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ABSTRACT

The real estate redevelopment process is an important route for achieving the sustainable development goals
established worldwide, but at the same time it represents a complex and not very transparent decision-making
issue for the public and private subjects involved. In particular, for the private entrepreneurs it is generally
considered more risky than new construction, therefore it requires a careful evaluation for avoiding losses. Most
of the existent risk assessment tools provide for the analysis at the aggregated scales or require knowledge of
many financial data of the project which are often not yet known in an ex-ante evaluation condition. Aim of the
work is to define a structured framework for creating a Spatial Real Estate Risk Index (Isgg) through a spatial
decision support system based on an innovative model that allows public and private subjects to carry out an
effective ex-ante risk assessment at the sub-municipal territorial scale for public-private partnerships (PPP) risks.
The proposed model adopts the flexibility of the Analytic Hierarchy Process multicriteria technique for managing
qualitative and quantitative real estate data, the capability of indicators system to reduce the complexity of the
real estate risk issues and the sleight of the Geographic Information System to clearly show the spatial distri-
bution of the real estate risk. The Isgg is a territorial synthetic index that represents the “base risk”, i.e. the risk
level that is expressed by the different features that characterize the demand and supply of the several urban
areas within the city at the time of the evaluation. In order to test the usefulness of the proposed model, the
application to the city of Rome (Italy) is described. The obtained results highlight the immediate ability to
recognize the riskiest urban areas located on the northern and eastern boundaries of the city. The innovative
contribution of the work is mainly represented by the analysis of the real estate risk carried out at the sub-
municipal scale by using both quantitative and qualitative real estate data, therefore the proposed structured
framework for creating the Iggr allows to immediately recognize the riskiest and least risky sub-municipal areas
through an adequate risk map.

1. Introduction

factors are to be overcome in urban real estate redevelopment locations.
Traditionally, these territories are perceived by the Private Entrepre-

The evolving uncertainty that characterizes the actual historical
period have increased the difficulty of draw up efficient evaluation of
the risk level related to real estate redevelopment processes. Growing
importance is widely shared and recognized for urban regeneration
projects in the “17 Sustainable Development Goal” (SDGs) set in the
2015 by the Agenda 2030 (Morano et al., 2020) and with the more
recent “New Green Deal” and “National Plans of Recovery and Resil-
ience” after the Covid-19 pandemic (Tajani et al., 2018). Although the
planning process has often been used to prevent or limit the uncon-
trolled expansion of suburban areas, further stress is needed if risk
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neurs (PE) as areas of high risk, complexity and long lead times (Adair
et al., 2000). Nevertheless, the rising necessity of provisioning several
facilities for communities, such as residential, commercial, public ser-
vices and infrastructure, led to the trend of mixed-use spaces that have a
multitude of risks that can affect their feasibility. In terms of investment,
mixed-use development represents a good way for the PE to allocate the
market risk more effectively, by differentiating the several land uses. On
the other hand, this exposes his capital to further risk factors and costs
that need more skills for managing the relevant complexity of the project
(Tsimperis, 2015; Serrano-Jiménez et al., 2019).
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In general, an increased recognition of the value of a structured
framework for effective risk management in order to avoid losses, ac-
cidents and disasters has led to numerous definitions of risk corre-
sponding to approaches to its reduction, depending on the context and
the implementation sector. A considerable effort has made worldwide in
the last decades by the “Integrated Risk Management Solution” during
the international agreement of Basel II (Basel II, 2016) for the bank
sector, the Committee of Sponsoring Organizations of the Treadway
Commission (COSO, 2004) “Enterprise Risk Management framework” in
the corporate risk area and the general guidelines provided by the In-
ternational Standardization Organization (ISO) 31000 of (2018) “Risk
management — Guidelines”, that can be used by any organization
regardless of its size, activity or sector. In Italy, the main reference for
public urban projects developed with public-private partnerships (PPP)
contracts is the “Guidelines n.9” of the National Anti-Corruption Au-
thority (ANAC) Guidelines n.9 of the National Anti-Corruption Author-
ity (ANAC). It contains in the first part the analysis on the allocation of
the different types of risk between the contracting authority and the PE,
while in the second part the rules for the construction of the risk matrix
and the information flow for its monitoring are outlined. The risk matrix
identifies and analyzes the risks connected to the intervention to be
carried out and is used, in the planning phase, to verify the convenience
of using the PPP compared to a traditional contract and, in the execution
phase, for risk monitoring. One of its major limit is constituted by the
superficial assessment of the likelihood of the occurrence of each type of
risk through qualitative values (e.g. high, low etc.) and the increased
costs and/or delays associated with the risk. The analysis of all these
documents outlines that there are differences in the terminology and the
practical approaches in applying the frameworks as a result of different
environments, contexts, needs and objectives. However, the overall
principles overlap regarding the entire risk assessment procedure which
includes: i) identification, ii) evaluation followed by iii) manage-
ment/allocation (Chen and Khumpaisal, 2009).

Before the assessment and management phases, it is primary to
define and identify the risks that can occur. The real estate redevelop-
ment interventions could be affected by two categories of risk: systematic
and unsystematic (Gyourko and Nelling, 1996; Bulan et al., 2009; Sdino
et al., 2018; Gang et al., 2020). The systematic type of risk is generated
by external macroeconomic factors and affects all the different type of
investments: this component is extremely connected with the fluctua-
tions of the general financial market. Unsystematic (or specific) risk
refers to the critical factors that characterizes a precise investment de-
cision (Khumpaisal et al., 2010). The first one is generally more un-
controllable for the real estate redevelopment process, because it cannot
be removed introducing elements of diversification (Peng and Zhang,
2021). The second ones, instead, are the principal types of risk assessed
and considered in the real estate redevelopment/development proced-
ures because they mainly affect the feasibility of the projects and
numerous typologies can be identified: by imagining to divide the pro-
cess of a generic real estate redevelopment intervention into its main
phases, each of them can be affected by one or more types of specific
risk, as shown in Fig. 1.

As the probability that a target rate of return will not be achieved, in
the real estate development field the risk depends on the complexity of
the initiative to be realized and it is often treated by considering un-
certainty on the cash flows generated from the sale, rent or management
of the realized buildings (Adair and Hutchison, 2005). However, the
analysis of the cash flows of the project leads to have many information
and quality data, first of all the length of the investment period, the
interest rate, the sales plan of the project and the construction costs.
These data can be clearly known once the project is in its feasibility
stage, but they are unknown previously and especially if the subjects
involved need to have a general overview of the local real estate market
dynamics. Moreover, the evaluation of the financial parameters can lead
to a partial result that excludes several other significant factors. In fact,
the pressure provided by the public and private sectors for transforming
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Fig. 1. Types of specific risk that can occur during the stages of a generic real
estate development initiative.

and decommission old and degraded urban assets explains the amount of
property in an inner-city area and its spatial distribution, which in turn
involves real estate value models across local land and property markets
(Coakley, 1994). The real estate redevelopment and investment activ-
ities exploit the specific qualities of sites and locations to create devel-
opment opportunities and generate value in terms of earnings. As
Loftman and Nevin argue, locations provide the greatest investment
potentials and financial returns. In order to decide on the best oppor-
tunity among the sites and the properties available, and to understand
their development and investment potential, it is necessary to have some
essential information on the local market conditions, such as the de-
mand and supply dynamicity and the attractivity level with, most of all,
their spatial distribution of the context to analyze (Healey, 1994). These
aspects relate to the analysis of the so-called “base risk” that represents
the risk level expressed by the real estate market features of the area. A
useful type of tools is represented by the improvement of the classical
decision support system (DSS) with the spatial components of the
analysis, thus creating a spatial decision support system (SDSS). The
latter combines the ability to store, search and retrieve data based on
Geographic Information System (GIS) with multicriteria models or
specific algorithms able to optimize decisions which must be taken on
the basis of the distributions, differences and spatial characteristics of
the aspects under consideration. However, it is important to highlight
that even if SDSS are powerful tools enable to analyze complex data that
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is impossible for humans to carry out due to limited cognitive abilities,
these tools remain a source of support. The final decision will have to be
made by the final users (public and private decision makers involved). In
fact, according to the Data-Information-Knowledge-Wisdom (DIKW)
pyramid structure (Rowley, 2007) the final users are responsible for
receiving the information produced by the data elaboration through the
SDSS, and based on it and their knowledge, make a final decision
(wisdom) (Kazak and van Hoof, 2018).

It can happen that the SDSS structure is often inadequate to take into
account the several multi-dimensional data related to the complex
framework of the risk assessment (Sun and Zhu, 2009), therefore the
semi-quantitative multi-criteria decision methods (MCDM) based on
both quantitative and qualitative indicators that represent the risk fac-
tors that affect the spatial distribution of the specific risk related to
urban redevelopment projects, characterizes an increasingly relevant
reference (Pereira et al., 2020; Hill and Steurer, 2020).

Therefore, the gap noticed in both academician and professional
knowledge fields of adequate models for these purposes, makes neces-
sary, in this climate of uncertainty, to define new tool aimed at an ex-
ante risk evaluation model able to support the investment decisions of
the PE - and also the Public Administration (PA) - involved in the
planning of urban redevelopment interventions based on the consider-
ation, first of all, of the conditions present at the time of the evaluation in
the local real estate market. It is relevant to outline that a risk assessment
methodology based on the existent spatial and territorial conditions of
the local real estate market (demand and supply), could be a real useful
support for the practitioners and both the public and private investors
involved into PPP urban regeneration initiatives within the city.

2. Aim

The aim of the work is the definition of an ex-ante risk assessment
model that can support the PA and the PE involved into urban planning
issues for PPP redevelopment projects. In particular, the research aims to
provide for a structured framework of an assessment methodology that
can allows to construct a Spatial Real Estate Risk Index (Isgr) used for
assessing the “base risk” level and, subsequently, in order to verify its
usefulness and robustness, it is proposed an application to the city of
Rome (Italy). Due to the retrieved gap in the literature regarding the
scarcity of risk assessment at the sub-municipal territorial scale, the case
study of the city of Rome (Italy) adopts as reference territorial scale the
sub-municipal subdivision of the city. It is relevant to outline that the
proposed methodology for the construction of the Iggg is applicable in
any territorial context (national and international), for any different
type of urban redevelopment intervention’s complexity, land-uses and
for territorial scales (urban-regional etc.) and demand and supply con-
ditions different from the ones considered in the study. In fact, the Ispg
does not depend on the spatial and temporal conditions that distinguish
each case study, and its correct use is exclusively related to the quality
and quantity of the available data that constitute the set of indicators
and their relative importance. The proposed Iggrp is able to represent the
“base risk” that takes into account the local market conditions of the sub-
municipal territorial scale and by considering a generic mixed-use
redevelopment project. From a methodological point of view the
structured framework is based on an innovative model that integrates
multi-criteria technique, indicators system and Geographic Information
System (GIS) adopted in the field of the risk assessment for creating a
semi-quantitative ex-ante risk assessment model that, due to its overall
features, constitutes a spatial decision support system. In fact, it uses the
multidimension management capability and the flexibility of the Ana-
lytic Hierarchy Process (AHP) for structuring a set of n quantitative and
qualitative risk indicators - articulated into 4 hierarchical levels - and for
aggregating into the final risk index proposed. After that, a georefer-
encing of all the index’s values obtained is carried out through an
opensource GIS thus obtaining the risk map that shows the entire spatial
distribution of the specific risk level within the city. The proposed model
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is based on the real estate market conditions known and retrieved at the
moment of the evaluation through a set of 24 indicators selected for
adequately represents the three types of specific risk analyzable: i)
market, ii) context and iii) insolvency.

The paper is structured as follows: Section 3 provides an analysis on
the features of the most relevant methodologies retrieved in the litera-
ture for identifying, assessing and managing the risks that can occur in
the urban redevelopment projects; Section 4 describes each step of the
proposed methodology with reference to the case study of Rome and
holds the results discussions; Section 5 deals with the results discussion
and Section 6 contains the conclusions of the work with the future
insights.

3. Risk identification, assessment and management tools for
PPP redevelopment projects

The approaches that address the risk of PPP urban redevelopment
projects have been extensively explored in the literature of feasibility
analysis of urban planning issues (Ansah and Sorooshian, 2017; Qazi
et al., 2020). Several frameworks and techniques have been proposed to
identify, assess and manage or efficiently allocate the types of risk that
can occur, generating an extremely varied and heterogeneous interna-
tional and national scientific panorama.

3.1. Risk identification

During this stage a primary role is played by the national regulatory
framework provided by the Governments as a guide for the public and
private subjects involved in the urban redevelopment procedures. In
fact, as also stated by the study of Rubin (2010), the absence of clear
State’s definition of PPP, the inability to correctly structure agreements
and the poor legal background, are relevant barriers to the success of
PPP initiative. Government risks are mostly related to its intervention
(Ke et al., 2010), government default (Gao, 2017), project authorization
and permissions, public credit, inadequate supervision structure (Xu
et al., 2010), immature law and changes in tax regulation (Lang et al.,
2017). Related to the government risk there is the economic category
where the fluctuation of the interest rate, the foreign exchange, inflation
and financial stability of the national context can determine significant
changes in the expected returns of the PE, his capacity to guarantee the
costs established in the PPP agreement and the loan fees (Chan et al.,
2011). To these first two kind of systematic risk categories, another one
is relevant: the risks generated by unforeseen weather/geotechnical
conditions, like earthquakes, hurricanes, floods, fires etc. In territorial
context often affected by environmental critical issues, these factors can
hinder the entire completion of the project and heavy financial losses
(Xiang et al., 2017).

The specific project-related risk category is much wider than the
previous one and there are different classifications of risk groups in the
literature. In fact, it refers to the features of the entire PPP initiative and,
therefore, the types of risk that can occur depend from a range of factors
that pertain to the: i) simultaneous pursuit of public and private benefits;
ii) long period of the project; iii) various stakeholders and their complex
relationships; iv) strong involvement of public sector organizations; v)
many risk-return profiles and skills of PE; vi) local real estate market
conditions. Due to their instable complexity, the measures used to
determine the factors change according to the context, stakeholder’s
utility, availability, quality, adequacy and robustness of the data
necessary for the analyzes. Therefore, a long list of practiced measures
for each factor can be detected, and this makes difficult to identify a
unique one (Yu and Kwon, 2011). Some Authors have focused their
attention on the systematical review of the specific risk factors in the
PPP redevelopment projects by individuating some major groups: Wu
et al. (2018) identify 37 risk factors of the PPP projects from the liter-
ature review, divided into legal and sociopolitical, construction and
operation, macroeconomic, and government risks categories; present 42
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critical factors that affected the success of PPP projects in Malaysia
which were assigned to two categories or the government and the pri-
vate sector; Jin and Zhang (2011) group into four categories, including
economic, institutional, social and industrial, and other the risk factors
in the PPP projects. Similarly, also Li et al. (2005) identify five groups of
critical success factors for PPP projects in the UK: effective procurement;
project implementability; government guarantee; favorable economic
conditions; and available financial market. Chan et al. (2010) explore
five relevant critical success factors for PPP projects in China: macro-
economic environment; shared responsibility between public and pri-
vate sectors; transparent and efficient procurement process; stable
political and social environment; and judicious government control.
Krane et al. (2012) classify risks according to project objectives: oper-
ational, short-term strategic, and long-term strategic.

From the methodological point of view, the most utilized techniques
for identify the risk factors according to Kee et al, are the document
review, similar cases comparison and SWOT analysis. By analyzing the
results of the studies, it is possible to note that an uneavy classification is
mainly associated to a common parameter: the contextualization. This
means that each category, group, factor and measure is strictly depen-
dent from the territorial and legislative context where the PPP inter-
vention takes place.

In Italy, the main reference for the types of risk that can occur is the
Guidelines n.9 of the ANAC. In this document alongside the general
construction, demand and availability risks, there are a number of other
risks that may arise both in the phase prior to the award and/or signing
of the contract, and in the subsequent one, that is, during the entire life-
cycle of the PPP contract. Among these, are reported, by way of non-
exhaustive example, the commissioning, administrative, expropriation,
environmental and / or archaeological, legislative-political-regulatory,
of financing, financial, insolvency risks.

3.2. Risk assessment

After classifying the types of risk, it is very important to select and
prioritize them in order to have an efficient risk management plan. Risk
assessment approaches can be qualitative, quantitative and semi-
quantitative, depending on the quality of required available data and
the moment of the evaluation during the life-cycle of the project. In
addition to the classic Discount Cash Flow Analysis, many quantitative
risks ranking and assessment techniques are used in construction in-
dustry, such as Fault Tree, Event Tree, Monte Carlo and Sensitivity
Analyzes, the Scenario Planning, the Failure Mode and Risk Premium
(Rezakhani, 2012). Platon and Constantinescu (2014), apply the quan-
titative Monte Carlo simulation — a very frequently used method for
these purposes - in the risk assessment of environmental projects consists
of studying the probability that projects will achieve a satisfactory
performance for Internal Rate of Return (IRR) or Net Present Value
(NPV). Kokkaew and Tongthong (2021) provide for a computational
framework for the determination of duration and revenue sharing rates
in PPP concession renewal with a Monte Carlo simulation and a Risk
Premium approach. Xing and Guan (2017) use the Fault Tree Analysis to
determine the risk factors and their importance order for a PPP project
during its preparation stage.

Although these approaches are theoretically well established and
have improved rapidly, providing for numerous methods, they are
limited in practicality because they need incorporating many factors and
their weights, tedious calculations, high mathematical knowledge and
great quality data. Such data are hard to obtain in construction industry
therefore, according to Dikmen et al. (2007), the difficulties have led
experts to base their decisions on personal experience and subjective
judgments, in fact qualitative tools are more common among practi-
tioners. Above all, the qualitative risk matrix is extensively used in the
construction industry (Qazi and Dikmen, 2019; Qazi et al., 2021). Itis a
two-dimensional mapping of probability and impact ratings associated
with individual risks, where the product of these ratings yields the
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overall exposure of individual risks (Aven, 2017). One of the main
limitations of this technique is the use of average values for capturing
the exposure of individual risks and also the aggregation is problemat-
ical, with a level of detail that may led to lower underestimate (Duijm,
2015). The significance of risk tail is not considered therefore the pri-
oritization procedure may lead to making sub-optimal decisions
regarding the selection of suitable risk mitigation strategies (Tong et al.,
2018).

The semi-quantitative risk assessment is a growing typology of ap-
proaches and due to the multidimensionality of the risks several appli-
cations in the context of the MCDM can be noticed. Above all, the AHP is
one of the most used MCDM (Manganelli et al., 2014), first introduced
by Mustafa and Al-Bahar (1991) for assessing the risk of a construction
project in Bangladesh. Li and Zou (2011) propose a fuzzy-AHP-based
risk assessment for PPP projects for identifying some major critical
success factors. Dey (2002) combines the AHP with the Decision Tree
Analysis as a quantitative approach for determining the probability of
occurrence of various risk factors. Millet and Wedley (2002), instead,
demonstrate the AHP flexibility for modelling risk and uncertainty in a
variety of ways and contexts. The strength of this approach is that it
organizes both qualitative and quantitative factors in a systematic way
and provides a hierarchical structure yet relatively simple solution to the
decision-making problems regarding the complexity of the risk assess-
ment in the PPP projects (Al-Harbi, 2001). Sun et al. (2008) define a risk
evaluation method for residential real estate projects based on the
integration of fuzzy set theory within the AHP technique.

The results of the risk assessment can, at times, be very complex and
not easily understood by the interested subjects if they do not have the
appropriate skills. In this, some visualization tools such as graphs and
maps can make a significant contribution. In particular, when localiza-
tion, understood as the effects of the spatial components of a certain area
or site on the formation of risk, plays a pivotal role within the analysis,
the risk maps are particularly useful both for the visualization of the
results and for the for understanding of them. Widely used in the natural
risk sector, where the space component is the cornerstone, they find
little application in the real estate risk sector, except for analyzes
focused on identifying the most suitable sites for specific real estate
development projects. According to the authors’ knowledge, the only
reference in this regard is represented by the work of (Cam, 2018) who
creates a Turkey’s financial risk map with GIS by using the parameters
that determine Turkey’s financial risk. In fact, the concept of risk map is
often associated to a non-GIS based matrix of frequency and impact of
the factors that allows to identify 4 different level of risk (e.g. low,
moderate, high and critical) like proposed by Dey (2010) and Sharma
(2013) within a conceptual risk management framework using AHP.

A recent trend sees the growing applications of the composite in-
dicators methodologies (Anelli et al., 2022) for assessing the real estate
risk at the Country level and then ranking them according to their
relative riskiness. A significant reference is represented by Lieser and
Peter Groh (2011) that determines the attractiveness of 66 Countries for
institutional real estate investments through a Global Real Estate In-
vestment Attractiveness Index (Global REIA Index). Chen and Hobbs
(2003) develop a Global Real Estate Risk (GRER) index for 44 Countries
based on the cyclical, structural and national features of the real estate
market conditions. Lee (2005) assesses the attractiveness of 51 Countries
by developing a Real Estate Potential Index (REP index) based on four
groups of indicators related to expected growth, geo-political risk,
transparency and market specific risk. For the single project level
Boateng et al. (2015) model an Analytic Network Process quantitative
approach to prioritize the potential risks across the megaprojects per-
formance with a Risk Priority Index. In fact, one of the most practical
feedback and operational support of the composite indicators system in
the filed of the risk assessment is represented by the possibility of
creating a clear ranking list after the evaluation process carried out on
the set of considered indicators.
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3.3. Risk management/allocation

Public and private subjects involved into PPP real estate redevelop-
ment process must place particular attention to ensure a fair risk allo-
cation between them. A general principle, also followed by the Italian
regulatory framework (Guidelines no.9 of ANAC), is that each risk
should be allocated to the subject best able to manage it with low cost. In
other words, an optimal risk allocation is to seek a solution minimizing
both the total management costs of the public and private sectors, but
this can be difficult and often badly realized. Osipova and Eriksson
(2011) identify three factors as a basis for determining risk allocation in
construction projects: the contract form, the payments form and the risk
management in partnership projects. Ng and Loosemore (2007) claim
that a risk should be given to someone who: i) has been made fully aware
of the risks he is taking; ii) has the greatest capacity to manage the risk
effectively and efficiently; iii) has the capability and resources to cope
with the risk eventuating; iv) has the adequate risk appetite; v) has been
given an appropriate risk premium. To help ensure that this happens, a
number of standard risk allocation matrices have been produced to
guide appropriate risk allocation in PPP projects, the most known is the
one provided by Grimsey and Lewis (2007).

In summary, several researchers have attempted to identify and
evaluate risks of PPP projects using different perspectives and methods.
Many variable types of risk and related approaches have been observed
in the literature, according to i) the features of the application’s context;
ii) the complexity and dimension of the project; iii) the numbers of
stakeholders involved iv) the risk appetite and capacity/skills to manage
it by the subjects involved; v) the quality of data required and the aim or
utility of the risk assessment results; vi) the phase of the project for
which the evaluation is conducted. It is possible to observe that, due to
the intrinsic characteristic variables of the concept of risk, there is no
consolidated framework for identifying each of the numerous and
different types of risk that can arise in real estate redevelopment pro-
cesses that can be adequate for all the risk assessment procedures. This is
the main reason according to which every national/international regu-
latory framework could guide the risk assessment process, but inevitably
the factors to be considered must be specifically identified according to
the purpose(s) of the assessment, the time of the evaluation (ex ante or
post) and the quality and coherence of the disposable data. After all, this
is the reason for the extensive literature on the matter but also for the
scarcity of schemes that are capable of integrating the spatial component
of the sub-municipal territorial scale of the real estate market into the
analysis of the specific risk assessment with a structured framework able
to consider the importance of each risk factor into a MCDM synthetic
index approach. The need for the practitioners to utilize such kind of
effective decision support systems is considered as an important
research gap that the proposed work intends to fill.

4. Description of the methodology and its application for the
case study

The structured framework defined for the proposed assessment
methodology able to create the Iggg is described in each of the 10 phases
with reference to the application to the case study of the city of Rome
(Italy). Rome is the capital of the Lazio region as well as the capital of
Italy and from the analysis of the real estate market in absolute terms it
remains the Italian city with the largest volume of property sales, close
to 30 thousand units, a third of the trading volume of the large Italian
cities, and a growing volume of non-residential property sales. It is
characterized by a mix of real estate assets, including architectural and
historical ones, that brings the city into one of the most dynamic real
estate markets both nationally and internationally. Even if the city has a
dynamic real estate market, private investors often consider it riskier to
invest in urban regeneration projects than other cities such as Milan. The
main reason is due to the historical substratum and the vastness of the
cultural real estate heritage which represents one of the main real estate
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risk factors of the city, because it is able by itself not only to slow down
the process of realization of the urban intervention but, in some cases,
even to stop it, with consequent losses of revenues and capital. There-
fore, it is very useful for public and private subjects to obtain a real
estate risk map of the various sub-municipal areas of the city of Rome
which clearly and immediately identifies the “base risk” level at which,
initially, each real estate development will have to deal with by adding
the other risks deriving from the subsequent construction and manage-
ment phases. As valid general assumptions two reference categories of
properties are examined: the first, relating to the residential sector,
including housing, garages and parking spaces; the second one relating
to the non-residential sector including all the remaining intended uses
like offices, laboratories, industrial sheds.

In order to obtain a georeferenced risk map that allows to visualize
the spatial distribution of three types of specific risk levels (market,
context and insolvency) that identify the “base risk” at the time of the
evaluation, the structured framework on which the model is based is
represented in Fig. 2.

4.1. Phase 1: goal definition

The first step to be carried out regards the definition of the specific
goals that the development of the Iggg intends to pursue. It needs to be
specifically calibrated for taking into account both the goal and the
utility of the risk index for the final users considered. In the case study,
the goal of the risk index is to provide a support for the regulation of the
urban parameters of a generic PPP urban redevelopment project with
mixed-uses that will be realized on a land plot area partially to be re-
generated and partially to be built entirely. In particular, the risk index
should allow for better regulation of the parameters from which depends
on the convenience of the subjects involved, or the PA that will delivers
the infrastructure and services works, and a generic PE for the realiza-
tion of the mixed-uses established buildings. The final utility of the
generic PE regards its use for an ex-ante evaluation of the so-called “base
risk” level to which specific factors of the subsequent urban intervention
development must then be added to it (e.g. risk of construction, man-
agement, etc.). On the other hand, the function for the PA concerns the
possibility to clearly and immediately identify the riskiest areas within
the city of Rome, for then deciding how to draw up a regeneration
project.

In the case study, the main final user of the index is principally the
generic PE. For this reason, it needs to know the general conditions of
the real estate markets sectors of the intended uses established. For
doing this, it is essential to conduct a deep analysis on the main adept
modalities in the professional practice and in the referenced literature
regarding the types of risk to be taken into account, whether systematic
or specific, and the factors that make it possible to determine it. After
having examined the study reported in the Section 3 of the present
research and due to the characteristics of the case study, the type of risk
considered is the specific one. Therefore, in order to achieve the defined
goal related to the risk index, the following types of specific risk are
considered:

e Market risk, understood as the risk deriving from demand and supply
conditions of the local real estate market at the time of the valuation
(end of 2020) within the urban areas considered;

e Context risk, concerning the main extrinsic characteristics of the
urban area enclosed in the territorial unit of investigation which help
to define the desirability of the area for the local real estate market;

e Insolvency risk, with reference to solidity and solvency capacity of the
future users, stated as the inhabitants of the survey unit;

The Iggg is calculated as the weighted sum of these three types of
specific risk (Eq.1):

Isgr = py ® MarketRisk + p. @ ContextRisk + p; ® InsolvencyRisk (€D)]
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Withp,,, p. and p; the local weights of respectively the market,
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Fig. 2. Structured framework of the proposed methodology.

context and insolvency risk.

4.2. Phase 2: choice of the territorial scale

The territorial scale for which the index is calculated must pertains to
the effective utility of the final users. It could range from the national to
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Fig. 3. Perimeters and classification of the 234 OMI zones of Rome updated to the second half of 2020.
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the sub-municipal one, passing through the regional, provincial and Table 1
municipal. According to the goal defined on Phase 1, the most suitable Features of the initial set of the 24 indicators system.
territorial scale is chosen to be the sub-municipal one, or the same of the Type of ]
generic urban regeneration project considered, in order to allow the specificrisk  ndicator Type Measure Data source
generic PE to take the most efficient decisions for its convenience. In Trend in real
fact, the other scales are inadequate to achieve the defined goals of the estate sales
risk index. values in the
For the city of Rome, the sub-municipal scale refers to the 234 pe- residential
rimeters of the municipal area carried out by the Real Estate Market ,S;Z?; in real
Observatory (OMI) of the Revenue Agency for the year 2020 (last up- estate sales
date). The OMI zones are identified according to characteristics of ho- values in the
mogeneity from an urban planning point of view and the dynamics of non-
the local real estate market, and they are classified into 5 categories: i) B, ZZi‘ti‘:“tlal

the central, ii) C, the semi-central, iii) D, the peripheral, iv) E, the sub- Volatility of

urban and v) R, the extra-urban. The Fig. 3 shows the distribution of the sales
the 234 OMI zones within the city of Rome at the reference date of 31 values in the
December 2020, by highlighting the 21 extra-urban (R) excluded by the residential
analysis (white color) because are characterized by the absence of data if;;otrﬂity of
on real estate values, this condition does not allow to conduct the study the sales
on these areas. values in the Angular
These perimeters are chosen for the case study due to their relevance non- coefficient
in both professional and academic practice. In fact, they are often used res‘tde“t‘al Angular
. P . sector . .
as main reference for acquiring data on real estate quotations, sales NTN trend coefficient
volumes and the characteristics of the cadastral stock present in the IMI trend itar}da_rd
P . . . . P iation
municipality. The six-months real estate quotations consist of a mini- Average sales S:ﬂz;r d
mum/maximum range, per unit of commercial surface in €/m?, of the Se';zse L‘;:l‘e deviation For all the
market and rental values, by type of property and state of conservation. sector Angular indicators
Therefore, 213 of the 234 OMI zones of the city of Rome are considered Average sales coefficient the real
as the territorial unit of investigation used for the purposes of this times in the Angular estate
h non- coefficient quotations
research. . . Mean number of  provided
residential All months by the
MARKET sector -
4.3. Phase 3: identification of the indicators Trend in real quantitative  Mean number of ~ Revenue
months Agency for
estate rental
. ok . . R Angular the 2020
Ir.1 this phase it is e.ssentlal the analysis of t.he loc.al 1Teal estate dy- val};es in ihe coefficient semesters
namics for understanding what are the most suitable indicators able to residentia Angular are
represent each of the three types of specific risk considered. It consists 'Srercet;; in real coefficient considered.
into a contextualization phase, where the indicators retrieved by the estate rental Standard
reference literature and professional practice are matched with the values in the :f:;z::;
features of the urban tissue and the typology of available data on the non- deviation
properties within the areas considered. For the city of Rome, this ZZi‘ti‘:nnal Mean number of
operation has been conducted by analyzing the main documents and Volatility of months
reports on the real estate market dynamics, features and maintenance the rental Mea'tlhnumber of
ops . . . o] . . months
conditions of the existent stock (e.g. Nomisma, Scenari Immobiliari, Tec- values in the
noborsa) as well as from the comparison with real estate agents oper- residential
ating in the real estate market of Rome and with local professionals. if:ltaotrﬂity of
The analysis of the real estate dynamics present in the local market of the rental
the i-th OMI zone is carried out through the identification of an initial set values in the
of indicators capable of representing the dynamism, volatility, trend of non-
values, times of sale and lease and the absorption rate of the stock Zzz‘t‘;imal
offered. The initial set of indicators comprises a total of 24 items re- Average
ported in Table 1, of which 14 refer to the market risk, 5 to context risk leasing times
and 5 to the insolvency risk. in the
residential
. . . . . sector
4.4. Market Risk indicators determination A
verage
leasing times
e Indicators 1,2,5,6,9,10: The trend in real estate sales and rent values in the non-
for both residential and non-residential sector (e.g. 1-2, 9-10) and residential
also the Number of Normalized Transactions (NTN) and the Real sector
. L. . Urban life Average Agency for
Estate Market Intensity (IMI) indicators (respectively 5 and 6) are quality determined the control
determined by considering the angular coefficient of the trend in real Attractivity 8322:12;; score and quality
estate values, calculated through the construction of the regression CONTEXT Building Quantitative Number of of public
line of the index numbers of residential and non-residential desti- maintenance Quantitative people detected  services of
. . Urban decay s Average cost of Rome
nations surveyed by the Revenue Agency between the first semester : Qualitative ’
R o Archeological ordinary U-Geo
of 2015 (base 100) and the second one of 2020. In this way it is sites maintenance Urbistat

possible to obtain the desired information by a-dimensionalize the
values to facilitate comparison among the trends of each OMI zone. If

(continued on next page)
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Table 1 (continued) conducted with reference to the year 2019 by the " Agency for the

control and quality of public services of Rome (ASPL)”, provides a

Type of

the angular coefficient is positive, it means that also the trend is
positive, instead if it is negative, it means that the trend is too.

e Indicators 3,4,11,12: The volatility of the real estate values is deter-
mined by calculating the standard deviation of each historical series
of index numbers of real estate values for sale and lease included in
the same period of years used for the construction of the trend of the
previous indicators (1,2,5,6,9,10) with a base of 100 equal to the first
semester of 2015. It is thus obtained the average volatility of ex-
pected returns in both the residential and non-residential sectors.

e Indicators 7,8,13,14: The time span between the moment in which a
property is placed on the market (for sale or for lease) until its exit,
which is assumed to correspond to the signing of a lease or a pre-
liminary sale agreement, is one of the possible measures of the
average timing of the market. Based on the date of the sale and rental
announcements of the units belonging to the residential and non-
residential sector between 2015 and 2020 detected by the Immobi-
lare.it website, the most important real estate announcements site of
Italy, retrieved by the private database of the Geomarketing software
named “Urbistat” (https://www.urbistat.com/ita/), the average
number of months for sales and leasing of each OMI zone are
calculated.

4.5. Context risk indicators determination

e Indicator 1: The quality of the urban environment circumscribed
within the i-th OMI zone represents a highly relevant factor within
the demand formation mechanisms for the specific area. The pres-
ence of public services, transport infrastructures, places of culture
and recreation, parks and well-kept and accessible green areas, are
the main elements that guide the choices of buyers and, conse-
quently, allow to identify the most attractive areas of the real estate
market. The survey on public services and the quality of life

specific risk Indicator Type Measure Data source complete overview of the perception that users, occasional or
per capita database (1 habitual, have of 18 local public activities and of the quality of life in
Percentage of January the OMI zone where they live. Therefore, each score resulting from
empty 2020) the analysis is useful for determining the quality of life in each OMI
dwellings U-Geo area considered.
Percentage of Urbistat e Indicator 2: The level of attractiveness of the area represents a
territorial database (1 . . .
surface January fundamental factor in the analysis of demand formation mecha-
occupied by 2020) nisms. In general terms, the municipality of Rome registers 3.7
archeological U-Geo million of individuals transiting for reasons of work, leisure, tourism,
sites Urbistat even from outside. The greater the number of individuals passing
31:1:12?;6 a through the area, the greater the attractiveness of the area and
2020) therefore the lower the risk that the final products of the urban
Quality regeneration intervention considered may remain unused and / or
Charter underused or unsold. The number of individuals passing through the
Disposable i-th OMI area is determined as the sum of the resident, non-resident,
Purchasing :;i::ize per tourist population and workers who transit from 8.00 A.M to 9.00 P.
capacity Percentage of M.
Owned families living e Indicator 3: The state of conservation of the properties in the i-th OMI
properties in owned All U-Geo area is detected through the analysis of the average per capita
Rented Al properties Urbistat expenditure for house maintenance works. The higher the expense
INSOLVENCY  properties quantitative Percentage of database (1 ?
Employment families living January the greater the probability of old buildings or buildings constructed
stability in rented 2020) with poor quality materials such as low-cost housing or of historical-
Potential properties architectural value with a scarce or difficult (and onerous) state of
demand U“‘fmpl"ymem maintenance in the urban area. The data was drawn from the per
;Lapilli:n capita consumption database of Urbistat Geomarketing software.
density e Indicator 4: The level of degradation of public and private buildings

in the urban area helps to define the quality of the same in the
context in which they are located. The presence of disused and old
buildings reduces the attractiveness of the area and highlights the
greater need for interventions that improve the general structure of
the present buildings. The risk will therefore be greater in urban
areas characterized by a widespread presence (or concentrated in
some districts) of buildings in poor state of repair or abandoned, both
due to the possibility of incurring higher costs of rehabilitation or
maintenance of the same, both due to the high capacity of these areas
to attract phenomena of crime or social marginalization which can
significantly reduce the ability to use the building products of the
urban transformation in progress. The percentage of houses that are
empty or occupied by non-residents provides a measure of whether
or not there are properties in a state of neglect or decay. This indi-
cator is determined on the basis of the data available in this regard on
the Urbistat Geomarketing software.

Indicator 5: The main risk of delays in issuing the necessary permits,
restrictions and modifications of the urban intervention methods or
the imposition of interruptions on the municipal territory of Rome, is
due to the numerous archaeological elements present on the entire
territory of the city. The system of urban constraints of the city of
Rome, complex by nature and consistency of the territory and of the
real estate assets present, is polarized on the archaeological-
monumental pre-existing structures and on the consistencies asso-
ciated with it. In the "Charter for Quality" (elaborated G1) of Rome
all the archaeological and monumental elements visible in the fabric
of the contemporary city, both constrained and unconstrained, have
been mapped. The percentage of the territorial surface of the i-th OMI
area affected by all the elements pertaining to the categories of
archaeological-monumental pre-existing structures and the archae-
ological and natural subsoil deposit, defines the level of associated
risk. Specifically, a reference threshold value is identified, equal to
the average territorial surface occupied by these elements, beyond
which the OMI area has a maximum score (5) for a higher probability
than the municipal average of administrative-operational problems
due to pre-existing elements. If the percentage of territorial surface
occupied by archaeological elements is equal to the municipal
average with a variation of about 10%, the OMI area will have a
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score of 3. In the event that the percentage of surface occupied by
archaeological elements is significantly lower than that municipal,
the score is 1. The scores are determined according to the consulta-
tion with a panel of real estate developer’s expert and based on their
experience with development process of the past on these type of
sites.

4.6. Insolvency risk indicators determination

e Indicator 1: The per capita income is among the most relevant vari-
ables for the purpose of detecting socio-economic inequalities in the
various urban areas of the city. This variable provides a measure of
the economic potential of the resident population. As this indicator
increases, the probability for the PE to enter a real estate market
whose demand is unable to economically absorb the real estate units
envisaged by the urban intervention will decrease. It will also be
possible to modulate the sale and rental prices offered on the basis of
the average per capita income which, therefore, where it will be
lower, will not allow large profit margins. The data on these in-
dicators are collected through the access at the database of Urbistat.
Indicators 2 and 3: The title of use of the houses present in the urban
area is an indirect measure of housing stability. A family can move
towards one right of enjoyment or the other by taking into consid-
eration numerous elements, which involve not only the actual pos-
sibility of buying a house (having its own funds available, or by
taking out a mortgage depending on the advantageous rates or not)
and the social context in which it is located, but also - and above all -
the work needs and the transience of the employment contract.
Families who own the house in which they live, even if acquired in
part with the activation of a mortgage, are assumed to have at least
one member with a stable employment contract that guarantees the
minimum maintenance of the other members. Families who, on the
other hand, have a lease contract may be more subject to precarious
employment contracts or reduced economic stability than families
who have a right of ownership. All things being equal, the first group
expresses a greater potential for economic stability than the second
group, therefore the associated risk will be higher in the presence of a
high percentage of rented households in the area.

Indicator 4: The employment status of the demand retrieved by
Urbistat defines the probability of the occurrence of states of arrears
and / or non-compliance with the fees established between the
parties for the units built. A high level of this indicator represents a
significant risk for the PE.

Indicator 5: The population density represents the consistency of the
potential demand existent in the real estate market of the OMI area
under examination. The higher the population density, the lower the
risk that the functions established with the urban regeneration
intervention remain scarcely or not used at all. Through the socio-
demographic dataset available on Urbistat, it was possible to detect
the persistent population density in each OMI area.

4.7. Phase 4: normalization and correlation analysis

The set of indicators collected presents a difference in terms of data
measurement methods: there are both scoring scales (e.g. 1-3-5), ratios
(e.g. inhab/krnz) and intervals (e.g. 5.13, 8.45, 3.2). Normalization is
necessary to eliminate these differences in the measurement units of the
indicators and therefore to be able to compare and aggregate them in the
final summary risk index. The choice of the most appropriate normali-
zation method therefore depends on the need to reward/penalize certain
issues of the problem, on the importance of the maximum and minimum
levels of the values collected in the phenomenon under investigation and
on the possibility of wanting to compare them in different time intervals.
In fact, depending on the normalization technique used, the final value
of the Iggr can vary significantly (Vafaei et al., 2016, 2018; Shao et al.,
2020). The choice of normalizing the indicators with the min-max
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technique was identified as the most appropriate to achieve and meet
the specific needs required. In particular, it allows to normalize the in-
dicators within a range of values between 0 (minimum) and 1
(maximum) and takes into account the extremes, thus avoiding under-
estimating the total risk and providing a more effective assessment index
for the objectives of the analyses.

After the normalization, the AHP requires the lack of correlation
between the elements pertaining to a hierarchical level, in order to be
used. For this reason, the correlation levels are checked by analyzing the
Pearson coefficient among the 24 normalized indicators (Podvezko and
Sivilevicius, 2013). The results of the correlation analysis shown in
Figure A of the Supplementary Files highlight the presence of the seven
couples of highly correlated indicators of which, six couples pertain to
the risk market factors and only one pertains to context and insolvency
risk factors:

e Volatility of the sales values in the residential sector (3) and the trend
in real estate sales values in the residential sector (1)

e Trend of the IMI (6) and the trend of the NTN (5)

e Trend in real estate rental values in the non-residential sector (10)
and the trend in real estate sales values in the non-residential sector
2

e Volatility of the rental values in the residential sector (11) and the
trend in real estate rental values in the residential sector (9)

e Volatility of the sales values in the non-residential sector (4) and the
volatility of the rental values in the non-residential sector (12)

e Volatility of the rental values in the non-residential (12) and the
trend in real estate rental values in the non-residential sector (10)

e Purchasing capacity (1) and building maintenance (3)

To avoid redundancy of the information provided by the indicators
and to limit the average correlation between them, it was decided to
eliminate the following ones:

Trend in real estate sales values in the residential sector (1)
Volatility of the sales values in the non-residential sector (4)
Trend of NTN (5)

Trend in real estate rental values in the residential sector (9)
Volatility of the rental values in the non-residential sector (12)
e Purchase capacity (1)

Therefore, the final set of elementary indicators for the construction
of the proposed risk index, after having carried out the correlation
analysis, is composed of 17 indicators, of which 8 for market risk, 5 for
context risk and 4 for insolvency one. The final indicators considered
present the following direct and indirect proportional relationships with
respect to the Iggr: (Table 2).

4.8. Phase 5: final dataset construction

Once the indicators that will constitute the proposed risk index have
been identified, the identification of the ranges of variation of the values
of the indicators on the totality of the OMI zones, in order to effectively
grasp the spatial distribution of the same, is carried out. This operation is
accomplished first by observing the set of data collected and subse-
quently by analyzing the percentiles of each indicator, thus identifying a
variable number from 3 to 6 percentiles, depending on the variability of
each indicator. If the indicator is determined through a scale of scores, as
in the case of the presence of archaeological elements (Indicator 5 of
Context risk), the number of classes of variation of the values is exactly
equal to the number of different scores that the indicator presents. In this
way, starting from the normalized indicators, a further hierarchical level
below the latter is added, attributes to the variation classes of the values
identified for each indicator - called intensity range -, in such a way as to
obtain the final structure of AHP represented in Fig. 4.
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Table 2
Proportional relationships between the indicators and the risk index.

Risk
index

Type of specific

; Indicator
risk

1. Trend in real estate sales values in the
residential sector

2. Trend in real estate sales values in the non-
residential sector

3. Volatility of the sales values in the residential
sector

4. Volatility of the sales values in the non-
residential sector

5. NTN trend -
6. IMI trend -
7. Average sales times in the residential sector +
8. Average sales times in the non-residential sector ~ +
9. Trend in real estate rental values in the

residential sector

MARKET

10. Trend in real estate rental values in the non-
residential sector

11. Volatility of the rental values in the residential
sector

12. Volatility of the rental values in the non-
residential sector

13. Average leasing times in the residential sector
14. Average leasing times in the non-residential
sector

. Urban life quality -
. Attractivity

. Building maintenance
. Urban decay

. Archeological sites
Purchasing capacity
Owned properties
Rented properties +
Employment stability -
Potential demand -

+

CONTEXT

o+

INSOLVENCY

N e e

4.9. Phase 6: local weights determination

In order to take into account the contribution of each factor
considered in the formation of the real estate risk, summarized within
the final value of the index, it is necessary to determine the importance -
in terms of local weight - of all the factors that constitute the structure of
the AHP, starting from the individual intensity ranges, then continuing
with each indicator and finally the three types of specific risk consid-
ered. To do this, 20 pairwise comparison matrices are constructed, of
which 17 to determine the local weight of the intensity ranges and 3 for
that of the indicators, respectively a matrix of order 9 for market risk,
one of order 5 for context risk and finally one of order 4 for insolvency
risk. In the proposed case study, the local weight of the three types of
specific risk is assumed to be equal to 1, given the difficulty of objecti-
fying the importance of one type of risk compared to another by com-
parison in pairs, moreover in the absence of indications more specific on
the type of intervention, its location, the subjects involved and the socio-
economic, environmental and legal profile.

Consultation with a panel of experts composed of subjects operating
in the real estate development, construction of the private sector and
urban planning section of the PA (e.g. 5 of the major local private en-
trepreneurs, 3 investment fund managers with portfolios containing

GOAL
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located properties in the city of Rome, 5 real estate agents of the main
real estate agencies of the city for a long time present in the area, 2
administrative technicians competent in the urban planning functions of
the city of Rome), allows to formulate preference judgments for each
comparison matrix, transformed into values through the adoption of the
Saaty scale (Table A of Supplementary file).

It is important to note that if the indicator has a direct proportion-
ality with respect to the real estate risk index, the classes with the
highest value of the intensity ranges will have a greater weight than
those with the lowest value. For the elementary indicators that have an
inverse proportionality with the risk index, i.e. the increase in their
values reduces the real estate risk, the lower value ranges will have
greater weight than the higher value ranges. Please refer to Figure B in
the Supplementary Files for a summary of all the local weights deter-
mined for each indicator and intensity range of the risk index.

The consistency of the judgments expressed by the panel of experts is
constantly checked through the calculation of the Consistency Index
(CI), a control parameter that considers the maximum eigenvalue of the
matrix Amq, and the order n of the same, as Eq. (2) follows:

CI = [(Amax — n)/(n-1))/Random Index 2)

The Random index is a predefined table value depending on the
order n of the comparison matrix, shown in Figure C of the Supple-
mentary files. In order for the judgments expressed by the panel of ex-
perts to be used for the determination of the weights, the CI of each
comparison matrix is less than 0.1, as reported in Figure D of the Sup-
plementary Files.

4.10. Phase 7: global weight computation

The final aggregation of the local weights within the global weight,
or the final risk index Iggg, takes place by adopting the definition of risk
taken as a reference in Eq. (1). Specifically, taking into account each
determined local weight, the following Eq. (3) is applied to calculate the
index:

Isgr = (D Vi @ Wan) FPe (> Ve @ Wae) +0i (> Vi @ i) 3
n=1 n=1 n=1

With:

® Dm, Pc and p; the local weights of the three risk types, respectively
market, context and insolvency;

® Vom, Vnc and vy; the local weights determined through the pairwise
comparisons matrices for the n-th indicators related to each type of
risk (m= market, c= context, i = insolvency);

® Wnm, Wnc and wy; is the weight of the defined m-th intensity range
associated to the n-th indicator related to each type of risk.

The obtained index value, normalized through the min-max tech-
nique to obtain results included in the range 0 (minimum) and 1
(maximum) easily comparable, refers to the i-th OMI zone considered in
the municipal area of Rome. The higher the index value for the i-th OMI
zone, the greater the real estate risk associated with it on the basis of the
considered indicators. This operation must be carried out for each of the

SPATIAL REAL ESTATE
RISK INDEX

TYPES OF SPECIFIC RISK

CONTEXT RISK

INDICATORS 2 3). 6)

INTENSITY RANGES, W) L) Lvi) Lo Lw L vi) Lvi)

DI = ) ) ) ) Do) D
i) i) i) i) i) O I )
) |ii) |- i) L) i) ) () (i)

Wwlwlwblvw ) Lv) L Lw

Fig. 4. Final structure of the AHP for determining the proposed Spatial Real Estate Risk Index.
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examined 213 OMI zones.

4.11. Phase 8: sensitivity analysis

All the index values obtained are subjected to sensitivity analysis by
comparing the ranking of the areas obtained by varying the weights of
the market, context and insolvency risk indicators according to the
following 3 scenarios:

i. Market risk is more important than context and insolvency risk;

ii. Context risk is more important than the market and insolvency
risk;

iii. Tenancy risk is more important than the market and context risk.

In particular, the ranking variations that occur in the three scenarios
between the highest and lowest values of the index, i.e., the top and
bottom 10% of all the values sorted in descending order, are analized.
The comparison of the three scenarios takes place with respect to the
ranking obtained in the base scenario, i.e. the one deriving from Phase 7
of the proposed model applied to all the OMI zones considered. The
purpose is to verify the effects induced by varying the weights of the
indicators on the stability of the final index results. The results of the
sensitivity analysis are following reported in Figs. 5 and 6.

The obtained results lend to some important observations. First of all,
in Fig. 5 it can be possible to see the position of the R40 area (extra-
urban in light green) that remains unchanged, which is the one with the
highest risk in all 4 scenarios examined, followed by E65 (sub-urban in
light gray) which always occupies the 2nd place except where the
importance attributed to context risk is greater than to the other two
types, while remaining among the top 5 OMI zones most at risk. In the
scenario in which the context risk has the greatest weight (importance),
in fact, the central areas (in orange) B2 and B14 (2nd and 4th place) rise
in position, which in the ranking with equal importance of the three
types they rank 10th and 12th, to which are added others such as B13,
B12, B25, B15 (10th, 13th, 14th and 16th place respectively). It is clear
how the indicators chosen to represent the context risk (quality of life,
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pre-existing archaeological sites, number of abandoned buildings, state
of conservation of buildings and level of attractiveness) are character-
istic of central urban areas, especially with reference to the extension of
the territorial surface affected by pre-existing archaeological sites that
can induce slowdowns and difficulties in obtaining permits, as well as
excavation and construction operations, in the generic urban regenera-
tion intervention considered in the work. As a unit belonging to the
semi-central band, zone C31 (in light yellow) rises, in any case placed in
the first 20% of the base scenario, therefore with significant levels of
risk. If market risk prevails, in the OMI zones of the top 10% of the
highest values of the index there are few variations compared to the base
scenario, with the exception of the absence of central zones B2 and B14,
and zones D68 (in light blue) and C45, respectively in 7th and 21st
place, all within 20% of the OMI zones at greatest risk in the base sce-
nario. The scenario in which insolvency risk prevails is compounded in
very similar to that of main reference except for the absence of the pe-
ripheral area D37, and of the sub-urban areas E64, E9, E87, E105, E143
that move up, but still present in the first 20% of the comparison
ranking. In general, the prevalence of sub-urban areas is observed in all
4 scenarios.

The comparison between the results obtained for the lowest values of
the index (last 10% of the OMI zones) shown in Fig. 6 reveals an overall
consistency between all the scenarios, without significant variations: the
semi-central zone C29, the one with the lowest risk in absolute (213th
place), it is in fact always within the last 3 positions. In the case of
market risk with greater importance, the lowest positions are mainly
covered by the semi-central zones (C9, C24 and C7), while in the other
two scenarios the presence of zones is observed sub-urban (E98 and
E179) or peripheral (D7, D34 and D27). The reasons can be traced back
to the almost non-existence of pre-existing archaeological sites in the
E98 and E179 zones, in the first case, and to a low unemployment rate in
the D7, D34 and D27 zones, in the second case. The variability of the
OMI zones observed in the remaining positions does not affect the
robustness of the results as all the zones that appear in the last 10% of
the values are strictly included within and not beyond the last 20% of the
ranking.

BASE SCENARIO SCENARIO 1 SCENARIO 2 SCENARIO 3
INDEX VAL.| RANKING | OMIZONE |INDEX VAL.| RANKING | OMIZONE |INDEX VAL.| RANKING | OMIZONE |INDEX VAL.|RANKING | OMIZONE

1,00 1° R40 1,00 I R40 1.00 12 R40 1,00 1° R40
0.89 2° E65 0.86 29 E65 0.92 2° B2 0.92 2° E65
0.80 39 E61 0.82 32 E160 0.89 3° E61 0.79 3° E64
0.77 4° E79 0.81 4° E61 0.89 4° B14 0.79 4° E140
0.76 5° E160 0.72 5° E79 0.89 S° E65 0.78 L El171
0.75 6° El71 0.72 i E89 0.87 6° E166 0.77 6° B2
0.74 9/ E89 0.71 7% D68 0.86 7° E79 0.77 7° E9
0.73 8° E166 0.70 8° E181 0.81 8° E171 0.76 8° E166
0.72 9° E140 0.68 9° El71 0.81 9° C31 0.76 9° E160
0.71 10° (B2 0.68 10° |R7 0.79 10° |BI3 0.75 10°  [E123
0.70 11° |E64 0.67 11° |E24 0.79 11°  |E89 0.75 11°  [E170
0.70 12° |[Bl4 0.66 12°  |E140 0.78 12°  |E168 0.75 12°  [E87
0.70 13° [R7 0.63 13°  |E84 0.77 13°  |BI2 0.74 13°  |E105
0.69 14°  |E170 0.61 14°  [ET71 0.77 14°  |B25 0.74 14°  |E168
0.68 15° |E168 0.61 15° |EIS 0.76 15° |D37 0.74 15¢ |Bl4
0.68 16° |EI23 0.61 16° D37 0.75 16° |BIS 0.74 16° |E79
0.66 17°  |E7I 0.61 17°  |E170 0.75 17°  |E170 0.74 17°  |E71
0.64 18° |E22 0.60 18° |Ell4 0.74 18° |R7 0.73 18°  [E89
0.64 19° D37 0.60 19°  [E64 0.73 19°  |E140 0.71 19°  [E6]
0.64 20° |Ell4 0.60 20° |El66 0.73 20° |E64 0.70 20° |[El43
0.63 21°  |E25 0.60 21°  |C45 0.73 21° |E123 0.69 21°  |R7

Fig. 5. Ranking comparison among the first 10% of the highest index values obtained by the sensitivity analysis.
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BASE SCENARIO SCENARIO 1 SCENARIO 2 SCENARIO 3
INDEX VAL.| RANKING | OMIZONE |INDEX VAL.| RANKING OMI ZONE | INDEX VAL.| RANKING OMI ZONE | INDEX VAL.|RANKING OMI ZONE

0.17 191° |E185 0.19 191° [C38 0.20 191° |E3 0.13 191° |C2
0.16 192° |D53 0.17 192° |D27 0.20 192° |D9 0.12 192° |D36
0.16 193° [C10 0.16 193° |C46 0.20 193° |C11 0.11 193° |E185
0.15 194° |D5 0.16 194° |C51 0.20 194° |D78 0.11 194° |D47
0.15 195° |C11 0.16 195° [E179 0.19 195° [C14 0.11 195° |D78
0.15 196° |E98 0.14 196° |DS3 0.19 196° |D5 0.10 196° |D16
0.14 197° [D16 0.14 197° |D34 0.19 197° |C10 0.10 197° |C22
0.14 198° |C18 0.14 198° |D14 0.19 198° |E185 0.09 198° [C17
0.14 199° |D19 0.13 199° |D16 0.18 199° |D36 0.09 199° |D53
0.12 200° |[D46 0.13 200° |D5 0.18 200° |C7 0.09 200° |C46
0.12 201° |E179 0.13 201° [C18 0.17 201° |E21 0.09 201° |D1
0.12 202° |C40 0.12 202° [C11 0.17 202° |D19 0.08 202° |C40
0.11 203° |C51 0.12 203° |D7 0.16 203° [C18 0.08 203° |D46
0.11 204° |D9 0.12 204° [C10 0.14 204° |C51 0.06 204° |C9
0.10 205° [C24 0.12 205° (D9 0.13 205° |D1 0.06 205° |C7
0.10 206° |C9 0.10 206° |C21 0.11 206° |C21 0.05 206° |C51
0.09 207° |C7 0.09 207° [C40 0.10 207° |D46 0.04 207° |C24
0.09 208° (D1 0.08 208° |D19 0.10 208° |D7 0.03 208° (D9
0.07 209° |D27 0.08 209° |Di 0.09 209° |E98 0.02 209° [C21
0.07 210° |D7 0.07 210° [C7 0.06 210° |E179 0.00 210° (D27
0.07 211°  |C21 0.07 211° |C24 0.04 211° |D27 0.00 211° |C29
0.05 212° |D34 0.07 212° [C9 0.01 212° |C29 0.00 212° (D34
0.00 213° |C29 0.00 213° [C29 0.00 213> |D34 0.00 213° |D7

Fig. 6. Ranking comparison among the last 10% of the lower index values obtained by the sensitivity analysis.

0.32-0.481
0-0.318

No value

Fig. 7. Georeferenced map of the Spatial Real Estate Risk Index for the city of Rome.

12



D. Anelli and F. Tajani
4.12. Phase 9: final index computation

From the examination of the sensitivity analysis, the results obtained
for the value of the synthetic real estate risk index are consistent with the
specificities of each OMI zone and robust in terms of the determined
weights. The OMI zones that appear to have the highest and lowest
values of the Isgr are consistently positioned in all the scenarios
considered and the minimum observed ranking variations do not lead to
significant changes in the entire general ranking. The condition resulting
from the base scenario is therefore effective in representing the specific
characteristics of the market, context and insolvency of the municipal
area of the city of Rome, and for these reasons it is used in this analysis.
Otherwise, in this phase of the model a recalibration of the local weights
of the indicators has to be carried out, so that the index is more stable.

4.13. Phase 10: georeferentiation

Once the index values have been obtained for all the OMI zones
considered in the analysis, it is possible to georeference the results to
allow an immediate visualization of the distribution of the values within
the territory of the city of Rome. Based on the perimeters of the OMI
zones in .kmgz format available in the GEOPOI (Geocoding Point of In-
terest) section, i.e. the cartographic framework of the Revenue Agency
that allows to consult the quotes by municipality and by OMI area
through geolocalized navigation (https: // www1.agenziaentrate.gov.
it/servizi/geopoi_omi/index.php), imported into the Google opensource
application "MyMaps", it was possible to attribute to each OMI zone its
risk index value on a georeferenced map, as well as shown in Fig. 7.

5. Results discussions

Observing the distribution of the risk index values a heterogeneity is
noted, with value peaks more distributed outside the Great Ring Road
(GRA) (black color), especially north of the city. At the municipal level,
70 areas belonging to a low-risk band, 77 with medium risk and 66 with
high levels of investment risk are identified. However, it is not possible
to identify an area of the city in which all the riskiest areas are
concentrated, as many of them are also found in urban contexts which
on average appear to be low risky. Except for the areas excluded from
the analysis (white color), in the city center there are OMI areas whose
risk values are very variable, from 0.8 of the E61 area to 0.01 of the C29,
located behind the “Verano” site. The OMI zones with the highest risk
(deep red color), the D68, E114, E105 are to the North-West with an
index between 0.6 (D68) and 0.64 (E114) and E9 with 0.59. The R40, is
the one with the highest risk in absolute (1.00) and has an average sales
time of the non-residential of about 21 months, an unemployment rate
of 13.7%, 9 points higher than the city’s average and a population
density of 31.9 inhabitants/km?, extremely low compared to the average
of 6142.23 inhabitants/km?, in addition to having a considerably
reduced level of attractiveness. The D54, the D37 and the E61, with
respectively 0.6,0.64 and 0.8, and the B14 that with the B13 the B2 have
a risk equal to 0.79, 0.59 and 0.70. These areas belonging to the central
band (B), are characterized by a high volatility of real estate values in
the residential sector, average times of sale and leasing of the residential
asset, a quality of life rating below the municipal average (5.45), a high
extension of the surface affected by archaeological-monumental pre-
existing structures and a state of conservation of the buildings below
average. These factors bring the B zones into the urban center to identify
itself in the range with the highest risk values. As regards the OMI areas
of the peripheral band (D), these are particularly affected by a very
negative trend in real estate sales values in the non-residential sector,
high volatility, high average sales times in the residential and non-
residential sector and an unemployment rate above the average. The
areas belonging to the sub-urban band (E) are characterized especially
by market risk indicators which express a weak overall stability.

Outside the GRA, the highest concentration of real estate risk occurs

13

Land Use Policy 128 (2023) 106595

in the northern areas. All the OMI zones between 1 of the R40 and 0.62
of the E96 in this territorial context are characterized by particularly
negative levels of insolvency and market risk indicators. East of the GRA,
the greatest criticality is found in the E166, with a risk index of 0.72,
which has about 30% of the buildings empty or abandoned, a volatility
of residential sales values equals to 0.12, 4 points higher than to the
average of Rome, and a very low population density, equal to 296 in-
habitants/km?. South of the GRA, the E65 is the only one to have a level
of risk to be aware of, with an index equal to 0.89, due to the high
volatility of residential and non-residential sales and lease values, the
high unemployment rate and the low population density. West of the
GRA, only the E171 is in the higher risk ranges, with the value of 0.75,
due to the number of abandoned buildings, the high volatility and the
average sales and leasing times above the municipal average of 4 points.
Some attention is focused on the E88, on the South-West where the
illegal building, the high average times of sale of the non-residential and
lease of the non-residential make the zone riskiest than the neighboring
ones.

As regards the best conditions, in terms of real estate risk, the OMI
E179 zone, south-east of the peripheral areas, has the risk equal to 0.21.
The market characteristics have an average stability and values, while
the quality of life rating is among the highest (5.46), the area affected by
archaeological-monumental pre-existing structures is minimal (1), the
number of abandoned buildings and the state of conservation of the
same is much lower than the average, respectively € 109 per capita and
8.3%.

Inside the urban ring of the GRA, on the other hand, there is the
urban area with the absolute lowest risk, the C29, has a positive trend in
the IMI index, a stability of the residential sale and rental values well
above the average with 0.05, a quality of life rating of 5.32, a high level
of attractiveness (19,630 gravitating individuals per day), average sales
and rental times below the municipal average, as well as the trend in real
estate values, a low unemployment rate (7.5%) and an almost absence of
surfaces affected by pre-existing archaeological sites.

Among the total examined set of risk factors, it is possible to observe
that the volatility of the sale values and the rental values in the resi-
dential sector (no. 3 and 11 of market risk) with the archeological sites
(no. 5 of the context risk) and the employment stability (no. 4 of the
insolvency risk) represent the most affecting indicators. In fact, the OMI
zones that appear to have the highest Isgg values are also those that have
disadvantageous circumstances for these indicators. The obtained re-
sults of the risk index appear to be consistent with the empirical evi-
dence for the real estate market conditions of the city of Rome at the
time of the evaluation and, at the same time, also for the public and
private subjects operating in the risk assessment of the real estate
redevelopment processes within the city. At this point, it will be up to
them to make efficient decisions, based on their knowledge of the issues
addressed and the DIKW pyramid of the SDSS, for sustainable urban
planning.

6. Conclusions

Urban redevelopment processes have long represented the driver of
the socio-economic and environmental recovery of urban contexts, but
the significant uncertainty that characterizes the current historical
period makes considerably difficult to carry out real estate risk assess-
ments that are useful to public and private decision makers involved in
the settlement of urban redevelopment interventions (Morano and
Tajani, 2013). The existent methodologies, in fact, are based on quan-
titative approaches that need laborious operations and specific skills are
often required to understand and visualize their results, or the qualita-
tive ones are not sufficiently adequate for taking into account the
multidimensionality and complexity of the risk assessment (Morano
et al., 2021; Locurcio et al., 2022). Moreover, a gap in the reference
literature can be noted: the absence of SDSS able to provide an efficient
ex-ante risk assessment at the sub-municipal scale for analyzing, ranking
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and study the spatial distribution of the real estate risk levels among the
urban areas of a city.

The work is part of the outlined framework, and it is aimed at
providing an innovative semi-quantitative risk assessment model that
can support the PA and the PE involved into ex-ante evaluations
regarding urban planning issues for redevelopment projects. The pro-
posed model, based on a structure framework of 10 sequential and or-
dered phases, has allowed to determine a Spatial Real Estate Risk Index
that represents the level of the specific risk of a generic PPP urban
regeneration project with mixed-uses on a land plot area partially to be
regenerated and partially to be built entirely. The research has proposed
an innovative integration in the field of the risk assessment between the
AHP multi-criteria technique, an indicators system with 17 parameters
and a GIS tool for creating a synthetic index at the sub-municipal ter-
ritorial scale. Through the application of the proposed assessment
methodology to the city of Rome (Italy) its robustness and consistency
have been verified. In fact, the index values calculated for each of the
213 OMI zones considered and georeferenced in the risk map were
consistent both to the retrieved indicators values and their importance
in the risk assessment. Moreover, the risk index values were coherent
also with the empirical evidence of the real estate market conditions of
the city of Rome at the time of the evaluation.

Overall, by analyzing the results there were about 80 areas that ex-
press a criticality of the three types of specific risks examined - market,
context and insolvency - that requires careful evaluation. The north
peripheral areas of the GRA could involve the intervention of a PE who,
in agreement with the PA, can intervene with urban transformation
solutions mainly focused on increasing the level of attractiveness of
these areas, by establishing of most necessary or missing intended uses,
in such a way as to indirectly operate also on the unemployment rate of
these areas by providing new jobs on site, thus also reducing the average
sales and leasing times. The areas at greatest risk in the urban center, on
the other hand, require urban redevelopment interventions that can
mitigate the risk associated with the probability of detecting archaeo-
logical pre-existing elements that compromise the entire intervention. In
particular, the PE and PA can choose for the recovery and enhancement
of the existing, rather than the construction of new buildings, both to
improve the state of conservation and the quality of life in the most
exposed areas, and to reduce the time required for obtaining permissions
and reducing the probability that the intervention will stop for the
detection of archaeological elements. It is worth noting that, according
to the features of the SDSS structure, the obtained risk map, serves as a
support for the PA and the PE involved in the PPP redevelopment pro-
jects to increase their knowledge on the demand and supply conditions
existent at the time of the evaluation on the sub-municipal divisions
based on the information produced by the data elaboration and, sub-
sequently, identify the most critical areas and the already existent “base
risk” level, to be analyzed with their personal knowledge. The results are
not to be considered as ultimately only acceptable decision but can they
be questioned and modified by the PA and PE involved during the
negotiation phases before the realization of the urban redevelopment
project to be assessed, therefore any optimal scenario or solution has
been provided.

The proposed spatial decision support system has been revealed
several advantages: its structured approach of decomposing the real
estate risk into hierarchical levels; its support on expert advices rather
than on data extracted from third parties; the transparency and
simplicity of the approach; the ability to integrate qualitative and
quantitative data and check inconsistencies; the possibility to consider
the importance of each risk factors (indicators) and their spatial distri-
bution (intensity ranges) in the final assessment; the flexibility of its
structure in order to be applied at different territorial scales and for
several purposes. Even if the dependency on the judgment of the experts
can be seen as a limit of the proposed model since it can be sensitive to
changes in the local weights, in this research the AHP has proved to be a
transparent, well-structured, and “fit-for-purpose” real estate risk
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assessment approach. In conclusion, the strengths of the developed
model can be summarized as follows:

it allows for effective considerations of the market, context and
insolvency risks main influencing factors;

the hierarchy provides the final users a tool for obtaining an over-
view of the problem and monitoring the conditions by applying the
proposed model in the following years, in order to have a trend;

it represents an ex-ante evaluation based on the data and information
known at the time of the assessment and at the existent local real
estate market conditions;

e both quantitative and qualitative indicators can be analized into a
semi-quantitative approach, by reducing the laborious difficulties of
the most applied methodologies;

the general procedure is very flexible as it can work for different
purposes of ranking, comparing or analyzing the real estate risk
issues;

it results in a final priority rank, immediately visible on the risk map;
its simple and clear process avoid misinterpretations;

the consistency of the judgements can be controlled (inconsistency
index and ratio);

it takes into account the spatial component of the real estate risk;
it provides a synthetic risk index for the sub-municipal territorial
scale for supporting in an effective way the real estate redevelopment
processes.

The practical implications concern: the ranking the urban areas ac-
cording to the risk levels; the identification of the most critical and
profitable urban areas; the possibility for the PA to carefully decide the
most suitable PE typology to involve, according to the risk-return pro-
file, for carrying out effective redevelopment processes; the definition of
the urban parameters on which depends the financial conveniences of
the subjects during the negotiation phases; the possibility to give to the
PE a primary idea of the “base risk” to be faced, on which the further
ones related to the advanced stages of the projects have to be added and
considered.

Future insights of the work will concern the improvement of the
indicators system by including other risk factors according to new ter-
ritorial scales, such as the municipal ones, for ranking the cities within a
Country. It could be useful to test its robustness by comparing the results
obtainable with other multi-criteria techniques or aggregation formula
like the geometric mean and use the obtained values to carry out a real
ex-ante risk assessment by considering a redevelopment project to be
realized.
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