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Abstract: This article presents a decision-making model for assessing the sustainability of urban
plans and programmes to envision long-term transformation scenarios through the development of
consistency matrices. The tool was tested in a real case study, which is the Strategic Environmental
Assessment for the Revision of the General Municipal Plan of the City of Turin (Italy). The changes
that have taken place in recent years have highlighted the need for more flexible, dynamic, and
streamlined tools that can help the revision of plans and programmes, which are capable also of
considering the citizen’s needs. The decision-making model provided in this paper was structured
into five phases: normative framing of the environmental assessment procedures; spatial analysis
by structures; consistency analysis of conformity between the objectives of the technical proposal of
the preliminary draft and the superordinate and coordinated planning; monitoring of the technical
proposal through the employment of key indicators; and the definition of guidelines for the General
Regulatory Plan of the City of Turin. The tool presented in this work can support planners, municipal
technicians, and general public administrations, both in the planning and assessment processes
to design and implement sustainable policy recommendations capable of tackling the increasing
complexity of urban transformations.

Keywords: urban planning; decision making; strategic environmental assessment

1. Introduction

In recent decades, decision makers” awareness of the increase in urban populations
compared to rural populations and the impact of this on the environment has become
more evident. In 2008, the urban population surpassed the rural population worldwide
for the first time in history and this has marked the transition towards an uncertain era,
characterized by a continuous search for new models of growth and development [1]. The
scientific community agrees on recognizing this era as the Anthropocene [2]. The term
refers to the profound transformation that the human species has exerted on the Earth.
The human footprint on the planet has transformed the land, and human influences can
be seen on 75% to 83% of its entire surface area [3]. The United Nations estimated that

by 2030 there will be millions of people who could migrate from sub-Saharan regions to
North Africa and Europe. These migratory movements would add to the ongoing high
flow of so-called environmental refugees [4]. The last century began with a population of
1.6 billion individuals, ended exceeding 6 billion, and forecasts expect a peak of 9 billion
people by 2050. Urbanization and the related exodus from the countryside to cities is a
more than timely issue. Migration to cities thus brings with it a number of issues that need
to be solved, many of which are exacerbated by the effects of climate change (CC) [5-8].
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The definition of sustainable development that Gro Harlem Brundtland established in
the report Our Common Future in the 1980s, which is now widely accepted, altered the
course of history. “Sustainable development is that development that enables the present
generation to meet its own needs without compromising the ability of future generations
to meet their own needs,” he wrote [9]. The UN’s Agenda 2030 specifies the three axes
of economic, environmental, and social sustainability to protect the inheritance of future
generations [10].

Amidst the sustainable development configurations extended over time, the lotus
flower configuration is capable of tackling the complexity of urban and territorial transfor-
mations according to the following dimensions [11]:

- Environmental sustainability ensures the availability and quality of natural resources
to counteract environmental degradation;

- Technological sustainability is the ability of technology to meet human needs as they
continue to evolve with particular regard to the emergencies represented by the energy
crisis and future water scarcity;

- Economic sustainability involves defining the resources needed in relation to the
expected benefits and the extent to which activities will be able to sustain themselves
over time;

- Social sustainability refers to the systems of relationships capable of preserving social
balance through the integration and enhancement of human resources;

- Cultural sustainability looks at heterogeneity, and how diversity needs to be preserved
and enhanced as the foundation of intellectual, emotional, moral, and spiritual development;

- Political and administrative sustainability aims to ensure the transparency of the
decision-making process in the short, medium, and long terms.

Novel paradigms entered in the international debate, academically and politically,
to respond to the increasing complexity and uncertainty of cities and territories [10]. For
example, the circular cities concept is the natural development of the evolution of the
concept of sustainability and the circular economy [12]. There is a need to activate circular
innovations as knowledge producers to work on SMEs, to provide cooperation and net-
working at different levels of the development model. Increased energy self-sufficiency
and resilience of the socio-ecological and technological systems (SETS) are the guarantee
for development models with a lower impact on human activities [13]. The concept of
resilience initially followed a parallel path with respect to that of sustainability, and with an
initial monodisciplinary approach (e.g., ecology, economy, sociology, among others) [14,15],
however, in the last decade this has assumed a transdisciplinary character as it started to
be associated with both the outcomes and processes of cities and territories [16-20].

Due to the sustainable development issue, urban development requires policies to limit
energy consumption, reduce pollution, and protect natural areas. However, the progressive
increase in land consumption causes difficulties in reaching a compromise between the mul-
tiple interests of actors and stakeholders and the health of the environment. Urban planning
must be oriented towards plausible goals, which must be careful of environmental conse-
quences caused by potential transformations. Urban planning involves many functions,
sectoral levels, and phases. The levels of the planning area may refer to a city, to a metropoli-
tan area, or a district, among others. The sectors most frequently involved in urban planning
are land use, transport, housing, land development, and environment. The interactions
between functions, levels, sectors, and phases can be facilitated by the employment of
geographical information systems (GIS) methods for different purposes. The use of the
data management, visualisation, spatial analysis and modelling components of GIS varies
according to the different functions of urban planning. Data processing, representation, and
spatial analysis are essential to support conventional procedures in the field of spatial plan-
ning. Strategic planning regularly makes use of modelling spatial data. General administra-
tion employs mainly data management and visualization techniques [21,22]. In light of this
context, this paper applies a decision-making model to determine a set of guidelines for the
sustainability of the strategic environmental assessment (SEA) for the Revision of the Gen-
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eral Regulatory Plan (Piano Regolatore Generale, hereafter referred to as PRG) of the City
of Turin, which started in April 2017 (Resolution of the City Council (13 April 2017), http:
/ / geoportale.comune.torino.it/web/sites/default/files /mediafiles /2017_01354.pdf (ac-
cessed on 22 July 2022)) and it is still in progress [23].

Before going directly into the core of the manuscript, the authors retain consider it
useful to discuss the origins of the assessment procedures in order to highlight the reason
that the SEA and EIA procedures are so relevant. Since the 1980s, first in America and
later in Europe, the possibility of accompanying the processes of programming, planning,
designing, and management with assessment procedures that allow for the recognition
of the effects that these processes may induce on the environment has become a priority.
At the regulatory level, the Environmental Impact Assessment (EIA) is the environmental
assessment associated with the design of works of significant environmental impact. In
Europe, this procedure was introduced by Directive 85/337/EEC of the Council of 27 June
1985 (Directive 85/337/EEC of the Council of 27 June 1985, https:/ /eur-lex.europa.eu/
legal-content/EN/TXT /?uri=CELEX%3A31985L0337 (accessed on 22 July 2022)) [24], on
the assessment of the effect on the environment of some public and private projects. The
EIA was implemented in Italy by Law No. 349 of 8 July 1986 (Law No. 349 of 8 July
1986, https:/ /www.normattiva.it/uri-res/N2Ls?urn:nir:stato:legge:1986-07-08,;349!vig=
(accessed on 22 July 2022)) [25], as an amendment, that established the Ministry of the
Environment and regulations on environmental damage. The SEA was introduced by
Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001
(Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001,
https:/ /eur-lex.europa.eu/legal-content/IT/ALL/?uri=celex%3A32001L0042 (accessed on
22 July 2022)) [26] for the assessment of the effects of certain plans and programmes on the
environment, and its objective is “to ensure a high level of environmental protection and to
contribute to the integration of environmental considerations when plans and programs are
prepared and adopted with a view to promoting sustainable development”. At the national
level, Piedmont Region anticipated European and national provisions through Regional
Law no. 40 1998 by introducing environmental compatibility analyses, even before the
European Directive concerning the assessment of the effects of certain plans and programs
on the environment 2001, thus becoming in that period an inspirational model for the other
Italian regions.

Therefore, this study makes an important contribution to research on SEAs, demon-
strating the fundamental role this process plays in urban assessment and planning. This
work aims to provide a methodology to support this process and, specifically, to support
public administration, planners, technicians, and general decision makers by supplying a
framework for the definition of sustainable guidelines and recommendations. The applica-
tion of the concept of sustainability to the topic of the strategic environmental assessment
procedures highlights three different aspects. The three dimensions of sustainability (eco-
nomic, environmental, and social) are nowadays taken for granted; the challenge is to
integrate further dimensions, such as cultural and technological, to foster the sustain-
ability of plans, programmes, and projects [11]. Cities are complex territorial entities,
characterised by the interdisciplinary nature of their phenomena. Urban planning, and
consequently, the associated environmental assessment procedures, must consider within
themselves the heterogeneity and complexity of the phenomena that now characterise
social processes [27,28].

2. Materials and Methods

The research developed in this article is part of the preparation phase of the Environ-
mental Report of the SEA process, which is currently in the ongoing phase. The phases of
the SEA process inherent to the PRG Revision of the City of Turin are illustrated in Figure 1.
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[1. Conduct of the subjectivity check (ex-ante) ]

*The competent authority shall forward to the competent authority a preliminary report including a description of the
plan and the data necessary for the verification of the significant environmental impact of the implementation of the
plan.

*The competent authority shall forward the preliminary report to the competent environmental authorities for their
opinion. After having heard the comments received, and having verified whether the plan is likely to have significant
impact on the environment, the competent authority issues the verification measure, subjecting or excluding the plan
or programme from the assessment.

[2. Preparation of the Environmental Report (ex-ante) ]

® For plans to be subject to SEA, the proposer and/or the proceeding authority shall prepare a preliminary report on
the possible significant environmental impact of the implementation of the plan and enter into consultation with the
competent authority and environmental stakeholders in order to define the scope and level of detail of the
information to be included in the environmental report.

Figure 1. Phases ongoing of the SEA process inherent to the PRG Revision of the City of Turin.

The methodology employed in this research is characterized by the multi-phase
process illustrated in the flow chart in Figure 2.

The first phase involved the investigation of different environmental procedures
through an in-depth study of EU, Italian, and regional legislation.

The second phase included the spatial analysis of the City of Turin’s structures as a
case study. In this phase, thematic maps were created using the geographical information
systems (GIS) methods and consulting data from the Geoportale e governo del territorio
(Geoportale e governo del territorio, http://geoportale.comune.torino.it/web/governo-
del-territorio (accessed on 23 September 2022)) of the City of Turin and the GeoPortale
Piemonte (GeoPortale Piemonte, https:/ /www.geoportale.piemonte.it/cms/ (accessed on
23 September 2022)) [30-32] of the Piedmont Region.

The third phase concerned the consistency analysis between the objectives of the
Preliminary Project Technical Proposal (Proposta Tecnica del Progetto Preliminare, hereafter
called PTPP) of the PRG of the City of Turin and the superordinate and coordinated
planning. To support this analysis, a study was conducted on the superordinated and
coordinated planning, with specific focus on their objectives. Once the objectives were
understood, they were compared with the objectives of the PTPP of the PRG through
correlation matrices.
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Phase 1 - Overview of the legal framework of the environmental assessment procedures

Phase 2 - Spatial analysis structures of the City of Turin

Phase 3 - Consistency analysis between the objectives of the PPTP of the PRG of the
City of Turin and the superordinate and ordered planning

Phase 4 - Monitoring of the PTPP of the PRG of the City of Turin

Phase 5 - Definition of guidelines for the PRG of the City of Turin

Figure 2. Flow chart of the research methodology [29].

In the fourth phase, the PTPP of the PRG were monitored by considering specific indi-
cators and the employment of GIS methods for spatial data elaboration and visualisation.
This study was performed through GIS data analysis.

The last phase takes into account the previous steps and provides the design of
guidelines and recommendations to address the sustainability of the revised PRG of Turin.

Research results can support the local administration in urban planning processes with
a long-term vision. These provide the accompanying assessment processes with detailed
analyses that provide a cognitive framework capable of synthesizing the complex nature of
the City of Turin.

2.1. Data Processing, Analysing and Mapping

GIS is a computerized information system that enables the acquisition, recording,
analysis, visualization, restitution, sharing, and presentation of information derived from
geo-referenced data [21,33]. GIS methods can favor data processing, analysis, and mapping,
and utilizes to geo-catalogs, such as the GeoPortale Piemonte and the geoportal of the City
of Turin, which provides access to metadata that are continuously updated. The shapefiles
considered meaningful for the research work were selected and imported to Quantum-GIS
version 10.5 in order to map and process the data. The objective of the structure-based
analysis (for more details, please see Section 3.1) is to provide a synthetic framework of
knowledge useful for reading the factors of the territory. Performing the analysis in this
manner is motivated by the completeness of the information that this type of in-depth
analysis brings to light. The analysis of structures, such as environmental, settlement, social,
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and cultural, can deliver to decision makers a comprehensive analysis of the territory and
its complex phenomena. Table 1 shows the shapefiles used for this analysis, organised by
structures and the year of the last available update.

Table 1. List of shapefiles, broken down by assets, used for analysis purposes [29].

Structures Shapefile Source Year
Boundaries of administrative units City of Turin 2021
Administrative areas—Provinces Piedmont Region 2019
Administrative areas—-municipalities Piedmont Region 2019
Geotopographic database Piedmont Region 2021
Current river belts and flood areas ARPA Piedmont 2008
Environmental Structure Unstable areas ARPA Piedmont 2013
Landslides ARPA Piedmont 2013
Soil map 2000

Corine land cover Copernicus 2000-2018
Landscape assets Piedmont Region 2021
Landscape connection network Piedmont Region 2019
Municipal technical blueprint City of Turin 2021
Road infrastructure system Piedmont Region 2010
Rail infrastructure system Piedmont Region 2010
Settlement Structure Local public transport stops Piedmont Region 2021
Taxi parking areas City of Turin 2014
Bike sharing stations City of Turin 2015
Car sharing stations City of Turin 2015

Socio-economic Structure Census sections City of Turin 2008-2020
Web Map Service historical technical map City of Turin 2019
Goals of fruitior} énd cornerstones of the 2019

fruition system

Historical and cultural setting Landscape viewpoints Piedmont Region 2019
Archaeological sites of regional rank Piedmont Region 2019
Systems of villas, gardens, and natural parks Piedmont Region 2019
Sites included in the World Heritage list Piedmont Region 2019

UNESCO: Savoy residences

Note: The year specified refers to the last available update.

The GIS software can also favour more fine comparisons by georeferencing, over-
lapping and/or combining different sets of data. This is extremely advantageous in the
exploration of the complexity of the different structures as it can emphasize connections
and interdependencies, both inside and outside the system under evaluation.

2.2. The Role of Socioeconomic Indicators

Strategic environmental impact assessment procedures must be supported by the
integration of analysis and assessment tools that can provide decision makers quantitative,
qualitative, and synthetic outcomes. In this sense, the definition and employment of
indicators and indices is fundamental to processing the forecasts and outcomes of the ex
ante, in itinere, and ex post phases. Firstly, such indicators and indices are parameters that
provide information about a given phenomenon and whose significance goes beyond the
properties directly associated with the parameter’s value [34]. Secondly, they can provide a
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photograph of the phenomenon fixed to a given time, and can support the prediction of
alternative transformation scenarios, especially when they are included within dynamic
models [17]. Indicators and indices can be powerful tool when they satisfy the following
requirements [35,36]:

- Scientific requirements: the indicator must have clarity of value and content, and it
must be the result of an appropriate number of variables. It must be constructed in
such a way as to allow a good level of knowledge of the phenomenon, providing the
user with an appropriate evaluation ground on which to base choices.

- Functional requirements: the indicator must be politically relevant and thus important
to the stakeholders of the process; it must be interesting so that it can promote effective
actions, it must not possess excessive content, and it should be aimed at the objective
for which it was designed so that it can provide useful information to define actions.

- Operational requirements: the indicator must be easily employed at a reasonable cost
by operators; it must be designed and presented in such terms that it can be subjected
to monitoring and improvements over time, it must be constructed in a timeframe
that is compatible with the needs of decision makers, and it must ensure optimum
social involvement. In fact, when sophisticated indicators are selected for monitoring,
despite their methodological relevance, they could risk being abandoned by local
operators due to a difficult calculations and monitoring, which is often the result of a
lack of skills and expertise.

The indicators that were considered for this research refer to socio-economical features
that were provided by the City of Turin. Indicators, such as resident population, foreign
resident population, and number of households, were key to understanding the numerosity
and distribution of the population within the City of Turin in specific years (2008, 2011,
2018, 2019, and 2020).

The percentage ratio of the foreign resident population was determined, with respect
to the indicator resident population, to show the distribution of the inhabitants of the
City of Turin. Percentage change was also calculated for the resident population and the
number of households, which was necessary in order to best capture differences within the
surveyed period. This percentage can be represented with the following equation:

Value (t +n) — Value t

Percentage change (t +n and t) = Valute t

x 100 1)

where Value (t 4+ n) represents the amount of population at time f + 1n; Value t represents
the amount of population at time ¢; and n represents the time interval, expressed in years.

Two indices were widely adopted to investigate the age of the population. The first
was the old age index, which is the degree of aging and corresponds to the percentage ratio
between the population >65 years of age and the population <14 years of age.

Population > 65

Old Age Index = Population < 14

x 100 )

The second is the dependency ratio, which represents the social and economic burden
of the inactive population (those >65 years and <14 years) on the active population, that
is, the population aged 15-64.

(Population > 65+ Population < 14)

Population 15 — 64 X100 ©)

Dependency Ratio =

Finally, the last value considered is population density, which measures the degree of
crowding of an area, as the ratio between the resident population in a given area, and the
total land area, which can be expressed in hectares or square kilometers.

(Resident Population)

Population density = Land Area

(4)
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The use of the socio-economic indicators previously described can analyse the charac-
teristics of the social, economic, and urban dynamics of a city according to qualitative and
quantitative approaches. Analytical approaches enable public administrations, managers,
and citizens to react proactively to the major changes that will affect their communities [37].

2.3. Correlation Matrices

The decision-making model employs correlation matrices to explore the degree of
correlation between the objectives of the PTPP and the superordinate and coordinated
planning. An analysis of the different plans in force was performed to employ the corre-
lation matrices effectively. A correlation matrix provides a comprehensive overview of
potential conformities and non-conformities between the considered plans objectives, and
is in the form of a table that shows the correlation of the variables to be assessed [38]. This
tool has a number of advantages: it is flexible, it can be used by numerous stakeholders
of different expertise, and is, in fact, the most used tool in real assessment processes. It
can be characterised by a quali-quantitative approach, since it allows the combination of
semaphorical and ordinal classes. Within the cells, the individual correlation indices are
then shown. This tool can evaluate two types of correlations:

e Internal, when rows and columns report the same variables;
e  External, i.e, the correlation evaluated in this paper, and thus between different variables.

The structure of the matrices developed in the context of the SEA process for the
revision of the Municipal Plan of Turin is described as follows: the rows show the objectives
of multilevel planning, while the columns show the objectives of the PTPP of the PRG
Revision [29].

2.4. SEA Procedures: The Cases of the Assessment Processes behind the Municipal Plans of Turin
and Bologna (Italy)

Before illustrating the results obtained by the decision-making model, a comparison
of the review processes of different plans was developed, with a particular focus on the
metropolitan cities of Turin and Bologna.

This comparative analysis is considered useful by the authors in order to identify com-
monalities and differences between SEA approaches at the national level. The comparative
analysis considered, on the one hand, information concerning the City of Turin, referring
to the Preliminary Report specifying the contents of the Environmental Report, and on
the other hand, information about the City of Bologna, and the ValSAT Document of the
General Urban Plan.

As already said, the SEA procedure was introduced in Piedmont by the Regional Law
no. 40/1998 (Regional Law no. 40/1998, http:/ /arianna.consiglioregionale.piemonte.it/
base/coord /c1998040.html (accessed on 22 July 2022)), whereas in Emilia Romagna, Re-
gional Law no. 24/2017 (Regional Law 24/2017, https:/ /demetra.regione.emilia-romagna.
it/al/articolo?urn=er:assemblealegislativa:legge:2017;24 (accessed on 22 July 2022)) intro-
duces the Environmental and Territorial Sustainability Assessment for urban and territorial
plans (ValSAT: Valutazione di Sostenibilita Ambientale e Territoriale). The ValSAT of
Bologna’s PUG can therefore be retained as an inspirational example to follow during
the subsequent steps of the ongoing SEA for the revision of the Municipal Plan of Turin.
The ValSAT is a procedure that accompanies the elaboration of the plan, thus becoming a
complementary part of it. In fact, the ValSAT can:

- Contribute to the pursuit of environmental sustainability objectives;

- Identify, describe and assess the relevant impact that the actions envisaged in the
plan/programme could have for example on the environment, human health, cultural
heritage, and landscape;

- Consider and evaluate a number of reasonable alternatives that may be adopted by
virtue of the environmental sustainability objectives, and provide a territorial vision
of the plan/programme and the potential impact;


http://arianna.consiglioregionale.piemonte.it/base/coord/c1998040.html
http://arianna.consiglioregionale.piemonte.it/base/coord/c1998040.html
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- Ensure the monitoring of the achievement of environmental sustainability objectives,
and also of the impact.

The strategy behind the revision of Turin’s PRG expresses the ambitious aim of pro-
moting a forward-looking idea of a city capable of co-designing its long-term vision by
putting the well-being of its citizens at the center by focusing on the quality of life and the
urban environment in order to generate widespread prosperity and social, economic, and
environmental opportunities. Thus Turin has the opportunity to regenerate itself in terms
of the valorisation of its environmental, historical, architectural, and landscape heritage,
without forgetting its industrial past and design, through the adaptive reuse of its” urban
fabric, in the form of business and technological incubators, research and education centres,
and residential solutions. The adoption of the General Revision of the Regulatory Plan
of April 2017, defined the streamlining and simplification of the regulatory apparatus as
a priority.

The General Urban Plan (PUG) of Bologna was approved by the City Council and
became effective on 29 September 2021. With the elaboration of the PUG, Bologna has
taken up two challenges. On one hand is the challenge of innovation; of drawing up a new
tool that outlines a future vision of the city, summarising the work of the Administration.
On the other hand is the challenge of continuity, since the PUG constitutes the fulfillment
of the contents of the previous plans (Municipal Structural Plan, Urban Building Regula-
tions and Municipal Operational Plan), reinforcing the choice of field in favour of urban
regeneration [39,40].

While the evaluation process for Turin is still ongoing, Bologna approved the new
plan (2021).

Analysing, therefore, the process of the City of Bologna [41,42] favours the learning of
the best practices that can be implemented within the procedure of the ongoing Revision of
the PRG of Turin. The main elements of this comparison are described in the Table 2.

Table 2. Comparison between the strategic environmental assessment procedures of Turin
and Bologna.

Turin

Bologna

Environmental framework

The environmental framework is
composed of the spatial analysis of the
following structures: environmental
structure, settlement structure,
socioeconomic structure, and
historical-cultural structure.

The following themes are explored:
population, economic system, services, urban
dimension, housing stock, environment,
landscape, mobility, governance, and

social dimension.

Convergent

Consistency Analysis

Use of correlation matrices to check the
internal and external consistency of the
objectives of the PRG Revision with the
objectives of regional, metropolitan, and
municipal planning. An initial analysis
reveals a general consistency between the
objectives of the plan and the

reference targets.

Use of matrices to identify possible
inconsistencies within the objectives assumed
through the definition of sustainability issues.
Checking consistency with international,
national, regional, metropolitan, and
municipal planning. The first evaluation did Convergent
not reveal any particular inconsistencies, but
rather the failure to incorporate certain issues
within the plan’s objectives. The interim
evaluation was found to be useful in
redefining the plan’s objectives.

Monitoring

The monitoring phase, which has not yet
started, aims to provide support to the
public administration in evaluating the
governance of the plan and the effects of its
implementation.

The set of indicators for monitoring the PUG

includes both implementation indicators,

relating to the degree of fulfilment of the

plan’s policies, strategies, and actions, and

context indicators, aimed at measuring the Divergent
quality of the state of the territory, thus

guiding the choice of policies and actions to

be implemented in the

implementation process.

With regard to the monitoring phase, for example, Bologna requires the periodic
updating of the values of the various indicators; it establishes for each strategy a set
of indicators capable of assessing the current state and evolutionary trends. As shown
in the table above, it defines indicators referring to the environmental framework and
also presents implementation indicators, useful for monitoring the effectiveness of urban
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planning. Analysis, verification of consistency, proposal of guidelines, and monitoring
indicators constitute an integrated framework that must support the SEA assessment of
territorial and urban plans and programmes.

3. Results
3.1. Development of Cognitive Analysis Development

To support the employment of the decision-making model, a cognitive analysis at the
state of the art of the City of Turin was performed as the main case study of this research
work. This analysis focused on the following structures:

e  Environmental structure: morphology, hydrology, land use capacity, land use, pro-
tected (natural and built) areas, and ecological networks.
Settlement structure: includes building fabric and infrastructure system.
Socioeconomic structure: resident population, foreign resident population, number of
households, old-age index, dependency ratio, and population density.

e  Historical-cultural structure: the evolution of urban fabric; cultural heritage, UNESCO
sites, such as the Savoy Royal Residences, and the Man and the Biosphere (MAB)
Network and its existing itineraries [43].

3.1.1. Environmental Structure

The City of Turin is located on the plain bordered by the Po, Dora, Stura, and Sangone
rivers, and has an area of about 130 square kilometers. It is also known as the “City of
Four Rivers”, since these play a fundamental role in defining its identity, structuring its
territorial geography, and linking different natural ecosystems. The Po River enhances the
division between the hilly and flat parts of the city, located between 220 and 280 m above
sea level. Figure 3, the hydrogeological vulnerability map, shows the river bands, unstable
areas, floodable areas, and active landslides that characterize the City of Turin. It can be
seen that the floodable areas and active landslides are located exclusively in the hilly area.
While the floodable areas occur more in the northeast (in the confluence area between the
Po and Stura di Lanzo rivers) and in the south (in the confluence area between the Po and
Sangone rivers).

Figure 4 shows the landscape assets of the Regional Landscape Plan (Piano Paesag-
gistico Regionale; hereafter called PPR). It shows the regional landscape assets that are
protected under Articles 136, 142, and 157 of the Cultural Heritage and Landscape Code.
This representation is a reference for the application of the specific regulations dictated by
the Implementation Rules of the Code. Table 3 describes the landscape assets of the City
of Turin.

3.1.2. Settlement Structure

In the urban fabric of the City of Turin, buildings occupy most of the municipal area,
as can be seen in Figure 5. The hillside area appears to be less built-up, due to the different
elevations, which make urban expansion difficult. The predominant use is residential,
which accounts for about 80% of this area. Industrial buildings, which amount to about 8%
of the buildings, are mainly located in the peripheral areas to the northwest and southeast
of the city. Commercial units, which amount to about 5% of the built area, are also located
in the peripheral areas, while service buildings (5%) are located in both the central city and
the suburbs.
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Figure 3. Hydrogeological vulnerability map [29].

Table 3. Landscape Assets of the City of Turin [29].

- Buildings A

Green areas

- Woods

Water courses

Normative Reference

Contents

Description

Articles 136 and 157 of Legislative Decree No. 42/2004
(Decree No. 42/2004, Cultural Heritage and Landscape
Code, https:/ /www.normattiva.it/uri-res/N2Ls?urn:
nir:stato:decreto.legislativo:2004-01-22;42 (accessed on 23
September 2022))

Article 142 of Legislative Decree No. 42/2004 (Decree No.

42/2004, Cultural Heritage and Landscape Code,
https:/ /www.normattiva.it/uri-res/N2Ls?urn:nir:stato:
decreto.legislativo:2004-01-22;42 (accessed on 23
September 2022))

Properties and areas of significant
public interest

Areas protected

Declaration of Significant Public Interest
of the tree-lined avenues in the
municipality of Turin

Hillside area located within the City
of Turin

Rivers, streams, waterways
Parks, national, and regional reserves

Areas encumbered by civic uses
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m Property identified pursuant to Law 778/1922 and Law 1497/1335

Property identified pursuant to Law 1457/1939, Ministerial Decree 21/9/1984 and Legislative Decree
312/192%5 with Ministerial Decress 1/2/1985

E Property identified pursuant to Legislative Decres no. 42/2004, Articles 133 to 141
Letter ¢} Rivers, streams, watercourses enrolled in the lists envizaged by the consalidated text of the
legzl provisicns on water and electrical installations, spproved by R.D. no. 1775/1333, and their banks
or the foot of their banks for a strip of 150 m each [art. 14 NdA)
Letter F) Mational or regional parks and reserves, as well as the external protection territories of parks
[Art. 18 Mol)

Letter h) The areas encumbered by civic uses [art. 33 NdA)

A
Municipality of Turin -Buildings Green areas - ‘Woods ‘Watercourses

Figure 4. Landscape assets of the regional landscape plan [29].

Regional Council Resolution No. 34-1915 (Regional Council Resolution No. 34-
1915, http://www.regione.piemonte.it/governo/bollettino/abbonati/2015/35/attach/
dgr 01915_660_27072015.pdf (accessed on 23 September 2022)) approved the document
Monitoring Land Consumption in Piedmont-edition 2015 as a reference cognitive tool
for regional policies concerning soil protection and the implementation of regional urban
planning regulations, objectives, and strategies of the PTR and the PPR regarding the
containment of land consumption. Soil consumption monitoring in Piedmont has become
compulsory and must therefore be taken into consideration in assessment and planning
processes at the regional level (Resolution No 34-1915 of 27 July 2015, http:/ /www.regione.
piemonte.it/governo/bollettino/abbonati/2015/35/siste/00000140.htm (accessed on 23

September 2022)).
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Figure 5. Map of building use categories [29].

The results of the analysis of the infrastructure system (see Figure 6 and Table 4) are
fundamental to understand the relationships and connections inside the municipality and
with its neighbors with neighboring municipalities. The theme of the road network is
of significant importance in the Revision of the General Urban Plan of the City of Turin.
As for the private road network, Turin has a capillary network of motorways, ring roads,
provincial, and municipal roads. As for public transport, the municipal transport company,
a limited company of the city of Turin, manages the local public transport service in the
municipality and the metropolitan area, as well as the management of exchange parking
and parking fees. Numerous public transport lines serve the entire municipal territory,
including the active line 1 of the Metro. The City of Turin appears well connected thanks to
the road system, these include:
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Figure 6. Road infrastructure system. Authors’ elaboration based on data provided by the City of
Turin [29].

Table 4. Road system. Authors’ elaboration based on data provided by the City of Turin [29].

Road Network Description

A4 Turin-Milan
A5 Turin-Aosta
Tangenziale Nord
Motorway Tangenziale Sud
Turin Caselle
Turin Pinerolo
11 Padana Superiore

Lungo Stura Lazio
Corso Grosseto
Corso Vigevano

Corso Novara

Corso Regina

Corso Francia

Corso Allamano
Sottopasso Spezia
Sottopassaggio Lingotto
Via Onorato Vigliani

Corso Luigi Settembrini

Main level roads which cross the City along the
west-east axis
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Table 4. Cont.

Road Network Description

Via Pietro Cossa
Via Santa Maria Mazzarello
Corso Potenza
Corso Lecce
Corso Trapani
Corso Siracusa
Corso Venezia
Corso Principe Oddone
Main level roads which cross the City along the Corso Inghilterra
north-south axis Corso Castelfidardo
Corso Mediterraneo
Corso Enrico de Nicola
Corso Casale
Corso Moncalieri
Corso Massimo
Corso Dogliotti
Corso Unita d’Italia
Corso Trieste.

3.1.3. Socioeconomic Structure

For the analysis of the socio-economic structure, the five most synthetic and representa-
tive indicators (resident population, foreign resident population, old age index, dependency
ratio, population density) are examined to understand the distribution of inhabitants in the
city and the degree of dependency between the elderly and the young population.

Concerning the resident population, a comparison table containing data on the resident
population of the City of Turin, the Metropolitan City, and the Piedmont Region is shown
below. The values for the City of Turin are aligned to the metropolitan and regional trends.
For the City of Turin, a general decrease can be observed from 2011, from 869,312 to 858,205
inhabitants in 2020 (see Table 5). Regarding the distribution of population (see Figure 7),
suburban areas are characterized by higher values than central areas, due also to the
presence of hilly areas.

Table 5. Percentage changes in the resident population of the City of Turin, the Metropolitan City,
and the Piedmont Region from 2011 to 2020 [44].

Year Turin Variation (%) M-etropollt;jm Variation (%) Pledrflont Varloatlon
City of Turin Region (%)

2011 869,312 - 2,243,382 - 4,357,663 -
2012 872,091 +0.32% 2,254,720 +0.51% 4,374,052 +0.38%
2013 902,137 +3.45% 2,297,917 +1.92% 4,436,798 +1.43%
2014 896,773 —0.59% 2,291,719 —0.27% 4,424,467 —0.28%
2015 890,529 —0.70% 2,282,197 —0.42% 4,404,246 —0.46%
2016 886,837 —0.41% 2,277,857 —0.19% 4,392,526 —0.27%
2017 882,523 —0.49% 2,269,120 —0.38% 4,375,865 —0.38%
2018 860,793 —2.46% 2,238,663 —1.34% 4,328,565 —1.08%
2019 857,910 —0.33% 2,230,946 —0.34% 4,311,217 —0.40%
2020 858,205 +0.03% 2,219,206 —0.53% 4,274,945 —0.84%

As before, for the foreign resident population, a comparison table containing data on
the resident population of the City of Turin, the Metropolitan City and the Piedmont Region
is shown below. Also in this case, the values for the City of Turin reflect the metropolitan
and regional trends. In general, a discontinuous trend is observed: a strong decrease
between 2011 and 2012, a high increase between 2013 and 2014, and then a decrease until
2020 (see Table 6). With regards to the population distribution (see Figure 8), the peripheral
areas (Lingotto, Aurora, and Barriera di Milano) are characterised by higher values than
the more central areas.
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Figure 7. Resident population, year 2020 [29].

Table 6. Percentage change in the foreign resident population of the City of Turin, the Metropolitan
City, and the Piedmont Region from 2011 to 2020 [44].

Year Turin Variation (%) léflii;r(;?(’;};;?: Variation (%) Pi::;‘:r?t Val;lozt)lon
2011 127,717 - 207,488 - 398,910 -
2012 110,076 —1.81% 183,071 —11.77% 360,821 —9.55%
2013 117,533 +6.77% 195,806 +6.96% 384,996 +6.70%
2014 138,214 +17.60% 222,419 +13.59% 425,523 +10.53%
2015 137,963 —0.18% 222,744 +0.15% 425,448 —0.02%
2016 137,902 —0.04% 221,961 —0.35% 422,027 —0.80%
2017 133,522 —3.18% 219,034 —1.32% 418,874 —0.75%
2018 133,546 +0.02% 220,403 +0.63% 423,506 +1.11%
2019 123,805 —7.29% 210,554 —4.47% 411,083 —2.93%

2020 123,659 —0.12% 210,973 +0.20% 411,936 +0.21%
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Figure 8. Foreign resident population, year 2020 [29].

The study of the old age index is important to measure and tackle the increasingly
elder population in the social, labor, and health systems. In 2011, the City of Turin was
characterized by an old age index above 195 (see Table 7). This means that there were more
than 195 elderly people for every 100 young people. In this case, the distribution of Figure 9
is homogeneous with respect to the entire municipal area. This trend is confirmed for all
districts of the city, and it reflects regional and national values (according to Tuttitalia, the
old age index of the resident population in Italy for the year 2020, was 179.3).

Table 7. Old age index for the City of Turin, the Metropolitan City, and the Piedmont Region from
2011 to 2020 [44].

Year Turin (%) Metropol.ltaI; City of Piedmont Region (%)
Turin (%)

2011 195.9 171.2 177.7
2012 2011 175 181
2013 197.2 176.2 182.5
2014 199.6 179.9 185.7
2015 201.9 183.9 189.6
2016 204.9 187.9 193.7
2017 2077 192 197.6
2018 209.4 195.7 201.3
2019 216.4 201.8 207

2020 219.5 207.3 212.4
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Related to the previous index is the dependency ratio (see Figure 10), which assesses
the incidence of both the elderly population and young children on the working population.
Specifically, the structural dependency ratio compares the working population with the
non-working population. There is a general increase in this value, both for the city of Turin
and for the metropolitan and regional area (see Table 8).

Table 8. Dependency ratio for the City of Turin, the Metropolitan City, and the Piedmont Region

from 2011 to 2020 [44].
Year Turin (%) Metropollta(r;ﬁ)()flty of Turin Piedmont Region (%)
2011 56.6 54.9 55.6
2012 59.2 56.9 574
2013 59,6 57.8 58.2
2014 59.5 58.5 58.8
2015 60.3 59.4 59.7
2016 60.7 60 60.2
2017 60.7 60.3 60.6
2018 60.7 60.7 60.8
2019 61.2 61 61.2
2020 61 61.3 61.5




Land 2023, 12, 609 19 of 35

I e
e

101-150

Bt

N

A

I Kilometres
o1, 2 3 4

Figure 10. Dependency ratio, year 2020 [29].

Further insight related to the resident population is the population density (see Table 9).
This index can analyse, on the one hand, the quantity of population, and on the other
hand, its distribution in the municipal territory. Also in this case, municipal values reflect
metropolitan and regional trends. As shown in Figure 11, except for the hilly area to the

east and the peripheral area to the north, the entire area is characterised by high values of
population density.

3.1.4. Historical-Cultural Structure
The City of Turin counts numerous cultural assets, including:
- Minor cultural sites: Castello del Drosso (900 m?).

- Major cultural destinations: Villa della Regina (890 m?), Parco del Valentino (20,000 m?)

e Castello del Valentino (3000 m?), Giardini Reali (9700 m?), Palazzo Reale (5900 m?),
and Palazzo Madama (700 m?).
- Regional destinations: Basilica di Superga (4900 m?).
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Table 9. Population density of the City of Turin, the Metropolitan City, and the Piedmont Region
from 2011 to 2020 [44]. * Pop. = population.

Year Turin Metropolitan City of Turin Piedmont Region
Pop./ha Pop./km? Pop./ha Pop./km? Pop./ha Pop./km?

2011 9.81 980.93 0.30 30.39 0.16 15.71
2012 8.45 845.44 0.27 26.82 0.14 14.21
2013 9.03 902.71 0.29 28.68 0.15 15.17
2014 10.62 1061.55 0.33 32.59 0.17 16.76
2015 10.60 1059.62 0.33 32.63 0.17 16.76
2016 10.59 1059.16 0.33 32,51 0.17 16.62
2017 10.26 1025.51 0.32 32.08 0.16 16.50
2018 10.26 1025.70 0.32 32.28 0.17 16.68
2019 9.51 950.88 0.31 30.84 0.16 16.19
2020 9.50 949.76 0.31 30.90 0.16 16.23

101-150

151-250

251-500

501-1000

1001-5000

Kilometres

0051 2 3 4
Figure 11. Population density, 2020 [29].

Figure 12 shows the Royal Savoy Residences located in Turin. These residences have
been listed as UNESCO World Heritage Sites since 1997. The sites within the municipal
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boundary are: Castello del Valentino, Musei Reali, Palazzo Carignano, Palazzo Madama,
and Villa della Regina [45].

M

e W
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UMNESCO World Heritage Sites: Savoy Residences

-Buildings “ Green areas - Woods Watercourses

Figure 12. Map of UNESCO World Heritage Listed Sites: the Savoy Royal Residences [29].

3.2. Consistency Analysis between the PRGC of Turin and the Other Planning Levels

The consistency analysis was made for all the plans listed in Table 10. In this article, a
selection was made of the most significant consistency matrices reflecting the issues that
regional and local governments are currently focusing on [45-47]. Correlation matrices are
then created with respect to the regional territorial plan and the regional landscape plan,
the metropolitan general territorial plan, and the climate resilience plan.
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Table 10. The investigated planning tools at superordinate and coordinated levels [29].

Planning Level

Description

Regional planning

Piano Territoriale Regionale (PTR)-regional territorial plan

Piano Paesaggistico Regionale (PPR)-regional landscape plan

Piano Energetico Ambientale Regionale (PEAR)-regional environmental
energy plan

Piano Forestale Regionale (PFR)-regional forest plan

Piano Regionale Rifiuti Urbani (PRGRU)-regional urban waste plan

Piano Regionale della Mobilita e dei Trasporti (PRMT)-regional mobility and
transportation plan

Piano Regionale di Qualita dell’Aria (PRQA)-regional air quality plan

Piano di Tutela delle Acque (PTA)-water protection plan

Piano Regionale delle Attivita Estrattive (PRAE)-regional plan for mining
activities.

Metropolitan planning

Piano Strategico Metropolitano (PSM)-metropolitan strategic plan

Piano Territoriale Generale Metropolitano (PTGM)-metropolitan general
territorial plan

Piano Territoriale di Coordinamento Provinciale (PTCP)-provincial territorial
coordination plan

Piano Urbano della Mobilita Sostenibile (PUMS)-urban sustainable mobility plan

Municipal planning

Piano d’azione per la Torino del futuro-action plan for the Turin of the future

Piano di Resilienza Climatica-climate resilience plan

Piano Strategico dell’Infrastruttura Verde-green infrastructure strategic plan

Piano Comunale di Protezione Civile-municipal civil protection plan

The objectives of the PTPP of the PRG Revision are reported in Table 11.

Table 11. Strategic framework of the PTPP of the Revision of the PRG [48,49].

General Objectives

Specific Objectives

1. Simplification

1.1 Homogenization of regulatory areas

1.2 Transformation zones (ZT) and zones to be transformed for
services (ZTS)

1.3 New uses and new economic activities

1.4 Implementation of the PRG in normative areas and zones

1.5 Updating the regulatory framework

1.6 Public transport infrastructure

1.7 Formal aspects and drafting choices

2. Innovations

2.1 Introduction of ecological agricultural zones (ZAE)

2.2 Park service area: reclassification and redefinition of
urban rules

2.3 Revision of the project road system

2.4 Effectiveness of the constraints

2.5 Inclusion of sustainability standards
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Table 11. Cont.

General Objectives Specific Objectives

3. Protection of cultural, architectural and landscape heritage

3.1 Integration of the protection objectives of the current plan
with the valorisation of industrial archaeology, 20th century
architecture, and modern architecture

3.2 Adaptation to the regional landscape plan (PPR)

3.3 Modification of the historic central zone perimeter

4.1 Building destinations

4.2 Types of building intervention

4.3 Specification of definitions in the building regulations:
adjustment of the definitions of building parameters in
consistency with the building regulations

4.4 New way of calculating the building capacity

4. Transposition and adaptation to new legislation 4.5 Transposition of the floods directive

4.6 PTR transposition: with reference to the modalities of
control and monitoring of soil consumption, and classification
of the territory with reference to the issue of soil consumption

4.7 PTCP2 transposition: with reference to non-urbanised soil
consumption and hydraulic invariance

4.8 Updating of the documents on the subject of major accident
risks (RIR)

3.2.1. Level of Regional Planning

The regional planning of Piedmont is based on the Regional Territorial Plan (PTR)
and the Landscape Regional Plan (PPR), according to the Regional Law no. 56/1977. The
PTR (Regional Territorial Plan, https:/ /www.regione.piemonte.it/web/temi/ambiente-
territorio/territorio/piano-territoriale-regionale-ptr (accessed on 25 November 2022)) de-
fines strategies for Piedmont development and growth, and entrusts their implementation
to entities operating at the provincial and local levels. It establishes the actions to be taken
by the various planning entities of the region, according to the principles of subsidiar-
ity and competence, to implement the goals of the PTR. The PPR (Regional Landscape
Plan, https:/ /www.regione.piemonte.it/web/temi/ambiente-territorio/paesaggio/piano-
paesaggistico-regionale-ppr (accessed on 25 November 2022)) sets the landscape at the
centre of Piedmontese policies. In fact, landscape planning is cogent on the subordinated
planning levels.

Both PTR and PPR plans are part of a shared planning process with the objectives of
recognition, management, preservation, enhancement, and redevelopment of the regional
territory. The synergy between the two plans is emphasized by a shared set of general
strategies and objectives, which are articulated into specific objectives related to the specific
goals of each plan. The common strategies of the PTR and PPR are listed in Table 12.

For a more expedient interpretation of the matrix, it was decided to use a qualitative
approach with the support of a colour scale:

- High correlation: the objectives share the same strategic vision (dark green).

- Moderate correlation: objectives share the same strategic vision but with a different
approach (light green).

- No correlation and/or discrepancy: objectives have no relationship (white).

- Moderate discrepancy: objectives have different strategic visions (light red).

- Highdiscrepancy: objectives have different and contrasting strategic visions (dark red).
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Table 12. Strategic framework of the PTR and PPR [50,51].

PTR and PPR Framework

General Objectives

Specific Objectives

1. Land redevelopment, and landscape protection
and enhancement

1.1 Enhancing polycentrism and the cultural and socio-economic
identities of local systems

1.2 Safeguarding and enhancing biodiversity and the
natural-environmental heritage

1.3 Enhancement of the tangible and intangible cultural heritage of
the territories

1.4 Preservation and upgrading of the identity and image of
the landscape

1.5 Redevelopment of the urban and peri-urban context

1.6 Enhancement of the specific features of rural contexts

1.7 Safeguarding and integrated valorisation of river and lake strips

1.8 Revitalisation of mountains and hills

1.9 Recovery and rehabilitation of degraded, abandoned, and
disused areas

2. Environmental sustainability and energy efficiency

2.1 Protection and enhancement of primary resources: water

2.2 Protection and enhancement of primary resources: air

2.3 Protection and enhancement of primary resources: soil

2.4 Protection and development of primary resources: forestry

2.5 Promoting an efficient energy system

2.6 Prevention and protection against natural and
environmental hazards

2.7 Containment of production and optimisation of the waste
collection and disposal system

3. Spatial integration of mobility, communication, and
logistics infrastructure

3.1 Reorganisation of the territorial network of transport, mobility,
and related infrastructure

3.2 Reorganisation and development of logistics nodes

3.3 Balanced development of the telematics network

4. Research, innovation, and economic-productive transition

4.1 Selective promotion of research, technology transfer, business
services, and specialised training

4.2 Promotion of local agricultural and agro-industrial
production systems

4.3 Promotion of local industrial and craft production systems

4.4 Requalification and selective development of tertiary activities

4.5 Promotion of tourist networks and circuits

5. Enhancement of human resources and social policies

5.1 Promotion of a territorial governance process and promotion of
supra-municipal integrated planning

5.2 Optimal organisation of collective services in the territory

Obviously, the adopted approach can encounter a more quantitative approach by
associating ordinal values to the considered classes. For example, this SEA process is still
ongoing, therefore, the qualitative assessment is justified in this sense because at later
stages it can be integrated with observations coming from the participation of actors and
stakeholders actively involved with the City of Turin (e.g., at co-planning conferences
once the environmental report has been delivered). This can surely support the classes
attribution and a major softening action.
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For example, as can be seen in the Table 13, Objective 1.1 of the shared PTR and PPR
(enhancing polycentrism and the cultural and socio-economic identities of local systems)
has a high correlation with Objective 2.1 of the PTPP (introduction of ecological agricultural
zones (ZAE)). The ZAE are cultivated or wooded areas present in the territory, addressed
to the protection and enhancement of the naturalistic characteristics of places. These areas
contribute to the enhancement of the cultural, social and economic identities of the territory.
Objective 1.2 of the shared PTR and PPR (safeguarding and enhancing biodiversity and the
natural-environmental heritage) has a moderate discrepancy with Objective 2.2 of the PTPP
(Park service areas: reclassification and redefinition of urban rules). The reclassification of
parks confirms the City of Turin’s great attention on environmental enhancement issues.

Table 13. Correlation matrix between the objectives of the PTPP of the PRG Revision and the
objectives of the PTR and PPR [29].
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3.2.2. Level of Metropolitan Planning

The Technical Proposal for the Preliminary Draft of the Metropolitan General Territo-
rial Plan (Metropolitan General Territorial Plan, http:/ /www.cittametropolitana.torino.it/
cms/ territorio-urbanistica / ufficio-di-piano/proposta-tecnica-preliminare-di-ptgm /proposta-
tecnica-preliminare-di-ptgm (accessed on 25 November 2022)) (PTGM) was published by De-
cree of the Metropolitan Mayor DCRS-35-2021 dated 2 April 2021 (Decree of the Metropoli-
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tan Mayor DCRS-35-2021 dated 2 April 2021, http://www.cittametropolitana.torino.it/
cms/risorse/territorio/dwd/ptgm/ptpp/DecretoDelSindaco_Vicesindaco_ DCRS-35-202
1.pdf (accessed on 25 November 2022)). The PTGM objectives are listed in Table 14.

Table 14. Strategic framework of the PTGM [52].

General Objectives Specific Objectives

1.1 Integration of actions to secure the territory, adapt to climate
change, safeguard the soil, natural, and landscape resources for
future generations

1. Resilience of the territory to negative impacts from

natural and anthropogenic phenomena 1.2 Adoption of specific measures to improve the resilience of the

settlement and infrastructure system

1.3 Transition towards a sustainable and multimodal
mobility system

2.1 Strengthening of metropolitan sub-polarities

2.2 Mobility planning as a “territory” project for the improvement
of connectivity of the entire metropolitan territory

2. Widespread, high-quality development 2.3 Strengthening intangible connections

2.4 Enhancing, also for tourism purposes, cultural, environmental,
and landscape resources and of the vocations and peculiar
characteristics of the territories in a unitary project of a
widespread network

3.1 Prior verification of sustainability (environmental, social, and
economic) of transformations as a precondition for all
transformations and projects

3. Social, economic, and environmental sustainability as a
condition for planning, design, and implementation of

urban territorial, infrastructural, and 3.3 Containment of dispersed and fragmented building and
environmental transformations redesign of urban edges

3.2 Experimentation of territorial equalisation

3.4 Preservation and improvement of the distinctive and
irreproducible identities of metropolitan landscapes

4.1 Priority recovery and reuse of disused built areas and degraded
areas that cannot be restored to their natural condition

4.2 Planning of the settlement system oriented to meet the
transformation needs with minimum recourse to the occupation of
new areas

4. Conscious use of resources

4.3 Planning and implementation of transformations of the
settlement/infrastructure system consistent with and respectful of
natural resources

5.1 Redevelopment with priority given to naturalistic uses of
impaired areas

5. Enhancing biodiversity and the quality of environmental

and landscape resources 5.2 Protection and enhancement of environmental and naturalistic

components in urban, peri-urban and rural areas

5.3 Expanding the “green infrastructure” to the metropolitan scale

6.1 Supporting the implementation of urban regeneration projects

6.2 Supra-local and participatory planning to address complex
problems at different local, metropolitan, and global scales

6. Integrated metropolitan planning 6.3 Organisation of the authority’s offices by providing project units
and interdisciplinary teams to work on strategic programming,
planning, and projects, integrating visions and competences

6.4 Digitisation and computerisation of processes, procedures, and
tools for analysis and to support decision making
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In Table 15, Objective 1.1 of the PTGM (integration between actions for land security,
adaptation to climate change, the preservation of soil, natural, and landscape resources
for future generations) has high correlation with Objective 2.5 of the PTPP (inclusion of
sustainability standards) and has moderate correlation with Objective 2.1 of the PTPP
(introduction of ecological agricultural zones (ZAE)). The City of Turin pays great attention
to the themes of soil consumption and hydraulic invariance. This focus corresponds to the
aspects discussed in detail within the PTGM. Climate change, soils, and resources are key
themes that are considered at all planning levels.

Table 15. Correlation matrix between the objectives of the PTPP of the PRG Revision and the
objectives of the PTGM [29].
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3.2.3. Level of Local Planning

The City’s Climate Resilience Plan (Climate Resilience Plan, http://www.comune.
torino.it/ambiente /cambiamenti_climatici/piano-di-resilienza-della-citta-di-torino.shtml
(accessed on 25 November 2022)) detains a strategic vision that identifies the main vul-
nerabilities of the area and in both the short and long-term. It defines a set of actions to
reduce the impact caused mainly by heat waves and flooding, as well as the exposure
of the city to main climate-change-related risks (see Table 16). By City Council Resolu-
tion 2020-01683 /112 of 28 July 2020 (City Council Resolution, 2020-01683 /112 of 28 July
2020, https:/ /servizi.comune.torino.it/consiglio/prg/intranet/display_testi.php?doc=T-
P202001683 (accessed on 25 November 2022)), the Climate Resilience Plan was ratified by
the local executive body and proposed for approval to the City Council.
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Table 16. Strategic framework of the City’s Climate Resilience Plan [53].

General Objectives

Specific Objectives

1. Reduction of impact resulting from climate change

1.1 Implementation of nature-based solutions to mitigate the
heat island effect

1.2 Redevelopment of the urban fabric through the use of
innovative materials that enable the cooling of urban pavements

1.3 Raising the awareness of citizens on the correct behaviors
to adopt

1.4 Training of municipal technicians with the aim of spreading
the design of innovative solutions

1.5 Adjustment of urban planning regulations (the revision of
the PRG will allow the adoption of climate risk criteria in new
buildings and renovations)

1.6 Rainwater recovery, de-impermeabilization, the use of
innovative materials, green roofs and walls, cool cladding
materials with high albedo, and mobile shading systems

1.7 Increased tree planting to counter heat islands and to
enhance greenery as a climate refuge.

In Table 17, Objective 1.2 of the City’s Climate Resilience Plan (redevelopment of
the urban fabric through the use of innovative materials that enable the cooling of urban
pavements) has a high correlation with Objective 2.1 of the PTPP (introduction of ecological
agricultural zones (ZAE)) and has a moderate correlation with Objective 3.1 of the PTPP
(integration of the protection objectives of the current plan with the valorisation of industrial
archaeology, 20th century architecture, and modern architecture).

Table 17. Correlation matrix between the objectives of the PTPP of the PRG Revision and the
objectives of the City’s Climate Resilience Plan [29].
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The correlation matrices are suitable to verify the consistency between the objectives
of the General Regulatory Plan of the City of Turin and the objectives at the municipal,
metropolitan, and regional planning levels. From this analysis emerges a general consis-
tency between the objectives of the PRG with respect to the overarching planning. The
Turin PRG review, therefore, shares the visions of the coordinated and superordinated
planning, and is part of a strategic framework characterised by synergistic objectives.
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4. Discussion of Results

The sustainability of the new plan is addressed in more depth by a protocol of three
strategies that are in turn divided into sets of actions (see Table 18). This is done in light of
the studies carried out and the results reached.

Table 18. Guidelines for the General Regulatory Plan of the City of Turin [29].

Strategies

Actions

1.1 Valorise and
strengthen existing
bicycle routes to
encourage soft mobility
and green infrastructure.

SDGs Monitoring Indicators Frequency
Every 3 years
Number of passengers
transported by urban
SD Goal 11: Sustainable public transport
cities and communities. (number).
Bicycle lanes (km). E 3
Pedestrian areas (km?). Every years
very 3 years

1.
Green City

1.2 Enhance and develop
the City’s existing green
spaces, which cover
about 20 percent of the
municipal area.

2.
Participatory City

2.1 Raise awareness
among decision makers,
planners, and citizens
about the value of land
for quality of life in
urban centers.

SD Goal 11: Sustainable
cities and communities.
SD Goal 13:

Climate action.

Public green area within
the urbanised territory
(km?).

Private green area
within the urbanised
territory (km?).

New trees planted
(number).

Every 3-5 years

Every 3-5 years

Every 3 years

3

3.1 Mitigate the effects of
soil sealing, through the
use of permeable
surfaces and drainage
systems, in response to
increasingly frequent
adverse weather events.

SD Goal 11: Sustainable
cities and communities.

Number of participatory
meetings (number).
Number of citizenship
inclusion activities
(number).

Every 1 year

Every 1 year

Resilient City

3.2 Ensure a balance
between permeable and
impermeable surfaces,
such as by establishing a
minimum and
maximum percentage,
respectively, to be
allocated within urban
transformation
interventions.

SD Goal 11: Sustainable
cities and communities
SD Goal 13:

Climate action

Permeability balance (%).

Opverall land
consumption (%).
Surface of urbanised
areas (km?).

Surface of unbuilt
areas (km?).

Every 1 year

Every 1 year

Every 1 year

Every 1 year

Legend:

SD Goal 11: Sustainable
cities and communities
SD Goal 13:

Climate action

Permeability balance (%).

Opverall land
consumption (%).
Surface of urbanised
areas (km?).

Surface of unbuilt
areas (km?).

Every 1 year

Every 1 year

Every 1 year

Every 1 year

Short term (0-3 years)

Medium term (3-5 years)

Long term (5-10 years). This dimension could cover the entire life cycle of

the plan

The three strategies are “Green City”, “Participatory City”, and “Resilient City”. At
present, the City of Turin has a total urban green area equal to about 20% of the municipal
land area. This represents an endowment of areas useful for improving the quality of life,
responding to climate change and the heat island phenomenon typical of urban areas, and,
finally, protecting and restoring ecosystems [54-58]. In addition, the consistency analysis
between the PPTP’s objectives of the PRG Revision and the objectives of the coordinated
planning revealed a special focus on the issue of participatory processes. An increase in
transparency allows a wide range of actors and stakeholders, especially citizens, to be
involved. In this way, it is possible, on the one hand, to inform them about the Public
Administration decisions, and, on the other hand, to collect their needs and satisfy their
interests [59]. The satisfaction of these conditions can also facilitate an increased awareness
of the human impact on the environment. The strategies presented so far lead to the
definition of a Resilient City, as a system capable of adapting in response to the action of
a force until the achievement of a state of equilibrium different from the original [60-64].
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Faced with the increasing complexity and uncertainty of cities, the concept of cities and /or
participatory urbanism is also of great importance. In this way, projects can be improved
by increasing their functionality and effectiveness, turning conflicts into a resource, while
increasing civic growth and strengthening the sense of belonging to public life. The main
tool to activate the process of participatory urbanism is the activation of real laboratories in
which citizens can discuss and exchange information, under the guidance of facilitators (e.g.,
architects, or sociologists, among others) who have the task of extracting and synthesizing
the contributions. This package, therefore, in addition to the outputs obtained from the
decision-making model, proposes a set of guidelines useful for the attainment of the
objectives defined by the PRG Review and the goals determined by the 2030 Agenda for
Sustainable Development [10].

Connected to the above-mentioned themes is the concept of livability. A livable city can
be conceived as a city that attempts to endow the individuals of specific communities with
a strong sense of satisfaction and well-being, through the incorporation and enhancement
of existing environmental, geospatial, and social characteristics and structures, through in-
frastructure planning, reducing the population density within each community, improving
the aesthetics of the surrounding environment, accessibility, and ensuring the provision
of primary needs and facilities, as well as making use of peripheral lands during urban
planning processes [65]. The formation of more livable cities requires the global cooperation
of different governments and multi-level organizations. The promotion of good health and
well-being, the response to climate change, and the creation of a harmonious living environ-
ment for human settlements are now internationally shared objectives to which municipal
planning must provide a strategy [66]. One of the key conditions for accelerating change
is the establishment of green cities [67,68]. The emerging issue of nature-based solutions
(NBS) represents the latest “greening” trend to support sustainable spatial planning. It is a
relatively recent concept used by the European Commission to identify strategies, actions,
and interventions based on nature that ensure environmental services and socio-economic
benefits that are capable, when carried out in an urban context, to increase the resilience of
cities [69]. Their implementation can generate multiple benefits for health, the economy,
society, and the environment, and therefore can represent more efficient and economic
solutions than traditional approaches, provided that they are suitable for the territories of
their realization. NBSs can provide multiple services in favour of biodiversity and human
well-being, aimed at responding effectively to current challenges, such as climate change,
food security, or environmental risks mitigation. NBSs essentially can refer to an increase,
improvement, and enhancement of green areas, to the production of ecosystem services
(ESs), such as the improvement of air quality (intercepting dust and other air pollutants),
regulation of the urban microclimate, containment of the heat island in the city, regulation
of meteoric water flows, provision of leisure/recreation opportunities, conservation of
biodiversity, and the absorption of greenhouse gases, among others [69].

5. Conclusions

This research has developed a methodology to support the SEA procedure of urban
plans and programmes and thus favoring a coherent and sustainable development process.
The cognitive analysis of the major planning structures was fundamental to establish a
comprehensive knowledge of the municipality from which the PRG Revision will generate
its effects over time [70-72]. The verification of internal and external consistency, through
the use of correlation matrices, allows for the identification of similarities and discrepancies
between the objectives of the plan and the objectives of regional, metropolitan, and local
planning. In front of potential inconsistencies, these matrices can support the public
administration in finding suitable solutions for the modification and adaptation of the
objectives of the new plan. The proposed guidelines can be extrapolated from the analysis
of the results in this work. The contents and methodologies proposed are, therefore, part of
the procedure shared with the City of Turin to provide a framework for the elaboration of
the assessment documents supporting municipal planning. The consistency analysis has
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demonstrated a substantial consistency and sustainability of the objectives of the Technical
Proposal of the Preliminary Draft of the Revision of the General Regulatory Plan. Currently,
with regards to the ongoing SEA procedure, Turin’s PRG is at the stage of preparing the
environmental report.

The comparative analysis between the SEA procedures of the cities of Turin and
Bologna identified several similarities, which favour the replicability of the method. Both
procedures provide (i) an analysis of the context behind general framework, (ii) the ver-
ification of consistency between the objectives of the plan and the objectives of regional,
metropolitan, and local planning, (iii) the proposal of guidelines and recommendations
useful for the verification and possible integration of strategies, and (iv) a framework for
monitoring the effects of the plan.

Possible Future Research Directions

In the light of the results obtained, possible future developments can be extrapolated
from this research work. The authors intend to monitor the ongoing PRG Revision through
the use of indices that can be used to support the governance and implementation of the
plan, assess the level to which it is achieving it’s objectives (short, medium, and long
term), and analyse and evaluate the environmental effects of the implementation of the
plan. Therefore, the next step of this research in terms of a future study is to establish
indicators and indices that can be used to monitor of the effects of the PRG and its policies
in terms of the prosperity, equality, opportunity, and well-being for all that result from its
implementation. Two indicators are proposed in this research that can be useful to monitor
the effects of the plan over time: permeability (%) and land consumption (ha).

The permeable surface (SP) is defined as the portion of land area that is free of
pavement or other permanent structures, within or above ground, that prevent stormwater
from naturally reaching the water table. It measures the percentage ratio (%) between the
portion of soil with and without pavement and/or other permanent structures within the
territorial area [73].

Another useful index to monitor the permeability of soils is the curve number (CN):
an inflow-deflow method that estimates excess precipitation as a function of cumulative
rainfall, land cover, land use and antecedent moisture. The values taken by the CN can vary
between 1, for permeable soils with high infiltration rate, and 100, for soils with reduced
infiltration rate, which are therefore impermeable [74].

Piedmont Region defines land use as follows: “a dynamic process that alters the
nature of a land area from natural to artificial conditions, of which sealing represents the
last stage” [75,76]. Some catalogs and databases grant access to the outcomes of monitoring
work, one of which is the National System for Environmental Protection [77]. The analysis
of the territory in terms of land use, land cover, and land consumption enables a monitoring
of the evolution of the phenomena of land consumption and land transformations [78].
Turning then to a quantitative analysis, for the City of Turin, there is a steady increase in the
percentage of consumed land in the administrative area from 2012 to 2020. Thus, analyzing
the values shown in Table 19, the growth of land use has increased by about 62 hectares in
eight years.

Table 19. Land Consumption [77-79].

Land Consumption (ha)
2012 2016 2018 2020
8400 ha 8435 ha 8440 ha 8462 ha

Thus, the decision-making model can be considered a suitable accompaniment to
the stages of the SEA of the Revision of the PRG of the City of Turin, with regard to the
specification of the contents of the environmental report. This method can also employed
for future revisions of the plan itself, and it can also be replicated for the revision of other
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local plans in Piedmont’s municipalities. This methodology can, therefore, be addressed
to public administrators and to technicians who have to carry out the SEA procedures of
urban and territorial plans. To accommodate this, one of the most important components
that every smart city should possess is a multi-scale big data information system for
collecting, updating, and analysing data at the national, provincial, city, neighbourhood,
and individual levels [80-82]. Future governance, supported by public administration
technicians and experts, must therefore aim towards the valorisation and sharing of datasets.
The design and definition of the latter is often constrained by bureaucratic procedures
related to licenses and data sharing availability [83,84]. The public administration must,
therefore, provide regular updates, an extension of the content with higher levels of detail,
the evaluation of data quality, the ordering of licenses in the different regions, and the
creation of a community that supports the improvement and reuse of the database.
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