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Abstract

Assessing sustainability in urban projects became a key priority in the face of growing
urban complexity. Therefore, how can global sustainability indicators be effectively adapted
to assess urban projects at local scales? The paper proposes a framework for integrating
sustainability into the decision-making process, aligning urban governance with the 2030
Agenda at the district and building levels. Governments’ growing demand for reliable
monitoring, reporting, and evaluation systems underscores the urgency of data-driven tools
to guide and adjust policies. In this context, indicators are essential instruments, making
sustainability measurable and transparent. Anchored in the global framework of the
17 Sustainable Development Goals (SDGs), the paper focuses on SDG 11, integrating
strategic targets with operational metrics from Sustainable Assessment Tools (SATs). The
research adopts a multi-method approach, combining inductive analysis—guided by the
PRISMA methodology for systematic reviews—with deductive analysis based on surveys.
This study represents the theoretical foundation of the GLOSSA project (GLOcal knowledge-
System for the Sustainable Assessment of urban projects), aiming to provide a set of
indicators for measuring and evaluating sustainable urban transformation projects. This
paper highlights the need to integrate sustainability into urban decision-making, providing
an operational framework for sustainable urban governance.

Keywords: indicator; urban sustainability; sustainable development; policy-making cycle;
Sustainability Assessment Tools; GLOSSA

1. Introduction

This paper aims to contribute to the growing need for a sustainability assessment,
intertwining the concept of the policy-making cycle [1,2], the 2030 Agenda, and the Sustain-
able Assessment Tools (SATs) by proposing an empirical framework useful for monitoring
and evaluating the sustainability of urban projects at the district and building scale.

Currently, governments require robust systems for monitoring, reporting, and evalua-
tion to develop consistent and sustainable strategies. These should enhance mechanisms
and capacities to monitor policy progress and make data-driven adjustments, particularly
in response to the potential negative or unintended effects [3]. Evaluation, along with its
associated tools and methods, can enhance the effectiveness of development programs by
supporting policymakers in formulating urban transformation policies and strategies [4-7].

Various tools and methods for evaluation exist [8-11], such as the Environmental Im-
pact Assessment (EIA), Strategic Environmental Assessment (SEA), Cost-Benefit Analysis

Sustainability 2025, 17, 6305

https:/ /doi.org/10.3390/su17146305


https://doi.org/10.3390/su17146305
https://doi.org/10.3390/su17146305
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-7991-0880
https://orcid.org/0000-0003-0746-4257
https://doi.org/10.3390/su17146305
https://www.mdpi.com/article/10.3390/su17146305?type=check_update&version=1

Sustainability 2025, 17, 6305

20f21

(CBA), Social Return on Investment (SROI), Life Cycle Assessment (LCA), and Sustainabil-
ity /Environmental Rating Systems. However, in the existing literature, one of the most
employed tools for managing and evaluating various sustainability dimensions is the “set
of indicators” [12]. Indicators play a crucial role in rendering sustainable development both
visible and transparent, as they provide relevant information to support decision-making
processes and the formulation of urban and territorial policies [13].

In this sense, indicators play an important role, offering opportunities to anticipate
and plan future actions [3]. This is evident in the operational monitoring of sustainable
development, where the 17 Sustainable Development Goals (SDGs) place a strong emphasis
on developing a framework of indicators and statistical data to globally measure and
monitor progress. The SDG indicators are designed as a broad global framework to be
translated and adapted at the national and local levels. They hold no legislative authority;
in other words, they function as political objectives without a normative binding force [14].

In particular, SDG11 monitors the sustainable, inclusive, safe, and resilient develop-
ment of cities through 10 targets and 15 global indicators [15]. Nationally, the planned
indicators amount to 32, referring to 7 out of 10 targets [16,17]. In Italy, the SDGs are a
priority. The main reference tool is the National Sustainable Development Strategy (NSDS),
which defines the economic, social, and environmental guidelines for achieving national
sustainable goals [18]. In turn, each region defines its own Regional Sustainable Develop-
ment Strategy (RSSD) aimed at monitoring a territory with specific characters according
to the NSDS and assessing its positioning with respect to the various phenomena of the
2030 Agenda.

However, the indicators and tools proposed by ISTAT, the NSDS, and the RSSDs are
not entirely appropriate for use at the urban or district scale, as they focus on the national
and regional levels, respectively.

Alongside monitoring through the SDGs, it is important to highlight that the European
Commission [19] emphasizes the need for the active use of decision-making and assessment
tools in policy development. Governments at all levels can influence the conditions neces-
sary for a circular urban sector—promoting the sharing, reuse, and recycling of existing
materials and products with the goal of maximizing the lifespan of manufactured goods
and reducing emissions. Despite the extensive array of documents, strategies, and actions
characterizing the sustainability paradigm, there remains a lack of an empirical framework
that identifies a set of indicators capable of operationally contributing to effective gov-
ernance and supporting the policy-making cycle [1,2,20]. With the intent to address this
gap, this research proposes a novel framework for implementing the operative relation-
ship between urban sustainability and the policy-making cycle. This framework aims to
(i) study existing indicators by taking into consideration numerous aspects of sustainability
such as the environment, society, and the economy; (ii) apply inclusive methodologies for
the identification of operational indicators in territorial transformations; (iii) support the
definition of the policy-making cycle to access policy processes and consider stakehold-
ers’ opinions; and (iv) develop an inclusive research methodology that is adaptable and
replicable across diverse contexts.

By achieving these aims, the research proposes a novel set of indicators based on the
indicators of the SDG11 while integrating operational indicators derived from the SATs.
In order to propose a robust and valid set of indicators, the research applies an inductive
systematic review of the literature based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [21,22] validated through a deductive analysis based on
direct surveys.

The originality of this study lies in its dual contribution to the existing body of
literature on indicators for sustainable urban development. First, it seeks to adapt indicators
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recognized at global, national, and regional levels to the urban and building scales. Second,
it integrates these indicators based on their alignment with, and relevance to, the policy
and decision-making cycle. In this light, the proposed set of indicators is designed to
serve as a practical tool for Italian public authorities and urban planners, supporting
territorial monitoring and the evaluation of urban transformations in line with sustainable
development objectives.

This paper constitutes the preliminary theoretical phase of a nationally significant
research project (PRIN) called GLOSSA, “GLOcal knowledge-System for the Sustain-
able Assessment of urban projects”. The project localizes and adapts global indica-
tors to both national and local levels, supporting the measurement of progress toward
sustainable development.

This paper is structured as follows: Section 2 delineates the theoretical framework
underpinning the indicator tool, highlighting its significance within the decision-making
cycle and the 2030 Agenda. Section 3 details the research design, while Section 4 presents
and critically examines the proposed set of indicators. Finally, Section 5 provides concluding
remarks and outlines avenues for future research and development.

2. Indicators for Urban and Architectural Sustainability

The indicator can be defined as a synthetic quantitative measure that provides a
representation of a phenomenon by summarizing its trends [23] and offering information
on the state of a phenomenon, domain, area, or element [24].

This evaluation tool can support decision-making in the context of urban and architec-
tural planning in various ways, depending on the phase of the policy-making cycle [2,20].
The policy-making cycle is understood as a framework for analyzing contemporary public
policy processes, enabling an understanding of the context in which political decisions are
made, implemented, and monitored, evolving through a sequence of four distinct phases:
(i) problem identification and framing; (ii) formulation and development of alternatives;
(iif) implementation of actions; and (iv) monitoring, evaluation, and reporting (for further
details, see [2]).

Public urban and architectural projects are the tangible means through which political
visions are transformed into physical realities and are therefore closely tied to the duration
of the political cycle. For example, a Public Administration (PA) may emphasize urban
regeneration through the development of infrastructure or public housing plans, while
its successor might focus on environmental sustainability or social inclusion projects. In
this sense, the length of the political cycle influences project realization, as projects may be
subject to changes based on shifting political or economic priorities. Such projects must not
only address development needs but also pursue sustainability and urban quality of life
as mandated by global and European urban agendas [25,26]. For instance, the design of
green public spaces, energy-efficient buildings, and inclusive neighborhoods are responses
to emerging needs arising from urban planning that is mindful of climate change and
social inequalities.

To ensure that such projects align with emerging policies and needs, they must be
thoroughly evaluated before being implemented. Similarly, it is necessary to monitor
territories and cities to identify problems on which to build intervention priorities and
define development themes [27]. In this context, indicators play a crucial role as evalua-
tion tools, capable of synthesizing and providing essential and meaningful information
regarding specific urban phenomena, geographic areas, projects, or public policies [28-31].
In particular, the importance of the indicator becomes clear in supporting the realization
process of urban and architectural projects in line with the policy-making cycle. This applies
particularly to phases (i), (iii), and (iv), where it helps to identify priority issues, implement
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operational choices, and monitor areas, plans, projects, and programs as well as in phase
(ii) in which it supports the evaluation of project alternatives. It is important to highlight
that indicators assume different characteristics and meanings depending on the phase of
the policy-making cycle in which they are applied (e.g., ex ante evaluation, monitoring,
or in itinere evaluation) and the territorial scale of the project [27,32]. For example, an
indicator for monitoring problems in a district area will naturally differ from an indicator
used to evaluate an architectural project.

Within the debate on the role of indicators in supporting the policy-making cycle, the
2030 Agenda plays a significant role [15] as it provides a tangible example of the use and
relevance of the indicator to identify problems and establish a positive or negative position-
ing framework for continents, countries, and regions concerning specific phenomena. This
approach aligns perfectly with the policy-making cycle, particularly in phases (i) and (iv).

This process and the use of SDGs’ indicators are also reflected in Italian national tools
related to the implementation of sustainable development [18]. Initially, both the national
and regional authorities in Italy assess their positive or negative positioning concerning the
various phenomena monitored by the indicators and targets of the 2030 Agenda [16]. Based
on this assessment, specific national and regional strategies aimed at achieving sustainable
goals are developed.

However, the current 2030 Agenda indicators at the national level [16] are not specific
or operational with regard to the district and building scales. They are also not suitable for
supporting the evaluation and implementation phases corresponding to stages (ii) and (iii) of
the policy-making cycle.

This research addresses this gap by proposing a set of indicators as an extension of
the SDGI11 indicators’ set, to be used for supporting various phases of the policy decision-
making cycle at all scales, including district and building levels. The following section
outlines the process followed for the collection and identification of these indicators.

3. Research Design

The research design includes two phases: (i) The literature review, related to the
collection and selection of scientific papers and documents (described in Section 3.1);
(ii) indicators identification, related to the identification and selection of the indicators,
proposed and reported in the previous papers and documents, that can potentially be
relevant for the urban and architectural project context (detailed in Section 3.2). Both phases
have been addressed through specific methodologies and procedures, as summarized in
Figure 1 and explained in detail in the following sub-sections (Sections 3.1 and 3.2).

Phase 1

Systematic Literature

Revi > * Collection of scientific papers and documents
eview

Phase 2

* Duplicates screening
Indicator Identification —> * Relevance for the scale and context of reference
* Direct survey

Figure 1. Research design.

3.1. The Systematic Literature Review

The methodology used for the systematic literature review is based on the updated
PRISMA [21] methodology [21,22]. Figure 2 represents the process followed for the search
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p—

Identification

Screening

Included

and selection according to the flow diagram of the PRISMA (2020). This flow diagram
maps the different information related to the systematic literature review at different stages
highlighting the number of papers identified, included, excluded, and analyzed [22].

Identification of scientific papers via scientific database Identification of documents via specific sources

Filters before screening:
Keywords: Indicator AND
_— SDG11 OR Sustainable
Papers identified from: Development Goal 11 Documents identified from:
Scopus (n = 512) Time: 2015-2024 Official statistical Italian
Subject areas: Social Science, document (n = 1)
Decision Science, National and Regional
Multidisciplinary Strategy (n =4)
Type of document: Article Sustainability Assessment
Country: European country Tools (n = 6)
Papers removed (n = 441)
Papers screened »| Papers excluded
(n=71) (n=42)
! !
_ Papers excluded: Documents assessed for Documents
Pa;_;ezr; assessed for eligibility » Relevance on the proposal of eligibility | excluded:
(n=29) new indicators for SDG11 n=11) (n=0)
(n=11)

|

Papers included in review |

(n=18)

}

Total papers and documents
included in review <

(n=29)

Figure 2. Flow diagram of the literature selection and data extraction.

The analysis involved the search of papers on the Scopus indexed database with the
query string related to “Indicator”, “SDG11”, or “Sustainable Development Goal 11” in titles,
abstracts, and keywords, resulting in a total of 512 papers. These were initially selected
from the database by limiting the analysis to papers published from the introduction of the
2030 Agenda to the present day, covering the period of 2015-2024. The search was further
restricted to documents published within the European context. Given that the GLOSSA
project is an Italian national research initiative, it was deemed appropriate to consider the
literature aligned with the same regulatory framework as the European Green Deal and the
Urban Agenda for the EU. Moreover, limits were imposed on documents focusing on the
thematic areas of social sciences, decision sciences, and multidisciplinary studies.

This resulted in a set of 71 papers, which were screened in the abstracts to exclude
those unrelated to the research objective. This led to 29 papers, which were subject to a
complete review, selecting only those that proposed a new indicator in relation to SDG11
(18 papers).

For the readers’ interest, Table 1 summarizes the reasons for the exclusion of papers
from the final set.

In parallel, a review of the gray literature—non-traditional academic sources—was
conducted. This included 11 documents produced by specific institutions: one by the
Italian National Institute of Statistics (ISTAT) [16], which is responsible for monitoring
sustainable development; four related to national and regional strategies for sustainable
development in Italy; and six documents consisting of Sustainability Assessment Tools
(SATs) applied at the scale of residential buildings and urban districts.

Concerning national and regional strategies, reference is made to SNSvS [18] and the
SRSvVS of the Piedmont, Campania, and Sardinia Regions [33-35]. This specific choice is
due to the national framework of the research. Therefore, the three regions involved in the
GLOSSA project were selected—one from the North (Piedmont), one from the Center-South
(Campania), and one from the Islands (Sardinia) (Figure 3).
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Table 1. Motivation of exclusion of papers from the final set.

Phase

Motivation of Exclusion

No. of Papers Excluded

Identification

Papers outside the selected timeframe; therefore, the
ones before the introduction of the Agenda 2030

and SDGs;

Papers with a geographical scope outside the European
context, which was a central criterion for relevance to
our framework;

Papers not relevant to social, decision-making, or
multidisciplinary studies.

441

Screening

Papers dealing with indicators treated simply as
numerical metrics, without a conceptual or analytical
role in relation to sustainability paradigms or urban and
architectural design;

Papers dealing with site-specific applications of
indicator sets, lacking a theoretical or generalizable
framework;

Papers lacking methodological justifications or
explanations for the selection of indicators or the use
of data;

Papers not focused on urban planning, with indicators
applied in unrelated fields.

42

Assessment for eligibility

Papers proposing indicators not explicitly linked to the
SDGs, which was a fundamental requirement for
alignment with the strategic objectives of the

GLOSSA project.

11

4

i

Figure 3. Three regions selected and involved in the GLOSSA project.

This geographical distribution aims to capture the socioeconomic, infrastructural, and

environmental diversity present in Italy, thereby improving the internal generalizability of

the model and the set of indicators across different national contexts.

Regarding the SATs at the scale of residential buildings and districts, we took into
consideration the BREEAM [36,37] as the most widely SAT used worldwide [38—40] and
the ITACA and GBC [41-44] as the most applied in Italy. These tools play a significant role
in the study and promotion of fundamental sustainability principles, contributing to the

design of building and urban interventions in line with sustainable criteria.

This collection led to a total of 29 papers and documents included in the review.
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3.2. Indicator Identification

Once the articles and documents were collected, they were thoroughly analyzed
to extract an initial set of indicators focused on the district and building scales aligned
with the SDG11 framework. This initial set was subsequently refined using three criteria:
uniqueness, relevance, and significance.

First, a screening of the indicators was conducted to eliminate duplicates and establish
a unique set of indicators. Second, indicators that were not relevant to the district and
building scales were removed. This lack of relevance stems from the fact that some
indicators are designed for application at macro scales (national or regional) and, when
transferred to micro scales, fail to provide meaningful or useful information. The selection
process was therefore guided by the need to include indicators that are useful for monitoring
and assessing sustainability at the micro scale, in line with the objectives of this study.
Finally, a direct validation was carried out through a questionnaire—composed by scoring
and open-ended questions—with three senior academic experts, in real estate appraisal,
indicator-based evaluation methods, and urban planning. Each expert is affiliated with
one of the three Italian regions analyzed (Piedmont, Campania, and Sardinia), which was
essential to capture context-specific insights on the measurability and territorial relevance
of the proposed indicators. They were asked to assess the validity, relevance, and potential
calculation challenges of the indicators. All experts involved were informed of the objective
to observe and evaluate the indicators in terms of their relevance and calculability with
respect to the Italian context and their specific regional background.

The selected indicators were submitted to the experts, who were asked to

e  Provide an informed opinion on the relevance/importance and calculability of each
individual indicator using a qualitative scale (high, medium, low, none, and unknown);
e  Share their perspective on potential issues related to data availability for measuring the
indicators (e.g., incomplete data, proprietary data, unreliable data, or data absence);
e  Offer general positive or negative feedback for each indicator.

The collected data were aggregated using basic statistical synthesis procedures, with
particular reference to the use of the mode as a measure of central tendency to represent
the distribution of observations.

4. Results: Indicators’ Set Proposal

The collection of indicators starts with those proposed for monitoring SDG11 in the
official document produced by ISTAT, the Italian National Institute of Statistics. A total
of 32 indicators were gathered, corresponding to 7 out of the 10 targets [16,17,27,32]. It is
worth noting that the targets 11.a, 11.b, and 11.c, were excluded based on the scope of the
research, which adopts a design-oriented perspective focused on the district and building
scales. These specific targets do not address design-related actions but instead emphasize
broader urban issues, such as connections between urban, rural, and peri-urban areas, as
well as the implementation of policies and programs for inclusion, efficiency, and climate
change mitigation [16,17]. As such, they fall outside the scope of this study.

After analyzing and considering the “official” indicators, we examined those proposed
in national and regional sustainable development strategies. As detailed in Section 3.1,
the SNSvS [18] and the SRSVS of the regions involved in the research [33-35] were closely
analyzed, resulting in the identification of 121 relevant indicators.

The same procedure was applied to the SATs. Specifically, the ITACA protocol [37],
the GBC protocols at the district scale [42,43] and building scale [44], and the BREEAM
protocols at the district scale [36] and building scale [37] were analyzed, resulting in the
collection of 109 indicators.
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Lastly, 18 scientific articles identified through the literature review were considered
to further expand the SDG11 indicator set. From these references, 79 potentially useful
indicators at the district and building scales were extracted.

This process resulted in an initial set of 341 indicators, organized into 17 thematic
categories assigned to the seven SDG11 targets.

The definition of thematic categories followed an analytical process, which involved,
on the one hand, observing the categories already established by the SDG11 targets and, on
the other, studying each individual indicator to define new categories where necessary.

Certain SDG11 targets already provide a categorization of indicators. For example,
Target 11.3 is divided into two categories: Land Consumption (11.3.1) and Participation
in Urban Planning and Management (11.3.2). Other targets, such as 11.1, lack predefined
categories, despite these being crucial for constructing a coherent set of indicators. For
such targets, new categories were defined based on the themes addressed by the indicators
themselves (Table 2).

Table 2. Targets and proposed category.

Target Category

Target 11.1. By 2030, ensure access for all to adequate, safe, and affordable
housing and basic services and upgrade slums

Livability of dwellings

Housing affordability

Housing internet affordability

Target 11.2. By 2030, provide access to safe, affordable, accessible, and
sustainable transport systems for all, improving road safety, notably by
expanding public transport, with special attention to the needs of those in

Accessibility / presence of connections

T f vehicl d
vulnerable situations, women, children, persons with disabilities, and ype of vehicles use
older persons Transport quality
Target 11.3. By 2030, enhance inclusive and sustainable urbanization and Land consumption

capacity for participatory, integrated, and sustainable human settlement
planning and management in all countries

Participation in urban planning and
management

Presence of cultural goods or services

Target 11.4. Strengthen efforts to protect and safeguard the world’s cultural Expenditure on cultural goods or

and natural heritage services

Cultural heritage quality

Target 11.5. By 2030, significantly reduce the number of deaths and the

number of people affected, and substantially decrease the direct economic

Population subject to risk

losses relative to global gross domestic product caused by disasters,

including water-related disasters, with a focus on protecting the poor and

people in vulnerable situations Deaths or injuries from natural or road disasters

Target 11.6. By 2030, reduce the adverse Per Capita environmental impact of
cities, including by paying special attention to air quality and municipal and
other waste management

Waste quantity and recycling

Emissions

Target 11. 7. By 2030, provide universal access to safe, inclusive, and
accessible green and public spaces, in particular for women and children,
older persons, and persons with disabilities

Presence and quality of green areas or public spaces

Aggression and harassment

Once the categories have been defined and the preliminary set of indicators collected,
we moved to the filtering processes. The first filtering step involved a duplicates screening
to eliminate duplicates and obtain a unique set of indicators. This step led to reducing the
set to 244 indicators. Table 3 shows the distribution of the set of indicators, before and after
the duplicates screening step, with respect to the SDG11 categories and targets.
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Table 3. Distribution of the set of indicators from the Literature Review (LR) and after the Duplicates
screening (DS) step, with respect to the SDG11 categories and targets.

No. of indicators

from LR after DS
Target 11.1 73 43
No. of indicators
Category
from LR after DS
Livability of dwellings 33 19
Housing affordability 26 13
Housing internet affordability 14 11
Target 11.2 70 52
No. of indicators
Category
from LR after DS
Accessibility / presence of connections 30 21
Type of vehicles used 20 15
Transport quality 20 16
Target 11.3 33 20
No. of indicators
Category
from LR after DS
Land consumption 24 12
Participation in urban planning and 9 8
management
Target 11.4 29 28
No. of indicators
Category
from LR after DS
Presence of cultural goods or services 7 7
Expenditure on cultural goods or services 7 6
Cultural heritage quality 15 15
Target 11.5 23 14
No. of indicators
Category
from LR after DS
Population subject to risk 15 7
Deaths or injuries from natural or road disasters 8 7
Target 11.6 95 71
No. of indicators
Category
from LR after DS
Waste quantity and recycling 60 44
Emissions 35 27
Target 11.7 18 16
No. of indicators
Category
from LR after DS
Presence and quality of green areas or public 14 12
spaces
Aggression and harassment 4 4
Total 341 244

As can be seen from Table 3, the duplicates screening allowed us to observe that the
least widespread indicators supporting sustainable development refer to targets 11.3, 11.4,
11.5, and 11.7, which are also those targets against which fewer indicators are available. It
is also worth noting that most of the indicators removed during the duplicates screening
process correspond to those officially proposed by ISTAT. This suggests that, despite the
availability of a broad range of potentially useful tools and references, the use of indicators
remains largely confined to official systems. As a result, there is limited exploration and
shared adoption of alternative indicators which struggle to be integrated into decision-
making and evaluation processes outside consolidated regulatory frameworks.

Once a set of 244 unique indicators was established, it was further analyzed by the
GLOSSA research team for multiple purposes.
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First, this analysis allowed for the refinement of the set by excluding indicators that
were not relevant to the research objectives or were overly complex in terms of calculation
methods. For some indicators, the literature failed to provide specific information regarding
their definition, unit of measurement, or method of assessment, rendering them opera-
tionally unusable. Such indicators were either removed or replaced with proxy indicators.
For example, the indicator “Global Non-Renewable Primary Energy” [41], calculated by
the ITACA Protocol as the “Percentage reduction of the non-renewable energy performance
index”, was excluded. While this measure is highly sophisticated, it adopts a performance-
based perspective rather than a prescriptive one and does not specify which sustainable
and renewable technologies should be adopted in a project. This indicator was replaced by
the “Energy Sustainability” indicator [45], derived from the National Innovative Program
for Housing Quality. This proxy indicator is quantified on a qualitative scale from 0 to 5,
assessing the number of renewable energy systems employed (none, +1 solar, +1 wind,
+1 hydroelectric, +1 geothermal, and +1 biomass) therefore making this indicator most
operative in a prescriptive perspective.

This process resulted in a final set of 57 indicators organized into 13 thematic categories.
The removal of some indicators also led to the elimination of some categories: expenditures
on cultural goods or services (Target 11.4), deaths or injuries due to natural or road disasters
(Target 11.5), emissions (Target 11.6), and assaults and harassment (Target 11.7).

Furthermore, this additional analysis enabled the classification of the 57 indicators
based on their spatial scale and their relevance to specific stages of evaluation (ex ante, in
itinere, and ex post), aligning with the policy-making cycle [2,20].

The indicators were categorized as applicable either to the district scale or the building
scale and classified according to their utility in the following phases:

e  Monitoring urban sustainability levels: Indicators useful for prioritizing intervention
areas based on emerging issues (ex ante stage of evaluation—phase (i) of the policy-
making cycle) or challenges and for observing and quantifying changes resulting
from the implementation of specific urban and architectural projects (ex post stage
of evaluation—phase (iv) of the policy-making cycle). For instance, if the “Outdoor
Commons Space” indicator were to reveal, during the ex ante evaluation phase, a
shortage of such spaces in a specific area, this would highlight the need for localized
and targeted interventions to address the deficiency. Once this issue is acknowledged
and incorporated into the project planning phase, subsequent ex post monitoring
could, in the best-case scenario, demonstrate an improvement—thus validating the
effectiveness of the implemented actions. Conversely, the monitoring may reveal
either the deterioration or the persistence of the issue, indicating the need for further
intervention or a reassessment of the strategies applied.

o  Evaluating project sustainability: Indicators applicable to both district and building
scales to assess the sustainability of projects before their implementation within the
urban context (in itinere stage of evaluation—phase (ii) of the policy-making cycle). For
example, if the “Outdoor Commons Spaces” indicator revealed low performance for
the project(s) in this aspect, it would suggest that, prior to implementation, the project
should be revised to better ensure social sustainability. Conversely, if the indicator
showed good performance for the project(s) under analysis, it would indicate that
adequate and satisfactory measures have been planned in terms of the provision of
outdoor common spaces.

Figure 4 reports the classification of the 57 indicators.



Sustainability 2025, 17, 6305

11 of 21

Distribution on SDG11 Targets and related categories

Presence and quality
of green areas or

Waste quantity
and recycling

4 indicators

Population subject
torisk

3 indicators

Presence/quantity
of cultural goods
or services

2 indicators
Quality cultural
heritage

3 indicators

Phase of use

2(3% Monitoring

15 indicators

Housing livability
9 indicators

public spaces Affordability housing

6 indicators 7 indicators
- Evaluation
Housing internet 54%
affordability 31 indicators
1 indicators

207\ Monitoring and
°  Evaluation

ne6 m

15

e 11 indicators
Accessmlll.ty/presence
of connections

8 indicators

Type of vehicles used
2 indicators

na
Reference scale
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management

2 indicators
Figure 4. Characteristics of the 57 indicators’ set.

The final validation of the indicator set was conducted with experts in urban and
architectural evaluation to assess the validity, relevance, and potential calculation challenges
of the indicators.

All experts considered the 57 indicators in the set to be valid, although with different
levels of relevance and calculability:

e 15indicators were regarded as highly relevant and easily calculable;

e 15indicators were considered as highly relevant but with average calculability;

e 4indicators were considered as moderately relevant but easily calculable;

e 14 indicators were considered as moderately relevant and with average calculability;
e 9indicators were finally considered as not relevant and/or difficult to calculate.

The final set was identified by first selecting highly relevant indicators with high
calculability (15 indicators). Once selected, their distribution over the 13 categories was
observed. The intention was to construct a set that included a complete package of in-
dicators for each category, i.e., at least one indicator for both monitoring and evaluation
and at both the building and district scale on both phases (monitoring and evaluation).
However, as this assumption was not fulfilled, indicators assessed by the experts as “highly
relevant and moderately calculable” were selected and included for the empty categories.
For example, the category “Housing livability” had only one monitoring indicator on the
district scale that was extremely relevant and calculable, while a monitoring indicator on
the building scale and evaluation indicators on both scales was missing. In this case, an
evaluation indicator at the building scale was added, indicated by the experts as “highly
relevant and moderately calculable”. However, the other indicator types necessary to have
a complete package for the category were not included as they were not present in the
initial set (57 indicators). The same procedure was followed for all categories. Therefore,
we emphasize that despite the assumptions outlined above, it was not possible to pro-
pose a set of indicators that contained for each of the 13 categories at least one indicator
for monitoring and evaluation at both the building and district level, as the analysis is
based on the availability of the indicators collected in the preliminary set derived from the
literature review.
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This procedure led to a final set of 27 indicators distributed in 13 thematic

categories (Figure 5).

Distribution on SDGI11 Targets and related categories Relevance Data Issues Phase of use
Housing livability
Presence and qualit 2 indicats Fro—rfi
of green el s o dlestors 81% 0% 30% i Monitoring
public spaces Affordability housing 48%  Partial data 8 indicators
3 indicators 4 indicators High None 19 e e
PR 22 indicators Qindicators Evaluatis
o Housing internet valuation
Waste quantity il 52%
and recycling ‘1’"':"":' ility 7 15 indicators
indicator i
1 indicator n7 19% 0% o Proprietary data
w g 0 indicators ‘ Pyl
- N Monitoring and
Medium ND* 8% Evaluation
Population ns Accessibility/presence S indicators 0indicators . 4indicators
subject to risk of connections - Unreliable data
4indicators Calculability 0%
2 indicators 0 indicators
Type of vehicles used Reference scale
na 2’indicators
Transport quality & A’, s
Presence/quantity n2 1 indicator ND* e
of cult;l:gle?‘zgg: ns3 High None 48% B 30%  Building
st 15 indicators 0Oindicators 8 indicators
Quality cultural Land consumption
heritage 3 indicators o o _
1 indicator Particiation i g% 0% .,  Other . District
pation in urban 4% . 70%
planning and 1 indicator 19 indicators
management Medium ND*

1 indicator 12 indicators 0 indicators

Figure 5. Characteristics of the set of 27 indicators.

The validation process with experts highlighted the fragmentation of the indicator set,
with a high general relevance but numerous critical issues related to data availability and
quality. As shown in Figure 5, firstly, a significant portion of the indicators (13) present
issues related to the partiality or absence of available data. Secondly, only 18% of the
indicators (5) are suitable for both the monitoring and evaluation phases. Lastly, the
reference scale for the majority of the indicators (70%) is at the district level. The focus
on the district scale is consistent with the objective of providing broader measurements,
leaving the building scale to specific existing instruments.

Table 4 shows the entire set of 27 indicators with their respective specifications (Further
information is available in the Supplementary Materials, Table S1). From Table 4, the
proposed set of indicators covers 7 of the 10 SDG11 targets and is divided into 13 categories.
These broaden the themes covered by the SDG11 targets, for example:

e  Open outdoor spaces for interaction, housing cost overruns, energy efficiency and
accessibility, for Target 11.1;

e  Availability of bicycle lanes, pedestrian distances from transformation sites to pub-
lic transport stations, maximum availability of parking and interchange spaces, for
Target 11.2;

e  Unused buildings and areas to be reclaimed, for Target 11.3;

e  The quantification of the available cultural heritage and the inclusive accessibility of
school buildings, for Target 11.4;

e  Finally, the distribution of green spaces in the city for Target 11.7.
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Table 4. Final indicators” set.
. s Units of Reference Phase
Category Theme Indicator Description Measurements Scale of Use References
Target 11.1
Housing Livability Overcrowding I.’ercentage of people hymg The lndl.ca'tor measures the percen’tgge of % District Monitoring [16,17]
in overcrowded dwellings people living in overcrowded housing.
The indicator measures the endowment of
multi-family buildings with outdoor .
. . - Outdoor Common areas: X scenario- - . )
Housing Livability : . common areas and spaces, which perform Building Evaluation [42]
spaces interaction and common spaces . “ . . ” based
the function of “relationship spaces
owned and used by the entire building.
The indicator measures the percentage of
Affordable housing Cost Housing cost overload people living in households where the % District Evaluation [27]
total cost of running a home represents
more than 40% of net household income.
The indicator measures housing and social
housing types to promote a fair and
Affordable housing Cost Hous%ng types and supportive community, allowmg awide scenaro- District Evaluation [46]
social housing range of resident citizens belonging to based
different economic and social levels to live
in the same community.
The indicator assesses the number of plant
: Energy Energy types from renewable sources (none, +1 Qualitative o . y
Affordable housing efficiency sustainability solar, +1 wind, +1 hydro, +1 geothermal, 0-5 Building Evaluation 1491
and +1 biomass)
Ener The indicator measures the number of Qualitative
Affordable housing nersy Energy efficiency increases in the energy classes of Building Evaluation [41]
efficiency o3 0-5
buildings.
The indicator assesses the provision of
access to the site’s service infrastructure
Housin (gas, electricity, water, internet, etc.) and scenario-
& . Connections Utility communication infrastructure—with District Evaluation [36]
Internet affordability . . . L based
minimal disruption and minimal need for
reconstruction—and their readiness for
future growth of services.
Target 11.2
Accessibility / ) Connections Cycle paths The indicator measures the increase or m District Evaluation [45]
presence of connections new construction of cycle paths.
The indicator measures the pedestrian
Accessibility/ Connections Public mobility distance from the center of the m District Evaluation [41]

presence of connections

intervention area to the nearest public
transport hub.
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Table 4. Cont.

Category

Theme

Indicator

Description

Units of
Measurements

Reference
Scale

Phase
of Use

References

Accessibility /
presence of connections

Connections

Households reporting
difficulties with public transport
connections in the area where
they live

The indicator measures households that
declare difficulties in connecting with
public transport in the area in which they
reside (for 100 households with the same
characteristics).

D/ o

District

Monitoring

[16,17]

Accessibility /
presence of connections

Connections

Accessibility to
public transport

The indicator measures accessibility to
public transport.

scenario-
based

District

Monitoring

[41]

Type of
vehicles used

Parking
spaces

Supporting the
use of bicycles

The indicator measures the percentage
between the number of bicycles that can
actually be parked in a functional and safe
way and the number of users in the
building.

%

Building

Evaluation

(371

Type of
vehicles used

Parking
spaces

Maximum parking
capacity

The indicator measures the amount of
parking spaces according to the users of
the building with a view to promote the
use of alternative means of transport to
and from the building as an alternative to
the private car. In this sense, it is intended
to help reduce transport-related emissions
and traffic congestion associated with the
operation of the building.

scenario-
based

Building

Evaluation

[37]

Transport quality

Sustainable
organization

Interchange points

The indicator assesses the design
strategies regarding collective transport
(comfortable and safe stops, guarantee of
the construction of new stops within a
predefined time, preparation of bicycle
racks, etc.). in the proximity of the project.

scenario-

based

District

Evaluation

[42]

Target 11.3

Land
consumption

Soil
preservation

Soil sealing from
artificial cover

The indicator measures the total amount
of artificial cover land that exists at a
given time.

%

District

Monitoring and
Evaluation

(18]

Land
consumption

Building reuse

Unused buildings
by state of use

The indicator quantifies the number of
empty buildings. According to the ISTAT
glossary (2013), a building not in use is
defined as a building/complex not yet
ready to be used for residential purposes
and/or for the production of goods or
services because it is under construction; a
building/complex no longer suitable for
use for residential purposes and/or for the
production of goods or services because it
is falling down, in a state of disrepair,

and similar.

District

Monitoring

[27]
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Table 4. Cont.
. s Units of Reference Phase
Category Theme Indicator Description Measurements Scale of Use References
The indicator measures the surface area of
the project subjected to environmental
Land a3 Environmental remediation, i.e., elimination of causes of 2 a1 . ,
. Building reuse - . . m Building Evaluation [45]
consumption reclamation pollution and hazardous materials present
inside the buildings or in the areas subject
to intervention.
The indicator evaluates strategies for
raising awareness of the needs of the
Participation in community by activating participation
P s Involvement and openness and involving the people who live within scenario- I .
urban Participation ds th . itin the desi d planni P District Evaluation [42]
Janning and management towards the community itin the design and planning of the based
P intervention and in the decisions
concerning the improvement or lasting
change in their urban reality.
Target 11.4
. . The indicator monitors the number of
Presence/ quality of < ultural Heritage Cultural heritage and cultural and historical heritage assets and n District Monitoring [33,46]
goods and services landscape assets
landscape assets.
. The indicator quantifies the buildings -
Presence/quality of cultural a3 o . . . . . iy a1 Monitoring and ,
. Building accessibility Security for inclusiveness equipped with specific measures for n Building ¢ [45]
goods and services . . . Evaluation
overcoming architectural barriers.
Quality of Buildings equipped with specific ~ The indicator measures the number of
y . measures to overcome cultural or non-profit associations 2 . .
cultural Inclusion hi 1barri . involved in th . h - n/m District Evaluation [33,47]
heritage architectura arriers (meaning involved in the project on the project’s
school buildings) covered area.
Target 11.5
The indicator measures the percentage of
the population residing in areas with
medium hydraulic hazard (return time
100-200 years pursuant to Legislative
Population exposed Decree 49/2010), identified on the basis of
Population subject to risk Environmental disasters P to flood rifk the ISPRA National Mosaic of % District Monitoring [16,17]
Hydrogeological Plans (PAI, Italian
acronym) and related updates, with
reference to the P2 risk scenario. The
population considered is that of the
2011 Census.
The indicator measures the percentage of
the population residing in areas with high
and very high landslide hazard, identified
. . . . . Population exposed on the basis of the ISPRA National Mosaic o - I
Population subject to risk Environmental disasters to the risk of landslides of the Hydrogeological Plans (PAL Italian Yo District Monitoring [16,17]

acronymic) and related updates. The
population considered is that of the
2011 Census.
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Table 4. Cont.
. s Units of Reference Phase
Category Theme Indicator Description Measurements Scale of Use References
Target 11.6
The indicator measures the percentage by
Waste quality and recycling Waste Recycled/recovered weight of recycled and/or recovered % Building Evaluation [41]
materials materials used in the intervention in
addition to the legal limit percentage.
Target 11.7
Presence and quality of The indicator measures the distribution of
oen area% an cly Green spaces Distribution of spaces, in particular green areas in relation 2 /ab District Monitoring and [48]
& ublic spaces P green spaces to the total study area and the number of m/a Evaluation
P P inhabitants.
Presence and quality of The indi he ratio of Monitori d
reen areas and Green spaces Green area € Inai cator measures the ratio o m?/m? District onitoring an [45]
gpublic spaces vegetation area to mineral area. Evaluation ”
Presence and quality of The indicator measures the percentage of
green Degradation Dissatisfaction with the people aged 14 and over who declare that o District Monitoring [16,17,49]

areas and public spaces

landscape of the living place

the landscape of the place of living is
affected by evident degradation
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5. Discussions and Conclusions

This research contributes to the debate on the relationship between sustainability and
the policy-making cycle, with the aim of supporting effective indicator-based governance
and filling an operational gap that exists in the SDG11 indicators. Indeed, the policy-
making cycle comprises four distinct phases [2,20]: (i) problem identification and framing,
(ii) formulation and development of alternatives, (iii) implementation of actions, and
(iv) monitoring, evaluation, and reporting. However, SDG11 indicators are insufficient for
stages (ii) and (iii), due to their strategic, non-operational nature.

This research proposes an empirical framework that applies an inductive systematic
review of the literature based on PRISMA [21,22] and validated through a deductive
analysis based on direct surveys to propose a robust set of indicators capable of evaluating
projects at the district or building level.

The literature review involved multiple academic and institutional levels, combining
indicators from official statistical monitoring frameworks and SATs making the approach
proposed robust and valid. The preliminary collection revealed that the currently least
explored indicators for sustainable urban development concern targets 11.3, 11.4, 11.5,
and 11.7, while the most used indicators come from national sources (ISTAT), although
they are based on European and global frameworks. This confirms the basic hypothesis of
the research on the still limited use of the indicator outside the statistical framework and
national and supranational strategies.

Starting from an initial set of 341 indicators identified through a systematic review
of the scientific and technical literature, the selection process was further refined through
deductive analysis. This refinement considered the spatial relevance of the indicators in
relation to the district and building scales and was complemented by direct consultations
with experts. As a result, a final set of 27 indicators was selected, encompassing both
qualitative and quantitative measures.

The resulting set is aligned with the goals of SDG 11, but it is distinguished by
the inclusion of indicators derived from non-institutional sources, thereby broadening
the perspective offered by official frameworks. This integration allows for the consid-
eration of contextual dimensions of urban sustainability that are often overlooked in
standardized metrics.

The added value of this research lies not only in the careful selection of indicators
but also in their strategic positioning within the urban policy-making cycle. The proposed
set serves as an operational tool capable of supporting the various stages of the policy-
making cycle, offering analytical and informational support to analysts and/or public
decision-makers at both the building and district scales.

It is important to note that, among the 57 indicators considered, none were deemed
irrelevant by the experts; rather, the primary reason for exclusion from the set was related
to issues of calculability or data availability. A notable example is the “Availability Index of
Outdoor Spaces within the Dwelling” indicator, which, despite its high informational value,
proved difficult to calculate due to the lack of specific and detailed data on individual
dwellings. Nonetheless, this study acknowledges certain limitations. First, the use of
specific filters in the literature review and a strong focus on European and national SATs
may have led to the exclusion a priori of some useful indicators. Second, the direct surveys
and consultations with experts were limited to the knowledge of three regions involved
in the GLOSSA national research project (Piedmont, Campania, and Sardinia) in which
the research conveyed here is embedded. The proposed set of 27 indicators is therefore
specific to the contexts of these regions, emphasizing validity, relevance, and calculability.
Third, the paper presented does not go into the merits of the units of measurement used
to calculate the indicators making up the final set. Some indicators derived from SATs



Sustainability 2025, 17, 6305

18 of 21

envisage calculation methodologies based on “scenarios” that vary according to the project
and involve several measurement phases and may not be relevant for some contexts. Fourth,
some indicators identified in the literature were excluded from the final set during the initial
screening phase, as no specific information was provided regarding their definition, unit of
measurement, or assessment method. This led to the removal of certain categories—such
as “Expenditure on cultural goods or services”, “Deaths or injuries from disasters”, and
“Emissions”—which remain highly relevant to urban sustainability. Nonetheless, the set
of indicators collected and proposed in this study is based on existing sources and was
developed following a defined methodological framework. We believe that this limitation
highlights a promising direction for future research aimed at constructing new indicators
to address current gaps in the measurement of sustainability at both the district and
building scales.

Future research therefore envisages resolving the current limitations of the work by
applying the multi-methodological framework to a larger number of supra-national SATs
to potentially include new indicators, if relevant. It will also be necessary to validate the set
of indicators with the PAs of the three regions involved so far and then continue with the
generalization to the national level through further studies and expert consultations. It is
also planned to consider in detail all the calculation methods of each individual indicator
component of the set to understand whether these methods are really useful and applicable.
Finally, integration into an open-source tool and testing on three different case studies,
relating to the three different phases of the political decision-making cycle, is planned
and underway in order to verify the operational behavior of the set of indicators. In this
forthcoming testing phase using the open-source tool, it will also be possible to reflect on
the weighting and relevance of the indicators in relation to the specific characteristics of the
case under analysis.

Despite the limitations, the relevance of the proposed approach goes beyond the scope
of the paper. Indeed, the framework is replicable and implementable in multiple directions.
Firstly, the identified set of indicators can be applied to the evaluation of projects located in
different national realities as it considers numerous aspects of sustainability in support of
the policy-making cycle. It does not replace the official SDG11 indicator framework, but
rather complements it, serving as a foundation that can be further developed and expanded.
Secondly, the methodological approach combines inductive and deductive methodologies
that can be easily replicated. Therefore, although the results are specific to Italy, we believe
that the methodological approach and the operationalization process can offer valuable
insights for similar exercises in other countries. In this sense, the proposed empirical
framework can be applied to multiple, extended, or different sets of indicators, making the
approach flexible to different needs. Lastly, although in this study the empirical framework
is proposed at the district and building scale, this can be implemented by broadening the
perspective to broader scales (such as city or province) on the one hand and to more local
scales on the other. This is crucial to consider the value system of local stakeholders and to
keep the set of indicators operational.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su17146305/s1, Table S1: Final set of indicator.
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