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New technologies and uncontrolled open-data policies lead public to a new way
of approaching the built environment. To enlarge the competences of the
professionals that work within the cities, we believe that providing a deep and
dynamic knowledge on the heritage and urban built environment is the more
effective solution to offer a unique support to the needs. By providing a boosted
geographical database with detailed information about the status of each
building, we aim to support the professional by providing a neat vision about
vacant buildings available citywide. We think this knowledge is an important
asset in covering every kind of public requests: from flat to rent to an abandoned
building to restore or to drive better investors. The city of Trento will be the pilot
project to test these statements.We studied the phenomenon of pushing new
constructions rather investing on the reuse of abandoned buildings with the
consequences of unsustainable land use. To address the work we adopted a
comprehensive approach across the fields of urbanism, ICT engineering and
social sciences. We believe that sharing knowledge and know-hows with
municipalities, agencies, and citizens is the way to support better market
strategies as well as urban transformation policies.
Keywords: Information Technology, Urban Metabolism, Re-cycle, Urban
Reserves, Policy Decision-Making, Data-driven Analysis

INTRODUCTION
According to the recent national statistic of ISTAT and
ISPRA, in Italy there is an enormous availability of obsolete and abandoned buildings all over the country.
The land consumption between 2008 and 2013 had
an exponential growth equal to 55 hectares/day. Despite this trend, the numbers of abandoned and va-

cant buildings and areas - spaces of various sizes and
categories - are increasingly growing. In the meantime, the information technology revolution that is
progressively substituting many solid built spaces
with not material domains, cities are now dealing
with a new category of urban spaces. Carlo Ratti
says that today, for the ﬁrst time, digital technologies
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and physical world are converging allowing a radical
change in the way we understand and then react to
city’s dynamics.
With this overall framework of critical environmental and economic scenario, architecture and urbanism started to deal with the issue and the urgency of re-cycling the urban leftovers. At the same
time this phenomenon represent a reserve of public
and private assets adapts to activate the recycle urban metabolism of the contemporary cities. In fact,
many recent laws proposal concerning the land consumption indicate this urban reserve to operate the
renewal of the city. New general urban plans should
give the priority to a process of saturation of the existent rather than the construction on new spaces for
the expansion of the city.
Therefore, how digital technologies aﬀect the
understanding, the urban and architectural design processes as well as the managing activities
and policies on contemporary environment?
Our Lab deals with these themes, by providing
a mutual synergy between the reality of Information Technology and urban planning. The work
proposed by the Lab is a bridge to create a collective
and shared knowledge and the deﬁnition of alternative scenarios for the new life cycles of abandoned
spaces. The research center oﬀered the localization,
classiﬁcation and promotion of buildings and areas
that represent the reserves as open or built environment on which invest for its future development. To
better describe and know the urban dynamics, the
design and enhancement strategies are supported
by computational tools in the management, analysis
and integration of heterogeneous databases that allows to create one single database.
The Lab developed a prototype of a software
able to map abandoned areas and buildings by
the analysis of diﬀerent sets of data. Its potential application in mapping and managing those areas and buildings can avoid either on-site ﬁeld survey method or use of regulations, as they can become soon out-of-date, due to their ineﬀective accuracy and poor eﬃciency in time and costs. Computer-
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powered analysis of a large and various sets of data is
one of the most signiﬁcant methods to let urbanism
and urban environment government to look forward
to an improved and responsive planning process, in
order to better meet the requirements of the city and
its citizens.
The paper presents the opportunities and the
outcomes - in term of number of abandoned buildings - of the prototype of the software which was
tested in a relevant pilot area of an Italian mid-size
city. The abandoned heritage has been tracked,
mapped and visualized with the support of the GISbased software in order to envision the recovery of
the abandoned heritage to an active piece of the city
and be put into a new life cycle within the urban dynamics.
Beside the mapping process output, the Lab designed other skills along with the mapping process:
thanks to the ﬂexibility of the GIS system, the ﬁnal
version of the developed software has the potential
to gather and merge various set of data regarding
both the built heritage and the urban environment.
From the energy-performance to the estate value,
the mapping software merges the consolidated theory of urban recycle - that sets a new starting point for
urban transformation - and the ability of overlooking
to unseen urban dynamics by analyzing data. This is
not part of the prototype development since we believe it is a natural extension of the mapping process
once it is developed.

METHODOLOGY
The Lab has developed a prototype of a software
able to process a speciﬁc and heterogeneous sets
of data to gain solid information about the real status of vacancy in our pilot area. The data inputs of
the mapping process are stored in the diﬀerent data
sets of: land registry, street addresses, building real
estate registry, electrical energy consumption and
other data about urban amenities. Since the data sets
diﬀer from each other in format and type, the tools
used are QGIS as the platform to upload, view and
elaborate the diﬀerent data sets and Python, to de-

velop a software for the normalization of data sets information and data-cleaning.
The Lab has identiﬁed speciﬁc functional (FR
- WHAT) and non-functional requirements (NFR HOW); the main goal is to delineate and test the functional requirements chosen to map and classify the
abandoned and underused built heritage within the
established urban fabric. In particular, in this research
phase, we develop the software prototype which is
led by the following FR:
1. The software will have to analyze, elaborate
and cross-reference what is stored in the system data set inputs, in order to obtain additional derived information;
2. The software will have to allow an analysis both analytical and graphical - of the derived
information to create additional knowledge;
speciﬁcally, the result will have to:
• Oﬀer an interactive representation of the
abandoned heritage within the urban context;
• Create a report for each abandoned area or
building that has been mapped, containing a
certain quantity of speciﬁc information able to
allow various taxonomies.
In this initial phase we have set the two aims
that deﬁne the development guidelines of the nonfunctional requirements (NFR):
1. Scalability at diﬀerent scale. The scalability
requires to develop the software so that it can
handle information, be the represented scale
urban or territorial-regional;
2. Modularity. It is necessary to develop the
software so that it can be integrated with new
modules to handle new data sets correctly, in
order to be completed with additional information about the built heritage and extended
with new functionality.
The method uses diﬀerent sets of data both to map
and classify:
Electrical energy consumption: Dolomiti Energia

is the trading company of the Dolomiti Energia Group
which oﬀer business proposal on electricity and has
near the 80% of the share in the energy market in
the municipality of Trento. For the research has been
used the data set regarding the 2015 energy consumption of the municipality of Trento. The data set
has been supplied for the purpose of the academic
research.
Land registry: The geo-catalog of the Autonomous Province of Trento allows to describe and
search for information on geo-data and geo-services.
The services of access to thematic Open Government
Data, under Creative Commons Zero - CCZero. In
particular, we used the land registry set of data that
contain the geometric shape of the land registry particles updated in January 2016.
Street address: Since the street address is the
most reliable way to link the energy consumption to
the building parcels, we used set of all point of house
number provided by the municipality of Trento, under Creative Commons Zero - CCZero.
Building real estate registry: The real estate registry of the Autonomous Province of Trento provides
for the purpose of the academic research, the set of
data of all the information of ownerships and cadastral categories of a building parcel. These information are necessary in order to clean up the result of
the abandoned building mapping from unwanted typologies of parcels and also to separate public from
private buildings.
OpenStreetMap: OSM is a global project that aims
to collaboratively create a detailed map of the world.
Since we focused on the basic activities of an urban
environment, we ﬁltered out the amenity and shop
categories using Overpass Turbo API.
Census Data: The Italian National Institute for
Statistics (ISTAT) provides, under open data licences,
information gathered via the 2011 Italian Census. We
used the census’ variables (ISTAT code = P1) related to
the number of residents in order to deﬁne the inhabitant density.
Public transportation data: Trentino Trasporti Esercizio S.p.A. manages the public transport services
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in the province of Trento and provide the urban and
suburban data in General Transit Feed Speciﬁcation
(GTFS) under Creative Commons 2.5 - CC BY 2.5. In
particular, we used the set of data of urban and suburban stops in order to consider the level of connectivity though urban mobility in the taxonomy of the
abandoned buildings.
From a ﬁrst analysis of the data sets of the energy
consumption, we noticed how the majority of the energy contracts are located in the cadastral municipalities of Trento and Gardolo as well as the highest number of contracts between 0 and 2 kWh/year (range
that deﬁnes the underused buildings). Because of
this, in this phase of software development and prototyping we have decided to consider only the areas
and the data of the cadastral municipalities of Trento
and Gardolo, as they are the most densely inhabited
and present the most varied urban activities. (Figure
1)

Through several steps in which we and crossanalyzed the data available, we identify two diﬀerent
ways to trace back the abandoned or underused built
heritage through the available sets of data:
1. Building parcels as buildings with energy consumption between 0 and 2 kWh/year (M1);
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electric consume in this range is most likely
due to a sudden change in potential diﬀerence. We estimate that from this analysis
mostly underused or unused ﬂats and detached houses will emerge.
2. Building parcels as buildings with a street address, but which have no energy contract
(M2); in this case, as well we estimate that
abandoned or decadent ruins will emerge.
In addition, it is possible that some regularly
dwelled buildings appear in this category due
to incomplete information about the street
address of the contract. Energy consumption
data set available in this phase of the research
cover about 80% of the energy market of the
municipality of Trento.

At this point, the report about the abandoned buildings generated by the mapping process is in the form
of a list, with structured but unclassiﬁed information.
We then develop a necessary function that is the last
FR of the software, which imply a quantitative categorization of the mapped buildings.
The quantitative categorization method uses the
open source data of OpenStreetMap and the public transport set of data about stops, to track back
the objective inﬂuence that these areas and building
have on the surrounding urban context, deﬁning the
urge of a transformation. The Land Stock Exchange
(LSE) index deﬁnes the dimension of what a changing
of the status of the abandoned building will be; the
higher the LSE index is, the greater its re-activation
process will take beneﬁt to the urban context.
The LSE is calculated from the determination of a
surface that virtually expands from the perimeter of
each building. The calculation of this surface expansion is based on the value (in square meters) of the
attribute “area” of the data set of the single building
parcel present in the geometric cadaster. The buﬀer
radius of the surface of the abandoned parcel is calculated with a mathematical function from the value
of the area’s square root, to get values within a more
comparable range.

Figure 1
Pilot area selection.

Figure 2
Exponential
formula to calculate
the buﬀer. LSE
index.

Figure 3
Map of the vacancy:
Trento and Gardolo.

The function has been set so that the minimum buﬀer radius would measure 50 meters for the
parcels with a square root value of the area below 50,
whereas for those with a square root value above 50
the increase is exponential (Figure 2). With this exponential growth model, we obtain a LSE surface much
wider for the parcels that have a large print on the
ground, deﬁning in this way the bigger impact potential of these areas on the surrounding urban context.
Once the LSE surfaces are generated and the
OSM and TTE data sets have been loaded, we proceed by quantifying the activities included in the
buﬀer of each abandoned building and categorized
for each data sets. The aim of this operation is to
give each abandoned building parcel a feature that
describes its LSE: the parcels with the highest LSE
contain the highest number of activities and point
of interest described in loaded data sets. The LSE index represents the last speciﬁc feature of each abandoned building, completing the informative report
and achieving the goal ﬁxed in the functional requirements.

MAPPING RESULTS
The results obtained in this ﬁrst application of the
prototype pictured a clear and detailed image of the
vacancy in the pilot area: the data says that the 6,6%
(651/9885) of the buildings in Trento and Gardolo are
totally or partially abandoned (Figure 3).
The fulﬁllment of the FR is supported by the resulting mapping, which presents a decent precision
while oﬀering a reliable overall view of the buildings that fall into the categories derived (ﬂats, ruins
or abandoned buildings) from the method of analysis. The buildings, such as the “Euromix” in Brennero Street, the Italcementi in Piedicastello neighborhood or the former kindergarten in Alessandro Manzoni Street, can all be considered as proof of the validity of the method. Besides these well-known abandoned buildings, there are many more clearly neglected constructions which would constitute a large
supply of potentially valuable real estates - if a spe-
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ciﬁc redevelopment plan were incentivized. These
properties in prestigious areas of the historic center
- for example those in Santa Croce street or in II Androne di Borgo Nuovo - are in evident state of abandonment. There is a considerable number of other
buildings to be added, especially in the residential
areas, which potentially represent single vacant ﬂats
inside inhabited buildings or building parcels. This
result presented a few imperfections, but allowed us
to make further considerations about the quality and
the completeness of the data sets - about the energy
consumption and the street address data - that is the
main source of imprecision.
The classiﬁcation method integrated into the
mapping process is to be considered valid for the
experimental character of the research and for the
software prototyping phase. Despite its simplicity,
the classiﬁcation method and the LSE parameter are
enough to get an overview of which “urban reserves”
have the most inﬂuential impact on the surrounding
urban system (Figure 4).
Also, we were able to make basic consideration
about the urban fabric as well; Particularly, we could
deduce that there was no direct relation between the
buﬀer size range and a high LSE value, as the latter
depends more on the density of the economic activities around the abandoned building, rather than on
the surface size. If we consider one of the largest LSE
surfaces and relocate it to diﬀerent area of the city,
that have diﬀerent spatial characteristics and socioeconomic dynamics, it is possible to notice how the
LSE index varies considerably. Vice versa, it becomes
evident that with the same LSE index the surfaces
have diﬀerent values.
For instance, let us consider the former Italcementi area, which has a medium-low LSE index as
it is located in an area with low density of economic
activities. If we position it in the Bolghera neighborhood, or in the historic centre, it is possible to notice
how the LSE value varies according to the zone characteristics.
This last consideration conﬁrms the validity of
the categorization method, but also opens up the
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path to deep reﬂections on the strengthening and
enhancement of the analysis method.
Figure 4
Map of the LSE
index. Top 64 list.

DISCUSSION AND FURTHER APPLICATIONS
We strongly believe that designers - once in charge
of design the city - needs to upgrade its tools towards responsive and open-source new technologies
for better representation and understanding of the
planning project. On the other hand, public administration as well as citizens must be introduced and
guided in how to interpret and use in the urban environment the huge amount of information available
with new technologies.
Further applications - both practical and theoretical - to be implemented might focus on three main
actions: the inclusion of the gained knowledge as

outcomes in the decision-making processes of public administrations; the pre-vision of a set of resilient
future scenarios of urban transformations according
to the priorities required by the social environment;
and the expansion of the data input and data users
to foster collective participation in the urban design
process. Moreover, the expansion of the data set
used leads to the creation of a valuable database containing all sort of information needed for the process
of urban’s dynamic evaluation toward sustainable actions or strategies.
For what concerning inclusion, the quantiﬁcation of the abandoned/vacant built heritage is the
more relevant and ready-to-use result. The research
provides a report from which the abandoned and underused buildings can easily be extracted, to guide
the municipal policies for land use towards the urban
renewal of the existing heritage. Moreover,
For what concerning pre-vision, the evaluation
of transformation’s scenarios for the critical urban reserves. The mapping and classiﬁcation of the large
areas and abandoned buildings, caused by the delocalization of the industrial activities in the past
decades, allows to provide the public administration
with a transformation and restoration scenario that is
relevant to the context.
The evaluation and forecast of the urban transformations impact is another possible application
of these results that consists in forecasting those
changes that would imply activities such as the opening/closure of relevant businesses, or the urban renewal of an underused area in the surrounding socioeconomic context. This last application introduces
the matter of predictive support that can be provided by the big data analysis in the ﬁeld of urbanism.
Moreover, due to the contemporary relevance of the
cadastral reform repeatedly promoted by the government, the knowledge of the territory and its dynamics (also in the time perspective) acquires importance, to give the organism that handles the built heritage the means to create a fair and transparent valorization of the buildings. Eﬃciently analyzing, interpreting and representing the impact - both at present

and in the near future - of the qualities variations of
an area connected to the underuse and/or strengthening of areas and building, constitutes an element
that validates the worth of the model in charge of assigning the appropriate value to the building.
For what concerning expansion, the research
opens interesting scenarios for new research topics,
starting from the data sets that are already available and held by the local government. Moreover,
it demonstrates how even a small amount of heterogeneous data sets can be a valid resource not only
for the development of knowledge tools for the urban space, but mostly for the creation of a uniﬁed
database capable of providing new precious knowledge. There are no limits in linking information together and creating new knowledge about the urban
environment, hence we just need to answer question
about both building and urban space.

Final Remarks
In conclusion, we can state that it is possible - with
the support of informatics and tools of disciplines like
math and statistics - to achieve a reliable representation of the abandoned built heritage starting from
the information currently available only to the public
administrations. The result obtained supports the
ongoing transition that is currently leading to updating the tools - and the mental approach - of the
city planning, which are also necessary to understand and keep up with the rapid changes of the
contemporary city.
Considering that the causes of the uncertainties
emerged during the prototyping process are to be
searched mainly in the technical limits of the software used in this phase, we can state that the research has been helpful for testing the actual concreteness and validity of the method.
Most of all, the research has conﬁrmed that
nowadays an interdisciplinary collaboration is necessary to the analysis processes of the urban dynamics,
in order to further improve and expand the knowledge, project and management capabilities of both
the urban designing process and the policies-makers.
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Figures Credit. Benetti, A. 2015-2016, “From big
data-driven mapping of urban neglect to sustainable urban transformations planning”, Master’s Thesis, University of Trento.
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