surface  Emissivity  Evapotran- LSl - MSI —  LSland
runoff Index spiration stepping  stepping MSI -
stones stones forest
Scenarios

Sla A A v A A v
Sib A A v A A v
S3a <> A v A v v
S3b <> A v A v v
Sda v v v A v v
S4b v v v A v v
Sha v v v A v v
S5b v v v A v v
S6a <> A v A v v
S6b <> A v A v v
S8a A A v A A v
S8b A A v A A v

* 4P = as baseline conditiok = better that baselin® =worse that baseline

Firstly, the performance of different planning ali&ives (cas@ vs. caseb) under the same
future condition (e.g. S3a and S3b) was mainlyaatde through the surface runoff indicator
and, to some extent, through the ecological indexésle the rest of indicators did not
significantly vary. In fact, while all of indicatsrshowed to be sensitive to small changes on
natural patterns (quantitative amount and qual#atondition), only surface runoff and LSI
changed due to small increment and/or intensificadif artificial surfaces.

Secondly, although all scenarios exceeded theagdneration threshold as a consequence of
the overall implementation of the expected smalhldand use changes assumed (see § 6.5),
the indicators highlighted how different expectédmges of natural and semi-natural patterns
(VEC) performed under different future conditioeBpwing that:

1. scenarios under weak role of protected areas oaats®m plans and rural policies (1a,
1b, 8a, 8b) generally performed worst againsttal proposed indicators, suggesting
that the only coordination among local and regiapatial plans could be not enough,
not only in avoiding soil regeneration thresholdoto exceeded, but also in preserving
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all the environmental services considered (e.glogamal connectivity, regulating of
water balance, etc.);

. scenarios under strong role of protected areaseceauson plans and weak role of rural

policies (S3a, S3b, S6a, S6b) showed an overalirrediate performance, anticipating
that, despite a strong role of protected area cwasen plans could be not enough
effective in containing urban developments, the amckment of VEC within the
regional protected network could be of particulandfit to the control of surface runoff
and, to some extent, to the regulation of locahate. In addition, more detailed studies
seemed to be required at lower tier assessmentr@sgect to biodiversity issues, even
though ecological indexes pointed out a general ravgment of the overall
compactness of semi-natural patches;

. scenarios under strong role of protected areaseceatson plans and rural policies

(scenarios S4a, S4b, S5a, S5b) showed the begirparfice with respect to the
baseline condition and between them. In fact, etreough the soil regeneration
threshold will be exceeded, if enhancement of VEECexpected, not only in regional
protected and rural networks, but also along receridors, irrigation ditch banks, etc.,
indicators showed a great improvement of VEC irmbmintrolling surface runoff and
regulating local climate. While for the biodivessissues, indicators have suggested the
need of more detailed studies, as previously uimeetl

Finally, only the ecological indexes allowed th&efs of the realisation of the highway to be
detected, showing slight differences. In particuddirthe values increase more under scenarios
4, 6 and 8 comparing to the scenarios 5, 3 andeltalthe realisation of the highway corridor,
predicting a higher fragmentation of natural (LBSI — forest) and semi-natural patches (LSI,
MSI — stepping stones), despite the realisatia@fgreen buffer zone.

Next table summarises the overarching results roymgng them into similar future conditions.
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Table 7.3:Overarching results

Future Expected land use changes* Overall performance
conditions
Increase of artificial surfaces
and net loss of open spaces, | « Worst performance comparing to the baseline
rural areas and woodland condition
land8 Increase of urban green areas . Ecological indexes increase more under
with no significant scenarios 8 with respect to the scenarios 1 due
enhancements to the realisation of the highway
Highway under combination §
= Intermediate performance between the worst
Increase of artificial surfaces cases (1 and 8) and the best one (4 and 5)
and net loss of open spaces, | = Surface runoff performance better than
rural areas and woodland emissivity index
Increase of urban green areas = Not significant changes of evapotranspiration
3 and 6 erf)r:eirggggigzsems n = Ecological indexes increase more under
P scenarios 6 with respect to the scenarios 3 due
Additional enhancements of to the realisation of the highway
S?(;?ggtaegjggzgd rural areas in, Improvement of the overall compactness of
P semi-natural pattern (LSI)
Highway under combination 6 .
= Decrease of the average compactness of semi-
natural pattern (LSI)
Increase of artificial surfaces | = Best performance comparing to the baseline
and net loss of open spaces, condition and among all scenarios
rural areas and woodland = Net improvement surface runoff and for the
Increase of urban green areas emissivity index over the overall region
with significant enhancements Slight changes of evapotranspiration in the
Additional enhancements of eastern part of the region
4and5 semi-natural and rural areas in, Ecological indexes increase more under
protected areas and regional . ith h . d
rural network scenarios 4 with respect to the scenarios 5 due
to the realisation of the highway
Addl_tlonal enhancements of |, Improvement of the overall compactness of
semi-natural along river .
. o . semi-natural pattern (LSI)
corridors, irrigation ditch
banks, etc. = Decrease of the average compactness of semi-

Highway under combination 4|

natural pattern (LSI)

* Section 6.5 underlines the comprehensive desonipt

145



CHAPTER7

7.4 Discussion

The results allowed several methodological andecdngl considerations to be underscored. In
addition, a discussion on uncertainty’s sourcgsesented.

7.4.1 Methodological considerations

The methods applied to compute indicators genedtipwed a straightforward and time-
fashion approach to quantitatively predict and r@&pon VEC, requiring a small amount of
data and spatial information. Additionally, theyopided an easy and evidence-based way to
‘link’ the land use cover type approach adopteddfned LUC scenarios to the quantification
of their effects, by associating LUC features teiemmental processes and effects. However,
several methodological considerations and limiteticare following discussed for each
indicator.

Firstly, the surface runoff indicator was only cdéted for normal antecedent moisture
condition or CN (see note 1), even though, being runoff affectethk soil moisture before a
precipitation event, results could largely differder dry or moist conditions, namely Cand
CNyi. Moreover, being the permeability map used as tinperived from a qualitative
description of soil texture properties, there maybliases on results. In addition, the values of
curve numbers (CN) assigned to different land adegories; as well as the precipitation value
chosen to estimate the runoff can further influetlee results. Consequently, a thorough
scoping on regional baseline conditions seemec todzessarily required in order to fix those
parameters.

Secondly, the surface emissivity values extractadefach land use class were inevitably
affected by the local climate conditions charastag the acquisition time of the thermal scene
(about 10.00 am), since differences between larel alasses due to cooling effects of
evapotranspiration can be higher in the evening @eso Gisotti, 2008). Furthermore, they
presented a large variability, especially for thémed use categories characterising by small
extents (see also standard deviation values in Agige4). On the one hand, this was an
unavoidable consequence of the gap between this lefvdetail of the two input maps (a raster
satellite data with resolution of 60m and a vetaod cover map with a scale of 1:10,000). On
the other, this could be improved, by validatingl aiorrelating emissivity values extracted
from more than one thermal image, should them la@lable; or, even, by calibrating results
with field survey (e.g. available air temperatusdues, etc.).

Thirdly, the evapotranspiration index was calcidasgarting from a set of formulas partially
based on empirical measures obtained under diffeckmate conditions (Leipzig urban
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region, Germany) and, thereby, the results couldeégally affected by assumptions made for
that situation (e.g. enough water is available dgapotranspiration, etc.). Furthermore, the
AWC map used as input was indirectly derived fréva $oil type map, by reclassifying it. And
this could probably affect results, being the alzlé water capacity of soils one of the most
variable feature of soil in term of spatial distrilon.

Fourthly, the connectivity indexes were calculafed several LUC types, assuming their
ecological conditions from the land cover map, ettsough, as discussed in Section 6.7.1,
LUC types may not always match to those hypothetioaditions. Furthermore, the required
conversion of vector maps into raster maps to cdetgpwecological connectivity indexes
further affected results, being ecological connvégtirelying on spatial extent of patches and
species-specific.

Finally, being the approach adopted to generate ISdéharios and to calculate three of the
indicators (i.e. surface runoff indicator, emissivindex and evapotranspiration) based on
LUC features, there may be a correlation on resb#veen them, suggesting that the
distribution of the phenomenon over the region ddé further concluded from expected land
take (8 7.3.1). And this can be particularly natigke for the emissivity index due to the
method adopted for estimating it. On the contrary,case of the surface runoff and
evapotranspiration, the relationship was not liresaother geographical parameters concurred
to the estimation and drove the spatial distributad the indicators (i.e. soil permeability,
water available capacity). For instance, the rélthe AWC parameter was largely noticeable,
demonstrating few changes on the regional evapmieating pattern, even under scenarios
which assumed extensive increment natural landchseges (e.g. S4a, S4b). In addition, it
would be possible to statistically test the cotiefabetween indicators and LUC classes, as
well as among indicators. For instance the emigsividex of each LUC classes could be
compared with the evapotranspiration values, bdéiath an indirect measure of the local
climate conditions.

However, considering the purpose of this reseanchtlae broad scale of the analysis, it can be
argued that the selected methods: firstly, allowegortant contextual considerations to be
advanced (8 7.4.2); secondly, they could be appkcto other case studies, should data and
spatial information be available (see also Schwamal, 2010); and, finally, they provided an
easily comprehensible means for SEA and planniagtjtioners, at least within the European
context, being the starting point the land covepm#ose LUC types are those used also by
the European Corine Land Cover (CLC) data set.
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7.4.2 Contextual considerations

The results allowed important considerations tchighlighted with respect to the case study
region. Firstly, the supposed role of VEC in regulg and preserving several important
environmental processes and issues was confirmedgrlining, through an evidence-based
approach, that spatial plans at local and regitaal could maintain the ecological condition
of VEC, by preserving and enhancing inter-urbanegrénfrastructure (e.g. open spaces,
natural fringes, vegetated plots, etc.) and promgathe creation of new greenspaces.

However, all indicators demonstrated that spatiahg under weak coordination with other
relevant PPPs (combinations 1 and 8), even thowgghomally driven (caseb), may
cumulatively contribute to negatively affect thgiomal green infrastructure (VEC), leading to
an incremental degradation of its functions. Thenesfa stronger integration between local and
regional spatial plans and other PPPs (in partiauaer combinations 4 and 5) seemed to be
required in order to ensure the multi-functionality VEC over the case study region (i.e.
controlling surface runoff, regulating local climaand conserving biodiversity). Additionally,
a better coordination between regional spatial pland local level decisions seemed to be
further required to ensure that the enhancement&Gf are achieved and, then, implemented.
In particular, the application suggested that engsthresholds as the regional soil-regeneration
adopted in order to control the phenomenon of ugpaawl (see note 2 in Chapter 6), could be
coupled with regional enhancement targets sucheasvterage emissivity or surface runoff as
those proposed, assuming, for instance, the basatindition as the maximum allowable limit,
and then, ensuring that, at least, the conditioesdaot worsen. However, due to the large
regional scale and different patterns of developntargets should be: on the one side, tailored
for particular sub-areas (e.g. rural sectors, Highd-up areas, etc.) or land use types (parks,
pastures, etc.); and, on the other, shared andotiaégd’ between different administrative
levels, allowing them to be translated into operal measures (e.g. ecological
compensations/restorations, etc.).

In addition, the application of indicators proposeduitable approach to support both ‘how’
and ‘where’ enhancement measures could be addressedhe region. Firstly, several LUC
types, mainly those with a significant tree cover. (woodlands, parks and gardens in good
conditions; arable land with significant presentérees, etc.), resulted particularly important
in regulating both surface runoff and local climalige to their lower values; as well as in
preserving biodiversity. And this suggested thateéhological restoration in peri-urban regions
may be addressed trough SEA as a means to aclegeeascumulative benefits due to: the
compensation of urban growth; the likely avoidaoéesignificant negative consequences at
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regional scale (flooding risk, biodiversity losajid the adaptation of region to climate change
(see also Gilet al, 2007).

Secondly, spatially explicit indicators showed ttie effectiveness of enhancements rely on
their pattern and spatial distribution. For insengpen spaces showed to be more effective in
mitigate surface runoff if co-located in high imfdtion soils and/or planned in river and
irrigation ditch banks, flooding areas, etc. Theref restrictions on local developments should
be achieved where soils have a high infiltratiopazaty in order to favorite water infiltration.
However, this may be not desirable for the ovarlion, as there may be sectors where the
potential impact on soil and groundwater from nanpsource pollution load is preferred to be
avoided. And this also applied to the evapotra@a$ipig patterns, since the indicator showed an
improvement only if vegetated surfaces were cotkxtan soils with a high available water
capacity, suggesting, for instance, that preserand enhancing the rural pattern over the
eastern part of the region may be crucial to reégutaal climate.

7.4.3 Uncertainty discussion

The prediction of large-scale issues and future tirames involved both scientific and policy
uncertainties (Figure 7.22). The first mostly irtd#dd methods and data applied to simulate CE
on VEC and exogenous factors which could contriboteadditional changes. Whilst the
second mainly referred to the effectiveness of rgameent measures and the success of
collaborative efforts on which assumptions of fetamanagement scenarios based on (see also
§6.7.2).

Uncertainty’s

sources

Decision- Exogenous

making context factors

Figure 7.22:Sources of uncertainty
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The predicted results may be firstly biased as rsseguence of lack of data, resolution of
spatial information and methods applied to compungicators which simplify complex
environmental processes and dynamics (e.g. hydoalbgycle, energy exchanges, etc.).

In particular, surface runoff and evapotranspiratindicators were influenced by a large
variability of soil hydrological conditions such #g curve numbers (CN) and the available
water capacity (AWC) respectively assigned to ddfe land use and soil types. The
emissivity index resulted mainly influenced by alecbias issued from the crossing of raster
satellite data (resolution: 60m) and vector landbecomap (scale 1:10,000). Finally, the
ecological connectivity indexes were affected kg sklection of land use types, especially for
‘stepping stones’.

In addition, there may be exogenous factors afigatiredictions and, thereby, contributing to
increase the level of uncertainty. With respecht® case study region and the selected VEC,
under particular concern is the variation of futwtemate conditions as climate change is
expected to contribute to: an intensification oégypitation in terms of intensity; and an
increase of air temperature over the case studgrreduring the next century (IPCC, 2001).
However, predicting those consequences in a qadmétway may require a large amount of
information and complex models which are out of thepose of the proposed approach.
Nonetheless, to provide an example of the levelnafertainty correlated to a likely change of
climate conditions, the runoff indicator was recédted, by assuming an increment of
precipitation’s intensity

According with the model used (see BOX 1 in § 7),2r&sults showed a direct increase of
surface runoff with precipitation’s intensity folt acenarios ranging from an average value of
0,60 under scenarios 4 and 5 to 0,86 under scanariand 8 (Figure 7.23). However, the
variability of the average runoff among differedt/C scenarios tended to decrease with the
augment of precipitation’s intensity as a conseqaef the minor role of vegetated areas and
open spaces in mitigating greater precipitatiomésjesuggesting that enhancement measures,
even though generally considered as climate adapsatsee also Gikt al, 2007), required to
be coupled with a broader strategy in order to face future climate conditions and
consequences (e.g. risk of flooding, etc.). Newdetss, considering the large variability of the
average values under each different scenarios)geraf values rather than an unique measure
could be associated to each surface runoff averalyees in order to reasonably account for
future climate uncertainties.

* Three additional values of precipitation were stslé, besides the value previously used to contpate
indicator (see § 7.2.1). They were extracted froenlDF curves (Intensity Duration Frequency) far tegion
referring to three different return periods of aqipitation event: 10 years (value used to desimuarban drainage
system networks); 100 years (value used to forbseg events in rural areas); the 100 years plusemment of
the ratio between the two previous extracted valli@sand 100 years).
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Figure 7.23: Weighted average surface runoff under different Lld€enarios and
precipitation events

7.5 Summary of the application of the proposed approach

During the last 15 years the region has experienaedunprecedented conversion of
agricultural land into urban areas due to an irar@sdemand of land majorly for housing and
transportation, fuelled by globalised economics pndate real estate interests. However, the
area is mostly characterised by low-density urbattepns, rural-urban fringes and scattered
semi-natural areas which are playing an importalet for the regional ecology.

Firstly, the regional green infrastructure has beelected as that resource particularly valued
for the community and vital to the healthy functianof the environment (VEC). In particular,

a trend analysis of the expected encroachmentraf aveas and open spaces due to small local
developments has allowed the significance of tibbling degradation of VEC to be assessed
against thesoil-regeneration threshol@l.e. maximum acceptable land take assuring theimul
functionality of soil: production, landscape chaeac naturalness, water availability, etc.).
Secondly, three relevamther foreseeable future actidr{se. planned highway transportation
corridor, the conservation plans of protected areasl several rural policies) have been
identified with respect to their likely contributidogether with the spatial plan to changes on
VEC. Thirdly, two reasonable planning alternatiasl a range of future land use scenarios
have been developed, assuming a different leveloofdination among local and regional
spatial plans, and simulating their implementatioder different level of integration of those
PPPs previously selected. Then, by adopting adandr type approach, they have been made
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spatially explicit, starting from a couple of rega land use maps. Fourthly, a core set of
indicators, mainly quantitative and spatially egpli have been proposed to predict the
regional cumulative effects on VEC (e.g. surfacaoff) surface emissivity, ecological
connectivity etc.). They have been all selected emiputed starting from land cover data,
allowing the combined effects to be quantified &l use scenarios to be compared.

The comparison of the performances of differentllase scenarios has showed that a greater
integration between local and regional spatial plamnd other PPPs is actually required in order
to ensure that the regional green infrastructueGyYmaintains its role in preserving important
environmental services over the case study regien dontrolling surface runoff, regulating
local climate and conserving biodiversity).

In particular, although the soil regeneration thodd was expected to be exceeded in all land
use scenarios as a consequence of the overallnmplation of the expected small local land
use changes, the results have majorly illustrated rble of VEC in facing on important
regional environmental consequences, by anticigatind mapping how different expected
changes of natural and semi-natural patterns (ViBE)formed under different future
conditions, foreseeing that:

1. the only coordination among local and regional igpg@tians (scenarios 1a, 1b, 8a, 8b)
could be not enough, not only in avoiding soil meg@tion threshold to be exceeded,
but also in preserving all the environmental sesiconsidered (e.g. ecological
connectivity, regulating of water balance, etcn).fact, all the indicators performed
worst with respect to the baseline condition;

2. a strong role of protected area conservation p{&3s, S3b, S6a, S6b) could be not
enough effective in containing urban developmeHrtswrever, indicators have showed
that the enhancement of VEC within the regionaltgnted network could be of
particular benefit to the control of surface runaffd, to some extent, to the regulation
of local climate. While for the biodiversity issyéle results have suggested a general
improvement of the overall compactness of semi#iaatpatches, even though more
detailed studies seemed to be required at loweasigessment;

3. a great integration between spatial plans and aeke?PPs (scenarios S4a, S4b, S5a,
S5b) showed the best performance among scenartbsvidim respect to the baseline
condition. In fact, even though the soil regeneratthreshold will be exceeded, if
enhancement of VEC are expected, not only in redipmtected and rural networks,
but also along river corridors, irrigation ditchna, etc., indicators have showed a
great improvement of VEC in both controlling sudamunoff and regulating local
climate. While for the biodiversity issues, indoet have suggested the need of more
detailed studies, as in case of previous scenarios.
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8 Conclusions

This dissertation started from the hypothesis thate is a gap between SEA theory and
practice in treating cumulative effects. In facthile the substantive nature of SEA has been
broadly emphasised as a proactive means to treatlative effects, SEA practice seemed to
remain far from achieving this intention. In thght of this, the main purpose of this research
was to develop and apply a methodological approachmprove the consideration of
cumulative effects in SEA of spatial plans, withrtgalar reference to the Italian spatial
planning system and urban regions.
This overall goal was achieved by pursuing theofwihg specific objectives:

1. to understand how SEA for spatial planning workpriactice;

2. to explore how CE are currently treated in SEApHt®l plans;

3. to develop a methodological approach to improve dbesideration of cumulative

effects in SEA of spatial plans;
4. to apply the proposed approach to a case studgrripyrically testing its applicability.

8.1 Reconsidering CE in SEA of spatial plans

The review of current literature has demonstratddci of conceptual and methodological
frameworks for treating strategic level CE, suggesthe need to firstly provide a rationale for
the inclusion of CE into the spatial planning comtey ‘contextualising’ its overarching
concept. Then, the importance to consider cumwagiffects in spatial planning has been
advised as mainly relying on:
= its hierarchical tiering, being spatial planninghgel based on tiered systems whose
decisions could mutually interact between differelecision-making levels, giving
higher levels the opportunity to manage the cunudatonsequence of lower tiers;
= the kind of actions under spatial plans’ agendakiiften concern small developments
and actions individually minor and, mainly not sadipd to EIA (e.g. housing, retalil
and road developments), but collectively significan terms of environmental
consequences (e.g. land take, biodiversity los9, et
Accordingly, having SEA the opportunity to supparbetter management of scale-lag effects
arising from small local decisions; two crucial saerations have emerged. The first referred
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to the requirement of adopting a more resourceebapproach, by focusing and ‘enlarging’
the assessment of CE only for key resources. Ttengeregarded the need to better orient the
assessment of CE towards the future, by adoptingoee adaptive perspective, allowing
reasonably foreseeable futures to be, firstly, thagse feasible operational measures and
secondly, explored.

Moreover, given the intrinsic spatial nature anel ithportance of the management of space for
spatial planning, a third consideration dealt witie integration of ‘spatial evidence’ into an
SEA methodology and process, suggesting severalroppties of adopting a spatially explicit
approach for better treating strategic level C2.@3).

In addition to what has emerged from academicalitee, a gap with respect to the treatment
of CE in SEA practice has further came out fromrésmults of the international expert survey
and the review of SEA reports, confirming the needdvance the investigation on this topic.
The first has allowed important trends in curreBASractice to be highlighted with respect to
the overall SEA process, and the treatment of Qftluding both contextual and
methodological aspects. Whilst the second has durtrgeted the research to relevant
methodological aspects (e.g. CE and strategic &spassessment approaches and methods,
etc.), by exploring whether and how CE are considiém SEA of Italian and English local and
regional spatial plans.

By integrating the overarching findings, it hasitoeencluded that:

1. a better CE scoping could improve to: deal withlestag effects, by capturing those
minor effects which may become significant at higlewel; provide evidence to the
selection of VEC, by defining trends and threshpllsd increase the management
capacity of CE, by identifying those relevant otR&Ps which could share blames to
face on CE;

2. a future-oriented approach could be of benefit EBASn treating strategic CE and
managing the uncertainty characterising future ddens and complex effects, by
supporting the definition of reasonable plannirtgralatives, including assumptions on
foreseeable management responses to CE such agatmirticompensation and
enhancement measures (e.g. habitat restoraticiajrsatsle water drainages, etc.);

3. a baseline-led approach could advance the treatofe@GE, by supporting inter-tier
decisions through more evidence. Additionally, migt explicit approach could
further add spatial evidence to land use decisibpdielping to manage CE through
the spatial simulation of future developments dredrtlikely effects.

These considerations have been the major inputth®ddevelopment of the methodological
proposal whose general advantages and limitatimffowing discussed.
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8.2 Advantagesand limitations of the proposed methodology

The main advantage of the proposed framework i$ itisatasks could be appropriately
integrated into common practice, supporting a bettssideration of CE into the ordinary
stages of SEA. Nonetheless, it has only coveretihnpmary SEA steps, by assuming that the
earlier CE are addressed the better they are aaesidAnd this is only partially the case,
considering that it has disregarded one of the nmygortant step for the management of CE,
namely follow-up or monitoring, neglecting a profieking between preliminary assumptions
and predictions with likely remedial actions whilould be triggered if the outcomes of what
was most likely proved false, as in sound adagiweronmental management.

At the conceptual heart of the framework is theuddl Ecosystem Components (VEC), being
the selection of those vital resources at the obtiee tasks proposed. And this is to ensure that
the key of the CE assessment is the VEC as, omane, it would be ineffective and resource-
consuming carry out this analysis for each envirental issues such as listed by the EU-SEA
Directive; and on the other, relevant concerns ey with physical context and planning
issues, further encompassing aspects with a soci@conomical values (e.g. recreational
areas, local communities, sensitive categorie®opfe, etc.).

As for the identification of those relevant PPR#1ds been suggested to adopt a management
perspective, by selecting them, not only basedeir tole in likely contributing to cumulative
negative and positive consequences on VEC; but @bstheir capacity in managing those
consequences (avoiding or enhancing) through efeegtianning tools and instruments. And
this has the advantage to: firstly, ensure tha¢vamit bther foreseeable future actions
influencing the VEC are considered as in common $i#ctice is seldom the case; and,
secondly, support a better triggering of managenaetions, by earlier exploring likely and
feasible management tools which can be effectiaelgressed though SEA (compensations,
enhancements, etc.). In addition, the method hemmmended to establish the spatial extent
and the areas of influence of those selected netd®BPs, at least for those characterised by a
direct spatial explicitness.

Relating to the definition of spatial planning attatives and future conditions, the proposed
approach has suggested to explore what if the teffidcbe according to different level of
implementation of both spatial plans and relevaRP® assuming the effects of different
combinations of PPPs on VEC as cumulative and atppd management perspective.
Moreover, it has been proposed to make future ¢immgi (i.e. planning alternatives and future
land use scenarios) spatially explicit, at least ttiose decisions characterised by a direct
spatial explicitness. And this is to add ‘spatrahking’ to decision-makers in order to improve
the understanding and the perception of the spatrallative consequences of their decisions.
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However, on the one hand, not all decisions magds#ly made spatially explicit as there may
be strategic actions significantly contributing @& on VEC which could be not directly
convertible into maps. And, on the other, the dedin of future alternatives may be hampered
by the indeterminacy of future, involving a limitedderstanding and predictability of possible
future dynamics; as well as their subjection tateaty institutional and societal choices.
Concemning the assessment of CE on VEC, the apprbas proposed to make use of
guantitative indicators, by selecting them basetheir suitability to describe changes on VEC
in terms of pattern and/or feature. And this istpport the comparison of alternative future
scenarios through a more evidence-based idenidicaf regional cumulative effects on VEC
arising from minor actions which in common practice resulted particularly relgarded.
However, being indicators VEC and scale dependentyell as likely affected by bias, they
must be carefully selected and thoroughly computed.

8.3 Lessonslearned from the case study

The general framework has been tested in a cady stlected in the peri-urban region of

Milan, reproducing the similar structural pattesrsl socio-economic features of the central
European urban region with significant environméptablems arising from an intensive use

of land (e.g. poor air quality, traffic congestiamise, etc.). The major lessons learned are
following portrayed.

Firstly, the application has showed how the resednased approach can better support SEA to
only focus on relevant key issues such as the ohske regional green infrastructure, by
supporting to expand the scoping of environmental policy boundaries only for it and
improving the consideration of relevamther foreseeable future actions' and the analysis of
their likely combined consequences on during theralzapplication.

In addition, other VECs could be identified witrspect to the study area. For example, if air
quality had been further selected as VEC due is ftequently closed to breach a threshold
(e.g. concentration of fine particulate matterragen oxides), other projects such as waste
treatment plants could be selected due to thealjikole in cumulatively contributing to
decrease air quality. While the road corridor wopldy a different role with respect to the
regional green infrastructure. Furthermore, thelorea transportation plan and a range of
health and safety policies could be selected dihed relevant role in promoting sustainable
urban transport trough new public transportationsl acentives to healthier life styles,
cumulatively contributing to improving air qualitiowever, the boundaries would required to
be expanded as that issue likely concerns an egemal area (i.e. Po valley) both in terms of
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environmental consequences and management. Conslggadthough the method has been
applied in a peri-urban case study and tailored tfoe selected VEC (regional green
infrastructure), it appears suitable to other csdy areas, at least reproducing the same urban
and peri-urban patterns; as well as to other VECs.

Secondly, the application has showed an operatproach in order to define planning
alternatives and future scenarios, by adoptinghd lese cover type approach allowing policies
and decisions to be transferred into maps througistraightforward GIS-based way.
Nonetheless, being one of the criteria drivinggbkection of relevanother foreseeable future
actions' their spatial explicitness, it is worth notingaththere might be other decisions
contributing to CE on VEC which could have beenleetgd. However, the land use cover
type approach has provided the opportunity to:

= Dbase the definition of planning alternatives antur@ land use cover scenarios on
reasonable assumptions as required by the SEAtMeec

= support the envisagement of enhancements andveo€ik; and

= add spatial evidence to decisions whose consegsi@reeseldom mapped such as the
likely enhancement of urban green spaces, theradsto of rural areas, etc.

As for the development of planning alternatives, thasonable assumptions have been mostly
based on:

1. firstly, the mutual interaction between regionatldacal spatial plans, by generating
two alternative standing on different coordinatmmong local and regional levels in
terms of housing development and public servicesfrban green spaces);

2. secondly, the relative influence of these two piagrievels with respect to different
planning issues, having local level decisions tphpen hand on urban and housing
issues;

3. thirdly, the irreversibility of transformations fmo non urban to urban uses, having the
increase of their land value a direct consequendarad revenue and land use change.

However, the two planning alternatives developedehaot encompassed a comprehensive
range of reasonably foreseeable options for th@émedeing mostly generated to test the
applicability of the approach. Therefore, additibassumptions can be underlined in order to
improve the exploration of alternative patterns fafures, including for instance: the
enforcement of urban growth on previously developint@nds, the provision of other services
(new railway stations, retail, commercial areas,)gthe different degrees of implementation
of local small developments, etc.

As for the generation of land use scenarios, tiseiraptions have been mostly based on the
implementation and integration of other PPPs wilatial plans (e.g. whether or not the
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highway corridor will be realised, strong and weele of protected areas conservation plans
and rural policies in supporting the improvemenV&iC). On the one hand, the simulation of
the enhancement of VEC through the creation, pvaen and restoration of vegetated
surfaces (residual natural and semi-natural areaa| fringes and parks) within particular
sectors of the region (e.g. regional rural netwqrgtected areas, etc.) has suggested a good
way to support SEA not only in mitigating and comgating negative cumulative
consequences, but in further spatially driving pesi management solutions and
enhancements which in current practice seemed tcob®letely disregarded. On the other
hand, it has appeared that the assumptions sheuldetier linked up with resource-based
limits and operative tools in order to support ithentification of effective remedial actions if
they are proved untrue. And this should furtherpsup to better tackle the uncertainty
characterising the effectiveness of future dectidieing the way in which a policy will be
implemented among the most cited source of uncgytai common SEA practice.

Additionally, the generation of future scenarioss @t encompassed trends unrelated to
specific planned decisions, even though they mendse significant for the VEC such as: the
people lifestyle influencing the preservation ofaftareas by supporting local food production
or the variation of the climate conditions whicmaafluence the regulating services provided
by the regional green infrastructure. However, #ygplication has suggested that the
enhancements of VEC may be, to some extent, de@weatlaptation measures to climate
change, being the role of the green infrastruckangely agreed as important in order to adapt
cities and urban regions to unexpected consequerfckgure climate (see also Git al.,
2007).

Thirdly, the application has showed a straightfodvevay to quantify and compare regional
cumulative effects on VEC of different land usersmeos through the use of quantitative and
spatially explicit indicators.
In particular, they have seemed mainly suitablguipporting to:
= suggest resource-based targets such as the awsraggvity or surface runoff values,
and therefore management measures (e.g. restoadtapen spaces, creation of higher
standard urban green areas, improvement of ruealsaretc.), in order to ensure the
condition of VEC does not worsen;
= address both ‘how’ and ‘where’ enhancement meascmdd be implemented,
showing, for instance, that several land use tyjpes. woodlands; arable land with
significant presence of trees, etc.) could be gadrly important in regulating both
surface runoff and local climate and preservingliversity at regional scale; or that the
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enhancements could be more effective if locatguhmicular sectors of the region (e.g.
areas with high infiltration soils, irrigation ditdanks, etc.);
= inform lower tier assessments, suggesting for mc&dhe requirement of more detailed
analysis for several issues as indicated by eatabgidexes;
= confirm that a greater inter-sectoral and intetfingonal effort is required in order to
manage combined consequences on key resources.
However, the application has discussed how theatdis may be affected by limitations as
well as bias, showing how the results varied ifesalinputs had been differently fixed (see 8
7.4).
Finally, mainly due to time constraints (the extefithe research period), the application has
not had the opportunity to follow a real-life shtplanning process. However, the awareness
achieved on SEA and spatial plans during the rebeperiod, especially in respect of the
Italian context, on the one hand, has supportedetelop a more soundly and it for the
purpose’ approach; and on the other, has allowe®rak important considerations to be
advanced with respect to the potential applicabibtine approach into real-life SEA procedure
as following discussed.

84 Implementing the methodology in SEA practice

This section advances a number of consideratiotenpally related to the application of the
methodological approach in common SEA practice.yTdre mostly listed according to those
SEA stages which the tasks are proposed to beratézhin, namely: CE scoping, definition of
CE future conditions and prediction of CE.

Firstly, the SEA scoping should include the setectof VEC and the identification of those
other relevant PPPs. These tasks can be largelpoged by the consultation with
environmental agencies, local stakeholders, pubdiministrations and organisations, etc.
which, at least with respect to the Italian SEAtegs occur more frequently during the
preliminary SEA stages.

Referring to the selection of VEC, its significancen be assessed through a baseline trend
analysis or, well again, compared to a thresholdroter to support a more evidence-based
selection as demonstrated in the case study. Howthee application had the opportunity to
apply a well established and existing regionalghodd. And this could be not always the case
since the assessment can be hindered by a ladkchfteresholds, especially in quantitative
terms and for particular VEC (e.g. ecosystems,igseasreas, etc.) and establishing maximum
levels of change that they can withstand befored#stred conditions of ecological functioning

159



CHAPTER8

and human quality of life deteriorate could be oiuthe feasibility of SEA practice mainly due
to lack of time and resources. Additionally, coresidg that those important limits can drive
the management as well as the monitoring of CEsliygesting measures and tools (e.g.
compensations, remedial actions) to avoid theiaditeng (for negative CE) or achievement
(for positive CE), it is worth noting that they reged to be largely shared among decision-
makers and stakeholders in order to be effectirglygrated into local decisions. As for the
case study, thsoil regeneration threshold has been established by the regional spatial gdan
a management tool to face on cumulative conseqgeeagsing from local small decisions,
restricting or constraining the local developmetiisough an evidence-based instrument.
However, it appeared that this kind of regionahtstgies required to be widely shared between
different spatial planning tiers in order to beeeffvely translated into local operational
mandates, otherwise local planning processes miwnai negotiation with higher tier in order to
amend those limits through multi-scale trade-oftdzh on political and private interests,
especially for Italian decision-making context.

In addition, the selection of VEC can be furthgomarted by qualitative assessment techniques
(e.g. Delphi methods, virtual maps, etc.), in orderestablish how it is perceived by
stakeholders, or in other terms, its relative intgoace for that particular region, encompassing
the involvement of experts and different targetamrge of public. However, even though these
additional tasks can improve the transparency efpitocess, there can be not enough interest
in carrying out them as they result often perceivedfective and resource-consuming by both
stakeholders and decision-makers.

Referring to the identification of other PPPs, @eening of those relevant other planning
actions which together with the spatial plan cozdatribute to CE on VEC can start from the
list of the most important plans and programmesllgicarried out in scoping documents in
order to outline the relationship with other reletvplans and programmes as required by the
EU-SEA Directive. Subsequently, their scoping can dnlarged for the selected VECs,
encompassing projects and exogenous factors. Asdséems to be particularly suitable in
SEA current practice as requiring a minimum effeldwever, the selection of other PPPs does
not merely imply to identify an action likely coittuting to CE on VEC, but to additionally
support the selection of those appropriate instnimevhich can be envisaged to avoid
negative CE, as well as to enhance positive banefihd this can be largely hampered by
fragmented and uncoordinated instruments amongrdiit planning levels (e.g. isolated
compensations based on local trade-off; differemtding regulations; etc.).

Secondly, the definition of spatial planning altgimes and future conditions can support the
regional spatial planning process, by improving ¢xploration of different ways to manage
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crowding effects arising from minor decisions anghlighting spatial conflicts and potential
solutions. And this could be further add spatiatiemce to small decisions, leading to facilitate
a better negotiation between regional and localtigpplanning tiers, as well as a better
coordination among spatial planning and environmendsources management, being the
regional spatial planning process based on inwititional and inter-sectoral meeting and
accords. However, even though the method has prd\adsuitable way to help the discussion
on both the regional future development and theljlilenvironmental CE, this task seems the
most difficult, among those proposed, to carry imupractice. And this mainly relies on the
limited remit of SEA in proactively support the pl#o introduce reasonable assumptions on
both: urban issues, as proposed for generatingabpéanning alternatives, and environmental
management as proposed for the development ofefisicenarios. On the one hand, a lack of
higher strategies and sustainable targets on uab@nhousing developments (the national
urban act dated 1942) and a traditional strong p@me interest of local authorities on those
issues are often the main barrier to achieve asteleegional spatial development and avoid
the negative CE of local small decisions (see & 86 the other hand, the assumptions on the
implementation of CE management measures (e.gneahent of greenspaces, improvement
of rural areas, etc.) and the collaborative intstitutional efforts on which future scenarios
based on, seem to be extremely challenging torsetactice due to a scarce coordination
among spatial and sectoral tiers and instrumends geotected areas conservations plans and
spatial plans, etc.). Furthermore, the effortsamfal decisions in minimising or neutralising
negative or enhancing positive effects at regiceale can be perceived ineffective and such
uncertain that decision-makers could prefer to ingtlement them. In addition, although
mandatory required, the creation or the improvenwémublic services (e.g. schools, public
green areas, cycle paths, etc.) are frequentlyenesgl due to the lack of long-term perspective
and prevailed private interests (building estatmganies, local lobbies, etc.).

Thirdly, the prediction of CE can be carried outidg the common assessment SEA stages.
On the one side, the quantitative and spatiallylieixpndicators can support SEA practice to
add evidence to the predictions and, with respecthe Italian context, this could be
particularly of benefit to SEA and spatial planing comprehensive regional plans
sometimes formulated in fuzzy terms which ofterediten to understand and predict what the
proposals will imply in practice (see also Genelettal., 2007). On the other side, they are
based on: freely available data which were all doagable from the web (e.g. land cover, soil
maps, regional environmental reports, etc.); ansich&IS operations (i.e. overlay and map
calculation), requiring minimum technical skillscalow cost operations, ensuring a good level
of reproducibility of the approach in common SEAgtice.
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In particular, the proposed indicators seemed manitable in supporting to: set resource-
based targets for the region or sub-regional sgctuch as the average emissivity or surface
runoff; and envisage the ‘how’ and ‘where’ of measuto cope with CE (e.g. within the
regional rural networks). However, on the one haadional limits and targets require to be
largely shared as discussed for the selection o€;,V&d on the other, they need to be
converted into effective adaptive tools supportthg triggering of remedial actions if the
outcomes of what was most likely proved false. @gnently, linking those indicators with
effective planning measures could be particularhallenging in common practice as
monitoring the effectiveness of plan and triggemegedial actions are frequently disregarded.
Therefore, according with Thérivel and Ross (20Qfg effectiveness of any management
measures is primarily determined by individual desi makers and their responsiveness to the
CE assessment findings. Then, cumulative effeeoaly managed if decision makers decide
that they should be managed, and if they have liwgt ¢0 impose management measures.
Accordingly, even though the proposed approachtipaitingredients’ to clear the way for a
better treatment of CE in SEA of spatial plans, en@search is actually needed, especially in
order to support the exploration of future waysnanage CE and associated uncertainty; and
ascertain the effectiveness of SEA in managing €®léowing advanced.

85 Recommendationsfor further research

There are several directions for further researith mespect to the topic of this work. Among
others, two of them should receive the priority:

1. the exploration of future ways to manage CE anda@asated uncertainty;

2. the investigation of the effectiveness of SEA imaging CE.
The first appears crucial to improve the proposegr@ach, by further covering those SEA
stages not included in, and providing a more cotmgmeive perspective to the management of
CE in practice. The second seems fundamental towtesther or not SEA could have any
discernable impact on the management of CE andesulently, on the environmental quality
of the region in which the spatial plan would bel&al.
The benefit to predict CE of different future sceos, and, thereby, the opportunity to support
decision-makers to strength awareness about fatureilative consequences, has been showed
and discussed through the application of the pregpa@pproach. However, the approach has
showed several limitations that could be improyetticularly with respect to the treatment of
the uncertainty characterising both decisions,rapsions and predictions.
To improve the treatment of the institutional amatcistal uncertainty (or volition), the
extension of the approach to the overall SEA peceproposed, by including SEA follow-up.
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Among others, the resource-based indicators cafiirbdly, linked with a core set of multi-
tiered management measures and remedial actianse@logical compensations; growth on
previously developed land; new renewable energycesy etc.) tailored for the selected VEC.
And secondly, their suitability and feasibility ddube proactively assessed through a
multicriteria analysis in order to support the mdssirable measure to be envisaged, and the
most desirable action to be triggered. And thisl¢@llow the robustness of future response
options to be better tested, by encompassing,nfstance, expert opinions (e.g. renewable
energy source to be preferred among different) atd public participation (e.g. allocation of
new green areas).

To support planning in proactively facing on unexee consequences such as extreme
climate events, economic instabilities (‘real estaubble’, etc.), assumptions on relevant
exogenous factors can be introduced, by explorigga@sing from surprising future events.
One possible approach to do it is to make usesabwng and participatory techniques during
the definition of future scenarios in order to explwhat the future situation will be, by going
beyond the business as usual future. In doinghgordle of spatial information and techniques
would shift from decision support systems to disaus support systems (de Véital., 2009),

by enlarging the thinking of stakeholders towardgtwmay or may not necessarily occur.

To improve the uncertainty characterising predicdica sensitivity analysis may be introduced
in order to test the robustness of results ands#hidity of assumptions, by changing crucial
inputs parameters as briefly advance in 8§ 7.4 tjindhe simulation of surface runoff indicator
under alternative precipitation events.

Lastly, it would be important to test in an exteresway the proposed methodology during the
SEA real-life process. Accordingly, the ideal way Such an analysis is to set a series of
surveys to explore strengths, weaknesses, oppbesi@ind threats both in technical and non-
technical terms in order to test to what extent thethod has fulfilled the purpose. In
particular, different stakeholders might be invalvéSEA practitioners, planners, public
administrators, environmental agencies, etc.) amestipns of surveys might vary based on
their expertise on the topic.
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Novembre 2009.

PTCP, 2003. Piano Territoriale di Coordinamentovirmale — Relazione Generale. Provincia
di Milano.

PTCP, 2008. Piano Territoriale di Coordinamentovii@ale — Adeguamento del PTCP
vigente alla legge 12/2005 — Relazione Generateiifeia di Milano.

172



References

Raskin, P., Banuri, T, Gallopin, G., Gutman, P.imd#ond, A., Kates, R., and Swart, R. 2002.
Great Transitions: The Promise and Lure of Timesakh SEI-B / Tellus Institute, Boston,
MA, USA.

RECLUS, 1989. Les villes europeénnes: Rapport [@oDATAR. RECLUS, Montpellier.

Rega, C., 2008. Valutazione ambientale strategigaverno del territorio. Questioni aperte e
proposte per lintegrazione fra pianificazione dutazione. PhD Thesis. Politecnico di
Torino, Italy.

Regione Lombardia (a cura di), 2002. Progetto $all®r. (Salvaguardia e Valorizzazione del
Territorio Rurale)

Ross, W.,1998. Cumulative effects assessment:ifgafrom Canadian case studiéspact
Assessment and Project Appraisal 16(4):267-276.

Runhaar, H. and Driessen, P., 2007. What makegegita environmental assessment
successful environmental assessment? The role rdéxtoin the contribution of SEA to
decision-makinglmpact Assessment and Project Appraisal 25:2-14.

Sadler, B. and Verheem, R., 1996. SEA: status eiges, and future directionBeport 53,
Ministry of Housing, Spatial Planning and the Environment. The Hague, Netherlands.

Salzano, E., 2007. Fondamenti di urbanistica. Bdidiaterza. Roma-Bari

Schwarz, N., Bauer, A., Haase, D., 2010. Assesdintate impacts of planning policies—An
estimation for the urban region of Leipzig (Germarnvironmental Impact Assessment
Review. In Press.

Senes, G., Toccolini, A., 1998. Sustainable larelqalanning in protected rural areas in Italy.
Landscape and Urban Planning 41: 107-117.

Sheate, W.R., Partidario, M.R., Byron, H., Bina, Dagg, S., 2008. Sustainability assessment
of future scenarios: methodology and application nwuntain areas of Europe.
Environmental Management 41(2):282—299.

Simon, H.A., 1976. From substantive to procedua#ibnality. In: Simon, H.A. (Ed.)Models
of Bounded Rationality, vol. 1l: Behavioural, Economic and Business Oigation. MIT
Press, Cambridge, MA, pp. 424-443.

Smit, H. and Spaling, H., 1995. Methods for cumukateffects assessmerinvironmental
Impact Assessment Review 15:81-106.

Soil Conservation Service (SCS). 1972. National irereying handbook. US Dept. of
Agriculture. Washington, DC.

Spaling, H. and Smit, B., 1993. Cumulative Enviremal Change Conceptual Frameworks,
Evaluation Approaches, and Institutional Perspesti#Znvironmental Management 17(5):
587-600.

Spaling, H., 1994. Cumulative effects assessmemicepts and principlesmpact Assessment
12: 231-252.

173



References

Stoeglehner, G., 2004. Integrating Strategic Emvitental Assessment into Community
Development Plans — A Case Study from Austria. peiam EnvironmentJournal of
European Environmental Policy, 14: 58-72.

Stoeglehner, G., Brown, L. and Kgrngv, L.B., 208EA and planning: ‘ownership’ of
strategic environmental assessment by the plangdle key to its effectivenesinpact
Assessment and Project Appraisal, 27, 111-120.

Swanwick, C., 2009. Society’s attitudes to and gnegiices for land and landscapand Use
Poalicy, 26S, 62-75.

Taha, H., 1997. Urban climate and heat islandsdabevapotranspiration and anthropogenic
heat, Energy and Buildings 25: 99-103.

Thérivel, R., Wilson, E., Thompson, S., Heaney, dd Pritchard, D., 1992. Strategic
Environmental Assessment. 2nd ed. Earthscan Ptibhsaltd: London, UK.

Thérivel, R. and Partidario, M.R. (eds), 1996. TReactice of Strategic Environmental
Assessment. Earthscan Publications Ltd: London, UK.

Thérivel, R., 2004. Strategic Environmental Assemsnmn Action. Earthscan Publications Ltd:
London, UK.

Thérivel, R. and Ross, W., 2007. Cumulative effeatssessment. Does scale matter?
Environmental Impact Assessment Review 27: 365-385.

Thérivel, R., Christian, G., Craig, C., Grinham, Rackins, D., Smith, J., Sneller, T., Turner,
R., Walker, D. and Yamane, M., 2009. Sustainabfligused impact assessment: English
experienced mpact Assessment and Project Appraisal, 27(2), pages 155-168.

Thissen, W.A.H., 2000. Criteria for evaluation &4 In: Partidario, M.R. and Cark, R. (eds),
Perspectives on Strategic Environmental Assessment, Lewis Publishers/CRC Press, Boca
Raton, FL.

Thomas, R.H. and Huggett, R.J., 1980. Modellingsepgraphy: A Mathematical Approach.
London: Harper & Row.

Toccolini A., Fumagalli N., Senes G., 2006. Greeysvplanning in Italy: the Lambro River
Valley Greenways Systerhandscape and Urban Planning 76: 98-111.

Tso, C.P., Chan, B.K., Hashim, M.A., 1991. Analgticsolutions to the near-neutral
atmospheric surface energy balance with and witheat storage for urban climatological
studies.Journal of Applied Meteorology 30 (4): 413-424.

Turner, M.G., Gardner, R.H., O'Neill, R.V., 200Jaridscape Ecology in Theory and Practice.
Pattern and Process. Springer, New York, NY.

United Nations Conference on Environment and Dewaknt (UNCED), 1992aAgenda 21.
United Nations, New York.

174



References

United Nations Conference on Environment and Dewaknt (UNCED), 1992b.Rio
Declaration on Environment and Development: Programme of Action for Sustainable
Development. United Nations, New York.

USDA Natural Resources Conservation Service (198&)ban Hydrology for Small
Watersheds, Technical Release 55. United Statesiriegnt of Agriculture. Available:
http://www.mi.nrcs.usda.gov/technical/engineeriedyitmi (Last accessed: 2@8eptember
2010)

Van der Sluijs, J.P., Janssen, P.H.M., Petersén,, Kloprogge, P., Risbey, J.S., Tuinstra, W.,
and Ravetz, J.R., 2004RIVM/MNP Guidance for Uncertainty Assessment and
Communication Tool Catalogue for Uncertainty Assessment, Utrecht University. URL:
http://www.nusap.net/sections.php?op=viewarticleda17 (Last accessed: 3 June
2009)

Vanderhaegen, M. and Muro, E., 2005. Contributiba &uropean Spatial Data Infrastructure
to the Effectiveness of EIA. Environmental Assessniteview, 25(2): 123-142.

Verburg, P.H., Schot, P.P., Dijst, M.J., Veldkamdp, 2004. Land use change modelling:
current practice and research priorities. Geojdusfha309-324.

Verheem, R. and Tonk, J.A., 2000. Integrating thei&nment in Strategic Decision Making:
One Concept, Multiple Formimpact Assessment and Project Appraisal 18 (3): 177-182.

Voogt, J. A., Oke, T. R., 1998. Effects of urbamface geometry on remotely sensed surface
temperaturelnternational Journal of Remote Sensing 19: 895-920.

Warnback A., Hilding-Rydevik T., 2009. Cumulativéfeets in Swedish EIA practice —
difficulties and obstacleg€nvironmental Impact Assessment Review 29: 107-115.

Whitford, V., Ennos, A. R. and Handley, J. F., 200City form and natural process" —
indicators for the ecological performance of urbasas and their application to Merseyside,
UK. Landscape and Urban Planning 57 (2), 91-103.

Wilson, A.G., Coelho, J.D., MacGill, S.M. and Wdins, H.C.W.L., 1981. Optimisation in
location and transport analysis. Wiley , New York.

Wit, A. de, Brink, A. van den, Bregt, A.K., VeldR, van de, 2009. Spatial Planning and Geo-
ICT: how spatial planners invented GIS and aré Isirning how to use it. InGeospatial
Technology and the Role of Location in Science, Springer GeoJournal Library (Vol. 96),
New York.

Wood, C. and Djeddour, M., 1991. Strategic Envirental Assessment: EA of policies, plans
and programmegdhe Impact Assessment Bulletin 10 (1): 3-22.

WSC (Watershed Science Centre), 2000. Water Budgetysis on a Watershed Basis.
Watershed Science Centre, Trent University, Petetgh, Ontario, Canada. Available at:
http://www.trentu.ca/iws/bookstore.plpast accessed: 26eptember 2010)

175



References

176



Appendices

Appendix 1 contains the questionnaire distributediag experts described in Chapter 3.

Appendix 2 contains: the review framework, the G6tSEA reports and the synthesis of the
results relating to the review described in Chagter

Appendix 3 contains a detailed description of drluse cover scenarios presented in Chapter
6, by reporting land use cover change rules. thé&rincludes an in depth description of land
use cover scenarios in terms of percentage suafiactgattern.

Appendix 4 contains a detailed description of tleefgrmance of land use cover scenarios
presented in Chapter 7, including the emissivitji®a used to compute the emissivity index
and the results of indicators (land take, surfageff, emissivity and evapotranspiration) for
each scenario.



Appendix 1

International expert survey

SEA and cumulative effects: practices, developmentsuggestions
The infor mation derived fromthis questionnaire will be part of an on going PhD project onthe design of a
methodadl ogy to support the prediction of cumulative effectsin the Srategic Environmental Assessment process of
gpatial plans. Theindividual answers will be kept confidential. Thetreatment of results collected in the
questionnair e will, however, be published in thefinal resear ch docunent.

Name:

Position:

Country of activity:

1) How many SEA processes have you been involved nmdeented on/reviewed?
] Less than 10 ] Between 10 and 30 "1 more than 30

2) How many Strategic Environmental Reports (ERs) heoteread?
] Less than 10 ] Between 10 and 30 "1 more than 30

Based on your experience with SEA:

3) Are the following SEA stages adequately addressditle ER:
a. Scoping
[ Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

b. Definition of SEA objectives
] Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

c. Definition of alternatives/options
[ Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

d. Prediction of effects
[ Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments




e. Proposition of mitigation or compensation measures
1 Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

f.  Monitoring/Follow-up
1 Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

g. Consultation and public participation
1 Yes, satisfactory [ No, not satisfactory [ Occasionally satisfactory

Comments

4) Prioritise the most frequent environmental issugst( five), among those listed in Annex
1 of EU-SEA Directive, that have been most extesigidealt with:

"] Biodiversity "1 Population "1 Human health "1 Fauna and flora
1 Soil T Water 1 Air 1 Climatic factors
1 Cultural heritagel] Landscape 1 Interrelationships?

Comments

5) Prediction/assessment methodologies applied inliaRs been generally based on:

1 matrices 1 checklists 0 GIS
] scenario analysis [ MCA ] sensittivity analysis
"1 modeling ] causal-effects analysis [ Combination of methods

6) If combination of methods, prioritise the three tfosquently applied:

] matrices ] checklists [ GIS
] scenario analysis [ MCA ] sensttivity analysis
"1 modeling "1 causal-effects analysis

Comments

7) How often ERs have considered cumulative effects:
1 always 1 frequently 1 occasionally Ul never

8) How often in ERs uncertainty has been addressadifgsions/impact predictions):
1 always 1 frequently 1 occasionally "l never

9) How often ERs have included spatial contents?
1 always 1 frequently 1 occasionally "l never

10)Prioritise the most frequent SEA stages (up to )faar ERs where GIS and spatial
techniques are applied:



1 Scoping

) Definition of SEA objectives

"1 Definition of options

1 Prediction of effects

1 Proposing mitigation or compensation measures
1 Monitoring/Follow-up

] Consultation and public participation

Comments

11)Prioritise the most frequent environmental issugst6 five), among those listed in Annex
1 of EU-SEA Directive, that have beemostly mapped (for scoping and/or for assessing
the likely significant effects on themjhé question differs from n.4; difference is remarked by

italics):
"] Biodiversity "1 Population "1 Human health "1 Fauna and flora
1 Soil O Water 1 Air 1 Climatic factors

1 Cultural heritagel] Landscape I Interrelationships?
Comments

12)Has any specific technique been applied in ordesctape, predict or assess cumulative
effects?

[J Yes [J]notoften [ not at all
Comments

13)Has any of the following techniques been appliedrder to define alternatives/options?

"1 Workshops 1 Expert opinions 1 Scenario analysis
1 SWOT analysis ] others
Comments

14)Has any of the following methods been applied areoto address uncertainty?

[l Expert opinions (] Scenario analysis [ Sensttivity analysis
] others

Comments

15)Could GIS maps and spatial techniques:

a. Help to better understand environmental issues?
"l Yes "1 maybe "1 not at all

Comments

b. Help to treat (identify, predict and assess) cubtdeeffects?
"l Yes "1 maybe "1 not at all

Comments




c. Help to uncover uncertainty?
[l Yes .l maybe [ not at all

Comments

d. Support in the visualization of SEA objectives?
[l Yes Cl maybe [ not at all

Comments

e. Assist in the visualization of alternatives/opti@ns
[l Yes .l maybe [ not at all

Comments

f. Assist in the assessment of alternatives/options?
[l Yes C) maybe U not at all

Comments

g. Support in the visualization of mitigation or compation measures?
"l Yes "1 maybe 1 not at all

Comments

h. Contribute to monitoring/follow up? (Even thougtcduld be early to provide this
info)
" Yes "1 maybe "1 not at all

Comments

i. Assist public participation and consultation preess?
"l Yes "1 maybe 1 not at all

Comments

16) Could you provide for:
a. three examples of ERs that have included spatrakats.

b. one (or more) ER example where GIS or spatial tegcles have contributed to the
assessment of cumulative effects.

c. one (or more) ER example where GIS and spatiahigaks have contributed to
defining alternatives/options and predicting tleffects.

Thank you for your collabor ation.
Chiara Bragagnoo



Appendix 2

Review of SEA reports

The review framework

Does SEA report:

1.

include any explicit definition/consideration of CE

" Yes "1 No 1 Partially

follow any term of reference for the treatment/asseent of CE?

"l Yes "1 No

separately treat CE?

" Yes "1 No

describe how reasonable alternatives were idedtifiensidering objectives and scope
of the plan?

"l Yes "1 No 1 Partially

identify other PPPs (in CEA literature referrecaocurrent and reasonable foreseeable
future actions) which together with the plan hawe potential for CE?

" Yes "1 No 1 Partially

predict the combined effects of different altermasioptions?
" Yes "1 No 1 Partially

consider ways of mitigating/compensating CE?

"l Yes "1 No 1 Partially

predict the effects of their likely implementation?

"l Yes "1 No 1 Partially

provide information on uncertainty?

"l Yes "1 No 1 Partially

When does SEA report:

1.
2.

analyse potential CE?
predict potential CE?

How does SEA report:

1.

identify potential CE?

2. identify alternatives/options?
3.
4. uncover uncertainty?

predict CE?




List of UK and Italian SEA reports consulted

ID Plan SA/SEA document Date
UKL Regional Spatial Strategy for the | Final Revisions and Final South East May 2009
South East (South East Region) | Plan — Sustainability Appraisal Report y
Regional Spatial Strategy for East Review of the East of England Plan —
UK2 of England (East of England Integrated Sustainability Appraisal March 2010
Region) Report
UK3 Local Development Framework of Core Strategy ‘Preferred options’ May 2009
Wigan (North West Region) Sustainability Appraisal Report y
Local Development Framework of .
. Core Strategy ‘Preferred options’
UK4 London Borough of Haringey L . May 2009
(London Region) Sustainability Appraisal Report
Local Development Framework of . —
UK5 Test Valley Borough (South East Core .Strat.ejgy Prefgrred options January
Region) Sustainability Appraisal Report 2008
Local Development Framework of : December
UKe Croydon (London Region) Scoping Report 2008
Local Development Framework of Core Strategy Publication Draft
UK7 St. Helens (North West Region) Develppment Plan Sustainability April 2009
Appraisal Report
Local Development Framework of re Strategy ‘Issues and Options’
UK8 Egz?ol—:grtfordshlre (East of Engla"‘gﬁstainability Appraisal Report April 2010
Local Development Framework of
UK9 Maidstone Borough (South East | Scoping Report March 2006
Region)
Local Development Framework of : N
UK10 | South Cambridgeshire ( East of ggr?aisst;?tsgygtnal Sustainability Jggg&éry
England Region) P P
Provincial Spatial Coordination . . o
ITA1 Plan of Forli-Cesena (Region: g:zoxl Eﬂ&lsﬁrii?:t?s;dlgfon Plan - 2005
Emilia Romagna) P
TA2 Provincial Spatial Coordination Provincial Spatial Coordination Plan 2002
Plan of Milan (Region: Lombardia) SEA Environmental Report
Review of Provincial Spatial Review of Provincial Spatial
ITA3 Coordination Plan of Cremona Coordination Plan — SEA 2009
(Region: Lombardia) Environmental Report
Review of Provincial Spatial Review of Provincial Spatial
ITA4 Coordination Plan of Mantova Coordination Plan — SEA 2010
(Region: Lombardia) Environmental Report
TAS Provincial Spatial Coordination Provincial Spatial Coordination Plan 2006
Plan of Foggia (Region: Puglia) | SEA Environmental Report
TAG Local Spatial Plan of Acerra Local Spatial Plan — SEA 2008
(Region: Campania) Environmental Report
TA7 Local Spatial Plan of Madesimo | Local Spatial Plan — SEA 2004
(Region: Lombardia) Environmental Report
Review of local Spatial Plan of .
-~ . Local Spatial Plan — SEA
ITA8 Falconara Marittima (Region: Environmental Report 2006
Marche)
TAQ Local Spatial Plan of Ferrara Local Spatial Plan — SEA 2008
(Region: Emilia Romagna) Environmental Report
Local Spatial Plan of Monopoli Local Spatial Plan — SEA
ITA10 (Region: Puglia) Environmental Report 2007




Synthesis of the results

CE and key strategic aspects

Stage of consideration

Approach and methods

ID
2131456789 1 2 1 2 3 4
Analy5|s_ of _potentlal Qualitative description of
cumulative impacts regional planning
Appraisal of Appraisal of through the identification ! .| Qualitative discussion
UK1 Y Y PIYINJY | N|P preferred options| preferred options| of causes, thresholds, ?Af”r:gviz d:rva(iilglr)‘ed in (matrix based)
receptors, other PPPs, plan prep
o process
mitigations
;I'hebmatlc and ;I'hebmatlc and Qualitative description of Qua:ltatll\,e dflzcus_?lon for
aspupr;;zlaf)f aspupr—a?rszlaf)f Focus on key issues — regional planning mgmz\tlﬁ:zgpra?gl .(on
UK2 Y| N| P Nl NN/P| NI P growth strategy | growth strategy gmp{;ﬂgﬂ‘:ﬂ?& te}it;rrr;t:vigeé\i/realggﬁd N | sustainability topics) of |
(preferred (preferred pian prep RSS and sub-areas
- - process .
options) options) appraisal
Discussion on reasoning
for developing spatial .
UK3 VRN p NI NI P N =) Appraisal of Appraisal of Focus on thematic issues| options. Qualitative Srl:;gioflec;girfe F;gl(';;gs
preferred options| preferred options| and core policy principles| description of ‘thematic ?matri?( based)
options’ of preferred
spatial option
Qualitative description of
spatial options developed| Qualitative discussion on;
in the plan preparation cumulative problems and
’ . Focus on policy options | process and development benefits of Core strategy
Appraisal of Appraisal of - R o 1 o :
UK4 Y|IY|P|Y|N|P| N|P ! ' and identification of other| of an additional alternative in combination with other| ----
preferred optiors| preferred options PPPs (BAU) + Qualitative PPPs; CE of the Preferre
description of policy policy options on SA
options of preferred objectives (matrix based)
spatial option
Appraisal of Appraisal of Qualitative description of | Qualitative discussion on
spatial options spatial options Focus on core strategy | broad locations of CE of Core Strategy
UKS YIN|P| NI N|P| N|NJzyq preferred and preferred objectives strategic developmentof | objectives on SA
options options preferred spatial option | objectives (matrix based)
UK6 N | N - N - - - N |- -
Quialitative discussion on
CE of Core Strategy
. . Qualitative description of | Spatial Objectives — .
Appraisal of Appraisal of Focus on Core Strategy - : ) . Uncertainty
UK7 YIY|P|N|N| P| P|Y ) ) ' o policy options for each | analysis of potential for ;
preferred options| preferred options| Spatial Objectives issue considered the policies to address thg scoring
sustainability issues
(matrix based)
UK8 NI N| P| N|l N| P| N| P|-— - Qualitative description of | ----




CE and key strategic aspects

Stage of consideration

Approach and methods

ID
2(3|4|5|6|7|8|9 1 2 1 2 3
future development
strategy options and
visions deweloped in the
plan preparation process
(spatially explicit)
UK9 N | N - N - - - N |- --—
Qualitative discussion on
. . ...l Qualitative description of | CE of policies general
UKLO | Y | Y [ Y [ PN NP N| P et e o | oo oL ol opions forcach | polcy reason | -~
P p P p 9 policy policy area considered envronmental issues
(matrix based)
o - . Suitability analysis, Qualitative discussion on
ITAL N|N/| P| N| P| N| N/l N Zfrfz(i!g'on of Z{é‘i‘g'on of Zg\(/:iLrJSn?*geprlw?;r}?sguzgd transportation models CE of regional plan based --—-
(spatially explicit) on quantitative indicators
Comparison of Comparison of Suitability analysis and Dashboard aggregated
ITA2 N | N P| N P N| N| N| planning planning Focus on planning issues| transportation model index (combination of
alternatives alternatives (spatially explicit) different indicators)
Qualitative discussion on
§ . d . | nebgative CE of planning
Prediction o Prediction o Focus on environmenta objectives on
ITA3 NININ|NINEY NP offeas effects and planning issues environmental issues
based on quantitative
indicators (matrix based)
Focus on environmental géaliftatli\,e Qiscug_sion on
- - S i of planning objectives
Prediction of Prediction of and planning issues; ) .
ITA4 NYNINFYINPY NP effects effects identification of other on environmental issues | -~
PPPs _basfed on quantitative
indicators (matrix based)
. . Focus on planning Qualitative description of . _—
ITAS N|N Pl N p NI NN Clggﬁnpi)gnson of ngﬁnpi)ﬁnson of objectives and relevant implementation of isesmels—grl#aenrﬂtitgl&res
plt tg zllt atg' environmental and different planning atrix based
alternatives ernatives planning issues objectives (matrix based)
Comparison of Comparisonof | Focus on relevant Suitability analysis and i%?é';lg: Xglr'f%'trme dfor
ITAG NIN| P| N| P P P planning planning environmental and transportation model different fu"?ure
alternatives alternatives planning issues (spatially explicit) alternatives
Comparison of Comparisonof | Focus on keyissues and | Qualitative description of Q;ﬂgggfﬁg'g%?;ggn?n
ITA7 NINIP|IlY!| P P| N| P/ planning planning receptors; identification off implementation of Future planning
alternatives alternatives relevant PPPs different planning actions alternatives (matrix based
Comparison of Comparison of Dashboard aggregated
ITAS N N N| N N =) N p future trends of | future trends of Zg\ifsn?gég;vg% index (environmental

relevant topics
without the plan

relevant topics
without the plan

planning issues

indicators) for comparing
baseline condition and




CE and key strategic aspects

Stage of consideration

Approach and methods

ID
2(3|4|5|6|7|8|9 1 2 1 2 3
future trend (only without
plan)
L L Focus on relevant o ) .
ITA9 N|{N|N|N|N| P| N|l P zfrfz(i!g'on of zfrfz(i',g'on of environmental and %l;all(’;a\l/té\ﬁadlscussmn+
planning issues p y
Focus on local I .
ITALO NININININ Pl NI N Assessmentof | Assessmentof emvironmental sub- Suitability analysis MCA and map overlay

strategic sites

strategic sites

contexts

(spatially explicit)




Appendix 3

Land use cover scenarios

Land use cover changesrules

Following tables do not include land use cover classes expected to remain the same

COMBINATION 1

Urban transformations — Artificial surfaces

Case a
Case b — within pole municipalities
Basdline land use cowver Expected land use cover
Discontinuous residential urban fabric Medium-denesside ntial urban fabric
Nucleated residential urban fabric Discontinuossdential urban fabric
Sparse residential urban fabric Nucleated resiaeuntban fabric

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Discontinuous residential urban fabric

Arable land
Permanent crops Discontinuous residential urban fabric
Pastures
1f within a disance of 200m from urban fabric:
Discontinuous residential urban fabric
Forests ifwithin adistan_oeof _400mfrom urban fabric
Nucleated residential urban fabric
otherwise:
Sparse residential urban fabric
Shrubs Discontinuous residential urban fabric

Case b — outside pole municipalities
Basdline land use cowver Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Discontinuous residential urban fabric

if <1 hasurface:
Arable land Discontinuous residential urban fabric
Pastures
if >1 ha surface:
Nucleated residential urban fabric
Permanent crops Discontinuous residential urban fabric
if within a disance of 200m from urban fabric:
Discontinuous residential urban fabric
Forests if within a disance of 400m from urban fabric:

Nucleated residential urban fabric

otherwise:
Sparse residential urban fabric

Shrubs Discontinuous residential urban fabric




Urban transformations — Urban green areas

Basdline land use cover

Caseaandb

Expected land use cover

Mine and construction sites

Gardens and parks qaralitions

Arable land

Gardens and parks — poor conditions

Permanent crops

Gardens and parks — fair conditions

Permanent pastures
Shrubs in abandoned agricultural land

Gardens and parks — fair conditions

Permanent pastures with significant presence ef taad
shrubs
Broad-leaved forest

Gardens and parks — good conditions

COMBINATION 3

Urban transformations — Artificial surfaces

Case a

Case b — within pole municipalities

Basdline land use cover

Expected land use cover

Discontinuous residential urban fabric

if out of protected areas:
Medium-dense residential urban fabric

if within protected areas:
Discontinuous residential urban fabric

Nucleated residential urban fabric

if out of protected areas:
Discontinuous residential urban fabric

if within protected areas:
Nucleated residential urban fabric

Sparse residential urban fabric

If out of protected areas:
Nucleated residential urban fabric

if within protected areas:
Sparse residential urban fabric

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

if out of protected areas:
Discontinuous residential urban fabric

if within protected areas:
Nucleated residential urban fabric

Arable land
Permanent crops
Pastures

if out of protected areas:
Discontinuous residential urban fabric

if within protected areas:
Nucleated residential urban fabric

Forests
Riparian vegetation

if out of protected areas:
and within a distance of 200m from urban fabric:
Discontinuous residential urban fabric

and within a distance of 400m from urban fabric
Nucleated residential urban fabric

otherwise:
Sparse residential urban fabric

if within protected areas:
and within a distance of 400m from urban fabric:
Nucleated residential urban fabric

otherwise:
Sparse residential urban fabric

Recent forest
Shrubs

If out of protected areas:
Discontinuous residential urban fabric

if within protected areas:
Nucleated residential urban fabric

Case b — out of pole municipalities

Basdline land use cover

Expected land use cover

Construction sites
Abandoned and degraded sites

if out of protected areas:
Discontinuous residential urban fabric




Gardens and parks if within protected areas:
Non-agricultural vegetated areas Nucleated residential urban fabric

if out of protected areas:
and <1 ha surface:

Discontinuous residential urban fabric
Arable land

Permanent crops and >1 ha surface:
Pastures Nucleated residential urban fabric

if within protected areas:
Nucleated residential urban fabric

If out of protected areas:
and within a distance of 200m from urban fabric:
Discontinuous residential urban fabric

and within a distance of 400m from urban fabric
Nucleated residential urban fabric

Forests otherwise:
Riparian vegetation Sparse residential urban fabric

if within protected areas:
and within a distance of 400m from urban fabric:
Nucleated residential urban fabric

otherwise:
Sparse residential urban fabric

if out of protected areas:

Recent forest Discontinuous residential urban fabric

Shrubs if within protected areas:

Nucleated residential urban fabric

Urban transformations — Urban green areas

Case a
Case b — within pole municipalities
Basdline land use cover Expected land use cover

Mines Gardens and parks — poor conditions

if out of protected areas:

Construction sites Gardens and parks — poor conditions

Abandoned and degraded sites if within protected ar eas

Gardens and parks — fair conditions

If out of protected areas:
Gardens and parks — fair conditions
Gardens and parks
Non-agricultural vegetated areas if within protected ar eas.
and <3ha: Gardens and parks — fair conditions

and >3ha: Gardens and parks — good conditions

if out of protected areas:

Gardens and parks — poor conditions

Arable land o

Permanent crops if within protected areas:
and <3ha: Gardens and parks — fair conditions
and >3ha: Gardens and parks — good conditions

If out of protected areas:

Permanent pastures . "
P Gardens and parks — fair conditions

Low density broad-leaved forest

Recent forest _ if within protected areas:

Shrubs in abandoned agricultural land Gardens and parks — good conditions
Permanent pastures with significant presence e$ taad

shrubs

Medium-high density broad-leaved and mixed forest Gardens and parks — good conditions

Riparian vegetation
Shrubs with significant presence of natural ve getat

Case b —out of pole municipalities

Basdline land use cowver Expected land use cover
Mines Gardens and parks — poor conditions
Construction sites if out of protected areas:

Abandoned and degraded sites Gardens and parks — poor conditions




if within protected areas:
Gardens and parks — fair conditions

Gardens and parks
Non-agricultural vegetated areas

If out of protected areas:
Gardens and parks — fair conditions

if within protected areas:
and <3ha: Gardens and parks — fair conditions

and >3ha: Gardens and parks — good conditions

Arable land
Permanent crops

if out of protected areas:
Gardens and parks — poor conditions

if within protected areas:
and <3ha: Gardens and parks — fair conditions

and >3ha: Gardens and parks — good conditions

Permanent pastures

Low density broad-leaved forest
Recent forest

Shrubs in abandoned agricultural land

If out of protected areas:
Gardens and parks — fair conditions

if within protected areas:
Gardens and parks — good conditions

Permanent pastures with significant presence ef tamd
shrubs

Medium-high density broad-leaved and mixed forest
Riparian vegetation

Shrubs with significant presence of natural ve getat

Gardens and parks — good conditions

Additional land use cover changes within protectezhs

Basdline land use cover

Abandoned and degraded sites
Non-agricultural vegetated areas

Caseaand b
Expected land use cover
<3ha: Gardens and parks — poor conditions

>3ha: Permanent pastures

Homogeneous arable land

Arable land with sigaifigresence of trees

Permanent pastures

Permanent pastures with significant presence e$ taad
shrubs

Shrubs in abandoned agricultural land

Shrubs vgghificant presence of natural vegetation

COMBINATION 4

It corresponds to combination 5 except for LUC dfemin green buffer zone (mitigation of highway)

Basdline land use cover

Caseaandb
Expected land use cover

Gardens and parks — fair conditions

Gardens arldpagood conditions

Abandoned and degraded sites
Non-agricultural vegetated areas

Permanent pastures

Homogeneous arable land

Arable land with signifigresence of trees

Permanent pastures

Permanent pastures with significant presence e$ taad
shrubs

Shrubs in abandoned agricultural land

Shrubs vgghificant presence of natural vegetation

COMBINATION 5

Urban transformations — Artificial surfaces

Case a

Case b — within pole municipalities

Basdline land use cover

Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Nucleated residential urban fabric

Arable land

Permanent crops Nucleated residential urban fabric
Pastures

Forests within a distance of 200m fromurban fabric:

Riparian vegetation

Nucleated residential urban fabric




otherwise:
Sparse residential urban fabric

Recent forest
Shrubs

Nucleated residential urban fabric

Basdline land use cover

Case b — out of pole municipalities

Expected land use cover

Construction sites

Abandoned and degraded sites
Gardens and parks
Non-agricultural vegetated areas

Sparse residential urban fabric

Arable land

Permanent crops
Pastures

Sparse residential urban fabric

Forests

Riparian vegetation
Recent forest
Shrubs

Sparse residential urban fabric

Urban transformations — Urban green areas

Basdline land use cover

Caseaandb

Expected land use cover

Mines
Construction sites
Abandoned and degraded sites

Gardens and parks — fair conditions

Gardens and parks
Non-agricultural vegetated areas

if <3hasurface:
Gardens and parks — fair conditions

if >3ha surface:
Gardens and parks — good conditions

Arable land

Permanent crops

Permanent pastures

Permanent pastures with significant presence e$ taad
shrubs

Shrubs in abandoned agricultural land

if <3hasurface:
Gardens and parks — fair conditions

if >3ha surface:
Gardens and parks — good conditions

Forests
Riparian vegetation
Shrubs with significant presence of natural ve getat

Gardens and parks — good conditions

Additional land use cover changes within protectezhs

Basdline land use cover

Caseaandb

Expected land use cover

Abandoned and degraded sites
Non-agricultural vegetated areas

<3ha: Gardens and parks — poor conditions

>3ha: Permanent pastures

Homogeneous arable land

Arable land with signifigresence of trees

Permanent pastures

Permanent pastures with significant presence e$ taad
shrubs

Shrubs in abandoned agricultural land

Shrubs wathificant presence of natural vegetation

Additional land use cover changes within regiomahl network

Basdline land use cover

Caseaandb

Expected land use cover

Gardens and parks — poor and fair conditions

Abandoned and degraded sites
Non-agricultural vegetated areas

if within flooding areas or with high per meability:
Gardens and parks — good conditions

otherwise:
Gardens and parks — fair conditions
<3ha: Gardens and parks — poor conditions

>3ha: Permanent pastures

Homogeneous arable land

Permanent pastures

Arable land with sigaifiqresence of trees
Permanent pastures with significant presence e$ taad
shrubs

Shrubs in abandoned agricultural land

Shrubs vgghificant presence of natural vegetation




Additional land use cover changes out of proteategs and regional rural network

Caseaandb

Basdline land use cover Expected land use cover

if within flooding areas or with high per meability:
Gardens and parks — good conditions
Gardens and parks — poor and fair conditions
otherwise:
Gardens and parks — fair conditions

if within flooding areas or with high per meability:

Abandoned and degraded sites Permanent pastures

Non-agricultural vegetated areas otherwise

as baseline land use cower

1f within flooding areas or with high per meability:
Arable land with significant presence of trees
Homogeneous arable land
otherwise:
as baseline land use cower

if within flooding areas or with high per meability:
Permanent pastures with significant presence e$ taad

Permanent pastures shrubs

otherwise:
as baseline land use cower

if within flooding areas or with high per meability:
Shrubs with significant presence of natural vegetat

Shrubs in abandoned agricultural land
otherwise:

as baseline land use cower

COMBINATION 6

It corresponds to combination 3 except for LUC dfemin green buffer zone (mitigation of highway)

Caseaand b
Basdline land use cover Expected land use cover

Gardens and parks — fair conditions Gardens arldpagood conditions

Abandoned and degraded sites

Non-agricultural vegetated areas Permanent pastures

Homogeneous arable land Arable land with signifiqesence of trees
Permanent pastures Eﬁrlﬂ;znent pastures with significant presence e$ taad
Shrubs in abandoned agricultural land Shrubs withificant presence of natural vegetation

COMBINATION 8

It corresponds to combination 1 except for LUC dfemin green buffer zone (mitigation of highway)
Caseaand b
Basdine land use cover Expected land use cover

Gardens and parks — fair conditions Gardens aridpagood conditions

Abandoned and degraded sites

. Permanent pastures
Non-agricultural vegetated areas p

Homogeneous arable land Arable land with signifigesence of trees

Permanent pastures with significant presence e$ taad

Permanent pastures shrubs

Shrubs in abandoned agricultural land Shrubs vgghificant presence of natural vegetation




Land use cover scenarios percentage of LUCs surface

Scenario 1a
ID LUC class
111 Continuous urban fabric *
304 27,80 2710
112  Disconfinuous urban fabric 25
121 Industrial, commercial and service units % 20
1221 Road networks and associated land g 15 1400
1222  Rail neworks and associated land 10 644 753
13 Mine, dump and construction sites {1 e 03210 | 01 0z | 13010 M5 000 020 040 002 052
1411 Gardens and parks — poor conditions ° O PO PV N U R
1412 Non-agricultural vegetaied areas T F e oS g 88 v
142 Sportand leisure foilties E
2111 Homogeneous arable land
2112 Arable land with significant presence of tees Scenario 1b
21 13'22111145' Other arable land 35
22 Permanentcrops ol am
2311 Permanentpastures o zz
2312 Permanentpastures wit presence of trees/shrubs % 15 13.98
g
31 Forests 101 - 15t
3241  Shrubs with presence of natural vegetation 53,89 386 1219 1 o s 1500 | o 00 0 02
3242  Shrubsin abandoned agriculural land 0+ ;.m.r ———————= NFFNFF
41 Inland wetlands ::sSSFEESEEENﬁﬁmﬁﬁqm
51  Inland waters ;
Scenario 3a Scenario 3b
35 35
304 2785 30 875
25 25
g’ 20 17,90 g’ 20 17,92
g 154 14,00 g 151 1398
101 - 9,42 150 101 - 9,44 15t
5 {482 3,86 243 s {387 3,86 243
. 0,32'1v28 00 - ' 1'35'0,19' 055'0,60 038 022 002 02 . 032'1v28 00 - ' 1.36 019 055'0,60' 038 022 002 02




Scenario 4a

ID LUC class
35
111 Continuous urban fabric 2923
30 '
112 Disconfnuous urban fabric 25
121 Industrial, commercial and service units 204 2.0
1221 Road networks and associated land g 151 3
1222  Rail networks and associated land 101 6,58 699 749
4,17
i i i 51331 ' 243
13 Mine, dump and construction sites 03211 | o 135019 049 082 | 050 0,10 0,02 052031
1411 Gardens and parks — poor conditions O S S O R
1412 Non-agricultural vegetaid areas L
142  Sportand leisure facilities e
2111 Homogeneous arable land
2112 Arable land with significant presence of tees Scenario 4b
2113-2114-
Other arable land 35
21 15 29,24
30 '
22 Permarentcrops
25
2311 Permanentpastures % 1999
2312 Permanentpastures with presence of trees/shrubs E 15 13,96
g
31 Forests 101 - - 14
3241 Shrubs with presence of natural vegetation 54331 417 243
- - 032 o4 135019049 082 | 0,49 9,10 0,02 0520,31
3242 Shrubs in abandoned agriculiural land S
41 Inland wetlands TS FETSESSF R8BS
51  Inland waters B
Scenario 5a Scenario 5b
35 35
0 23 0] 2
25 25
o 20,17
£ 20 2 40 20,16
8 | 13,96 3
g 15 § 15 13,98
107 661 21 75 101 660 720 754
543,31 3,86 s 243 o o 543,31 3,86 : 43
. 032 " '0,14' i B ' '0,19' 0,47' A '0,50'0,10'0,02'0,52 032 116 014 1.3 19 047 083 0,50 010 0,02 0.52
N e N T T N R N R N N e 0

2113-2114-2115

N0 D O R W W e N N e N
A N I ME AN S A R ©

N
o
.-‘:\




Scenario 6a

ID LUC class
35
111 Continuous urban fabric
30 1 27,78
112 Disconfnuous urban fabric 25
121 Industrial, commercial and service units & 20 1760
1221  Road networks and associated land g 151 13,98
. . 9,33
1222  Rail networks and associated land 107 748
417
i h i 57 ' 2,43
13 Mine, dump and construction sites 03213 || 018 1340 19 066 081 | 038 020 002 052031
1411 Gardens and parks — poor conditions A O
1412 Non-agricultural vegetated areas e
142  Sportand leisure facilities e
2111 Homogeneous arable land
2112 Arable land with significant presence of tees Scenario 6b
2113-2114-
Other arable land 35
2115
304 2867
22 Permarentcrops
25
2311 Permanentpastures o
- g 207 17,63
2312 Permanentpastures with presence of trees/shrubs 8 1397
§ 151 i
31  Forests 104 8.3 749
3241  Shrubs with presence of natural vegetation 5 At 243
- - 018 1.35 0,19 066 061 | 0,390,220 0,02 0520,31
3242 Shrubs in abandoned agriculuural land o T T T _ T T T . -
41 Inland wetlands R =Tesg R 8 e
51  Inland waters B
Scenario 8a Scenario 8b
35 35
4 4 28,65
30 27,73 26,71 30 26,75
25 25
:%':’ 20 :%':’ 20
g 15 13,98 g 13,97
o o
101 748 10 1 749
4,87 417 642 4,17
51 ' 243 51 : 243
0325 020 = 022 01915010 | 020038 0,02 052031 020 1 022 % 0,20 0,39 0,02 052 0,31
0 T T T T T T T T T T T T T T T T T T 0 T T T T T T T




Land use cover scenarios pattern

Scenario 1a

Scenario 1b

Scenario 3a

Legend

[ Continuous urban fabric
Discontinuous urban fabric
I Industrial, commercial and service units
Il Road and rail networks and associated land
Il Mine, dump and construction sites
Il Sport and leisure facilities
Gardens and parks - poor conditions
Gardens and parks - fair conditions
Gardens and parks - good conditions
Non-agricultural vegetated areas
Homogeneous arable land
[0 Arable land with significant presence of trees
I Other arable land
Permanent crops
[ Permanent pastures
Il Perm. pastures with presence of trees/shrubs
Shrubs in abandoned agricultural land
700 Shrubs with presence of natural vegetation
I Forests
Inland wetlands
Inland waters




Scenario 3b

Scenario 4a

Scenario 4b

Legend

B Continuous urban fabric
Discontinuous urban fabric

I Industrial, commercial and service units

Il Road and rail networks and associated land

Il Mine, dump and construction sites

Il Sport and leisure facilities
Gardens and parks - poor conditions
Gardens and parks - fair conditions

[ Gardens and parks - good conditions
Non-agricultural vegetated areas
Homogeneous arable land

I Arable land with significant presence of trees

I Other arable land
Permanent crops

Il Permanent pastures

Il Perm. pastures with presence of trees/shrubs|
Shrubs in abandoned agricultural land

= Shrubs with presence of natural vegetation
Forests

Inland wetlands

Inland waters




Scenario 5a

Scenario 5b

Scenario 6a

Legend

[ Continuous urban fabric
Discontinuous urban fabric
Il Industrial, commercial and service units
Il Road and rail networks and associated land
Il Mine, dump and construction sites
Il Sport and leisure facilities
Gardens and parks - poor conditions
Gardens and parks - fair conditions
[ Gardens and parks - good conditions
Non-agricultural vegetated areas
Homogeneous arable land
[ Arable land with significant presence of trees
I Other arable land
Permanent crops
[ Permanent pastures
Il Perm. pastures with presence of trees/shrubs
Shrubs in abandoned agricultural land
[0 shrubs with presence of natural vegetation
I Forests
Inland wetlands
Inland waters




Scenario 6b

Scenario 8a

Scenario 8b

Legend

B Continuous urban fabric
Discontinuous urban fabric
I Industrial, commercial and service units
Il Road and rail networks and associated land
Il Mine, dump and construction sites
Il Sport and leisure facilities
Gardens and parks - poor conditions
Gardens and parks - fair conditions
Gardens and parks - good conditions
Non-agricultural vegetated areas
Homogeneous arable land
[0 Arable land with significant presence of trees
I Other arable land
Permanent crops
[ Permanent pastures
Il Perm. pastures with presence of trees/shrubs
Shrubs in abandoned agricultural land
[0 Shrubs with presence of natural vegetation
I Forests
Inland wetlands
Inland waters




Appendix 4

Performance of land use cover scenarios

Emissivity of land use cover classes

o Land cover las e sy By
111 Continuous urban fabric 1443 5,33 7,1
112 Discontinuous urban fabric 1424 5,76 57
121  Industrial, commercial and service units 143,0 7,65 6,1

1221 Road networks and associated land 1419 6,46 3 5

1222 Rail networks and associated land 1426 6,74 8 5
131 Mineral extraction sites 140,6 5,52 4,3
132 Dump sites 143,7 5,54 6,7
133  Construction sites 1417 6,29 52
134 Abandoned and degraded sites 1399 6,96 3,8

1411 Gardens and parks 1425 5,56 58

1411 Gardens and parks - good condition 1348 6,43 0,0

1412 Non-agricultural vegetated areas 1415 5,86 0 5,
142 Sport and leisure facilities 1388 6,59 3,0
2111 Homogeneous arable land 1395 6,18 35

2112  Arable land with significant presence of trees 1386 5,90 2,8
221111?;111' Open horticulture 1393 5,73 34
221111:122 Greenhouse horticulture 139,9 5,99 3,8
2115 Vegetable plots 140,0 5,44 3,9
22 Permanent crops 1376 5,08 2,1
2311 Permanent pastures 139,8 6,30 3,7
2312 zﬁérzs:fbn; pastures with significant presence e$tre 1394 6,53 3.4
3111 Medium-high density broad-leaved forest 136,1 7,07 1,0
3112 Low density broad-leaved forest 1394 6,49 34
3113 Riparian vegetation 137,0 7,10 1,6
3121 Medium-high density coniferous forest 1319 720, -22
3131 Medium-high density mixed forest 1328 6,32 5-1
314 Recent forest 1422 5,12 55
3241 Shrubs with significant presence of naturgktation 138,0 6,71 24
3242  Shrubs in abandoned agricultural land 139,0 826, 31
41 Inland wetlands 135,2 5,58 0,3
51 Inland waters 1351 9,06 0,2
0 Highway green buffer zones 138,0 6,71 24




Land take —percentage of land taken with respect to the hasebndition

Scenario

Land use cover Sla Sib S3a S3b Sda S4b S5a S5b Séa S6éb S8a S8b
Continuous urban fabric 1,57 0,59 1,52 0,57 0,00 0,00 0,00 0,00 1,52 0,57 1,57 0,59
Discontinuous urban fabric 3,05 3,93 3,10 3,95 4,44 4,45 4,51 4,52 3,03 3,88 2,98 3,86
Industrial, commercial and 046 042 046 042 038 040 040 042 044 040 044 040
service units

g‘;}g‘d networks and associatec g 5, 000 001 000 030 030 0,00 000 031 030 031 030
Mine dumpandconstuction  o65 065 068 -068 085 085 080 080 073 072 070  -070
Gardens and parks 3,20 3,20 3,23 3,23 3,33 3,32 3,36 3,35 3,20 3,20 3,18 3,18
Abandoned green areas -0,08 -0,08 -0,09 -0,09 -0,14 -0,14 -0,14 -0,14 -0,10 -0,10 -0,08 -0,08
Homogeneous arable land -5,03 -5,03 -14,24 -1424  -25,18 -2519  -24,96 -24,97 -14,54 -1454  -5,42 -5,42
Arable land with significant

presence of trees -0,05 -0,05 9,16 9,16 19,72 19,72 19,89 19,89 9,07 9,07 -0,06 -0,06
Other arable land -0,24 -0,24 -0,24 -0,24 -0,26 -0,26 -0,24 -0,24 -0,26 -0,26 -0,26 -0,26
Permanent crops -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14
Permanent pastures -0,45 -0,45 -0,95 -0,95 -1,11 -1,11 -1,13 -1,13 -0,94 -0,94 -0,45 -0,45
Permanent pastures with

significant presence of trees ar  -0,02 -0,02 0,51 0,51 0,73 0,73 0,74 0,74 0,53 0,53 0,01 0,01
shrubs

Forests -1,23 -1,23 -1,23 -1,23 -1,27 -1,27 -1,23 -1,23 -1,27 -1,27 -1,27 -1,27
Sfrubs withsignificant presenc 509~ 909 009 009 021 020 021 021 010 010 -008  -0,09
of natural vegetation

Shrubs in abandoned 017 017 035 -035 047 -047 -047 -047 036 036 -018  -0,18
agricultural land

Highway green buffer zones 0,00 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,31 0,31 0,31 0,31




Surface runoff indicators —difference with respect to the baseline condition

Scenario 1a

Logend
Surface runoft

Scenario 3a

Legend
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Scenario 4a

Logend
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Scenario 1b
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Surface emissivity —difference with respect to the baseline condition

Scenario 1a

Legend
emissivity index

Scenario 3a

Legend
emissivity index

Scenario 4a

Legend
emissivity index
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Scenario 1b
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Scenario 3b

Legend
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Scenario 4b

Legend
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Evapotranspiration

Scenario 1a

Scenario 3a

Scenario 4a




Scenario 8a

Scenario 8b
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