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Abstract Before being implemented, urban plans must pass an impact assessment
to verify the effective support of the program for the sustainable development of a
territory from an environmental point of view. In this domain, the contribution of
Strategic Environmental Assessment (SEA) in supporting sustainable and resilient
planning processes is crucial. However, in urban and neighborhood contexts, where
different forces and entities influence the decision-making process, it is essential to
add social, economic and environmental aspects to the sustainability assessment.
This chapter explores the role of several evaluation tools that can consider different
and innovative assessment dimensions and issues related to the urban planning field.
This analysis concerns the case of the revision of the Municipal Plan of the City of
Turin to contribute to testing protocols for the sustainability of the Plan, tools to
analyze and evaluate urban resilience, and procedures to estimate Ecosystem Ser-
vices (ES). According to the point of view of the governance of urban transfor-
mations, the final result of this preliminary research concerns the illustration of the
role of assessment tools to measure urban sustainability to respect the environment,
promote public health and well-being of citizens, and enhance economic productiv-

ity.
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1. Introduction

Cities are exposed to different types of risks and hazards, both natural and caused
by human activities (Godschalk 2003). Following these scenarios, the challenge of
the current Urban Agenda is making cities and communities more sustainable and
resilient (Brandon and Lombardi 2011; Tyler and Moench 2012; Vanista Lazarevi¢
et al. 2018).

In recent decades, many initiatives and policies have been promoted worldwide to
achieve more sustainable practices (UNISDR 2012; Gencer 2017). A prime exam-
ple is the 2030 Agenda with its 17 Sustainable Development Goals (SDGs) (United
Nations 2017), followed by the recent Recovery Plan for Europe “Next Generation
EU” that aims to mitigate the economic, environmental, and social impacts by the
COVID-19 pandemic (European Commission 2021). In the context of urban plan-
ning practices, the SDG 11 “Sustainable cities and communities” is particularly rel-
evant since it explicitly considers the relationships between communities and the
design of future cities with the environment and social inclusion. The Urban Agenda
Habitat IIT (United Nations 2016) supports the achievement of SDG11, conceiving
cities as a source of solutions rather than the cause of severe challenges.

Another relevant topic in urban planning is the concept of urban resilience. It has
become a fundamental pillar to set up policies to prepare cities to evolve, adapt and
respond to uncertainties (Sharifi and Yamagata 2014a) and achieve sustainable
planning challenges (Elmqvist et al. 2019). Therefore, the necessity of new instru-
ments to manage cities as complex systems and their development according to this
perspective has grown up, with specific attention to Ecosystem Services (ES)
(Sharifi and Yamagata 2014b; Cantarello et al. 2017).

The increasing awareness of ecological and environmental issues in cities has in-
creased the interest in the field of ES. The Millennium Ecosystem Assessment (MA)
(2005) or The Economics of Ecosystems and Biodiversity (TEEB) (2010), and the
EU strategies for 2020, 2030? , and 2050° testify the relevance and the need to
reduce the loss of biodiversity and the degradation of ES, both in the research ac-
tivity and in the Urban Agenda. However, in transformation processes and planning
practices, the analysis of the impacts of land-use changes over ES has been only
partially explored (Luederitz et al. 2015).

! https://ec.europa.eu/environment/pubs/pdf/factsheets/biodiversity 2020/2020%20Biodiver-
sity%?20Factsheet EN.pdf
2 https://ec.europa.ew/environment/nature/biodiversity/strategy/index_en.htm

3 https://ec.europa.eu/environment/nature/biodiversity/policy/index_en.htm
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In Italy, traditional planning has left space for strategic planning to manage cities
and territories, ever more fragile and sensitive to changes. Indeed, Public Admin-
istrations (PA) must employ normative and regulations, which reveal sometimes
few flexible and that need to build long-term strategies. Strategic Environmental
Assessment (SEA) plays a fundamental role as it proposes an innovative vision for
urban planning based on the analysis of the overall effects of plans and programs in
environmental, social, and economic terms, strong participation of all the stakehold-
ers involved in the process and a long-term vision. Its innovative nature is the result
of a re-interpretation of the more traditional technical passages related to the inher-
itance and evolution of the family of environmental assessments.

This chapter uses the case study of the ongoing revision of the Municipal Plan of
Turin, to explore the role of evaluation tools in supporting the design of new urban
strategies for achieving a more sustainable and resilient future. This contribution
select also some best practices able to achieve the sustainability and resilience goals
and favouring the building of next-generation plans.

2. Case study: The Municipal Plan of Turin

The chapter considers the case study of the Municipal Plan of the City of Turin
(Piano Regolatore Generale Comunale - PRGC), which is interested in an ongoing
revision process according to the art. 17 LUR 56/1977 (Regione Piemonte 1977).
The PRGC of Turin was designed in 1995 by the architects V. Gregotti, A.
Cagnardi, and P. Cerri. Today it counts over 600 variations and modifications. The
current PA has chosen to (re)design the PRGC rather than to deliver a novel Plan to
Turin by taking the opportunity to adopt a strong environmental connotation. This
“ecosystemic” approach would be careful to the role of green areas and their ability
to deliver ES to citizens, to new energy protocols and the combination of urban
resilience and sustainability paradigms. These dimensions aim to guarantee a better
quality of life for both present and next generations. The revision of the PRGC is
nowadays passing through the preliminary phase of the planning process. In this
context, the Politecnico di Torino is collaborating with the PA since 2018 to support
the building of a sustainable and resilient strategy for Turin. This collaboration has
framed the city planning challenges and provided selected evaluation tools that can
help both planners and Decision Makers (DMs) to look in the same direction.

3. Methodology

This section focuses on specific issues and investigates suitable evaluation models
which can support the definition of a strategy for the Municipal Plan of Turin. They
are 1) the procedure of Strategic Environmental Assessment (SEA) concerning the



review of the PRGC:; ii) the paradigm of urban resilience applied to urban planning;
iii) the valuation of Ecosystem Services (ES) and its implication on the PRGC; iv)
the Neighborhood Sustainability Assessment (NSA) as monitoring step of the Plan.

3.1 SEA procedure and assessment tools to support the new
Municipal Plan

Environmental Assessment (EA) supports the decision-making process in taking
sustainable policy decisions through the Environmental Impact Assessment (EIA)
and Strategic Environmental Assessment (SEA) procedures with particular atten-
tion to economic development, social equity and environmental compatibility. SEA
is the procedure to assess and orient on the potential impacts generated by plans and
programs on the environment and its components.

It accompanies the construction of plans and programs and policies (PPPs) from the
early stages and; monitoring their performance after their approval. This means that
PPPs continue to be assessed and monitored throughout their life cycle; in terms of
environmental impacts, achievement-of sustainable objectives, and adoption of mit-
igation and/or compensation actions. SEA adapts itself according to the evolution
of planning, regulations, government systems (Tetlow and Hanusch 2012). In this
sense, traditional and innovative techniques and tools can be employed within SEA
to build strategic futures of cities and territories (Carbonell et al. 2017; Assumma et
al. 2020). The assessment process can be articulated as follows: 1) Description of
the context, 2) Spatial mapping and analysis; 3) Identification, prediction, and as-
sessment of impacts and coherence analysis. Multicriteria Decision Analysis
(MCDA) can help the decision-making process in the identification of the hierar-
chical structure of the impacts and their evaluation by taking into account the ex-
perts' judgments, leading them toward a shared and sustainable solution (Bottero
and Mondini 2009)}. However, MCDA can deliver a technical solution, even if the
last decision is deserved to PA. Geographic Information Systems (GIS) can inte-
grate MCDA to deliver a spatial visualization of the most suitable planning scenario
(Malczewski 2006)- Therefore, it is reliable in keeping the participatory process to
identify the priority objectives and build a strategic vision of the Plan, e.g. the ze-
roing of land take by 2050 (United Nations 2015; Sistema Nazionale per la
Protezione dell’ Ambiente 2019).

Figure 1 illustrates the ability of SEA to support the PRGC in envisioning a more
sustainable and resilient city.

From a normative point of view, Piedmont was the first Italian region for having
introduced SEA with the Regional Law n0.40/1998 that mentions “plans and pro-
grams must be [...] studied and organized according to analyses of environmental
compatibility” (Regione Piemonte 1998). In this way, Piedmont became a reference
pillar for the other regions, and its Regional Law was conformed to D.lgs no. 4/2008
(Parlamento Italiano 2008).
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Fig. 1 Combination of evaluation techniques within SEA procedure to support the
revision of the Plan (Own elaboration, 2021)

3.2 The concept of Urban Resilience in Urban Planning

Over the last decade, the concept of urban resilience has been applied in the context
of urban planning (Meerow et al., 2016; Masnavi et al., 2018; Sharifi en Yamagata
2018). Urban resilience can be defined as the ability of an urban system to absorb,
adapt and respond to changes, including different recent urban issues, such as sus-
tainability, governance, and economic development (Desouza and Flanery 2013;
Brunetta et al. 2019). Therefore, the new urban planning paradigm implies manag-
ing and planning cities as complex and adaptive systems (Desouza and Flanery
2013).

As for as evaluation tools are considered, the main challenges needed to integrate
the concept of urban resilience into the new PRGC of Turin (Citta di Torino; 2020),
can be summarized as follows:

(1) Evaluation of the current conditions of the urban system. The objective is
to identify the main weaknesses that address the social, economic, envi-
ronmental, and governance dimensions. This is the fundamental require-
ment to define temporal priorities and the scale of different interventions;

(2) Identification of the stresses that can affect the city, both at the current state
and over time. In detail, the stresses are those pressures that compromise
the general well-being of citizens, such as air pollution, traffic, waste pro-
duction, and unemployment rate;



(3) Designing and managing the city as a complex and dynamic system by
taking into account all its dimensions.

For this purpose, the System Dynamics Model (SDM) is considered a suitable tool
to support the definition of the new Municipal Plan of Turin, assessing it in terms
of urban resilience enhancement and improvement over time. The SDM is based on
the System Dynamics Approach (SD), introduced by Forrester in the *50s to under-
stand and analyze complex and dynamic systems (Forrester 1987). In detail, SDM
is a computer-aided tool that is used to analyze complex and dynamic systems.
Moreover, It also identifies the relationships among the different variables
(Swanson 2002) and simulates the dynamic behavior over time of the analyzed sys-
tems. Thus, it is considered a suitable tool to support the definition of urban devel-
opment strategies (Tan et al. 2018), because it can predict their evolution over time,
assessing their possible impacts.
Moreover, related to the urban resilience topic, the SDM is applied in the literature
to analyze the dynamic behavior of different urban stresses over time. As an exam-
ple, the work proposed by Guan and colleagues analyses the behavior over time of
the population, also considering the evolution of the employment and unemploy-
ment rate over time (Guan et al., 2011). As well as, the study provided by Gu and
colleagues is mainly focused on the analysis of energy consumption and the prob-
lem of pollution and its evolution over time (Gu et al. 2020).

3.3 Valuing Ecosystem Services (ES) in planning processes: the
effects on the municipal plan

To realize a new strategic Municipal Plan, the city of Turin must consider the im-
pacts of transformation processes and the change of land uses over ES. Ecosystems
and their components in cities are fundamental to achieving the inclusive, healthy,
resilient, safe, and sustainable living environment (Maes et al. 2019) required by
future cities. ES sustain long-term conditions for life (Odum 2007), health (Maas et
al. 2006; Tzoulas et al. 2007), security (Costanza et al. 2006), good social relations
(European Environment Agency 2011), and other essential aspects of human well-
being (Teeb 2011) (Goémez-Baggethun and Barton 2013).

In Piedmont Region, and more generally in Italy, ecological and environmental
compensations are opportunities not yet fully codified as an ordinary technique in
urban and territorial planning. The consideration of positive and negative effects in
the first stages of the decision-making process — in particular during the revision of
municipality plans — are fundamental for raising awareness of the relevance of the
topic, setting priorities in the development of actions and strategies, planning incen-
tives, and disputes (Gomez-Baggethun and Barton 2013). Few virtuous examples
are detectable in planning practices, such as the case of Settimo Torinese (a neigh-
bor municipality of the city of Turin), where the analysis of ES was integrated dur-
ing the revision of the Municipal Plan (Citta di Settimo Torinese 2017). As a result,



the revision of the Plan was able to identify more sustainable policies and strategies,
define mitigation and compensation actions and effectively reduce land take.
Another approach is related to the adoption of the so-called Payment for Ecosystem
Services (PES). PES is a general term that refers to all policy instruments aimed at
giving a market-value to non-market goods and benefits through the development
of financial incentives for local actors, such as voluntary certifications, good prac-
tices, environmental communications, among others (Redford and Adams 2009;
Gomez-Baggethun et al. 2010; Tacconi 2012). The contribution of PES allows De-
cision Makers (DMs) to promote and support the maintenance of ecological func-
tions offered by biodiversity and natural capital. The adoption of PES can be de-
tected all over the world, such as the program Dollars a day in Alaska, the
sustainable agricultural practices in the areas of Vittel mineral water (north-eastern
France), the water penny tax in Germany, or fire prevention actions in Saint-Tropez
(Cancila et al. 2015).

More often, cities have adopted planning practices to increase the provision of ES
and biodiversity, in particular through the development of green infrastructure able
to preserve natural capital and mitigate the effects of climate change and heat is-
lands, reduce air, noise, and light pollution. Well-known and recent examples are
the requalification of the riverbanks and the project of the Jardin del Turia in Va-
lencia, the High-Line in New York, or the Gardens by the Bay in Singapore. In that
context, the city of Turin has already activated some small initiatives — not compa-
rable to the previous ones - for promoting the diffusion of green areas, such as the
reforestation project of Basse di Stura area or 1000 trees for Turin. However, these
actions are not enough for achieving a livable and sustainable environment where
to live. Instead, a complete plan on the diffusion of green infrastructures and the
maintenance and increase of ecosystem services in the city of Turin is necessary, as
the Green Infrastructure Plan of New York, for the different benefits produced,
spanning from the decrease of water purification and energy costs to the reduction
of emissions, from the improvement of air quality to the increase of property values
for each additional hectare of urban green infrastructure.

Moreover, addressing ES in planning practices requires looking at them in their
complex and interdisciplinary nature (Daily et al., 2009), where ecological, eco-
nomic, political, and social domains of knowledge must simultaneously be consid-
ered (Carpenter et al. 2009; Hubacek and Kronenberg 2013). The adoption of valu-
ation methods and tools is very uncommon, particularly in our territories, to
understand the contribution of transformation projects and planning strategies in
terms of benefits and impacts on ecosystems and their related services.

For that reason, the revision of the PRGC of Turin needs to adopt rigorous evalua-
tion approaches to measure the impacts of its actions and of projects in the mainte-
nance and provision of ES. In that context, the effects upon ES are more evident
and straightforward (Geneletti 2011), particularly when ES valuation is integrated
into management tools and the SEA. The evaluation, as a discipline, can provide
tools and methodologies to endorse a ‘value pluralism’ perspective (Goémez-



Baggethun and Barton 2013), considering ecological/biophysical values and eco-
nomic values, but also socio-cultural ones. If the previous two values were explored
in-depth over time and could be addressed in different ways (see Pascual et al.
2012), the last ones are also now an underexplored and promising field of research
for assessing a more comprehensive analysis of ES (Caprioli et al. 2020). In fact,
different tools exist for quantifying biophysical and economic values such as In-
VEST (Sharp et al. 2018), LIFE+ Making Good Natura (Assennato et al. 2015), and
Simulsoil*, more efforts are needed to also consider stakeholders preferences, needs,
and expectations (Caprioli et al. 2021). In the complex Socio-Ecological Systems
where we live, we must face both demand and supply sides, in the sense that ES are
delivered (supply) to stakeholders’ needs (demand). How stakeholders can benefit
from the ES delivery (supply-demand) is the crucial point, referring to the different
and divergent stakeholders’ interests, perceptions, use, and demand of ES (Mouchet
et al., 2014).

3.4 Neighbourhood Sustainability Assessment (NSA): an overview

The high potential for reducing environmental impacts linked to the construction
sector has meant that since the late 1990s various evaluation systems (protocols)
have been proposed for the environmental sustainability of buildings. Sustainability
assessment methods at the building scale are now widespread (Nguyen and Altan
2011). The most pervasive certifications are the British “Building Research Estab-
lishment Environmental Assessment Method” (BREEAM), the “Leadership in En-
ergy and Environmental Design” (LEED) protocol in the United States, “Green
Star” in Australia, “Deutsches Giitesiegel Nachhaltiges Bauen” (DGNB) in Ger-
many, “Comprehensive Assessment System for Building Environmental Effi-
ciency” (CASBEE) in Japan, “Green Mark™ in Singapore, and the “Istituto per 1'in-
novazione e trasparenza degli appalti e la compatibilita ambientale” (ITACA)
(Institute for innovation and transparency of procurement and environmental com-
patibility) in Italy (Kaur and Garg 2019).

In urban and neighborhood contexts, where different forces and entities influence
the decision-making process, it is essential to add aspects in relation to social and
economic to the sustainability assessment. The integration of multi-dimensional in-
dicators with traditional approaches to assessing sustainability can better assess
these dimensions in the urban context by improving urban sustainability. In this
domain, internationally established sustainability protocols were born as tools for
assessing environmental, ecological, and social quality in the urban sector (Turcu
2013; Holden 2013; Wong and Abe 2014). Indeed, literature and the regulatory

4 Simulsoil tool has been developed in the context of the research project Life SAM4CP coordinated
by Politecnico di Torino (prof. Barbieri). More information are available on the project web site:
http://www.sam4cp.eu/simulsoil/
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framework have emphasized the importance of going beyond the scale of the single
building and also considering the neighborhood or city where they arose (Orova and
Reith 2019). Hence, most of the sustainability certification protocols are therefore
extending their scope to conglomerates of buildings, both at the scale of the district
and at the scale of the city. Among the neighborhood and city sustainability assess-
ment systems, our research focuses on the CASBEE family. CASBEE was created
in 2001 by JSBC (Japan Sustainable Building Consortium 2010). In 2006, the
CASBEE Urban Development (CASBEE UD) system was introduced to assess sus-
tainability at the district/urban level (Japan Sustainable Building Consortium 2014).
Unlike the other evaluation systems mentioned above, CASBEE methods are not
based on a scoring system but on the comparison between required performances
and the resulting environmental loads. Moreover, the integration of evaluation mod-
els on different scales provides more efficient methods and synergies between the
buildings and other elements that make up the urban fabric (such as public transport
and services), maximizing the benefits deriving in terms of sustainability from dif-
ferent points of view (Sharifi and Yamagata 2016).
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Fig. 2 CASBEE-UD dashboard (Japan Sustainable Building Consortium 2014)

The advantages of the CASBEE method are manifold and concern different aspects
of the evaluation, from structuring the problem to the visualization of the results.
The CASBEE-UD system integrates different dimensions of sustainability (envi-
ronmental, social, economic and cultural) into the same evaluation model, propos-
ing an overall vision of the performance of the urban plan (Cappai et al. 2018; Kaur
and Garg 2019). Compared to other assessment schemes, the CASBEE-UD pro-
vides for applying weights of the sub-evaluation criteria so as not to have any sig-
nificant difference between the impacts of various criteria on the final score. In ad-
dition, these weights were defined by conducting a questionnaire to capture the
opinion of experts in the sector using the Analytic Hierarchy Process (AHP). There-
fore, the evaluation is based not only on the opinion of a single analyst but of a focus
group bearing the interests of the community. In terms of social and economic di-
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mensions, the city is a context in which many stakeholders have a role in the deci-
sion-making process. The evaluation dimensions and the weighting of the criteria
allow not only to include the governmental point of view, but also to consider all
non-governmental organizations involved in the decision-making process. The
JSBC is committed to involving stakeholders (industry, government and academia)
in the structuring of the CASBEE-UD by transforming the decision-making process
into a participatory process.

Another important aspect is the communication of the evaluation results. CASBEE-
UD has prepared the visualization of the evaluation in three formats (Figure 2); the
BEEup graph, a radar diagram that simply indicates the performance of each main
theme; six bar graphs showing the performance of the main sub-themes of each of
the six main themes. The representation of the results in different formats allows a
versatile use of the tool to investigate its performance in its parts and its entirety.
Despite the different issues considered by the CASBEE-UD assessment model,
some dimensions of sustainability are not sufficiently addressed, such as sustainable
mobility and the protection of cultural heritage. The flexibility of the evaluation
model still allows for the integration of flexibility of the methodology, which allows
the implementation and modification of the criteria and indicators. The assessment
tool can measure additional dimensions of sustainability can encourage dialogue
among stakeholders (Cappai et al. 2018).

CASBEE methods have undergone continuous revisions to meet the needs and re-
quests proposed by national and international regulations, intercepting, directly and
indirectly, the objectives of the 17 Sustainable Development Goals. The building
scale assessment models (CASBEE for New Detached Houses and CASBEE for
New Construction) are closely connected with Goal 12 (Responsible Consumption
and Production), while the urban assessment models (CASBEE-UD and CASBEE
for City), which promotes the sustainable urban planning matching the SDG Goal
11 (Sustainable Cities and Communities) (Miyazaki et al. 2019). In this perspective,
CASBEE tools are efficient for obtaining a global vision of sustainability and as-
sessing the degree of resilience of the project at urban and neighborhood scale.

4. Discussion and conclusions

This paper analyzed and summarized the main issues, concepts, challenges, and
evaluation tools under investigation, to support the revision of the Municipal Plan
of the City of Turin. Therefore, the PRGC should include sustainability, resilience,
ES, and energy transition.

The combination of the concepts of sustainability and urban resilience is helpful to
assess and plan the PRGC, considering the city as a complex and adaptive system
where values and resources must be preserved, enhanced, and managed for both
present and next generations. The PRGC will be able to manage the city within its
multidimensionality and complexity, becoming a dynamic tool that can change over
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time in response to the impacts of transformation processes by considering citizens'
needs. In this sense, to structure the PRGC vision on these principles and objectives,
an iterative process that integrates the evaluation procedure within the planning
phases is necessary. An integrated approach based on a set of indicators aimed at
capturing the effectiveness of urban sustainability and resilience can achieve this
purpose. Firstly, SEA represents a fundamental procedure to support future actions
of plans and programs with the care of the environment. The assessment of the ef-
fects of the Plan and its monitoring guarantee the building of more sustainable and
resilient cities. Moreover, the appraisal discipline offers reliable methodologies and
evaluation techniques to support the SEA process, from the ex-ante to the ex-post
phases. DMs increasingly need these skills to design plans at different territorial
scales (Napoli et al. 2020). Secondly, the NSA certification protocols, particularly
CASBEE-UD, represent suitable tools for the Municipal Plan of Turin to certify the
sustainability of future urban transformations. CASBEE-UD is a versatile tool that
can be adapted to different scales of the city to supervise the entire governance pro-
cess of the territory, thus limiting the consumption of soil and looking towards urban
regeneration.

Concerning the ES, DMs should include into planning practices cognitive and man-
agerial tools able to consider both benefits and impacts of projects and plans, con-
sidering the specificity of each context and the interrelationships at different (spatial
and temporal) scales. In particular, a multi-aspects consideration of ES, which com-
bines biophysical, monetary, and more intangible values, should be pursued. In that
context, integrated and mixed approaches can endorse this “value pluralism”
(Gomez-Baggethun and Barton 2013), also considering stakeholders’ preferences,
needs, and expectations.

Therefore, based on these principles, methodologies, and objectives, the revised
PRGC of Turin could become an inspiring planning model for other municipalities
of Piedmont and the rest of Italy. The integration of all these aspects can deliver a
multidimensional and dynamic Plan that aims to improve sustainability, resilience,
and ES. At the moment, the revision of Turin PRG is in a preliminary phase, but the
municipality is making a lot of effort to consider and include these multiple per-
spectives. The PA has started an intense collaboration and discussion with Politec-
nico di Torino to frame and structure all elements to be considered. This contribu-
tion is, in fact, the result of the first dissertations had with them.
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