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Is it possible to visualize in an immediate and powerful way the indicators that measure the 

sustainability of cities? While the final answer is rather positive, the process of getting there is 

quite complex and dense with difficulties as illustrated in this paper. The 2030 Agenda and the 

Sustainable Development Goals (SDGs) constitute a fundamental apparatus for measuring and 

observing Countries based on specific analysis systems, but without an integration with spatial 

analysis tools as Geographic Information Systems (GIS). Although the potential of the latter 

in capturing efforts toward sustainable development is recognized by the United Nations (UN), 

their use in analyzing systems is limited considering data operability issues in terms of spatial 

and temporal accuracy and proprietary diffusion modes. This paper aims at bridging the gap 

between urban sustainability analysis and GIS tools, testing the integration of SDG11 

indicators and GIS within the Italian context. The research here investigates the applicability 

and potential of such integration by considering the target 11.1 and 11.3 by focusing on a case 

study, the City of Turin (Piedmont, Italy). In operational terms, this paper implements an open 

access WebGIS database providing new spatialized sub-indicators based on the use of open 

data at the local urban scale. 
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1. INTRODUCTION

The 2030 Agenda and the Sustainable Development Goals 

(SDGs) constitute an existing apparatus for measuring and 

observing countries based on a specific system that runs into 

operational problems: current statistical indicators of 

Sustainable Development (SD) are typically nonspatial and 

assume a spatial homogeneity related to the scale adopted [1, 

2]. 

This aspect is closely linked to the paradigm shift in the 

“measurement of sustainability” introduced by the SDGs, with 

obvious implications with respect to the political and technical 

dimensions of the phenomena [3-5] underline, the SDGs 

conveyed a methodological shift towards “governance by 

numbers”, bringing data into the policy discourse with 

significant consequences for the types of knowledge required. 

Until the SDGs, many global development agendas had been 

mainly qualitative statements concerning social and political 

priorities [5]. Indeed, in the past, global governance efforts 

have mainly been based on top-down regulations and market-

based approaches [6]. 

The adoption of the SDGs and quantitative measurement 

has brought implications on the type of knowledge, thus on 

how things are conceptualised, and on policy choices, leading 

to different development norms [5]. As Biermann et al. [7] 

report, the policy impact of the SDGs still appears to be on a 

discursive level, but their adoption has fostered mutual 

learning by governments on strategies and policies to be 

implemented in the perspective of sustainable development. 

Although there is still progress and research to be done in 

this area for concrete changes at the normative and 

institutional level [7], the SDGs as a policy tool for governance 

present themselves as effective in supporting the generation of 

norms and the communication of urgent priorities [5]. 

In this context, with the adoption of the “language of 

numbers”, policy evaluation was intended to be not only about 

what is included on policy agendas but also about how to 

measure it and how quickly changes in the desired direction 

would be achieved. 

In measuring sustainability, the spatial aspect also takes on 

a relevant dimension: urban phenomena are complex and tied 

to specific contexts and locations, as emphasized also by the 

epidemiological crisis of COVID-19 [8]. The need to employ 

spatial analysis tools arises from the necessity to enhance the 

understanding of the urban environment at a deeper and more 

specific level, consequently facilitating local decision-making 

processes [9]. 

This study fits in this context and focuses on SDG11: “make 

cities and human settlements inclusive, safe, resilient and 

sustainable” [10]. Specifically, this paper aims to show one 

way of bridging the gap between urban sustainability 

indicators and spatial analysis tools by testing the hypothesis 

of integrating a selection of SDG11 indicators and Geographic 

Information Systems (GIS). The integration of statistical and 

geospatial information can be an essential tool to support 

governments and local stakeholders in public policy making 

[9] by explicating the role of statistical and geo-referenced

data as an engine for SD that can monitor and predict trends
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[11]. 

This paper illustrates one of the results of the national 

research “QUICHE. Which measurements for which policies? 

Towards Sustainable Development Goal 11”. The general aim 

of QUICHE was operatively pursued by providing the public 

sector with new spatialized indicators, organized in a database, 

to support the construction and evaluation of sustainable urban 

policies, through the implementation of a spatial freely 

available WebGIS database. So, if the first phase of the 

research involved the proposal of new indicators for SDG11 

targets 11.1 and 11.3 [12], this second phase was aimed at 

spatializing them with respect to a specific case study, the City 

of Turin (Italy), to reflect on the potential usability of these 

tools for Public Administration (PA) decision support. The 

choice of Turin as a case study was particularly stimulating, 

both because of its size, among the most populous on a 

national scale, and because of the importance the city itself 

attaches to aspects of sustainability and livability within the 

framework of 2030 Agenda [13]. 

It is important to underline that QUICHE was conceived 

during the first lockdown related to the spread of the COVID-

19 pandemic and was strongly influenced by it. Thus, the 

research conveyed in this paper moved from a critical 

reflection on practices in the pursuit of SDG11 in relation to 

the pandemic propagation and the need to live with it 

indefinitely. Starting from this premise, three research 

questions emerged: 

(1) What phenomena do we need to look at when we talk

about urban sustainability and how do we measure them? 

(2) How to localize and spatialize SDG11 indicators from a

data-driven operational perspective? 

Hence the choice of three SDG11 indicators specifically 

was derived (11.1.1- “Proportion of urban population living in 

slums, informal settlements or inadequate housing”; 11.3.1- 

“Ratio of land consumption rate to population growth rate”, 

and 11.3.2- “Proportion of cities with a direct participation 

structure of civil society in urban planning and management 

that operate regularly and democratically”) not because 

spatialization reasoning was avulsed for the others, but 

because at that moment they seemed the most urgent to 

address. Now that the pandemic emergency is over, it seems 

possible to affirm that the path outlined for those indicators 

can also be adapted to other SDG11 targets, which could be a 

future development of the research. 

The paper is structured as follows. Section 2 frames the 

theoretical background considering the broader perspective of 

the localization processes of the 2030 Agenda, underlining the 

role of spatial analysis in measuring SDG11 progress and the 

data-driven operability issues affecting systems at the local 

level. Section 3 describes the method used to conduct the 

research. Section 4 identifies specific data-driven operability 

issues limiting the analysis and spatialization of indicators and 

Section 5 presents the procedure used for elaborate data. 

Section 6 presents and discusses the spatial maps for indicator 

11.1.1, 11.3.1 and 11.3.2. Lastly, Section 7 summarizes the 

conclusions and the future developments. 

2. DATA-DRIVEN OPERABILITY ISSUES

Localization of the SDGs refers to “the process of defining, 

implementing and monitoring strategies at the local level” [14]. 

In the Italian context, this process is proceeding slowly. At 

the national level, the National Strategy for Sustainable 

Development (NSSD) provides guidelines for the pursuit of 

environmental, social and economic sustainability goals [15], 

based on which each region is called to provide a Regional 

Strategy for Sustainable Development (RSSD). However, the 

shift from regional to local territorial scales runs into 

operational problems [16] related to data availability, 

accessibility and readability with the result that the NSSD and 

RSSDs fail to find implementation in spatial government tools 

[15, 17]. 

In this panorama, GIS are recognized as tools with high 

potential at the ability to create “geographic design 

frameworks” to support the resolution of complex problems 

[18, 19] and by increasing data generation at the local spatial 

scale facilitating the integration of conventional statistical 

processes [9]. 

Indicators for analyzing SD synthesize information from 

different spatial components into a single one [20] 

transforming them into measurable elements using specific 

data [21, 22]. Within the processes of localization of the SDGs 

indicators, it is necessary to collect such data at a local level, 

also paying attention to the necessary spatial component for a 

stable understanding of the phenomena [16]. Indeed, 

producing usable and extractable information from the data 

can be challenging if the geo-referenceable components of the 

latter are not taken into account: the existence of a large and 

heterogeneous volume of data can return “a desert of 

information” [23]. This condition of considerable 

heterogeneity is particularly evident at the local scale of the 

territory [22] and especially in Italy, hindering processes of 

spatial analysis due to certain specificities: 

● Spatial scale implies issues of inhomogeneity for the

whole territory in terms of data availability [1]. While at the 

national scale there are several research organizations for data 

collection and management [24], at the local scale the 

information is dispersed in a multitude of different databases 

[25] that are difficult to detect and use;

● Time scale leads to a high segmentation of the level

of available aggregates and scarce representativeness [16] in 

terms of updating and width of the interval between the 

surveys [22]. The effectiveness of the data update is indirectly 

proportional to the territorial level considered [11]. At the 

urban territorial scale, the data mainly relate to dated and not 

representative censuses [1], conditioned both by the delay 

between their diffusion and the moment of the survey and by 

the width of the time interval between censuses themselves. 

3. RESEARCH DESIGN

The project QUICHE has been developed according to two 

phases: i) phase 1 related to the definition of the theoretical 

model used for the SDG11 indicators implementation; ii) 

phase 2 concerning the operationalization and application of 

the set of indicators to the city of Turin, as a case study. We 

report below a summary of phase 1 (for more information 

please refer to studies [12, 26]) and the specific steps of phase 

2 (Figure 1), addressed in this paper. 

Phase 1. The first phase of the research involved the 

definition of a theoretical model, consisting of three steps-

state-of-the-art analysis, indicator review, and implementation. 

The theoretical model aimed at proposing a new set of sub-

indicators for measuring SDG11 targets 11.1 (with respect to 

indicator 11.1.1) and 11.3 (with respect to indicators 11.3.1 

and 11.3.2). These were identified based on three pathways of 
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implementation, responding to the shortcomings detected in 

the existing framework (localization, spatialization, and 

coordination) since they: i) provide a spatialization of sub-

indicators, whether existing or new (all the pathways); ii) 

address the issue of coordination, looking for those existing 

and measured sub-indicators that are not currently part of the 

SDG11 framework (the second pathway); and iii) tackle the 

challenge of localization, proposing new sub-indicators as 

much as possible at a small scale (all the pathways). 

Figure 1. Overall design of the research 

Figure 2. Overview of the proposed sub-indicators for indicator 11.1.1 and 11.3.1 [12] 

The new set proposed by study [12] consists of 18 sub-

indicators, as shown in Figure 2. 

Phase 2. The phase of operationalization pursues the goal of 

integrating spatial analysis tools within urban analysis. Indeed, 

it considers the localization to the urban scale of existing data 

observed at the regional level and the spatialization of the sub-

indicators proposed in the previous phase. Such sub-indicators 

are structured within a spatialized database through GIS tools, 

considering the City of Turin as a case study. 

Phase 2 is articulated into 3 steps, namely: 

● Step I (operability) aims to operationalize the

spatialization first through the application to the case study and 

second through research actions including the involvement of 

representatives of public administrations (PAs) and local 

actors relied upon by PAs. The former allowed us to identify 

specific data-driven operability issues limiting measurability 

and spatialization of indicators. The latter leads to a clear 

picture of the state of the art of existing usable data in terms of 

spatial scale, temporal update, and existing geo-referencing; 

● Step II (data elaboration) involves the entering of all

the implemented sub-indicators into the database according to 

the possibility of solving the identified gaps, thus leading to 3 

different cases of re-processing: i) elaboration considering a 

temporal update; ii) identification of suitable proxies; iii) 

impossibility of spatialization. Accordingly, 9 of the 18 

proposed sub-indicators were spatialized. Considering the 

process of localization and the need for disaggregation, these 
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emerged as the most relevant, with more data available, up-to-

date, and with geo-referable information. To standardize the 

proposed database, the single local spatial scale of the “district” 

was taken as the unit of analysis for reading the phenomena, 

i.e., that part of the territory under the specific jurisdiction of

an administrative body. In the reference case study, the city of

Turin, there are 8 districts or administrative macro-zones. An

exception is made for one sub-indicator, relating to the real

estate market, for which the unit of analysis of municipal

homogeneous territorial zones (The “homogeneous territorial

zones” constitutes the most appropriate unit of analysis since

OMI zones are a subset of the District and more specifically

are defined as the “portion of the territorial area that reflects a

homogeneous compartment of the local real estate market, in

which there is substantial uniformity of appreciation for

economic and socio-environmental conditions. This

uniformity is translated into homogeneity of market values of

real estate units included in a range with a deviation between

minimum and maximum values, as a rule, not exceeding 50%”

[41]) (OMI in the Italian acronym) has been chosen;

● Step III (implementation) foresees the integration of

the proposed database within the existing WebGIS 

dissemination platform “Metropolitan Geographies” [27], 

developed and owned by the autonomous association Urban 

Lab Torino [28]. This platform is an open access and reference 

tool while built with proprietary ArcGIS software provided by 

the ESRI company [29]. It is worth noting that the purpose was 

to test the proposed database within an existing tool, to lay the 

groundwork for making it a more structured tool to support 

strategic public sector action. 

4. OPERABILITY

The first action has a theoretical relevance providing an in-

depth literature analysis to identify gaps in terms of the actual 

use of indicators. The second and third actions are related to 

the case study in exam and are concerned with a survey of 

existing open access databases at the local level as well as an 

interaction with local PAs and territorial actors to understand 

whether the identified gaps were relevant to the case study. 

4.1 Literature analysis 

Considering the data-driven operability issues of the SDGs 

indicators, a literature analysis through scientific articles 

allowed us to underline the main gaps within the analysis, 

monitoring and localization processes. 

The first action concerning the literature search involves the 

identification of relevant articles on the Scopus database. The 

query was initiated according to the formulation “monitoring 

SDG” OR “localizing SDG” AND “GIS” OR “geographic 

information systems” AND “sustainable development goal”, 

in a time-frame 2015-2022, to consider the literature published 

after the 2030 Agenda formulation. The result of this phase 

brought the identification of 29 references, then evaluated 

according to their potential relevance for the research, leading 

to 7 references [30-36]. 

The data-driven operability gaps identified are: 

● The availability of data, understood as 

inhomogeneity in terms of disaggregation levels [30-35]. The 

process of disaggregation at the urban scale is certainly useful 

for extracting essential information from the data. However, it 

is an expensive process in terms of time and money and 

therefore unworkable with regularity in a resource-constrained 

context such as the national mandates on the SDGs. Therefore, 

data for calculating SDGs indicators at the urban scale often 

are not produced and it is necessary to rely on data collected 

for different purposes, episodically and not continuously [33]. 

A real example of this problem can be found in the specific 

case of the City of Turin: with respect to indicator 11.1.1 

“Share of total population living in a dwelling with a leaking 

roof, damp walls, floors or foundation, or rot in window 

frames of floor”, data are available at the regional scale, but 

there are currently no shared data at the urban or local scale 

[12]. Moreover, this issue also emerges as relevant in some 

European projects [37-38], where data availability constitutes 

a key element in the selection of the set of indicators to be used 

for monitoring and evaluation; 

● The inhomogeneity of the databases implies great

difficulties in cross-referencing multiple elements that are not 

immediately intelligible. The data contained in different 

databases are partial and do not allow for thorough 

investigation of complex phenomena such as those outlined by 

the SDGs [33, 34, 36]. In addition, existing databases used by 

PAs are often not open-access, making data access impossible 

and integration with real-time systems unreliable. In support 

of this, it is indeed noted that in the specific case of the City of 

Turin, some data on the housing phenomenon are available at 

the urban scale, and therefore useful for SDG11 monitoring, 

however these data are not open access; 

● The heterogeneity of spatial and temporal scales,

which takes into account the fact that available data report 

different spatial and temporal references from each other. 

Sometimes, significant phenomena at the urban scale are 

measured at the regional or national scale limiting the location 

of the SDGs. When data are instead available at the 

appropriate scale, there are temporal discrepancies between 

data sets that are not regularly updated [30, 35]. A real 

example of this problem can be found in the specific case of 

the City of Turin of indicator 11.1.1 “Overcrowding rate”: data 

at the regional scale are updated to 2022 [39], while 

monitoring at the urban scale is only up to 2011 [40]. 

4.2 Survey of existing open access databases 

Once the main operability gaps had been identified on a 

theoretical level through the literature review, an empirical 

analysis was conducted to underline such gaps in the real 

context. Accordingly, the survey involves the exploration of 

the existing open access databases at the local level of the case 

study of Turin. This direct investigation confirmed the three 

gaps identified, underlining available usable data at the local 

urban scale only for one sub-indicator related to indicator 

11.1.1, and 2 sub-indicators related to 11.3.1. Moreover, 

although available, such data do not report usable spatial and 

georeferenced information, or they are not updated and need 

further elaborations. Concerning the other sub-indicators, it is 

noted that the current data are reported at the spatial scale of 

the Piedmont Region or Census Area (ACE, Italian acronym). 

Hence the need for supplementary elaboration in spatial and 

temporal terms. 

4.3 Interaction with local PAs 

Further specific evidence on the relevance of the operability 

gaps to the case study was obtained through an interaction with 

local PAs and territorial actors. More precisely, the meetings 

carried out have been: 
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● 4 with the representatives of the PAs including

Piedmont Region, the Metropolitan City of Turin, and the 

Municipality of Turin; 

● 10 with territorial agencies, entities, and institutes

collaborating with the PAs, which collect and manage 

territorial data, including the Institute of Economic and Social 

Research of Piedmont (IRES, Italian acronym), the 

Consortium for the Information System of Piedmont (CSI, 

Italian acronym) and the Territorial Agency for the House of 

Central Piedmont (ATC, Italian acronym). 

These meetings allowed, on the one hand, to confirm the 

specific data-driven operational issues that limit the 

measurement and the spatialization of SDG11 indicators from 

the PAs. On the other hand, the territorial agencies, entities and 

institutes managing territorial data, allowed us to validate and 

complete the state-of-the-art picture on the available open 

access data for the case study, considering the local spatial 

scale, the temporal updating, and the existence of a 

georeferencing. 

5. DATA ELABORATION

Since the state of the art showed the availability of most data 

on scales larger than the local urban scale and the non-

existence of already spatialized information, the district was 

taken as the unit of analysis. The only exception to this scale 

is the indicator “Housing market trends” for the analysis of 

which the so-called OMI zone was chosen. 

The choice of the unit of analysis was also influenced by the 

practices adopted by the WebGIS platform “Metropolitan 

Geographies” [27] itself, into which the proposed spatialized 

database is fed. As already mentioned in Section 3, the use of 

an existing database avoids further duplication and 

inhomogeneity between sources. 

In operative terms, during the application to the case study, 

the spatialization of the proposed database of the 9 selected 

sub-indicators depended on dealing with and solving the three 

gaps identified in the literature analysis (availability of data, 

inhomogeneity of the databases, heterogeneity of spatial and 

temporal scale of the available data, mentioned in the above 

paragraph), by applying data reprocessing procedures (Tables 

1-3). These procedures led to differentiate two cases:

● 8 sub-indicators were processed considering

disaggregation of existing data, the combination of different 

statistical and geospatial data, and a temporal update as recent 

as possible; 

● 1 sub-indicator was replaced with a suitable proxy.

To properly measure the indicator 11.1.1, a total of 4 sub-

indicators were localized and then spatialized. The regional-

scale sub-indicator “Overcrowding rate” was replaced with the 

sub-indicator “Square meters per occupant in occupied 

dwellings” produced by ISTAT [42] at the local urban scale. 

Indeed, the identification of this sub-indicator as a proxy was 

due to the need to adapt the representation of the crowding 

phenomenon at the local scale with information that 

adequately captured the issue by not being too biased. The 

proxy contains more detailed information than the regional-

scale sub-indicator, identifying the average area of space in 

square meters available to each occupant of the dwelling. Also, 

even if currently updated to 2011, it results in an already 

spatialized base for the purpose of any further implementation 

that considers updated data. 

Data processing involved the joint use of open-source 

statistical and geospatial data, combined in an integrated 

dataset at the District-level unit of analysis, for a 

comprehensive and interconnected view of the information. 

For indicator 11.3.1, 3 sub-indicators were spatialized. Data 

processing followed the same logic as above, thus combining 

open source statistical and geospatial information, in this case 

updated to 2020. Furthermore, in data processing for all 3 sub-

indicators it was possible to proceed with a disaggregation of 

already existing data on an urban scale, reporting them to the 

district analysis unit. The disaggregation process took place 

directly within the GIS environment based on the 

manipulation of statistical and geospatial information already 

existing at the urban scale, contained in the regional open-

access spatialized database of the Territorial Reference 

Database of the Piedmont Institutions [43]. 

For indicator 11.3.2, 2 sub-indicators were spatialized. The 

data was processed by aggregating both open and proprietary 

statistical information through a database provided by Urban 

Lab Torino, updated to 2021. Since the data were already 

provided at the district analysis unit, a disaggregation process 

was not required. The procedure consisted of an update of the 

proprietary information using data from open sources, which 

were directly collected, systematized in statistical terms, and 

aggregated in geospatial information for spatialization. 

Table 1. Data processing of the sub-indicators related to indicator 11.1.1- “Proportion of urban population living in slums, 

informal settlements or inadequate housing” 

Sub-Indicator 
Unit of 

Measure 

Existing 

Scale 

Standardized 

Scale 

Unit of 

Analysis 
Elaboration 

Population living in 

households with 

noise from neighbors 

or from the street 

[%] Regional Urban District 
Joint use of open source statistical and geospatial data aggregated 

into a single information updated to 2020 

Overcrowding rate [sqm/ab] Regional Urban District 

Replaced using the existing sub-indicator “Square meters per 

occupant in occupied dwellings” as proxy. Although this sub-

indicator reports an update to 2011, it returns statistical 

information on urban scale and moreover, it does not only 

identify crowding in general terms but the average surface area in 

square meters available to each occupant 

Potential for 

residential use 
[%] Urban Urban District 

Adding geospatial information to existing census statistical data 

updated to 2011. Although this sub-indicator reports an update to 

2011, it collects usable data on urban scale 

Housing market 

trends 
[%] Urban Urban OMI 

Joint use of open source statistical and geospatial data aggregated 

into a single information updated to 2020 
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Table 2. Data processing of the sub-indicators related to indicator 11.3.1 “Ratio of land consumption rate to population growth 

rate” 

Sub-Indicator 
Unit of 

Measure 

Existing 

Scale 

Standardized 

Scale 

Unit of 

Analysis 
Elaboration 

Soil sealing from artificial 

land cover per capita 
[sqm/ab] 

Regional 

and Urban 
Urban District 

Disaggregation of existing data to larger scales and joint 

use of open source statistical and geospatial data 

aggregated into a single information updated to 2020 

Increase per year of land 

consumed compared to the 

previous period 

[ha] 
Regional 

and Urban 
Urban District 

Disaggregation of existing data to larger scales and joint 

use of open source statistical and geospatial data 

aggregated into a single information updated to 2020 

Edge density [m/sqm] Urban Urban District 

Disaggregation of existing data to larger scales and joint 

use of open source statistical and geospatial data 

aggregated into a single information updated to 2020 

Table 3. Data processing of the sub-indicators related to indicator 11.3.2 “Proportion of cities with a direct participation structure 

of civil society in urban planning and management that operate regularly and democratically” 

Sub-Indicator 
Unit of 

Measure 

Existing 

Scale 

Standardized 

Scale 

Unit of 

Analysis 
Elaboration 

Percentage of proposal 

of Cooperation 

Agreements accepted 

[%] Urban Urban District 

Joint use of open source and 

proprietary statistical and geospatial 

data aggregated into a single 

information updated to 2021 

Timing of Cooperation 

Agreements 
[%] Urban Urban District 

Joint use of open source and 

proprietary statistical and geospatial 

data aggregated into a single 

information updated to 2021 

6. IMPLEMENTATION

Concerning the application of the research to the case study, 

the process involved, as presented in section 4.3, a series of 

meetings with PAs, agencies, spatial entities and institutes 

collaborating with PAs. These meetings, in addition to 

validating and completing the state of the art picture on the 

open access data available for the case study, made it possible 

to be aware of the existence of numerous databases containing 

large volumes of spatial territorial data. Consequently, it was 

decided to feed the existing platform “Metropolitan 

Geographies” [27] of Urban Lab Torino, with the idea of 

conveying data into a platform already active and available to 

the City of Turin, in a perspective of circularity and 

sustainability of information. The platform is available to 

everyone for different purposes: PAs can use it to get a 

snapshot of the territory on which to base decisions; citizens, 

institutional and non-institutional bodies can use it to find out 

how the city is performing on certain issues and thus notice the 

conditions. 

Moving into the details of the maps and data, we observe 

that the platform “Metropolitan Geographies” [27] makes it 

possible to query with reference to the sub-indicator measure 

both at the level of the urban scale of the city of Turin and at 

the unit of the districts, returning specific and aggregated data 

through graphs and/or numerical restitution. Also, it allows the 

reference map to be modified according to the observed sub-

indicators (e.g., geographic territory, OpenStreetMap, 

topographic), in order to return a clear investigation of the 

phenomena represented. 

Within this section for indicator 11.1.1, 11.3.1 and 11.3.2, 

the information spatialized in the platform is shown. It is worth 

highlighting that the maps can offer two types of information: 

(1) the sub-indicators report insights for the public sector on

a phenomenon in their individual reading by comparing the 

data of the specific sub-indicator among the districts or by 

comparing the latter with those of the city of Turin. The 

spatialization of sub-indicators proves to be useful in 

identifying and visualizing a specific aspect and making it 

easily comparable between areas of a city; 

(2) the sub-indicators provide insights for the public sector 

on more than one phenomenon, through the cross-reading of 

data. This is the case of the sub-indicator “Housing Market 

Trends”, for which an individual reading does not convey 

additional information to those already provided by other 

existing databases (i.e., Internal Revenue Service). Instead, the 

cross-reading of the data on “Housing Market Trends” with 

those collected on other sub-indicators allows one to 

understand their potential relationships and influences, 

favoring the support of decision-making processes towards 

effective and sustainable solutions. 

The maps’ narrative provided in sections 6.1 and 6.2 follows 

this differentiation by highlighting, through examples of data 

reading, how GIS allows a rapid visualization of spatial issues 

and problems. The information that the maps provide is of two 

types: (i) when the map refers to the entire city, a number, 

relating to the average value of the phenomenon, and an 

overview of the trend of the phenomenon shown by the 

different gradients of color in the various districts, i.e. at 

increasing values, the color gradient becomes increasingly 

darker; (ii) when the map refers to a specific district, a number, 

relating to the value of the phenomenon in that area, and the 

same color that already refers to that district in the general map. 

6.1 Individual reading 

6.1.1 Indicator 11.1.1 

Population living in households with noise from neighbors 

or from street. The sub-indicator quantifies the percentage of 

the resident population exposed to noise compared to the limits 

defined by the Acoustic Classification Plan (PCA, Italian 

acronym) of Turin. The PCA, in line with national regulations 
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[44], establishes maximum noise parameters, respectively, 

during day-time (06:00-22:00) and night-time (22:00-06:00) 

hours by dividing the territory into 6 classes according to land 

use: (i) protected areas (50dBA-40dBA); (ii) predominantly 

residential areas (55dBA-45dBA); (iii) mixed areas (60dBA-

50dBA); (iv) areas of intense activity (65dBA-55dBA); (v) 

predominantly industrial areas (70dBA-60dBA); and (vi) 

exclusively industrial areas (70dBA). Regardless of the 

prevailing land use of the areas examined, the calculation and 

spatialization of the sub-indicator take the values of Class II 

(55dBA-45dBA) as benchmarks which are considered the 

limits for people leaving it. The sub-indicator aims to provide 

an innovative reading of acoustic issues hitherto unseen within 

current spatial government tools. Such a reading sets out to 

relate the territory and its uses to the population living there. 

The sub-indicator takes on social as well as environmental 

significance by highlighting the percentage of people suffering 

from noise-related problems regardless of whether they live in 

predominantly residential areas (II) or in other areas (Figure 3 

(a) and Figure 3 (b)).

Figure 3. Sub-indicator “Population living in households with noise from neighbors or from street”: day-time period at the urban 

scale (map a); night-time period at the urban scale (map b) 

Regarding the sub-indicator “Population living in 

households with noise from neighbors or the street”, several 

queries are possible within the “Metropolitan Geographies” 

platform. First, it is possible to see the situation of the entire 

city of Turin by distinguishing between day-time and night-

time hours. This distinction is fundamental since it follows 

regulatory indications that provide different acceptability 

thresholds at different times. As can be seen from Figure 3 (a) 

and Figure 3 (b), Turin shows discomfort situations for 

residents in both day-time and night-time (15.8% and 22.6% 

respectively). This type of query may be of interest to different 

types of stakeholders (PAs or citizens) to understand the 

current situation of the city in terms of noise discomfort 

experienced by residents and consequently be better situated 
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to orient policies and strategies for improvement on a large 

scale. Second, it is possible to observe the situation of each 

individual district and, consequently, make comparative 

reasoning. As an example, Figure 4 (a) and Figure 4 (b) show 

the situation at night-time for districts 5 and 6 which are both 

depicted as mixed areas by the PCA. However, the comparison 

provided in “Metropolitan Geographies” shows that districts 5 

and 6 have opposite rates of noise discomfort experienced by 

residents within the city: 29.8% and 2.6% respectively. 

Therefore, it is not possible to define common improvement 

intervention solutions between the 2 districts and it is 

necessary to intervene separately. Spatialization of the sub-

indicator “Population living in households with noise from 

neighbors or from the street” can thus on the one hand support 

decision-making through effective communication of the 

noise phenomenon but also contribute to the identification of 

a social dimension of the phenomenon itself that, if integrated 

with the environmental reading of noise issues brought by the 

PCA can certainly support strategic and sustainable decision-

making. 

Square meters per occupant in occupied dwellings. This 

sub-indicator identifies the average area available to each 

resident within dwellings measured in square meters and is 

used within ISTAT’s dissemination system called 

“8milaCensus” [42]. Although similar to its predecessor 

“Overcrowding Rate”, the “Square meters per occupant in 

occupied dwellings” sub-indicator is a proxy that has several 

advantages. First, the definition of the concept of 

overcrowding rate is not homogeneous at the European level 

[45, 46] and therefore lends to vague and potentially biased 

interpretations of the phenomenon given the difficulty of 

measurement. This is not the case for the sub-indicator 

“Square meters per occupant in occupied dwellings” being 

expressed in square meters, a quantity recognized and 

accepted as a suitable parameter for measuring phenomena 

relevant to the housing market. Second, this sub-indicator 

naturally contains within itself a spatial significance and is 

therefore easy to read and update (Figure 5). 

Figure 4. Sub-indicator “Population living in households with noise from neighbors or from street”: night-time period within the 

District 5 (map b); night-time period within the District 6 (map c) 
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Figure 5. Sub-indicator “Square meters per occupant in occupied dwellings”: urban scale 

Figure 6. Sub-indicator “Potential for residential use”: urban scale 

Also, for the “Square meters per occupant in occupied 

dwellings” sub-indicator, the “Metropolitan Geographies” 

platform allows multiple queries at the city and district scale. 

Figure 4 (a) shows how, on average, Turin’s inhabitants have 

42.2 sqm available inside their dwellings, a value that is much 

higher than the housing and sanitation suitability limits that set 

14 sqm per inhabitant as the minimum limit of habitability 

[47]. This type of query also makes it possible to see where the 

city ranks in relation to other Italian or European cities and 

thus understand whether policies for housing improvement are 

appropriate, possible or necessary. 

Querying by individual districts, on the other hand, goes in 

the direction of supporting local strategies such as, for 

example, the Social Inclusion Plan (PIS, in the Italian 

acronym) promoted by the Turin PA and aimed at co-

designing strategies to combat material deprivation and social 

marginalization [48]. The PIS, although defined in 2018, took 

on strategic importance during the period of the COVID-19 

pandemic, which brought out strongly problematic housing 

situations and new needs [49] also in terms of residences’ size. 

Having a sub-indicator expressed in square meters can 

therefore be an effective and supportive tool for PAs in 

identifying the most problematic areas of the city [50] in terms 

of overcrowding or, on the contrary, highlight the 

underutilization of certain properties. In the latter case, if they 

are properties belonging to public affordable housing bodies, 

one could rethink a redistribution of space, new housing 

surfaces, new criteria for allocating houses. This type of 

spatialized sub-indicator does not have the ambition to define 

a phenomenon as much as to effectively communicate it 

according to the most classic use of visualization tools such as 

helping stakeholders to ‘‘get on the same page’’ [51] and to 
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have a collective insight [52] about issues. In this sense, such 

spatialized sub-indicator can be supportive in decision-making 

processes involving experts and citizens with different skills, 

needs and sensitivities but who are all part of the same co-

design strategy. 

Potential for residential use. This sub-indicator, currently 

used within the “8milaCensus” database [40], returns the 

percentage share of unoccupied dwellings in relation to the 

total number of dwellings in the area under consideration. This 

sub-indicator is closely related to the previous “Square meters 

per occupant in occupied dwellings” sub-indicator and is its 

flip side. If in fact the sub-indicator “Square meters per 

occupant in occupied dwellings” aims to highlight a 

phenomenon of overcrowding, the sub-indicator “Potential for 

residential use” is aimed at identifying underutilized 

residential spaces. The issue of abandoned or unused 

architectural heritage is one of the main problems of 

contemporary cities and at the same time a significant resource 

for SD [53]. This view of unused buildings as a source of 

community resilience for PA policies [54] emerged during the 

pandemic period of COVID-19 when such buildings became a 

resource for temporary reversible adaptations of urban space 

and the enhancement of neighborhood facilities [55]. 

It is important to emphasize that the “Potential for 

residential use” sub-indicator is innovative for Turin’s policies 

since the current spatial government instruments deal with the 

issue of unused real-estate stock in general terms without 

delving into the types of such stock, except for brownfields. 

This attitude of untimely knowledge of the territory sometimes 

leads to the waste of huge financial resources and/or the 

establishment of inappropriate housing policies. 

From Figure 6, the city of Turin has little housing potential 

(9,7%), which indicates how difficult it is to draw on the 

available stock in situations of housing emergency or 

vulnerability. 

However, looking at several districts reveals very different 

situations. If district 2 for example has almost no housing 

potential (Figure 7 (a)), the same cannot be said for district 6 

(11,2%) (Figure 7 (b)). This information becomes significant 

and interesting for the PA if read, for example, in 

superimposition on the Urban Recovery Plan (PRU in the 

Italian acronym) of which district 6 was the subject. The PRU 

provided for real estate and social interventions in co-design 

with the residents of the area, which could have taken on 

greater social sustainability value if observed from the 

perspective of the “Potential for residential use” sub-indicator. 

Currently, this spatialized sub-indicator could be useful in the 

activation of Neighborhood Contracts, PA tools aimed at 

urban and building redevelopment with priority attention to 

social and residents’ aspects. In this sense, the choice on which 

areas Neighborhood Contracts should be activated can be 

guided not only by housing distress but also by the residential 

potential that the area itself can offer. 

Figure 7. Sub-indicator “Potential for residential use”: within District 2 (map a) and District 6 (map b) 
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In this context, the spatialization of underutilized residential 

buildings and the visualization of the areas of the city most 

affected by this phenomenon goes in the direction of rapid and 

efficient integration and communication of diverse 

information. Accordingly, the PA is supported in: i) 

establishing housing emergency plans; ii) knowing the areas 

of the city where it is possible to settle affordable housing 

complexes through the practice of adaptive reuse [56]; iii) 

identifying financial incentives to private actors to promote the 

practice of reusing disused buildings and decrease land 

consumption; and iv) defining new tools and strategies for the 

territory. 

6.1.2 Indicator 11.3.1 

In this section, we show the spatialization and comment on 

the sub-indicators “Increase per year of land consumed 

compared to the previous period”, “Soil sealing from artificial 

land cover per capita”, and “Edge density”. Data for the three 

sub-indicators of 11.3.1 target are collected at the urban scale 

by the Piedmont Region (BDTRE). However, the present 

research takes a step forward by disaggregating and 

spatializing the data at the district scale so as to better 

contribute to the definition of urban policies and strategies 

which must necessarily consider the specificities of different 

portions of the territory from the perspective of sustainability. 

Unlike the sub-indicators illustrated so far, the three sub-

indicators pertaining to 11.3.1 all go in the direction of 

defining the same phenomenon related to urban land 

consumption looking at it from different perspectives. This 

phenomenon is recognized as one of the main causes of the 

deterioration of ecosystem balances, flood risk and climate 

change in general terms, and it is therefore necessary for PAs 

to be able to identify concrete actions that can contain it [57-

60]. 

Increase per year of land consumed compared to the 

previous period. This sub-indicator (Figure 8) aims to show 

the difference of urban land consumed in hectares in 2019-

2020 and the land consumed in 2019 from data collected by 

ISPRA [61, 62]. Unlike ISPRA data that return a net value of 

land consumption in percentage terms, this sub-indicator is 

diachronic. Thus, the innovation lies in the possibility of 

observing densification trends within the urban area over a 

given period in line with the perspective taken by current 

strategies. 

As shown in Figure 8, the city of Turin saw an increase in 

land consumption of 0,2 hectares during the reference period. 

In this case, the map shows only two colors, as the values 

recorded for some districts are the same. The same trend can 

be observed in all districts with some notable differences. For 

example, Districts 4 and 5 show different levels of urban land 

consumption growth (0,1 hectares and 0,2 hectares 

respectively) despite having a similar urban tissue and being 

adjacent. Therefore, the ability to observe this spatialized sub-

indicator allows us to understand which districts show 

unfavorable urban land consumption trends. Through 

spatialization it is also possible to develop integrated 

reasoning that helps to quickly understand the possible causes 

for such consumption in particular areas and therefore be 

better situated in future decision-making processes. Taking 

districts 4 and 5 as examples (Figure 9 (a) and Figure 9 (b)), it 

emerges how they have very different sizes and densities of 

the built environment. District 4 is small, characterized by the 

presence of a river and therefore subject to hydrogeological 

buffer strips that naturally contain the possibility of further 

land consumption. In contrast, District 5 is large, not subject 

to hydrogeological risk, and has a lower built density than the 

previous one extending toward undeveloped areas. By 

spatializing this sub-indicator, it is therefore possible to state 

that District 5 should be given attention by the PA within land-

use government tools and urban SD strategies to achieve the 

global and European goals of zero net land consumption by 

2050 [63]. 

Figure 8. Sub-indicator “Increase per year of land consumer compared to the previous period”: urban scale 
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Figure 9. Sub-indicator “Increase per year of land consumer compared to the previous period”: within the District 4 (map a) and 

the District 5 (map b) 

Soil sealing from artificial land cover per capita. This sub-

indicator (Figure 10) quantifies the area per capita occupied by 

artificial land cover resulting in total or partial soil sealing. 

This sub-indicator was calculated using the ratio of the 

district’s impervious area in square meters to the district's total 

population. In line with the analyses carried out by ARPA 

[64], the artificial cover considered includes permanent 

buildings and infrastructure and does not take into account 

temporary structures. The sub-indicator “Soil sealing from 

artificial land cover per capita” is complementary to the 

previous “Increase per year of land consumed compared to the 

previous period” providing a reading of the urban land 

consumption phenomenon in social terms and impact on the 

quality of life. Intense soil sealing, in fact, has strong negative 

consequences on the balance of ecosystems [60] and 

consequently affects the well-being of individuals in terms of 

increased chances of spreading infection diseases [65], 

increased stress, decreased emotional well-being, increased 

sense of insecurity as well as decreased chances of social 

cohesion and interaction [66]. 

Figure 10 shows that the ratio of “Soil sealing from artificial 

land cover per capita” is 119,1 sqm/inhab considering the 

whole city of Turin. In general terms, this is a good 

performance compared to the same ratio calculated for the 

entire Piedmont Region (300 sqm/inhab- [64]). However, 

significant differences emerge by observing the data for each 

district. Looking, for example, at districts 3 (Figure 11 (a)) and 

6 (Figure 11 (b)) we note how these have a ratio 91.7 and 147 

sqm/inhab respectively placing district 6 as the worst in the 

city. Looking at the spatialized data it is possible to notice that 

this district is characterized by the presence of industrial 

warehouses, manufacturing areas and a major landfill. 

Similarly to the previous one, the possibility of visualizing the 

sub-indicator “Soil sealing from artificial land cover per 

capita” spatialized would allow the immediate reading of 

different phenomena and the consequent conduct of faster 

decision-making processes capable of relating causes and 

effects. 
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Figure 10. Sub-indicator “Soil sealing from artificial land cover per capita”: urban scale 

Figure 11. Sub-indicator “Soil sealing from artificial land cover per capita”: within District 3 (map a) and District 6 (map b) 
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In general terms then, the spatialized “Soil sealing from 

artificial land cover per capita” sub-indicator can support PA 

on the one hand in monitoring urban sprawl and the resulting 

soil sealing and loss of green areas, and on the other hand in 

empirically identifying possible causes of an unfavorable 

situation. Monitoring the urban land in these terms is relevant 

both in a general world scenario of increasing urban land 

consumption and in an Italian scenario where an increasing 

trend of consumed soil per capita has been recently recorded 

[64]. Supporting PAs in identifying the most sealed areas of 

the city can facilitate targeted action to limit transformations 

with negative impacts on soil consumption and encourage 

interventions to return green spaces to the city. This is crucial 

for the green transition and SD of cities, given the UN and 

European targets of zero net land consumption by 2050 [67]. 

Edge density. This sub-indicator aims to describe the 

fragmentation of the urban tissue in terms of the density of the 

built landscape. In line with the literature [68, 69], the “Edge 

density” was calculated as the ratio of the total sum of the 

perimeters of polygons of built-up areas to their area. In this 

view, the higher the value of the sub-indicator, the greater the 

fragmentation of the urban tissue while low values correspond 

to dense landscapes dominated by a few large patches in terms 

of built-up areas. The “Edge density” is considered one of the 

most important sub-indicators in the measurement of land 

consumption [69] as it can provide indications regarding the 

forms of urbanization and settlement typology of a city, 

allowing analysis with respect to the ways in which the 

phenomena of urban sprawl and dispersion occur. 

Current land-use policies measure the “Edge density” with 

reference to the municipal scale thus going to observe how the 

city grows outward in a diffuse way causing a possible loss of 

boundaries between urban and rural [68]. Loss of such 

boundaries is an important driver of ecological change [70] 

being the cause of destruction of natural environments and loss 

of key animal species. 

The sub-indicator presented in this research takes a leap in 

scale by going to measure the “Edge density” for each district 

in the city of Turin and then analyzing the urban form at the 

edges of the districts. 

As shown in Figure 12, the city of Turin has an overall low 

edge density value (1.17m/sqm). In fact, Turin is a dense city 

in which the major urban land problems lie in the intensive 

land use and not so much in its dispersion and fragmentation 

[69], which occurs mainly at the boundaries of the 

municipality where Turin encounters other small-medium 

and/or rural realities. 

Comparing the central district 1 (0.62m/sqm) (Figure 13 

(a)) with the marginal district 7 (1.42m/sqm) (Figure 13 (b)) 

shows a significant disparity in the performance of this sub-

indicator. Theoretically, the “edge density” could be read 

oppositely between the interior and exterior of the city. It could 

be argued that if the interior of the city is already urbanized 

and partly compromised, land-use governance tools could lean 

toward further urbanization of the central areas (within the 

limits of saturation) justified by the nature of the urban 

economy [71]. This could contain the phenomenon of urban 

sprawl [72] and the impairment of natural ecosystems at the 

outer boundaries of the city. 

Looking at Figure 12, however, it is possible to see how this 

theoretically grounded reasoning cannot be valid for the city 

of Turin. Indeed, not only District 1 has a very low “edge 

density” but it is visible how the area is close to saturation. 

Beyond the historic protected area of the Royal Gardens, 

district 1 has meager residual green spaces, necessary for the 

containment of the spread of heat islands, the mitigation of 

hydrogeological risk and the quality of life of citizens [73]. In 

contrast, District 7 is highly fragmented as it extends towards 

the green spaces of the hill and the Basilica di Superga Natural 

Park, and it is therefore impossible and inappropriate for the 

PA to push for further urbanization of the hillside soil which 

is an important ecosystem protected by UNESCO [74]. 

The spatialized “edge density” sub-indicator can therefore 

be of interest to PA in the context of a decision-making process 

related to the definition of sustainability strategies since it 

allows to assess the fragmentation of the landscape and at the 

same time to understand the reasons for this fragmentation 

while better guiding future choices [12]. 

Figure 12. Sub-indicator “Edge density”: urban scale 
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Figure 13. Sub-indicator “Edge density”: within the District 1 (map a) and the District 7 (map b) 

6.1.3 Indicator 11.3.2 

This section aims to investigate the phenomenon of 

Cooperation Agreements through the analysis and 

spatialization of the sub-indicators “Percentage of 

Cooperation Agreement proposals accepted” and “Timing of 

Cooperation Agreements”. The Cooperation Agreements are 

considered fundamental tools for sustainable transition from a 

social sustainability perspective because they are 2-year legal 

instruments that can enhance the relationship between cultural 

heritage and territory [75, 76]. 

For the purposes of spatialization, the data of the sub-

indicators “Percentage of proposals for collaboration 

agreements accepted” and “Timing of collaboration 

agreements” were elaborated from information made available 

by the City of Turin [77] and the Torino Urban Lab association 

[28]. The innovation of the spatialization proposed here is to 

provide an aggregated reading of the 2 sub-indicators in a 

single geo-referenced visualization to facilitate the 

understanding of the social phenomenon of collaboration 

agreements in terms of both size and time distribution. 

Percentage of proposal of cooperation agreements accepted 

and Timing of cooperation agreements. The sub-indicator 

“Percentage of proposal of cooperation agreements” identifies 

the percentage share of accepted Cooperation Agreements out 

of the total number of those proposed, providing a measure of 

the active role of citizens in taking care of the city’s commons, 

while monitoring the PA’s ability to promote and intercept 

activism. 

The “Timing of cooperation agreements” sub-indicator, on 

the other hand, identifies the success of Cooperation 

Agreements beyond the legal 2-years deadline in percentage 

terms. 

Figure 14 shows that in the entire city of Turin, 45 

cooperation agreements are active of which 27 have a duration 

of at least 2 years. Looking at the percentages, it can be seen 

that only 37% of the proposed cooperation agreements have 

been accepted by the PA, but these, although not large in 

number, seem to be effective considering that the 60% are 

continuing beyond the legal term. 
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Figure 14. Sub-indicators “Percentage of Cooperation Agreements accepted” and “Timing of Cooperation Agreements”: urban 

scale 

Figure 15. Sub-indicators “Percentage of Cooperation Agreements accepted” and “Timing of Cooperation Agreements”: within 

District 1 (map a) and District 5 (map b) 
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Moving down the scale and looking, for example, at districts 

1 and 5 (Figure 15 (a) and Figure 15 (b)), it is visible how the 

situation is varied across the city’s territory. In district 1 only 

1 cooperation agreement has been active for more than 2 years 

and only 25% of the proposed agreements have been accepted 

with a success rate of 33%. On the other hand, in district 5 the 

situation is very different: 5 cooperation agreements have been 

active for more than 2 years, all proposed agreements have 

been accepted with a success rate of 56%. These differences 

could be attributable to various urban, social or political 

reasons. These data, read in an integrated way, could lead the 

PA to different conclusions regarding its own inability to 

promote effective collaborative agreements, the inertia of the 

population of some districts in proposing social initiatives in 

synergy with the PA, or simply the different usefulness of 

collaborative agreements depending on the urban and social 

tissue of the districts. 

Regardless the conclusions, the integrated and spatial 

monitoring of cooperation agreements has relevant 

implications for the PA to implement the PIS and outline 

strategies aimed at social awareness, administrative 

innovation, and the construction of innovative tools aimed at 

stimulating the capacity for autonomy of non-institutional 

actors. 

6.2 Cross-reading 

6.2.1 Housing market trends sub-indicator 

This sub-indicator observes the housing market trends in 

terms of average sales prices of residential properties in the 

OMI zones for the 2019-2020 reference period as collected in 

the Internal Revenue Service’s open-access database. The sub-

indicator was calculated using the ratio of the difference in 

average residential sales prices between 2019-2020 to average 

residential sales prices in 2019 (Figure 16). 

The information about the housing market of Turin can be 

found in a variety of open-access sources that can be easily 

consulted on both local and national databases. The relevance 

of spatializing this sub-indicator therefore lies in the 

possibility of being viewed and read cross-referenced against 

other sub-indicators within the same “Metropolitan 

Geographies” platform to understand relationships of mutual 

influence. 

The ability to integrate information from a variety of 

sources, collected for different purposes and in different 

timespan is one of the recognized advantages of GIS tools. 

Indeed, it has been shown how this ability can lead to effective 

urban policies and strategies that can prevent possible disasters 

[78]. 

Figure 17 reports the housing market trend for the city of 

Turin that shows a decrease in housing sales prices 

demonstrating the general trend of the Italian housing market 

in the 2 years of reference [79]. 

Figure 17 makes a leap in scale by showing the housing 

market trend in the OMI zone 38 “Northwest Crown”. That 

OMI zone shows an inflection in average sales prices but is 

very large in size, overlapping with 3 districts of the city. This 

makes it difficult to understand what the potential detailed 

reasons for the decrease in sales prices are. For example, if we 

look at this sub-indicator in overlap with the one Population 

living in households with noise from neighbors or from street 

we notice that for districts 5 and 7, the inflection in sales prices 

could be also due to a decline in the housing demand due to a 

noise discomfort perceived by the residents (29.8% and 25% 

respectively). On the contrary, the same reasoning cannot be 

done for district 6 where the noise discomfort is not present 

(2.3%). Looking at the same data, a completely different 

reasoning could also be made: since all districts that fall within 

OMI zone 38 show the same inflection in housing sales prices 

but not the same noise discomfort, the reasons for the 

inflection in the housing market trend must be sought 

elsewhere. 

Figure 16. Sub-indicators “Housing market trend”: urban scale 
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Figure 17. Cross-reading of sub-indicators “Housing market trend” and “Population living in households with noise from 

neighbors or from street” (night-time): OMI zone 38 and districts 5-6-7 

Obviously, those reasoning are interpretative hypotheses 

aimed at illustrating the potential offered by the cross-

visualization of the sub-indicators in urban settings. 

7. CONCLUSIONS

This paper provides an original contribution to the 

spatialization of some SDG11 indicators illustrating the 

research path followed for the implementation of an open 

access WebGIS database, through an application to the City of 

Turin. New spatialized sub-indicators based on the use of open 

data at the local urban scale have been provided, showing how 

the integration of statistical and spatial data is challenging but 

possible and useful with respect to the definition of spatial 

governance tools. 

The operational difficulties encountered confirmed the 

obstacles already highlighted in the literature and in the 

meetings with PA representatives, leading to three different 

cases of reworking: i) processing considering a temporal 

update; ii) identification of suitable proxies; and iii) 

impossibility of spatialization. The three steps necessary to 

arrive at the outcome, which consists of at least one map for 

each sub-indicator, were explained in detail, discussing both 

the theoretical and application aspects. 

The case study demonstrates the effectiveness and 

replicability of our method. By specializing the database 

through GIS, the analysis of data for a comprehensive 

understanding of urban phenomena is facilitated, as well as the 

dissemination of information in open and open-access modes. 

Among the limitations of this research, we would like to 

emphasize how the inhomogeneity of the existing databases, 

the availability and the spatial and temporal scale of the 

available data affect the potential use of the database created. 

Certainly, an investment in terms of mapping and constant 

updating would be important to make these analyses more and 

more effectively usable by PAs. What could help in solving 

this limitation would be the introduction of Artificial 

Intelligence (AI) into the monitoring and spatialisation 

process. This step would constitute a new research challenge, 

as it could potentially entirely modify the way in which data 

are measured and represented. 

As far as the developments of the research, what we would 

like to verify is the contribution of this type of maps with 

respect to the construction of sustainable urban policies. To 

this end, the research envisages a further meeting and 

exchange phase with the representatives of the PAs and 

territorial bodies involved. Despite the lack of feedback so far 

on the actual use of maps within PA procedures, the result of 

the research seems to be potentially useful to the DMs in their 

action of monitoring the territory, enabling the integrated 

reading of different phenomena in specific urban contexts. 
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