
Osvaldo Gervasi · Beniamino Murgante · 
Sanjay Misra · Chiara Garau · Ivan Blečić · 
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Preface

These 10 volumes (LNCS volumes 12949–12958) consist of the peer-reviewed papers
from the 21st International Conference on Computational Science and Its Applications
(ICCSA 2021) which took place during September 13–16, 2021. By virtue of the
vaccination campaign conducted in various countries around the world, we decided to
try a hybrid conference, with some of the delegates attending in person at the
University of Cagliari and others attending in virtual mode, reproducing the infras-
tructure established last year.

This year’s edition was a successful continuation of the ICCSA conference series,
which was also held as a virtual event in 2020, and previously held in Saint Petersburg,
Russia (2019), Melbourne, Australia (2018), Trieste, Italy (2017), Beijing. China
(2016), Banff, Canada (2015), Guimaraes, Portugal (2014), Ho Chi Minh City, Viet-
nam (2013), Salvador, Brazil (2012), Santander, Spain (2011), Fukuoka, Japan (2010),
Suwon, South Korea (2009), Perugia, Italy (2008), Kuala Lumpur, Malaysia (2007),
Glasgow, UK (2006), Singapore (2005), Assisi, Italy (2004), Montreal, Canada (2003),
and (as ICCS) Amsterdam, The Netherlands (2002) and San Francisco, USA (2001).

Computational science is the main pillar of most of the present research on
understanding and solving complex problems. It plays a unique role in exploiting
innovative ICT technologies and in the development of industrial and commercial
applications. The ICCSA conference series provides a venue for researchers and
industry practitioners to discuss new ideas, to share complex problems and their
solutions, and to shape new trends in computational science.

Apart from the six main conference tracks, ICCSA 2021 also included 52 work-
shops in various areas of computational sciences, ranging from computational science
technologies to specific areas of computational sciences, such as software engineering,
security, machine learning and artificial intelligence, blockchain technologies, and
applications in many fields. In total, we accepted 494 papers, giving an acceptance rate
of 30%, of which 18 papers were short papers and 6 were published open access. We
would like to express our appreciation for the workshop chairs and co-chairs for their
hard work and dedication.

The success of the ICCSA conference series in general, and of ICCSA 2021 in
particular, vitally depends on the support of many people: authors, presenters, partic-
ipants, keynote speakers, workshop chairs, session chairs, organizing committee
members, student volunteers, Program Committee members, advisory committee
members, international liaison chairs, reviewers, and others in various roles. We take
this opportunity to wholehartedly thank them all.

We also wish to thank Springer for publishing the proceedings, for sponsoring some
of the best paper awards, and for their kind assistance and cooperation during the
editing process.



We cordially invite you to visit the ICCSA website https://iccsa.org where you can
find all the relevant information about this interesting and exciting event.

September 2021 Osvaldo Gervasi
Beniamino Murgante

Sanjay Misra

vi Preface

https://iccsa.org


Welcome Message from the Organizers

COVID-19 has continued to alter our plans for organizing the ICCSA 2021 conference,
so although vaccination plans are progressing worldwide, the spread of virus variants
still forces us into a period of profound uncertainty. Only a very limited number of
participants were able to enjoy the beauty of Sardinia and Cagliari in particular,
rediscovering the immense pleasure of meeting again, albeit safely spaced out. The
social events, in which we rediscovered the ancient values that abound on this won-
derful island and in this city, gave us even more strength and hope for the future. For
the management of the virtual part of the conference, we consolidated the methods,
organization, and infrastructure of ICCSA 2020.

The technological infrastructure was based on open source software, with the
addition of the streaming channels on YouTube. In particular, we used Jitsi (jitsi.org)
for videoconferencing, Riot (riot.im) together with Matrix (matrix.org) for chat and
ansynchronous communication, and Jibri (github.com/jitsi/jibri) for streaming live
sessions to YouTube.

Seven Jitsi servers were set up, one for each parallel session. The participants of the
sessions were helped and assisted by eight student volunteers (from the universities of
Cagliari, Florence, Perugia, and Bari), who provided technical support and ensured
smooth running of the conference proceedings.

The implementation of the software infrastructure and the technical coordination
of the volunteers were carried out by Damiano Perri and Marco Simonetti.

Our warmest thanks go to all the student volunteers, to the technical coordinators,
and to the development communities of Jitsi, Jibri, Riot, and Matrix, who made their
terrific platforms available as open source software.

A big thank you goes to all of the 450 speakers, many of whom showed an enor-
mous collaborative spirit, sometimes participating and presenting at almost prohibitive
times of the day, given that the participants of this year’s conference came from 58
countries scattered over many time zones of the globe.

Finally, we would like to thank Google for letting us stream all the live events via
YouTube. In addition to lightening the load of our Jitsi servers, this allowed us to
record the event and to be able to review the most exciting moments of the conference.

Ivan Blečić
Chiara Garau

https://jitsi.org/
https://riot.im/app/
https://matrix.org/
https://github.com/jitsi/jibri
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Workshop on Advanced and Computational Methods for Earth Science
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Sponsoring Organizations

ICCSA 2021 would not have been possible without the tremendous support of many
organizations and institutions, for which all organizers and participants of ICCSA 2021
express their sincere gratitude:

Springer International Publishing AG, Germany
(https://www.springer.com)

Computers Open Access Journal
(https://www.mdpi.com/journal/computers)

IEEE Italy Section, Italy
(https://italy.ieeer8.org/)

Centre-North Italy Chapter IEEE GRSS, Italy
(https://cispio.diet.uniroma1.it/marzano/ieee-grs/
index.html)

Italy Section of the Computer Society, Italy
(https://site.ieee.org/italy-cs/)

University of Perugia, Italy
(https://www.unipg.it)

University of Cagliari, Italy
(https://unica.it/)
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University of Basilicata, Italy
(http://www.unibas.it)

Monash University, Australia
(https://www.monash.edu/)

Kyushu Sangyo University, Japan
(https://www.kyusan-u.ac.jp/)

University of Minho, Portugal
(https://www.uminho.pt/)

Scientific Association Transport Infrastructures,
Italy
(https://www.stradeeautostrade.it/associazioni-e-
organizzazioni/asit-associazione-scientifica-
infrastrutture-trasporto/)

Regione Sardegna, Italy
(https://regione.sardegna.it/)

Comune di Cagliari, Italy
(https://www.comune.cagliari.it/)

Città Metropolitana di Cagliari

Cagliari Accessibility Lab (CAL)
(https://www.unica.it/unica/it/cagliari_
accessibility_lab.page/)
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Abstract. The present study is part of a wider research line focused on the anal-
ysis of the effects caused by the pandemic of the Coronavirus disease (Covid-19)
on the Italian residential property market. The paper aims to propose a methodol-
ogy for the assessment of the effects of this abnormal event on the housing price
mechanisms. The research could be an operational support for the Public Adminis-
tration and private investors in their decision making processes. In particular, with
reference to the city of Rome (Italy), two datasets of residential properties have
been collected and processed through an econometric technique, in order to iden-
tify the variations occurred in terms of market appreciation for specific housing
factors. The outputs highlight changes in market demand concerning a preference
for outdoor spaces, both condominiums and private (terraces and balconies) and
for properties located in peripheral areas of the city.

Keywords: Covid-19 · Pandemic · Housing market · Residential selling prices ·
Econometric technique

1 Introduction

The acute respiratory syndrome caused by Sars-Cov-2 (Covid-19) has started fromChina
in December 2019, becoming a pandemic within fewmonths with more than 122million
infection cases (March 2021) [27]. With reference to the market variations assessment,
the Covid-19 pandemic can be considered an unpredictable anomalous event [1]. As a
consequence of this event an economic crisis has emerged worldwide: it is observed
that in 2020 the global Gross Domestic Product (GDP) has decreased 3.5% compared to
2019 [26]. In the Eurozone (referred to composition in 27 States) the GDP has dropped
by 4.8% in 2020 [7], and it is expected to recover by 4.6% in 2021, as the restrictions
have been eased and the impact of monetary and fiscal incentive have been activated
[6]. In Italy the GDP decrease in 2020, compared to the previous year, has been equal
to 8.9% [12].
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In addition to economic and financial crisis, the pandemic has globally changed
many aspects of daily life, causing effects on both the social dynamics and the mental
well-being of the population [3, 4, 8, 11, 13, 25]. Since the end of 2019, collective
preventive measures have been taken throughout the world and with several restrictions,
such as: social distancing, compulsory confinement, reduction or complete banning of
access to public places, interruption of theatre, cinema or concert programmes, and
reduction of national and international trade. These preventive measures have forced
almost all the world’s population to carry out different functions in their homes, i.e.
smart working and distance learning activities, or sports and recreational activities, by
leading to considerable variation in the ways of using domestic spaces and residential
condominium areas. With reference to the labour market, the Italian National Institute
of Statistics (ISTAT) reports that in Italy in 2019 were about 570,000 remote workers,
and during 2020 the workers involved by this job typology have increased of 16.4% for
women and 12.8% for men. Moreover, the number of companies using smart working
have enlarged from 28.7% in 2019 to 82.3% in 2020 [2, 5, 10]. Therefore, the health
emergency has forced a sudden shift towork to be performed at home inmany job sectors.
It is likely that this condition, though in smaller numbers, may become a permanent
change in the dynamics of the labour market, with consequent modifications in the
housing demand [15].

The mandatory confinement phase in the spring 2020 (lockdown) has also deter-
mined significant variations in the use of urban spaces. The impossibility of leaving
homes and the closure of almost all commercial activities during the emergency phases
has suspended city daily life. Since it has not longer been possible to use public areas,
intermediate condominium spaces such as courtyards, terraces and gardens for leisure
and relaxation or sports activities, have become effective in managing domestic tem-
porary overcrowding [16]. In the post lockdown phase from June 2020 there have also
been modifications in the way and frequency of using public and private transport. Due
to the fear of contagion, the use of private vehicles and the widespread use of elec-
tric micro-mobility, both private and shared, has been favored. In Italy, in 2020 there
have been 65,000 shared light vehicles (27,000 scooters and 35,000 bicycles), with 86
services activated in the provincial capitals: 14 in Milan, followed by Rome (11) and
Turin (7). In detail, scooter-sharing between December 2019 and September 2020 have
increased from 4,900 to 27,150, and in the same period the active mobility companies
on the national territory have increased from 12 to 38. In this sense, the scooter sharing,
like bike sharing, represents the fastest growing micro-mobility service in the current
post-lockdown period [19]. The Covid-19 pandemic has changed (and probably will
change) the urban dynamics influencing the whole real estate market, also in terms of
the quantity of transactions.

2 Aim

In the present study a methodology that could be a valid reference to define the emerging
new framework of residential needs has been developed: the modifications that have
arisen during the emergencyphasewill likely persist, permanentlymodifying the housing
factors’ appreciation.Thepresent study is part of awider line of research aimed to analyze
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and quantify the effects generated on the propertymarket by the pandemicCovid-19. The
analysis focuses on the possible changes in the residentialmarket appreciation of intrinsic
factors. In particular, amethodological protocol organized in subsequent phases has been
developed to assess the modifications that have occurred in the housing property market
in the city of Rome between the second semester of 2019 (Phase I – ante Covid-19) and
the first semester of 2021 (Phase II – in itinere Covid-19). The proposed methodology
represents an operational tool to support Public Administrations and private investors in
the drafting of planning strategies in the residential segment. In this sense, the analysis of
the variations in the market demand is carried out through the comparison of the results
of the two phases (Phase I and Phase II), in order to define a framework for the future
investment choices of private and public operators and in the design phases related to
the individual housing units. In particular, the methodology includes two application
phases: the first one (Phase I) with data referring to the second half of 2019, which
can be considered free from the influence of the effects of the pandemic; the second
one (Phase II) with data referring to the first half of 2021, a period in which the effects
of the pandemic on the residential market are already evident and the changes are still
underway. The structure of the methodology makes it possible to monitor the effects
of the pandemic on the residential market by considering successive evaluation steps
in itinere. Moreover, the methodology can be used to check the impacts of other types
of anomalous events on the territory, such as earthquakes or environmental disasters of
various typology.

The paper is structured as follows. Section 3 introduces the case study with refer-
ence to the residential market in the city of Rome and introduces the variables chosen to
structure the databases. Section 4 illustrates the methodology and the econometric tech-
nique adopted. Section 5 describes the implementation of the technique with references
to the Phase I and summarizes the results obtained. In Sect. 6 the implementation of the
same econometric technique to the data collected in Phase II is carried out. Section 7
explains the comparisons between the outputs of the two phases and, finally, in Sect. 8
the conclusions of the work are reported.

3 Case Study

3.1 The Housing Market of the City of Rome

For the implementation of the proposed methodology, the two datasets, both composed
by 165 residential properties, sold in the city of Rome, have been detected. For each
property, the main intrinsic positional and technological factors - i.e. internal surface
area, floor level, number of bathrooms, presence and consistency of balconies or terraces,
presence of green condominium areas, etc. - have been collected. In order to select the
variables, for the implementation of the econometric technique, an analysis of the Italian
residential segment has carried out.

In Italy, according to data detected by the Italian Revenue Agency [22], in 2019, the
volume of residential sales has amounted to 603,541 housing units with an increase of
4.2% year-on-year, continuing a positive trend since 2014. In the second half of 2019,
the residential market segment, in the ten largest Italian cities by volume of sales, has
shown a preference for the three-room apartments (40.6%), followed by the two-room
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apartments (23.1%) and the four-room apartments (23.8%) [21]. As regards the province
ofRome, in 2019 the volume of houses sold has amounted to 48,809 units, and the highest
number of transactions has been recorded in the area of the urban city center (67.1% of
the total provincial market), with an overall trend change equal to+3%. With reference
to selling prices observed, contrary to the volumes of sales, in 2019, a negative trend
(−2.5%) has been found compared to the previous year, due to above all by the overall
downward trend of the economic-financial framework of the real estate market, as well
as by the difficult access to bank loans. In the context of the municipality of Rome, in the
historic center macro-area the highest selling prices have been recorded (5.748 e/m2),
followed by the semi-central macro-areas in detail known as: “Parioli–Flaminio” (5.192
e/m2), “Prati–Trionfale” (4.157e/m2), “Salaria–Trieste–Nomentana” (4.111e/m2). In
the first two quarter of 2020 in Italy, residential sales volumes have reduced: however, a
positive trend has emerged in the third and the fourth quarter, with an increase equal to
+8.8%. The national trend of residential sales, compared to 2019, has dropped of 7.7%,
with a reduction of approximately 46 thousand units. In the context outlined, the city
of Rome represents an exception, with an increase in transactions number of +7.9%.
As regards the preferences relating to the size of the residential properties, the highest
growth has been recorded for the largest housing units size, between 115 and 145 m2

(+10.7%) and over 145 m2 (+14%); however, in the city of Rome, the change is positive
in all size classes, and it is less significant for smaller units. Furthermore, referring to the
selling prices, on average, in the first three quarters of 2020, compared to the same period
in 2019, housing prices has raised by 2.1%. The housing market in the city of Rome is
characterized by a strong heterogeneity both in terms of the size of the properties and of
the average selling price [23].

Figure 1 shows the municipal trade areas according to the geographical distribution
developed by the Real Estate Market Observatory (OMI) of the Italian Revenue Agency
[20] and the localization of the residential properties selected for both phases (2019 and
2021).

3.2 Variables of the Model

On thebasis of the residentialmarket in the sample city analysis, 13 independent variables
(Xn) have been selected (Table 1). These are detected taking into account the indications
provided by the local market operators, with reference to the most influencing factors in
the negotiation phases for sellers and buyers.

Furthermore, with reference to the aim of the present research the selected fac-
tors could be subject to significant variations in terms of market appreciation in the
comparison between the Phase I and the Phase II.

In order to implement the econometric technique, the selling price has been chosen as
dependent variable (Pr), by considering its natural logarithm (Y= ln(Pr)), in coherence
with the results obtained in several studies [14].

The explanatory variables selected have been described in Table 1. The factors
considered can be divided into: binary variables, whose assessment could be variable
between the score “0” (absence of the characteristic) and “1” (presence of the character-
istic); cardinal variables expressed in the reference unit of measurement. For processing
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Fig. 1. The localization of residential properties considered for the two phases and the OMI
municipal trade areas.

through the econometric technique, all data have been normalized with respect to their
maximum value detected.

4 Methodology

Themethodology proposed is articulated in two phases. The first one (Phase I) is referred
to the second semester of 2019 and it is considered as the condition “ante Covid-19”
because in this semester the pandemic was not spread worldwide, and the real estate
market could be considered as free from the abnormal influences. The second one (Phase
II) is referred to the first semester of 2021 and should be considered as a condition
“in itinere”, because the effects of pandemic have already emerged worldwide in the
real estate market, but the pandemic is still going on and it is not possible to consider
it finished. Both the phases are divided into preparatory and follow-up actions: i) data
collection and structuring of the database; ii) normalization of the collected data and first
correlation analyses; iii) implementation of the econometric technique and identification
of the price function; iv) analysis of the outputs in terms of the functional links between
the dependent variable (selling price) and the explanatory variables considered.
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Table 1. Description of the explanatory variables of the selling price (Pr)

Categories Acronynim Denomination Description Unite of
measure

Variable’s
type

Surfaces Si Internal Surface Internal surface
for the exclusive
use of the
property

m2 Quantitative
continous

Sb Surface of the
balcony/terrace

Net external area
of balconies or
terraces directly
accessible from
the residential
unit

m2 Quantitative
continous

Sg Surface of the
private garden

Net external
surface area of
gardens directly
accessible from
the residential
unit

m2 Quantitative
continous

Se External
condominium
area surface

Outdoor areas
accessible from
the common parts
of the building
and not for the
exclusive use of
the residential
unit

– Binary (1 or
0)

Maintenance
conditions of
the property

Me Excellent Properties
characterized by
high aesthetic
and structural
values with
quality finishes
great level

– Binary (1 or
0)

Mg Good Houses
characterized by
good quality
finishes that are
immediately
usable

– Binary (1 or
0)

(continued)
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Table 1. (continued)

Categories Acronynim Denomination Description Unite of
measure

Variable’s
type

Property’s
characteristics

B Number of
bathrooms

Number of
bathrooms for the
exclusive use of
the residential
unit

nr. Quantitative
discrete

L Floor level Floor level on
which the
property is
located

nr. Quantitative
discrete

Building’s
characteristics

Yc Construction
year

Year of
construction of
the building in
which the
residential unit is
located (Assessed
as the difference
between the year
2019 (Phase I) or
2021 (Phase II)
and the
construction
year)

nr. Quantitative
continous

OMI’s
municipal area

C Central Municipal trade
area in which the
property is
located

– Binary(1 or
0)

Sc Semi-central – Binary(1 or
0)

P Peripheral – Binary(1 or
0)

OMI’s
quotation

Vm Average market
value

Average price for
the ante Covid-19
and in itinere
Covid-19 phases

e/m2 Quantitative
continous

In particular, the econometric technique used to analyze the data collected is Evo-
lutionary Polynomial Regression (EPR). This technique is structured by integrating the
characteristics of a numerical regression system with genetic programming techniques
[9]; with reference to the real estate sector, EPR has been ordinarily implemented to
determine the price function, identifying the most influential factors in the mechanisms
of the housing prices formation and analyzing the marginal contribution of each of them
on the prices [17, 18, 24].
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Having fixed a dependent variable (Y) and n independent variables (Xn), the tech-
nique allows to identify the price function (model) whose polynomial expression is a
combination of the independent variables and numerical coefficients. The generic math-
ematical expression of the non-linear model implemented in EPR is summarized by
Eq. (1):

Y = a0 +
n∑

i=1

[
ai · (Xi)

(i,l) . . . (Xj)
(i,j) · f

(
(Xj)

(i,j+1) . . . (Xj)
(i,2j)

)]
(1)

where a0 is an optional bias, n is the number of additive terms, the length of the
polynomial expression (bias excluded), ai represents numeric parameters to be identified,
Xi are the explanatory variables candidate to be selected by the model, (i, l) - with l =
(1,…, 2j) - is the exponent of the l-th input variable within the i-th term, f is a function
chosen by the user among a set of possible mathematical expressions.

The outcome function is able to satisfy different conflictual objectives in a Pareto’s
frontier such as: maximizing the accuracy of the model; minimizing the number of
polynomial coefficients; minimizing the number of inputs for each variable [9]. For
each model, a series of indicators are calculated to immediately determine the statistical
performance of the function and the accuracy of each algebraic expression, i.e. the
Coefficient of Determination (CoD) defined in Eq. (2):

COD = 1− N − 1

N
·

∑
N
(ydetected− yestimated )2

∑
N
(ydetected−mean(ydetected))2

(2)

where yestimated are the values of the dependent variable estimated by the methodol-
ogy, ydetected are the collected values of the dependent variable, N is the sample size in
analysis. The CoD value varies between 0% and 100%. The closer the CoD value is to
100%, the higher the statistical performance of the model returned by EPR.

Once the model that best satisfies the different objectives described above has been
identified, the empirical consistency of the functional links between the independent
variables selected by the model and the dependent variable is checked.

With reference to the case study the implementation of EPR has allowed to identify
the two models (one for each phase) and to verify the functional correlations between
the explanatory variables selected and the selling prices.

5 Phase I: Implementation of the Econometric Technique
to the Data Referring to the Second Half of 2019 (Ante Covid-19)

The model generated by the application of the econometric technique EPR, and selected
as the best in terms of statistical accuracy and mathematical complexity to the reference
dataset, assumes the expression in Eq. (3):

Y =+ 2.0813 Vm0.5 + 0.77051 L0.5BMe0.5 + 7.5564 L0.5B2Yc

+ 2833.437 Sg L2Mg0.5Vm2 + 2.6857 Si0.5 + 579.0223 S0.5Sb2L 2B0.5C0.5Mg0.5 + 9.7199 (3)
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The CoD is equal to 86.23%, which expresses a high statistical performance and
robustness of the chosen model. The selected variables are 8 among the 13 considered.
In particular, the variables identified by the model as the most influencing in the selling
prices formation mechanism are listed below: for each of them, a synthetic comment
about the functional correlation between the specific factor and the selling prices is
reported:

• Internal surface. The functional link between the selling price and the variable is
direct (in average an appreciation of +25% is found).

• Number of bathrooms. The correlation between the dependent variable and this factor
is direct: in particular, the positive variation is about +15% per bath.

• Floor level. The functional relationship is direct, with greater appreciation for the
building highest floors and an average appreciation for each floor from the lower
floors to the higher ones, equal to +6%. The most significant variations is found in
correspondence to the passage from the ground floor to the first floor level (+16%).

• Construction year of the building. The functional link is direct and constant at 6%.
• Maintenance conditions of the property. The functional correlations are empirically
verified. For an excellent conservative state, the positive variation from “good” one
is equal to +17%. Furthermore, the variation from “bad” to “good” maintenance
property conditions is equal to+10%; this growth increases if the property is located
in the OMI central municipal area (+24%).

• OMI’s quotation and municipal area. The OMI average market values variable shows
an increasing functional link, particularly in the variations betweene 2,285.00 and e
3,427.50 (+23%). This trend decreases for subsequent values. The significant appre-
ciation is due to the properties located in the OMI central municipal area, for which
a positive change of +19% is observed, instead of an average variation of +15%.

6 Phase II: Implementation of the Econometric Technique to Data
Referring to the First Half of 2021 (in Itinere Covid-19)

With reference to the first half of 2021, 165 properties distributed homogeneously
throughout the municipality have been collected (Fig. 1). The model generated by the
application of the econometric technique EPR assumes the formulation expressed in
Eq. (4):

Y =+ 2.3773 Vm0.5 + 0.27166 Me − 0.66914 Yc0.5Me2 + 9.5008 Se Yc2 P2

+ 1.7449 Sb L0.5 B+ 3.0846 Si0.5 + 2.5818 Si0.5 L0.5 Yc2 Me2 + 9.402 (4)

The CoD is equal to 89.84%: it confirms that the model selected is the best in terms
of statistical accuracy and mathematical complexity for the reference dataset used. The
model selects 9 variables among the 13 considered. The variables identified by themodel
as the most influencing on the selling prices are reported below: moreover, for each of
them, a synthetic analysis related to the typology of the functional link between the
specific factor and the selling prices is carried out:
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• Internal surface. The functional link between the selling price and the variable is
direct with an average appreciation equal to +23%; the most significant variation is
found for property internal surface from 60 m2 to 90 m2 (+36%).

• Surface of the balcony/terrace. The functional correlation is direct: the variation is
positive, equal to about +3%.

• External condominium area surface. The functional relationship is direct and, in the
situation in which an external area is detected, a growth in selling prices is observed
(+19%).

• Number of bathrooms.A positive variation in selling prices is recorded equal to about
+1%.

• Floor level. The functional link is direct, with a constant positive variation passing
from the lower floor to higher ones (+1%).

• Construction year of the building. The contribution of the present variable is significant
if themaintenance conditions of the property is excellent, by attesting a relevantmarket
appreciation for the most recent buildings (+19%).

• Maintenance conditions of the property. The functional links are empirically verified:
for an excellent conservative state, the positive variation from “good” state is equal
to +3%.

• OMI’s quotation and municipal area. The OMI value variable shows an increasing
functional linkwith selling prices (+15%). This considerable appreciation is due to the
properties located in the OMI peripheral municipal area, for which a positive variation
of +19% is found.

The analysis of the functional links described above confirms the high representa-
tiveness of both models with respect to real existing phenomena.

7 Comparison of the Outcomes of the Two Phases

By comparing the results of the two analyses carried out, significant variations in res-
idential market appreciations have already emerged at the current ongoing (in itinere)
stage of analysis, able to may identify future new trends in market demand.

The two outcomes related to the Phase I and the Phase II differ both in the selection
and in the different appreciation values for the variables selected by models. With ref-
erence to the factors identified by model of Eq. (4), in comparison to the Phase I, the
Phase II outputs show the relevance of the surface of the balcony/terrace and the external
condominium area surface. It should be pointed out that the significant variation in the
appreciation of these factors attests how the changes in the dynamics of daily life caused
by the pandemic have affected the need for open spaces, both private and condominium
ones, which could be used as recreational spaces during the lockdown period.

Another variable for which a relevant change in the influence on selling prices is
found is the property localization in the peripheral OMI’s municipal area rather than in
the central one: this contingence denotes how the possibility of working remotely for
the most of the population and, on the contrary, the impossibility to move daily for work
to the more central areas of the city, makes people prefer houses (mainly at the same
price, ordinarily larger in surfaces) in less congested and chaotic outer areas. In Table 2
the variables selected by the two models (Phase I and Phase II) are reported.
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Table 2. Variables selected by the two models

Si Sb Sg Se Me Mg B L Yc C Sc P Vm

Phase
I

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Phase
II

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

A detailed analysis of the results obtained shows considerable differences in each
variable contribution in the selling price formation (Fig. 2). In particular, it should be
observed that for the internal surface, the OMI’s quotation, the number of bathrooms
and the construction year of the building the contribution in terms of average percentage
variation remains similar or with a not very wide gap between the Phase I and the Phase
II elaborations; on the other hand, for the maintenance conditions of the property -
both “good” and “excellent”- the difference in the contribution on the selling prices is
more significant. For the Phase II this shows the preference of buyers for properties
to be renovated that allow the house to be customized to specific needs. The Covid-
19 has already generated a higher attention for the domestic spaces comfort, whereas
currently strong differences in the appreciation for the floor level have not yet evident.
This situation testifies a scarce perception of the importance related to the acoustic
comfort deriving from the properties localization on the highest floors. In Fig. 2 the
comparison between the average percentage contributions for the variables for which a
relevant variation in themarket appreciation has been detected by the analysis is reported.

Fig. 2. Comparison between the average percentage contributions found the variables for which
greater variation between the Phase I and the Phase II has been found



The Effects of Covid-19 Pandemic on the Housing Market 61

8 Conclusions

The effects of the Covid-19 pandemic could determine changes in the property market
appreciation. The methodology proposed in the present analysis could be useful i) for
public subjects, to plan building strategies consistent with the needs of the population
and ii) for private investors, to plan investments for which a positive result in the real
estate market is expected. This study provides interesting results, defining for the city of
Rome a first frame related to the possible variations in the property market appreciation
for intrinsic factors. Themethodology has been implemented in two phases - anteCovid-
19 and meanwhile the pandemic is still underway -, in order to identify which are the
main effects of the pandemic on the phenomena of housing price formation. The results
obtained by the analysis show significant changes inmarket demand for the city of Rome
in the period considered, with a preference for outer areas of the city and a particular
emphasis on outdoor surfaces, both private and condominiums. These initial outputs
should be monitored, in order to verify whether these variations will persist even after
the pandemic or they are a temporary effect linked to the contingent needs of living
with it. The proposed methodology is an effective tool for monitoring the effects of
pandemic on the real estate market, for this reason consequent developments of the
research foresee subsequent applications both in itinere and when the pandemic will be
concluded. Furthermore, in order to define a framework for the future investment choices
of private investors and public operators, after the case pilot proposed in this study, it is
planned to proceed with applications at national level.
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