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Abstract: Urban quality, real estate values and property taxation are different factors that participate
in defining how a city is governed. Real estate values are largely determined by the characteristics
of urban environments in which properties are located and, thus, by quality of the location.
Beginning with these considerations, this paper explores the theme of urban quality through a study
of property values that seeks to define all physical (and thus measurable) characteristics that
participate in defining urban quality. For this purpose, a multiple linear regression model was
developed for reading the residential real estate market in the city of Pescara (Italy). In addition to
the intrinsic characteristics of a property (floor area, period of construction/renovation, level,
building typology and presence of a garage), input also included extrinsic data represented by the
Urban Quality Index. Scientific literature on this theme tells us that many independent variables
influence real estate prices, although all are linked to a set of intrinsic characteristics (property-
specific) and to a set of extrinsic characteristics (specific to the urban context in which the property
is located) and, thus, to the quality of urban environments. The index developed was produced by
the analytical and simultaneous reading of four macrosystems with the greatest impact on urban
quality: environment, infrastructure, settlement and services (each with its own subsystems). The
results obtained made it possible to redefine proportional ratios between various parts of the city of
Pescara, based on a specific Urban Quality Index, and to recalculate market property values used
to calculate taxes in an attempt to resolve the inequality that persists in this field.

Keywords: Urban Quality Index; real estate; real estate taxation; spatial analysis; multiple linear

regression; sustainable planning; governance instrument

1. Introduction

The evolution of the urban environment through dynamic processes of innovation
contributes to the transformation of the original territorial dimension of a city. From an
economic-estimative point of view, it is possible to identify —and monitor —the impact of
these changes by observing variations in the real estate market.

Changes to the structure of the city [1], the introduction of new infrastructures or
facilities in an urban area or further variations to the urban fabric resulting from political-
administrative decisions [2,3] and/or spatial management are all factors with a positive or
negative influence on the formation of real estate prices [4]. They can also modify the
functional aspects of spaces and, as a reflection, the quality of life for residents.

Dynamic conditions and the need for administrations to produce development plans
[5] and adopt approaches that confirm changes taking place return the city to the centre
of debate: to understand the scarcity and abundance of the characteristics of which the
urban environment is a global expression in order to select and implement appropriate
strategies for pursuing a sustainable increase in urban quality [6].
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Typical problems of large cities such as the degradation of neighbourhoods, the increase

in road traffic, socio-economic deprivation, physical and mental health inequalities, have

become central political issues in most EU countries”. This is reflected in the local

environmental quality and European and governmental strategies of individual states
with respect to housing, spatial planning and national and local environmental policies

[6].

Consequently, every decision taken within the urban environment has the ability to
increase or diminish the value—qualitative and economic—of the environment with
which it interacts, with further considerations of the fact that interventions involving
settlements, or the conservation of urban natural elements, are not always associated with
economic benefits [7]. The entity of their value can be quantified by studying the variation
in property values situated in proximity to interventions (land value recapture), and this
includes the work of architecture, improvement in services, creation of public space or
rehabilitation of environmental resources.

The case study is located in the Abruzzo region, where the inland areas are affected
by demographic decline exacerbated by the consequences of the 2009 earthquake. While
this has resulted in a stagnation of real estate values [8], coastal areas—where the city of
Pescara is located —have a much more dynamic real estate market. As with indicators that,
on a large scale, make it possible to detect changes in land use to allow for the implementation
of appropriate control and planning actions [9], the intention, for the Pescara real estate
market, was to create an articulated variable at the urban level —the Urban Quality
Index—that considers a series of peculiarities of the urbanised environment and the sum
of services innervating it in relation to market real estate values [10,11]. The principal
challenge involved retracing and surveying measurable physical and univocally
interpretable aspects within the urban environment and verifying their statistical
significance—market appreciation—by using a multiple linear regression model. As is
known, multiple regression is used to explain the entity of a dependent variable (in our
case market value) by using a set of independent variables clearly held to influence the
entity of the dependent variable [12]. Despite their relevant incidence, these independent
variables —the characteristics of the city —can be very difficult to identify.

The concept of urban quality was, thus, defined in relation to the appreciation
manifested by the real estate market for property location and using a unique variable to
define different levels of quality in diverse parts of the city.

The effects of social, economic and cultural dynamics that, certainly, play a decisive
role in the decision-making processes on urban strategies [13] and the indicators which more
generally define the quality of life of citizens such as the level of access to health or social
services [14,15], while not directly explicated in the indicator, structured atop an
appropriate subsystem used to quantify their presence can nonetheless be said to have
been considered as they are directly connected with spaces-services (public gathering
spaces, public and private offices, places offering services to people or the community,
etc.) and are physically identified and quantified.

In Italy, property values are currently determined by the Cadastral Registry —now
the Revenue Agency (Agenzia delle Entrate ex Agenzia del Territorio). Calculations consider
numerous variables, including both intrinsic and extrinsic. Nonetheless, the scheme for
defining cadastral income based on an obsolete structure and organised by rigid schemes
is unable to capture urban, typological and socioeconomic changes to the city. To date,
revisions and adaptations have focused exclusively on the fiscal-monetary side of
estimation tariffs and introducing percentage multipliers to correct the distortive effects
of inflation, and it is unable to capture urban, typological and socio-economic changes in
the city.

The results of this study make it possible to affirm that an increase in the values
identifiable in diverse areas of the city must be redistributed in a balanced manner in order
to permit a general increase in property values. In light of emerging data, this translates
into a higher quality of both the urban habitat and services in proximity to properties,
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with a consequent benefit to users and an effective administrative tool for reading the
territory that assists the decision maker in choosing the policies to be implemented, as has
happened, for example, in recent years in Italy, with a view toward decommissioning,
adaptively reusing or redeveloping public building stock [16].

2. Materials and Methods

The definition of the Urban Quality Index is triggered by a reading of the urbanised
fabric. This process began by subdividing the municipal territory into homogenous zones
(in accordance with Decree of the President of the Republic dated 23 March 1998 n. 138
138/98) and identifying all of their characteristic elements; successively, these elements
were related to corresponding values referred to the entire municipal territory.

The surveying process followed the indications contained in the bill dated 15 June
2012 in matters of taxation and developed in accordance with the following operative
criteria:

Territorial segmentation: In reference to municipal territory, a perimeter was
established to form microzones as defined in the Decree of the President of the Republic
dated 23 March 1998 n. 138 by utilising market values from 2014.

Utilisation of normal values: As defined in art. 9 of the Consolidated Tax Act (TUIR
Testo Unico delle Imposte sui Redditi), these values are intended as average prices, for
comparable goods and services, under free market conditions. Specifically, they indicate
the market value of the property and represent the estimated price of a good during a free
sales negotiation referred to the date of valuation.

Use of statistical functions: The representation of the urban territory as a set of
variables, with a more or less evident corelation. Given the subsistence of a criteria of
objectivity, the study of variables is linked to the use of statistic-analytical models and the
statistic dependence of a dependent variable on multiple independent variables is referred
to as multiple regression analysis.

2.1. Territorial Investigation

The first phase involved the gathering of information and data that represent the
urban situation: This process made use of maps from WebGIS Regione Abruzzo, Carta
Tecnica Regionale Numerica (C.T.R.N.), DataBase Territoriale Regionale and the Cadastral
Maps conserved by the Revenue Agency. In addition to information provided by
institutional sources, a “virtual” survey was also carried out by using the internet and
geographic software (Google Maps, Google Street View and Google Earth), together with
a direct survey, and both were useful for comparing the state of the art with maps to verify
eventual anomalies and quantitively and qualitatively implement available information.

Spatial data gathered were aggregated in a Geographic Information System (GIS)
using Open Source QGIS software with which it was possible to weigh geographical data
with statistical analysis [17] through normalization operations, obtaining empirical
models that allow the reading of urban phenomena that contribute to the definition of
quality-quantitative indices. Indicators were subsequently used for the elaboration of a
multiple linear regression model on SPSS Statistical Analysis Software.

Four reference macrosystems were identified to define the Urban Quality Index:
Environmental System, Infrastructural System, Settlement System and Services System,
each with its own set of subsystems that are univocally quantifiable and representative of
the variation in quality of each macrosystem.

2.2. Framework Summary

The analysis of the four macrosystems generated a framework for interpreting the
entire municipal territory and is described in a summary chart (Figure 1) listing the
number of residents and territorial area of each microzone and its relationship with the
areas of the four macrosystems identified.
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Localization Pescara M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Residents 121.009 2.590 12.458 28.349 10.370 17.368 21.575 11.542 4.388 6.254 6.115
Teritorial » g N 2 , e . I

Areas o 15% 5% 17% 4% 8% 23% 8% . 3% 12%. 19%
(square meters) I i -
33.423.056 426.011 1.825.904 5.290.194 1.259.676  2.508.470 7.914.412 2.654.296 957.614 4.043.736 | 6.542.743
Environmental
System 65% 47% 39% 53% 53% 47% 37%, 47% 60%, 53% 87%,
(square meters) 4
19.026.238 |  200.560 583.274 | 4.685.600  285.758  1.109.414 2270631 1.109.474 | 419.438 | 3.071.865 | 5.290.194
Infrastructural \ \ \ \ \ \ \ "’
System 20% 38% 35% 23% 23% 31% 23% 3% 23% 23% 8%
(square meters) R : 2
5.848.241 162.927 525.826 499,989 647.987 732.074  1.408.355 732,074 156.236 482.784 499,989
¥
Settlement » » \ \ S \ » » \
System 13%; 10% 23% 22% 20% 15% 23% 15%: | 14% 20% 4%
(square meters)
3.668.497 42.304 348.098 | 251620 241.974 364.946 1.462.869 364.946 99.019 241.101 251.620
] i I
Services ! v E T x n » W,
System 3% 5% 3% 2% 4% 7% 17% % 3% 0,7% 1%
(square meters) 5 -
787.640 23.333 34.904 68.881 43.077 164.797 189.664 164.797 23.532 5.774 68.881

Figure 1. Summary chart.

2.3. Evaluation Model

The evaluative study of the data gathered began with the elaboration of a model
capable of capturing the underlying relations of urban phenomena; the observation of a
large number of cases permitted the elaboration of a multiple linear regression model. The
equation of linear regression is described as follows:

Y =by+by*x; +by*xy+ by *x3+ by * x4 + bg * X5 + bg * x4 (1)

where Xx; =Urban Quality Index; X, =gross floor area; X3=building age coefficient;
X4=building typology (single unit in a detached home); X5=garage; X¢=floor level, while
the value b; represent the non-standardised coefficients to which the model attributes a
value — an increase or decrease — as a function of the identified statistical unit (€/m2). The
results obtained from the product of the coefficients and their respective variables
describe the level of appreciation, in economic terms, for the characteristics analysed by
users (citizens).

This statistical approach allowed the identification and quantification of the
elements, correlated with one another, and permitted the reproduction of phenomena
observed in a simplified manner, free of superficial aspects.

The trends and expectations of the user-citizen who prefers urban zones over others
are confirmed in the formation of real estate prices. In fact, aside from the intrinsic
characteristics of each property, the values of real estate transactions also reflect the
combined characteristics of the urbanised environment. This highlights the close
interdependence between market value and urban quality [18]. In virtue of this relation,
the choice was made to develop the Urban Quality Index as a direct expression of market
property, “Estimative market analysis focuses on clarifying typical trends by identifying
and studying prices and characteristics considered influential; these characteristics are
generally aimed at summarising how operators perceive the formation of a market price”
[19].

2.3.1. Identification and Construction of Variables

The multiple regression model was used to determine a function capable of
expressing the relationship between a dependent variable and independent variables. The
dependent variable selected for the present case study was the unit value (€/m2) of
transacted properties. Data collected to prepare the evaluative framework included
transactions involving category A (residential) properties, excluding category Al0
(offices), registered in the city of Pescara for the year 2014. The reference sample included
205 cases with sufficient variability (Figure 2) of intrinsic characteristics in terms of area,
typology, era of construction and state of conservation. This heterogeneity of
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characteristics and the consequent unit rates of sale are an indicator of how these
observations describe a representative and statistically significant framework of the urban
territory.

50 | Media = 1844,34
Dev. sid. = 565,16
N=205

Frequency

1000 2000 3000 4000

Price [Square meters

Figure 2. Normal distribution of the sample analysed.

The data elaborated refer to a suitable variability (normal distribution Kolmogorov-
Smirnov Sign p-value 0.000081 and Shapiro-Wilk p-value 0.000141) in the properties
analysed: They present areas between 30 m2 and 253 m2 built between 1939 and 2014.
Roughly 36% of the properties feature a garage; 6% belong to the typology “properties in
detached or semi-detached homes”; 9.8% of the units analysed are situated on the ground
floor; 49.3% are situated on the first or second floor; 28.8% are situated on the third or
fourth floor; and 12.2% are situated on or above the fifth floor. Prices range from between
€830/m2 and €5356/m2, for an average value of €1944/m2, to a standard deviation of
585.16. The construction of the model considers intrinsic and extrinsic characteristics [20]
grouped in homogeneous clusters in order to simplify the input of data and to represent
the explanatory variables (X;,) in the regression equation.

With reference to surveyed property prices (on a monthly basis), there is no
significant temporal trend in property prices: after the negative peak in 2008/2009,
property prices in Italy remained stable except for the property market segment. of the
highest quality. The data collected for the elaboration of the model (2014) refer to a year
of absolute stagnation in prices and therefore it was not necessary to elaborate time trend
lines (also because the sample of properties is not homogeneous both for intrinsic and
extrinsic characteristics ). From a partial analysis of the data, there is no significant price
trend that could lead to conclusions different from those elaborated: in urban area Bl
(Figure 3), for example, there was substantial stability in average property prices.

€/sm 2.799

€/sm 2.427
€/sm 2.270
|.....e/sm.zazf/.%t*l%.l.?.‘?.................. e Elsm 208 W P T
>
5
S
2
8

>
]
2
el
]
w

Figure 3. Trend of average market prices in urban area B1.
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2.3.2. Intrinsic Variables

Intrinsic characteristics, linked to the material and architectural properties of real
estate units [21], can be easily identified from the information listed in deeds of sale. They
permit an understanding of the location, use, dimensions (m2) and state of maintenance
of each single unit and/or building. Additional aspects, to which particular attention was
paid during the processing of the data, were related to verifying criteria for measuring—
to some degree quantifiable —the direct proportionality between the parameters and the
value of the statistical unit expressed in €/m2 and the absence of phenomena of self-
correlation [22] among the selected parameters.

The specific elements of the different properties were based on the consideration of
five essential aspects with the greatest impact on pricing:

1. Total floor area: commercial floor area, including balconies and other accessory areas;

2. Period of construction or renovation of the unit or building: these data provide an
indication of a drop in value imputable to the passage of time and, therefore,
represent, to all effects and purposes, the aging coefficient;

3. Floor level: a proportional increase in property value was assigned to higher floor
levels by considering the advantages—in terms of natural light, views, privacy,
greater protection against atmospheric and acoustic pollution—offered by upper
storeys with respect to lower ones. The qualities attributed to the “ground floor”
were considered inferior to those recognised for levels above; this characteristic was
assigned the value “0”;

4. Building typology: There is a differentiation between properties in multi-family
buildings and those in single-family constructions (single-family or two-family
detached and semi-detached homes). For this reason, it was considered useful to
introduce a dichotomic variable that would express this differential by assigning the
value of “1” to units in detached/semi-detached homes and “0” to those in other
building typologies;

5. Garage: This element, which has a notable influence on the formation of property
value, was identified with the associated presence of a garage intended as both
covered and exclusive. This aspect was evaluated in the model by introducing a
dichotomic variable: “1” when a garage is present and “0” when absent.

2.3.3. Extrinsic Variables: Building the Urban Quality Index

The definition of the extrinsic variable involved elaborations of the four
macrosystems—environment, infrastructure, settlement and services (each broken down
into subsystems) (Figure 4) —obtaining values in an ordinal scale [23] for which its sum
expresses the Urban Quality Index (Uqi).

n
Ugr= DI e
i=1

In order to permit a comparison between the elements that participate in the
formation of the Urban Quality Index in the 10 microzones of the city of Pescara, it was
necessary to introduce a procedure of normalisation. For each characteristic observed, the
characteristic that represented the most important presence or feature was attributed a
value of “1” and utilised as a benchmark for scaling values in the other microzones. This
approach was necessary to make a comparison among the values obtained in a single
microzone and those necessary to describe the entire municipal territory.
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Figure 4. Schematic diagram of the process used to calculate the Urban Quality Index (Uqi).

Environmental System

This system represents the quantity, in square and linear metres, of natural areas for

which its influence on the quality of public spaces and the landscape is considered an
improvement [24]. The Environmental System was then subdivided and analysed in 2
subsystems:

1.

[

Green/landscaped areas

Parks and Public spaces (PP);

Peripheral Agricultural Lands (AL) (cultivated, uncultivated and forests);
Tree-Lined streets (TL): given the particularity of the city of Pescara, the analyses also
examined other elements of environmental value, such as the River Front (RF).

Table 1 shows how to define the Reference Value Calculation and the Normalised

Value Calculation.

Table 1. Environmental macrosystem: division into subsystems.

Subsystem Reference Value Calculation = Normalised Value Calculation
ALz imay * 100 — ALz o
Agricultural Lands ALy gy = —2m) _— ALy = —— ML)
M (mq) max 41y (%)
PPi (may * 100 PPy o
Parks and Public spaces PPy o) = S MiGmg) " - PPy = — 00
Mi (ng) max  ppy (%)
TLyi __ TL:
Tree-Lined street/avenue TLyi =— () TLy; = -~

M; (ha) max rp,
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The specific environments of the city of Pescara

The River Front (RF): considering the presence of the river in terms of real estate
appreciation and both for its environmental qualities and for the aesthetic,
recreational and socio-cultural functions it represents [25];

The Sea Shoreline (S): This latter environment was constructed by analysing 190
properties in the microzones along the coast to identify and measure the influence of
this characteristic on the formation of prices. These analyses, conducted using an ad
hoc multiple linear regression model, made it possible to define the area within
which the influence of the waterfront has a significant effect on real estate market
value within a limit of 250 metres from the coastline.

All measurements (in square and linear metres) were compared to the territorial area

of the i-th microzone. Successively, the benchmark for normalisation (the maximum
value) was identified among the values obtained in the same category. The sum of the
normalised values expresses a part of the Urban Quality Index ascribable to the
Environmental System. Table 2 shows how to define the Reference Value Calculation and
the Normalised Value Calculation.

Table 2. Environmental macrosystem: division into subsystems.

Subsystem Reference Value Calculation Normalised Value Calculation
Riverfront RFy; = ——2 (im) RFy = ————
M; (ha) max  pry
SM‘ 1 ~ SM
Sea shoreline S = Hilm) Swmi = l
M, (ha) max g,

Infrastructural System

The Infrastructural System includes the areas, paths and number of services

subordinate to public transport, private vehicles or for use by bicycle/on foot. The
Infrastructural System was then subdivided and analysed in 3 subsystems:

1.

The Road Network (RN) that in turn includes:
1.a. Vehicular roads or:

Main Roads (MR);
Secondary Roads (SR).

Table 3 shows how to define the Reference Value Calculation.

Table 3. Infrastructural macrosystem: division of the subsystem “Road Network.”

Subsystem Reference Value Calculation

MRl- (mq) * 100

Z[MR; (ng) |
SRl- (mq) * 100

Z[SR: (mg)]

Main roads MR; o5y =

Secondary roads SR; () =

2.a. Sustainable Mobility or:
Cycling Lanes (CL);
Routes in Parks (PR).

Table 4 shows how to define the Reference Value Calculation.
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”

Table 4. Infrastructural macrosystem: division of the subsystem “Sustainable Mobility.

Subsystem Reference Value Calculation
CLi (mq) * 100
Cycling Lanes CLi) = —————
e l 2[CL (mg) |
PR, * 100
Routes in Parks PR; (o) = “liGmg) T 77H
Z[PR; (mg) |

3.a. Other Vehicular Areas:

o  Limited Traffic Zones (LTZ);

o  Parking Areas (PK): qualifying elements in square metres of the presence for the i-th
microzones and expressed as a percentage of the total of their respective categories
in the 10 microzones.

Table 5 shows how to define the Reference Value Calculation.

Table 5. Infrastructural macrosystem: division of the subsystem “Other Vehicular Areas.”

Subsystem Reference Value Calculation

LTZi (mq) * 100
Z[LTZ, (ng)]
PKi (mq) * 100

Z[PK; (mg)]

Limited Traffic Zones LTZ; () =

Parking Areas PK; () =

2. Road-based Local Public Transport (LPT) (the city of Pescara does have a rail-based
transport network) was analysed in relation to two factors:

o  The length in linear metres of urban bus lines (Bus Lines)y—BLq) in the i-th
microzone in relation to the territorial area of the same microzone (in hectares);
e  The number of lines (Bus Lines—BL) traversing each single microzone.

The benchmark for normalisation was identified in an obvious availability of
transport services (max) among all of the values obtained in the same category. Table 6
shows how to define the Reference Value Calculation and the Normalised Value
Calculation.

Table 6. Infrastructural macrosystem: division of the subsystem “Local Public Transport.”

Subsystem Reference Value Calculation = Normalised Value Calculation
BLy; — BL(1ymi
Bus Lines @) BLyw = M (tm) Loymi = —
M; (ha) Mmax gLy
BLy; (n) B BL@ymi
Bus Lines @) BL = BLiyyyi =
@mi M, @mi = oo Bl

3. Asurvey of Junctions (J) or points of access to principal networks:

e  Rail Way Junctions (RW]);

e  Road-based mobility (Road Junctions—R]): considering their presence, in absolute
numbers, in the i-th microzone.

The benchmark for normalisation was identified in an obvious availability of
transport services (max) among all of the values obtained in the same category. Table 7
shows how to define the Reference Value Calculation and the Normalised Value
Calculation.
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Table 7. Infrastructural macrosystem: division of the subsystem “Nodes.”
Subsystem Reference Value Calculation Normalised Value Calculation
R, ~ RJ,,

Road junctions Rl = Mi () Rl =—"—
i M, max g
RWJ . . _ RWJ, .

Railway junctions RWJ],. = M RW],,, = —*—

i M, max  gyy,

Settlement System

Developing the construction index of the Settlement System (SS) required a detailed
analysis of all 17,603 buildings present in the city of Pescara.
The following factors were calculated:

e Total floor area;

¢  The construction/maintenance quality of buildings or Building Quality Score (BQS);
e  Building Typology Score (BTS);

e  Building Designed Use (BDU).

For the two sub-indexes, Building Quality Score and Building Typology, reference
was made to a previous study by the authors from 2012 [26]. Part of this study fixed the
principles for assigning points with respect to elements linked to a state of maintenance,
while another part, after processing a series of interviews with residents of the city of
Pescara, defined a system of points based on appreciation for building typologies.

Regarding construction/maintenance quality, the direct observation of building
fagades made it possible to verify the presence of prized materials and/or detailing or, vice
versa, of deteriorations, all of which have a powerful impact on the perception of a
building and, as a reflection, on its surroundings [27].

The assignment of points (QS(n)) —from 1 to 4 (in order of growing appreciation)—
made it possible to measure the overall level of quality within the i-th microzone in
percentage terms with respect to the maximum number of points in the microzone itself.

The maximum ideal score (QS(max)) was obtained by hypothesising an ideal
situation defined by the exclusive presence of properties in an optimum state and
assigned the highest value of 4. Table 8 shows how to define the Reference Value
Calculation and the Normalised Value Calculation.

Table 8. Settlement macrosystem: subsystem of the Building Quality Score.

Subsystem Reference Value Calculation Normalised Value Calculation
Building Quality Score [Bui * QS(1,23,.4] * 100 — BQSui (o)
oy = 25 =B, BQSyi(y) = ——————
(Construction Quality Score) BQSwui 0 max gq S maxsg = By * 4 R MAXBQSy (54

For the Building Typology subsystem, in terms of building design [28], 8 typologies
were noted, and points were assigned based on the results obtained during interviews
with citizens. The points (TS(n)) were assigned as follows:

e Industrial warehouses (score = 1);

e  Towers, multistorey and isolated non-residential towers (score = 3);
e  Row housing, block housing or courtyard hosing (score = 5);

e  Detached and semi-detached homes (score = 7).

The points calculated make it possible to measure the presence of determinant
typologies within the i-th microzone as a percentage of the maximum points possible in a
specific microzone. The maximum ideal score (TS(max)) was obtained by hypothesising a
situation defined by the exclusive presence of detached and semi-detached homes and
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assigned the highest score of 7. Table 9 shows how to define the Reference Value
Calculation and the Normalised Value Calculation.

Table 9. Settlement macrosystem: subsystem of building typologies.

Subsystem

Building Typology Score
(Building Typology Score)

Reference Value Calculation Normalised Value Calculation
[Bui * TS(1,3,57)] * 100 . _ BTSyiw)
BTSwui ) = P © maxps =By * 7 BT Sui () = M@ grsy .

The benchmark selected for normalisation was the highest possible score (max)
among the values obtained in the same category.

The sub-index of Building Use was constructed by identifying the use of each unit
inside a single building. Three building categories were established:

e  Exclusively Residential Buildings (RB);
e  Mixed-Use Buildings (MB);
e  Buildings used exclusively for tertiary activities or as public offices (Services

Buildings) (SB).

The survey examined the number of buildings present in the territory, classified in
one of the three categories, as a percentage of the total number of buildings in the i-th
microzone (Total Buildings) (TotB Mi). Table 10 shows how to define the Subsystem and
the Reference Value Calculation.

Table 10. Settlement macrosystem: subsystem of Building Uses.

Subsystem Reference Value Calculation
. S o RBuim)
Exclusively Residential Buildings RByio) = 75—
TotBy;
MB
Mixed-Use Buildings MB (o) = — M@
TotBy;
Exclusively Tertiary and Public Services TBui ()
. TBui) =
Buildings TotBy;
Total Buildings TotBy; (ny = (RBui () + MBui 0y + TBusi ()

Property values provided by the Real Estate Market Observatory (OMI) demonstrate
how average real estate values (for residential buildings) in Microzone n. 4 were the
highest in the entire municipal territory: these data resulted in the selection of a
benchmark based on the combination of uses present in Microzone n. 4 (30% exclusively
residential, 59% mixed-use and 11% tertiary, plus public and private offices).

These values were then used to normalise the values measured in the other
microzones.

Services System

The presence of public and private services (Public/Private services System) (PPS)
offered to citizens was considered a positive factor. The survey divided the services
present in the city of Pescara into the following categories:

e Basic education (nurseries, kindergartens, schools and junior high schools) and
higher education (high schools, universities and research centres);

e  Hospitals, care facilities and healthcare structures;

e Libraries, museums, cinemas, theatres, auditoriums and exhibition halls;

e  Places of worship;
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e  Facilities for sport, free time, shopping and private services (large and small shops,
restaurants, bars, markets, hotels, artisans” shops, tertiary, banks and agencies),
public squares and spaces of public gathering.

The resulting values express the relationship between the number of services present
in the i-th microzone without considering the radius of influence proximity can have on
the formation of real estate prices, although it can reasonably be considered positive [29].
Table 11 shows how to define the Reference Value Calculation and the Normalised Value
Calculation.

Table 11. Macrosystem of services.

Sistema Reference Value Calculation Normalised Value Calculation
PPy (PPY_(Mi)
Public/Private Services System PPg y; = A = [PP) _(SMi)
i

/ fmax) _( [PPJ _(SM (n)))

The benchmark for normalisation was the maximum number of services (max) from
a comparison of values in all microzones (Figure 5).

ENVIRONMENTAL SYSTEM SERVICES SYSTEM
Green areas En

H : o L“:HL’/\ .... .-:. v

STRUCTURAL SYSTEM

SETTLEMENT SYSTEM
Building typology

narmialized values
; ] it Lid

Figure 5. Representation of the normalised values for the subsystems.



Sustainability 2021, 13, 13635

13 of 17

Thus, by applying Formula (1) to the values obtained for each of the systems studied,
it was possible to explicate the variable of urban quality for each of the 10 microzones in
the city of Pescara (Figure 6).

Figure 6. Urban Quality Index (UQI) aggregated in the 10 microzones of the City of Pescara.

3. Results

All data were processed and modelled using SPSS Statistics software; the results
demonstrate how the variables inserted, particularly those relative to urban quality, are
both effective and significant and prove that the model can be considered very reliable.

The determination coefficients R-squared (R? = 0.866) and R-squared adjusted
(Adjusted R? = 0.862) are very high, demonstrating how the proportion of variance in the
dependent variable (price per square metre) is explained by the independent variables.

The correlation test showed a high correlation between the variable “Price Square
meters” and the variable “Urban Quality Index” (Pearson coefficient 0.457).

The Analysis of Variance (ANOVA) demonstrates how the statistical significance of
the regression model less than 0.05 provides an overall indication that the model has a
significant capacity to statistically forecast the resulting variable.

The Table of Coefficients (Table 12) lists the values of the marginal prices implicit of
all the characteristics/variables considered. As shown, the implicit marginal price relative
to the Urban Quality Index affects the formation of the price of each single unit by
€189.978/m2 (square metres of Gross area). Furthermore, the relative standardised
coefficient of regression ([3) demonstrates how the Urban Quality Index is the first among
all of the variables identified that contributes to the definition of the model.
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Table 12. Table of coefficients =

Non-Standardised Standardised
Model Coefficients Coefficients ¢ p-Value
B Standard Error Beta ()
(SE)
(Costante) 1089.030 72.111 15.102 8.6649x10735
Urban Quality Index  189.978 6707 828 28.325 1.4355x10771
Gross Floor Area -3852 481 —224 -8010  9.6296 x10~1*
1 Building Age Index -308.356 14.203 -654 -21.711 2,8602x10~54
Building Typology  461.572 66.764 193 6914  6.3518x10~1
Garage 346.767 35.366 297 9805 9.437 x1071°
Floor Level 56.682 7627 207 7432 3.1419 x10~*?

2 Dependent variable: price square meters.

4. Discussion

The statistical indicators demonstrate the legitimacy of the model constructed. The
index of determination R*—in this study, it is equal to 0.863—assigns the model a
predictive capacity. In other words, the explanatory variables show a good ability to
predict the value of the dependent variable since the Analysis of Variance has a p-value
equal to 1.9706x1078% while the t-tests (Table 12) confirm the significance of the entire
model and the individual variables used.

Finally, the percentage error, intended as the ratio between standard error and the
average values of the dependent variables (representing the percentage shift of data from
the regression line), is equal to 11% and, thus, is amply below the critical values expressed
in literature.

Other than the correct identification and quantification of an index capable of fully
defining the elements that bring urban quality, the present research also shows how the
model can be further developed for different purposes, the least of which is linked to
taxation.

The following figure (Figure 7) shows the difference between the real value (listed in
deeds), the value calculated using the model and the fiscal value (or cadastral value, that
is, the value used to calculate diverse taxations) for the sample analysed. In particular, the
real value and the predicted value, although different, develop according to a similar
trend, while the taxable value appears to be wholly separate from market dynamics and
has a largely divergent trend with respect to real values. In all cases except one, cadastral
values were significantly lower than both real values and those calculated using the
model. It is, therefore, evident that the city of Pescara (similarly to many Italian cities)
suffers from considerable forms of fiscal inequality.

€ 350,000

€ 300,000 .

€250,000 //_/
Real value
€200,000

1
Predicted value . /_//‘ I\
\ \ hY

€150,000 N —— \ AN N A ’
....... Taxable value /'I,L// X ZANERNVAY /s SN N AN N A

~ N / \ ~neooooN S, - e v A/ ’

€ 100,000 / ’l N7 \ PN I/ \\\ ,/ N N Il \‘ I/ Seoe” \‘ ll ' \\I

'I v —— N/ S v - ¥
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Figure 7. Comparison between real value (from deeds of sale), predicted value (using the model) and cadastral value.
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In light of these economic-fiscal considerations, an Urban Quality Index constructed
in this manner may represent an innovative tool for political decision makers and/or
public administrations in rebalancing taxation and, at the same time, proposing a more
balanced and sustainable form of planning.

Composed of a consistent quota of environmental factors—planted and landscaped
areas, infrastructures and services—in addition to qualitative factors intrinsic to urban
properties and given the notable significance assigned by the regression model to this
index, the Uar becomes a detector of criticalities and shortcomings in the consolidated
urbanised fabric and indicates a possible approach to rebalancing existing disparities and
managing future actions of planning.

To cite an example, an increase in property values in the presence of a garage reveals
how urban movements make widespread use of private vehicles. This reading of the
urban environment may suggest that local governments intervene by improving the
system of public transport, triggering an improvement to the index and, consequentially,
to the quality of services—and the urban environment in general —utilised by citizens.

5. Conclusions

The index developed by the model based on a reading of property values has
permitted the definition of all of the physical (and thus measurable) characteristics that
participate in the definition of urban quality. The model is objective, replicable and
scalable:

e  Objective, because it is structured by quantitative elements devoid of any form of
subjective alteration;

e  Replicable, because the systems considered comprise the structural components of
the city;

e  Scalable, because the essential elements of the city can be found at diverse scales.

The model considers a set of elements that affect market values, beginning with the
Urban Quality Index defined within the “institutional polygons” represented by
microzones. As imaginable, the model expresses different levels in different parts of the
city of Pescara.

The other quota of variability explained by the model results from the specific
characteristics of each real estate unit (floor area, era of construction, level, building
typology and presence or not of a garage).

After verifying the statistical acceptability of the model by using statistical and
estimative tests, two aspects emerge powerfully and clearly from its use: The first is linked
to the Urban Quality Index. It is worth underlining that this elaboration is triggered by,
belongs to and is circumscribed exclusively to the appreciation manifested by the real
estate market in relation to the location of a building. In this regard, it is possible to
consider the following: if this index considers a series of urban characteristics, for which
its density must be read in positive terms and if the ¢-test of significance of the variable
constructed in this manner is the highest among the variables input into the model, then
it is possible to recognise that this index has the ability to describe and interpret parts of
the city that are of use to the decision-making processes and that characterise urban
policies.

Further specific aspects could be considered for the refinement of the assessment
such as air pollution due to the high rate of urbanisation—and population—the high
density of means of transport or the proximity of industrial settlements to urban areas [30]
criticalities linked to the presence of publicly owned areas and buildings, mostly
industrial complex [31] and abandoned military barracks [32], that occupy large urban
portions and the potential they would offer in terms of urban quality by undertaking
appropriate recovery plans on these assets [33]. Assessments, with modern computational
methodologies of estimation, their market value or their recovery value [34] or, again,
knowing detailed information on the energy characteristics of the buildings—in light of
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the energy efficiency incentives undertaken by the Italian State and the plans for the
following decade [35] —and its appreciation in economic terms should all be undertaken
[36].

The second aspect is linked to physicality: The difference between predicted value
(aligned with the value listed in deeds of sale) and taxable value (cadastral value) suggests
a profound reflection of the inappropriateness of the current taxation system, which
calculates value using procedures considered improper and “completely disconnected
from real market values” [37].

Thus, the proposed model would consent to a mass appraisal capable of producing
property values that more correctly reflect the real situation and, in turn, consenting
greater fiscal equity among taxpayers, while helps in stimulating the real estate market
[38].
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