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Abstract: In this research, the socio-economic determinants of housing market values have been
examined, highlighting their respective contributions to the formation of the property prices and,
in particular, verifying the property tax liability. The property tax is a factor that could determine,
through modest fluctuations, the revival of the property demand, generating positive effects also on
the construction sector, which has been currently affected by the negative real estate contingency.
The functional correlations of housing prices with the main socio-economic variables considered
(i.e., housing rents, household incomes, household consumptions, property taxes, population and
mean population age) have been explained through an econometric analysis implemented with an
innovative methodology that uses multi-objective genetic algorithms. The analysis is contextualized
to the Apulia region in the South of Italy, and the population of the sample studied consists of
258 individuals, corresponding to the municipalities of the region. In particular, the data collected
for each variable considered refer to two different moments, that is, the year 2011 and the year 2015,
in order to take into account the fiscal tightening that has occurred in Italy in this period of time.
The elaborations carried out have allowed us to enucleate interesting functional relationships between
property prices and the explanatory variables considered.

Keywords: property tax; housing rents; incomes; housing prices; genetic algorithms;
econometric analysis

1. Introduction

The financial crisis triggered by the US subprime mortgages in 2007 and that transformed into the
current stagnation/recession of the major economies in Western countries has been the subject of a
wide-ranging debate at the European level, concerning the economic measures to be taken to activate a
rapid and peremptory revival [1]. The shadow banking mechanism linked to the many non-performing
loans in bank accounts, which led the European Central Bank to promote a credit easing in 2015 aimed
at supporting a highly fragile banking system, has highlighted the considerable differences between
‘private’ and ‘public’ debts, outlining that, when the difficulties of private credit become economically
systematic or simply unsustainable at the political and social level, the weight falls on public debt, i.e.,
on citizens, through higher taxes that erode their available incomes. According to the data published
by Eurostat [2], at the end of 2016, thirteen countries among the nineteen analyzed had a public debt
above the 60% of their gross domestic product (GDP), i.e., the threshold set by the EU Stability Pact.
Among them, Italy is affected by the highest public debt (2217.9 billion Euro), corresponding to a
percentage of its GDP equal to 132.6%, which places Italy at the top in Europe, i.e., it is second only
to Greece, which is characterized by a percentage parameter equal to 179%. According to Article 126
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of the EU Treaties and the ‘Six Packs’, i.e., the rule package for countries with excessive deficits, Italy
must ensure a reduction in the stock of public debt at the average rate of a twentieth per year of the
differential between the level in 2015 (132.1%) and the European target of 60%.

After the most significant increase in property taxation that dates back to the 1990s, in recent
years, the Italian economic policy has been characterized, on the one hand, by an expansive spending
review and, on the other hand, by fiscal policy initiatives that mainly concerned the level of taxation of
private real estate assets. The total property taxes in Italy reached 52.3 billion Euro in 2015, a record
level for its considerable size [3], taking into account that it constituted an increase of 38.7% compared
with 2011, when property taxes amounted to 37.7 billion Euro. The increase in property taxation is
mainly attributable to the introduction of the ‘Unique Municipal Tax’ (IMU), established by Decree
Law No. 23/2011, which has resulted in a substantial increase in property tax.

In particular, according to Eurostat and Economic Cooperation and Development (OECD) data for
the three-year period from 2011 to 2013, in Italy, the property tax as a percentage of GDP has increased
from 0.6% in 2011 to 1.2% in 2013 [4]. Although this incidence is still lower than the weight on GDP
that has been detected in other countries such as England (3.4%) and France (2.6%), the percentage
increase described, which are essentially a doubling in nominal terms in Italy between 2011 and 2013,
wherein property taxes have increased by 107.4%, has been the highest in all European countries, with
the exception of Hungary, where an almost similar increase has been detected (+82.40%). In the rest of
the European countries, the average increase in property tax for the three-year period from 2011 to
2013 was about 10% [3].

In addition to the most important components of the current global crisis (economic recession,
unemployment, credit restrictions), the gradual increase in taxation may determine a significant impact
on the Italian property market by contributing to the general selling price collapse and to a standby
attitude of households and investors.

2. Aim

The topic of the present research concerns the framework outlined. With reference to the context
of an Italian region, the aim of the paper is to examine the socio-economic determinants of housing
market values i.e., the social and economic factors that influence the choices of the population of a
specific territorial context and their interactions with the local built environment, highlighting their
respective contribution to the formation of the property prices and, in particular, verifying the property
tax liability. The effect of property tax on housing values is currently an important topic that in Italy
deserves high attention from institutions, market investors, and real estate research. The property tax
is a factor that could determine, through modest fluctuations, the revival of the property demand,
generating positive effects also on the construction sector, which has been currently affected by the
negative real estate contingency.

In Italy, there are currently no recent studies nor descriptive investigations relating to this topic.
The present study is the first in the current literature that systematically deals with the quantification
of the effects of t property taxation on housing prices.

The functional correlations of housing prices with the main socio-economic variables considered
(i.e., housing rents, household incomes, household consumptions, property taxes, population and mean
population age) have been explained through an econometric analysis. In particular, an innovative
methodology called Evolutionary Polynomial Regression (EPR) has been implemented, which uses
multi-objective genetic algorithms to search those model expressions that simultaneously maximize
the accuracy of the data and the parsimony of the final mathematical functions.

The analysis is contextualized to the Apulia region in the South of Italy, and the population of the
sample studied consists of 258 individuals, corresponding to the municipalities of the region. The data
collected for each variable considered refer to two different moments, which are 2011 and 2015, and
the econometric analysis has been developed on the database obtained by making a ratio of the values
of the homologous variables in the two time series detected.
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The ratio of the values of the homologous variables instead of, for example, the difference between
the values allows us to make each variable adimensional, thus avoiding the influence that the numerical
entity of each variable might have on the calibration of the econometric model.

The choice of analyzing the evolution of property prices generated by the variation of the
socio-economic characteristics considered in the two years, 2011 and 2015, comes from the circumstance
highlighted in the introduction, concerning the higher property tax burden that has occurred in Italy
in this period time. Therefore, the research allows us to properly explain and interpret the possible
influence of the property tax on changes in residential property values.

This research has been developed with reference to the sale of residential properties that, according
to the Italian Revenue Agency [5], in 2017 represented 85.57% of all transactions in the Italian
property market.

The paper is structured as follows. In Section 3, the main researches in the international literature
that have investigated the relationships between property taxes and property values are outlined.
In Section 4, the variables considered are described and the main descriptive statistics related to the
two starting databases (the years 2011 and 2015) and to the database used in the econometric analysis,
which is obtained by making a ratio of the values of the homologous variables in the two starting
databases considered, are analyzed. In Section 5, the methodology used is explained and the model
obtained is illustrated; the specific statistic performances are shown, the empirical reliability of the
functional relationships is verified, and the results are interpreted. Finally, in Section 6, the conclusions
of the work are discussed.

3. Background

The correlations among socio-economic factors [6] and housing prices have been investigated
in numerous studies [7–16]. In many of them, the developed analysis highlights that household
income is among the parameters that most affect the variations of housing prices [17]. Taltavull de
La Paz [18] has studied the relationship between residential prices and economic and demographic
factors such as wages and migrations in the main Spanish cities, showing the significant correlation
between price levels and households’ waged income. Potepan [19] has shown that household
income and construction costs are the most important factors that influence housing prices in U.S.
metropolitan areas. Gibler et al. [20] have stressed, as regards the Finnish housing market, the
predominance of income among the factors that have a positive influence on the decision to move
house. Kryvobokov [21], comparing 81 regression models reported in the literature in order to
determine, among the variables considered (demographic characteristics, income level of population,
accessibility, planning and urban development characteristics, educational level of population, crime
level, etc.), the most important attributes and to quantify their weights on the formation of the market
value of residential and commercial properties, has demonstrated the significant role of the income in
both market segments in Ukrainian cities.

Some studies have evaluated the influence on the price determined by sociological components
such as the percentage of immigrants in the neighborhood and the large number of related crimes [22] or
the weight of psychological factors such as the presence of neighboring homes recently requalified [23].
Glaeser et al. [24] have analyzed the increase of housing prices related to higher housing quality and
construction costs in recent decades, determined by economic factors such as income growth and by
behavioral evolution (e.g., improvements in the ability of homeowners to organize and influence local
decisions, decreases in the ability to bribe regulations, greater tastes for amenities).

Several authors have highlighted the role of housing rents on the variations of property values,
as well as fundamental factors such as personal income and population growth [25]. In general,
high rents lead to an increased demand for housing in ‘direct’ use and, in a more marked form, for
investment, resulting in a price increase [26–28].

In the reference literature, there are numerous studies that have analyzed the influence of property
taxes on property values [29–33] and on urban developments [34–37]. In particular, Church [38],
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through a model of tax capitalization implemented on a sample of residential properties, has pointed
out that the modification of property tax rates may have a significant impact on single family residential
property values. Song and Zenou [39] have elaborated an econometric function on 448 urbanized
areas, considering socio-economic variables such as the property tax rate measure, the population, the
income, the agricultural rent, and the transportation expenditure and have shown that higher property
taxes result in smaller cities and in the reduction of population density. Bartik [40] and Schmenner [41]
have studied the influence of state taxes on the business location of a new manufacturing plant in
the US. Hefferan and Boyd [42] have highlighted the need to take into account property taxation in
the definition of appropriate valuation models of mass appraisal that may reflect the evolution of the
economic system and meet contemporary changes.

Other authors have criticized the empirical generalization of the principle, according to which
higher taxation generates reductive effects on property values [43], demonstrating the need to specify
the assumptions of the implemented models [44,45] and to differentiate the tax effects in various
territorial contexts [46,47]. In fact, from a theoretical point of view, higher fiscal taxation should
determine more public investments in local territory [48], which should therefore result in higher
appreciation of local properties by potential buyers. Lang and Jian [49], analyzing the effects of
legislative changes in Massachusetts, have shown that communities that were able to increase their
property taxes more rapidly have been characterized by higher increases in their housing values
in the period following the new regulations. Oates [50,51] has pointed out that, in some situations,
an increase in property taxation may result in an increase in rents to tenants, whereas it may have a
modest impact on the market value of the properties.

4. The Variables of the Model

The population of the database consists of the 258 municipalities of the Apulia region in the South
of Italy. Taking into account the functional relationships analyzed in the reference literature and the
sources consulted for the data retrieval, the variables considered in the model for each municipality of
the sample are as follows:

- the average unit housing price (Y), expressed in €/m2, that represents the dependent variable of
the model;

- the average unit housing rent (R), expressed in €/m2 per month;
- the total property tax (T) collected in each municipality, expressed in €;
- the taxable income per capita (I) in each municipality, expressed in Euro;
- the number of cars (C) in circulation within the municipality;
- the number of motorcycles (M) in circulation within the municipality;
- the resident population (P), expressed as the number of inhabitants;
- the average age (A) of the resident population, expressed in years;

The data on the variables unit housing prices (Y) and unit housing rent (R) have been collected
through the analysis of the elaborations on the market transactions published by the Observatory of
the Real Estate Market and Estimative Services of the Italian Revenue Agency [5]. The time series of
the variable total property tax (T) have been obtained by consulting the Italian Information System of
the activities of Public Entities [52]. Finally, the database of the remaining socio-economic variables
that considered income per capita (I), number of cars (C), number of motorcycles (M), resident
population (P), and age (A) has been generated through the elaboration of the statistical data published
for the Italian municipalities [53].

It should be noted that, in this research, the variables number of cars (C) and number of
motorcycles (M) have been used as proxies of the consumption appetite of the inhabitants of
each municipality. Although the detection of more specific data representative of consumption
appetite would have been more appropriate, the reference to the mentioned variables is related to the
unavailability of alternative official information on household consumption at the municipal level.
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Tables 1 and 2 show, respectively, the main descriptive statistics of the variables considered in the
two years taken as the references (2011 and 2015). The data analysis and the evolution of the values of
the variables over the time period considered highlight that, in average terms, all the variables have
been affected by modest variations, with the exception of the total property tax (T), the average value of
which has been more than doubled in the period from 2011 to 2015 (+105%), from 2,030,187.14 Euro to
4,168,374.97 Euro. The highest average value variation has concerned the unit housing price (Y), which
has been characterized by a reduction of about 8% (from 905.74 €/m2 to 830.49 €/m2). Then, there are
the income per capita (I), which was affected by an increase of the average value from 13,648.52 Euro
to 14,356.11 Euro (+5%); the average age (A), the variation of which from 42.51 years to 43.83 years
indicates a slight aging of the regional population (+3%); the unit housing rent (R), which has been
characterized by a decrease in value from 3.27 €/m2 per month to 3.18 €/m2 per month (−3%). The
remaining variables, number of cars (C), number of motorcycles (M), and resident population (P), have
been affected by variations in average values of less than 1%; from 9112.43 to 9001.41 for the number
of cars (C), from 1170.33 to 1160.10 for the number of motorcycles (M), from 16,105.56 to 16,267.38 for
the resident population (P).

Table 1. Descriptive statistics of the variables of the sample in the year 2011.

Variable Mean Standard Deviation Levels/Intervals Frequence [%]

Housing price [€/m2] 905.74 431.90

<650 31.6

650–1200 49.0

>1200 19.4

Housing rent [€/m2 x month] 3.27 1.46

<2.5 44.5

2.5–4.0 29.6

>4 25.9

Property tax [€] 2,030,187.14 4,686,525.46

<500,000 35.2

500,000–1,000,000 21.5

>1,000,000 43.3

Income [€] 13,648.52 1991.99

<13,000 38.4

13,000–15,000 38.0

>15,000 23.6

Number of cars [n.] 9112.43 16,577.21

<2500 28.3

2500–7500 36.9

>7500 34.8

Number of motorcycles [n.] 1170.33 2728.30

<500 47.4

500–1500 37.2

>1500 15.4

Population [n.] 16,105.56 29,013.90

<5000 31.2

5,000–50,000 62.7

>50,000 6.1

Age [years] 42.51 2.52

<41 27.9

41–44 48.6

>44 23.5



Buildings 2017, 7, 67 6 of 15

Table 2. Descriptive statistics of the variables of the sample in the year 2015.

Variable Mean Standard Deviation Levels/Intervals Frequence [%]

Housing price [€/m2] 830.49 392.06

<650 49.0

650–1200 34.4

>1200 16.6

Housing rent [€/m2 x month] 3.18 1.51

<2.5 49.4

2.5–4.0 28.3

>4 22.3

Property tax [€] 4,168,374.97 9,424,887.46

<500,000 19.8

500,000–1,000,000 16.2

>1,000,000 64.0

Income [€] 14,356.11 2003.60

<13,000 23.0

13,000–15,000 42.2

>15,000 34.8

Number of cars [n.] 9001.41 16,092.92

<2500 28.3

2500–7500 36.4

>7500 35.3

Number of motorcycles [n.] 1160.10 2618.40

<500 45.7

500–1500 38.9

>1500 15.4

Population [n.] 16,267.38 29,770.14

<5000 31.2

5000–50,000 62.7

>50,000 6.1

Age [years] 43.83 2.42

<41 11.3

41–44 43.3

>44 45.4

Table 3 shows the descriptive statistics for the variables used in the econometric analysis, obtained
by the ratio (∆) of the database values relative to the year 2015 and the respective values for the year
2011. It should be noted, in particular, that in the time period considered, for 73% of the sample, the
variation of the total property tax (∆T) has been more than +60%, whereas the variations of the unit
housing price (∆Y) and of the unit housing rent (∆R) outline reductions in the values, respectively,
for 72% and for 54% of the sample. The variations of the income per capita (∆I) and of the average
age (∆A) highlight that an increase, albeit rather modest (less than +10%), has occurred for both the
variables. Finally, if the variations of the variables number of cars (∆C) and resident population (∆P)
are unimportant with respect the totality of the sample within a range between −5% and +5%, the
variation of the variable number of motorcycles (∆M) is characterized by an increase of more than
+10% for the 18% of the sample analyzed.

Finally, the correlation analysis reported in Table 4 shows the absence of possible multicollinearity
among the influencing factors considered.



Buildings 2017, 7, 67 7 of 15

Table 3. Descriptive statistics of the variables used in the econometric analysis.

Variable Mean Standard Deviation Levels/Intervals Frequence [%]

∆Y [€/m2] 0.92 0.18

<0.9 42.0

0.9–1.0 30.0

>1.0 28.0

∆R [€/m2 per month] 0.97 0.20

<0.9 28.0

0.9–1.0 26.0

>1.0 46.0

∆T [€] 2.05 0.74

<1.6 27.0

1.6–2.2 40.0

>2.2 33.0

∆I [€] 1.05 0.02

<1.04 30.0

1.04–1.06 36.0

>1.06 34.0

∆C [n.] 0.99 0.02

<0.98 24.0

0.98–1.00 35.0

>1.00 41.0

∆M [n.] 0.99 0.06

<0.98 29.0

0.98–1.00 43.0

>1.00 28.0

∆P [n.] 1.01 0.02

<0.99 32.0

0.99–1.01 40.0

>1.01 28.0

∆A [years] 1.03 0.01

<1.03 44.0

1.03–1.04 39.0

>1.04 17.0

Table 4. Correlation analysis of the variables used.

Variable ∆R ∆T ∆I ∆C ∆M ∆P ∆A

∆R 1 −0.005 0.059 −0.033 −0.051 0.004 0.005
∆T −0.005 1 0.061 −0.062 0.031 −0.087 −0.112
∆I 0.059 0.061 1 0.040 −0.080 −0.114 −0.101
∆C −0.033 −0.062 0.040 1 0.127 0.131 0.118
∆M −0.051 0.031 −0.080 0.127 1 0.062 −0.025
∆P 0.004 −0.087 −0.114 0.131 0.062 1 −0.035
∆A 0.005 −0.112 −0.101 0.118 −0.025 −0.035 1

5. The Method

The econometric methodology implemented is a hybrid data-driven technique, called
Evolutionary Polynomial Regression (EPR). This method can be considered a generalization of the
stepwise regression that is linear with respect to regression parameters, but it is non-linear in the model
structures [54]. Equation (1) shows a generic non-linear model structure of the methodology:

Y = a0 +
n

∑
i=1

[ai · (X1)
(i,1) · ... · (Xj)

(i,j) · f ((X1)
(i,j+1) · ... · (Xj)

(i,2j))] (1)
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where n is the number of additive terms, ai is numerical parameters to be valued, Xi is the candidate
explanatory variables, (i, l) with l = (1, ..., 2j) is the exponent of the l-th input within the i-th term in
Equation (1), and f is a function selected by the user among a set of possible mathematical expressions.
The exponent (i, l) is also selected by the user from a set of candidate values (real numbers).

The iterative investigation of model mathematical structures, implemented by exploring the
combinations of exponents to be attributed to each candidate input of Equation (1), is performed
through a population based strategy that employs a genetic algorithm, the individuals of which are
constituted by the sets of exponents in Equation (1) and chosen by the user.

The accuracy of each equation returned is checked through its Coefficient of Determination (COD),
defined in Equation (2):

COD = 1 − N − 1
N

·
∑
N
(yestimated − ydetected)

2

∑
N
(ydetected − mean(ydetected))

2 (2)

where yestimated is the values of the dependent variable estimated by the methodology, ydetected is the
collected values of the dependent variable, and N is the sample size under analysis. The fitting of a
model is greater when the COD is close to the unit value.

The main advantage of the EPR method with respect to a classical econometric analysis (e.g., the
hedonic price method) is that the genetic algorithm underlying the procedure does not require the
exogenous definition of the mathematical expression and of the number of parameters that fit better
the data collected, but the iterative process itself of the genetic algorithm returns the best solution. In
this sense, the proposed method represents an evolution of the classical multiple regression that is
considered during the iterative process of the genetic algorithm, and it is selected only if it constitutes
a good solution, otherwise it is rejected in order to obtain the best performance of the final results.
In particular, the EPR method allows us to apply an evolutionary multi-objective genetic algorithm
as an optimization strategy based on the Pareto dominance criterion. These objectives are conflictual
and aim at (1) the maximization of model accuracy through the satisfaction of appropriate statistical
criteria for the verification of the equation; (2) the maximization of model’s parsimony through the
minimization of the number of terms (ai) of the equation; and (3) the reduction of the complexity of the
model through the minimization of the number of the explanatory variables (Xi) of the final equation.

Through the use of a Microsoft Office Excel add-in function, the optimization strategy defined
above, based on the Pareto dominance criteria, allows us to obtain, at the end of the modelling phase,
a set of model solutions (i.e., the Pareto front of optimal models) for the three objectives considered.
In this way, a range of solutions is offered to the operator, from which it is possible to choose the most
appropriate solution according to the specific needs, the knowledge of the phenomenon in analysis,
and the type of experimental data used.

About the applications of the EPR method to the real estate field, the papers in the literature
are very few and recent. In particular, Morano et al. [55] have used the EPR method for an analysis
of the interdependencies of the property market with zonal and socio-economic variables in the
municipalities of the region of Puglia (Italy). Tajani et al. have carried out a first experimentation of
this technique with mass appraisal purposes, comparing it with the Artificial Neural Networks (ANN)
method [56] and the hedonic price model [57]. There are not other applications to the property market,
although the EPR method is characterized by interesting and unexplored potentialities.

5.1. The Econometric Model Obtained

The EPR method is implemented considering the base model structure reported in Equation (1)
with no function f selected. Each additive monomial term is assumed to be a combination of the inputs
(i.e., the explanatory variables) raised to the proper exponents.
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Candidate exponents belong to the set (−3; −2; −1; −0.5; 0; 0.5; 1; 2; 3) in order to have a wide
range of solutions, among which the best compromise between performance statistics and the empirical
reliability of the relationships between candidate inputs and the dependent variable can be defined.

The implementation of the EPR method has allowed us to obtain the following equation that links
the selling prices to the independent variable considered:

∆Y = −237.3287 · ∆R0.5 + 155.0251 · ∆R − 31.2709 · ∆R2 + 4.6446 · ∆R3 − 27.8162 · ∆I0.5

∆R0.5 +

26.763 · ∆I0.5 − 0.4142 · ∆M0.5 · ∆T0.5 · ∆R3 + 0.33766 · ∆P · ∆A0.5 · ∆T0.5 · ∆I2 · ∆R + 111.0029
(3)

The performance indicators show a high statistical reliability for the model obtained; the COD
is equal to 83.82%; the Root Mean Square Error (RMSE), that is, the square root of the mean of the
squared errors between the prices of the original sample and the values estimated through the model,
is equal to 3.22%; the Mean Absolute Percentage Error (MAPE), that is, the average percentage error
between the detected prices and the values estimated, is equal to 2.45%; and the Maximum Absolute
Percentage Error (MaxAPE), that is the maximum percentage error between the detected prices and
the values estimated through the model, is equal to 18.12%.

5.2. Interpretation of the Results

The complexity of the model obtained in Equation (3) does not allow us to immediately check the
empirical consistency of the signs that precede the independent variables with the real phenomena
observed due to the presence of several variables in the same additive term and/or to the fact that the
same variable appears in more additive terms but with opposed functional relationships.

Therefore, the functional relationship of the i-th independent variable with the variation of the
housing prices (∆Y) has been explained through an exogenous simplified approach that, instead of
determining the partial derivative of the dependent variable with respect to the i-th variable, considers
the values of the other variables in the model equal to the average values of the starting database
and provides the analysis of the changes in value of the estimated variations of housing prices in
correspondence with each i-th variable in the range of its corresponding sample values. The outputs of
these elaborations are summarized in Figure 1.

The results obtained give rise to interesting considerations.
First of all, it should be noted that the econometric model in Equation (3) considers, in the

explanation of the variations of the housing prices, all the input variables, with the exception of the
variable relating to the variation of the number of cars (∆C), characterized by values close to the unit
value for the largest part of the sample analyzed, which means the absence of significant changes
in the time period from 2011 to 2015. This circumstance indicates the lack of appreciable functional
relationships between the variable number of cars and the unit housing prices (∆Y), appropriately
identified by the Pareto optimization algorithm implemented by the EPR method. The presence of
the variable relating to the unit housing rents changes (∆R) in almost all the terms of Equation (3)
highlights the importance of this variable in the variation of the unit housing prices (∆Y), as measured
by the direct functional relationship shown in Figure 1. In particular, for variations of the variable
∆R below 100%, i.e., for the situations where the unit housing rents are at most doubled from 2011 to
2015, the changes in unit housing prices appear rather modest (maximum increase equal to 14.38%),
whereas the variable ∆Y exponentially grows (up to +276%) for variations of the variable ∆R between
100% and 180%. This functional relationship exalts the role of the variable unit housing rent as a
proxy for infrastructure facilities and services that concern with the locational characteristics of the
municipalities in the sample being investigated, factors that, as noted in the reference literature, are
the main determinants of the unit housing prices [58–63].

The graphical representations in Figure 1 show that the variations of the unit housing prices
are positively correlated with changes in the income per capita (∆I), characterized by a functional
relationship that results in a maximum increase of the variable ∆Y equal to +10.56% for a change
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equal to +20% of the variable ∆I. This correlation, identified by the model, confirms the thesis widely
reported in the literature about the ordinary importance of variable income in explaining the variations
in residential property prices [18–21].

The variables related to the variations of the residential population (∆P) and the average age (∆A)
outline a positive correlation with the unit housing prices (∆Y), but it is rather quantitatively low such
that, for increments equal to +10% of the explanatory variables mentioned, the unit housing prices
increase respectively by +5.80% and +2.81% in the time period from 2011 to 2015.
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Figure 1. Evolutionary trend of the unit housing price variations depending on the variables of
the model.

The model obtained points out a negative functional relationship between the variations of the
number of motorcycles (∆M) and the dependent variable ∆Y such that, for maximum variations of
the independent variable ∆M equal to +30%, the unit selling prices decrease by −8.57%. Taking into
account that the variation in the number of motorcycles represents, in the model obtained and for
the time period from 2011 to 2015, the only variable that expresses the variation of the household
expenditure in consumption, the variable for the variation of the number of cars has been endogenously
eliminated by the optimization algorithm of the EPR method. Due to the inconsistency identified, the
negative correlation found by the model is apparently in contrast to the usual expectation of rising
property prices as consumption increases.

However, the analysis of the graph in Figure 2, where the evolution in the time period from 2011
to 2015 of the two variables relating to the variation in the number of motorcycles (∆M) and the income
per capita (∆I) in the 258 municipalities of the study sample has been represented, gives an empirical
basis to the inverse functional relationship identified by the EPR algorithm; the two independent
variables tend to act in opposite ways, i.e., an increase in the income per capita corresponds to a
decrease in the number of motorcycles. This correlation is confirmed by a study by the Italian Institute
of Statistics [2], according to which, in 2015 in Italy, especially in the southern regions, a decrease in
the available household income was followed by an increase in consumption.
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Finally, the negative functional relationship between the variable relating to the changes in the
total property tax (∆T) and the unit housing prices (∆Y), shown in Figure 1, confirms the empirical
evidence of the reduction in the housing demand resulting from an increase in the property taxation.
It should be noted that, in the case analyzed, the influence of the variable relating to the variations of
the total property tax identified by the EPR algorithm is rather low, resulting in a decrease in the unit
housing prices equal to −1.167% in the cases in which the total property tax increases by 100% and a
maximum reduction equal to −3.789% in extreme cases in which an increase in the total property tax
exceeds 400%.

However, the graph in Figure 3 shows an important correlation between the variable ∆T and the
unit housing rents (∆R), which, as seen above, is the most influential factor on the unit housing prices
(∆Y). For an average value of ∆T equal to 2.05, which is the value detected for the study sample, up to
an increase in the unit housing rents equal to 100%, the variations of the unit housing prices (∆Y) are
rather modest, whereas, for variations of ∆R higher than 100%, the functional relationship between
∆R and ∆Y becomes exponential; if ∆T was equal to 1, i.e there was the absence of an increase in the
property taxation in the time period from 2011 to 2015, the functional relationship between ∆R and ∆Y
would be exclusively exponential, already with an increase equal to 129.5% of the unit housing prices
for a positive variation equal to +100% in the unit housing rents.
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6. Conclusions

With reference to the Italian territorial context of the 258 municipalities of the Apulia region, in this
paper, the analysis of the correlations among the main socio-economic factors and the housing market
values has been performed. In particular, by considering the time series of the housing prices and the
influencing variables selected (housing rents, household incomes, household consumptions, property
taxes, population, and mean population age) and referring to two different moments, 2011 and 2015, an



Buildings 2017, 7, 67 12 of 15

econometric analysis has been implemented in order to quantify the contribution of each explanatory
variable and verify the property tax liability in the formation of housing prices. The spatial horizon
(Italian region) and the time period (2011 to 2015) chosen for the analysis are not accidental, but they
take into account, on the one hand, the historical preference of Italian citizens for housing investments,
characterized by a net wealth invested in residential properties that is more than 4.570 billion Euro,
i.e., more than half (56%) of the net equity of the households and three times the national GDP [64].
On the other hand, the higher property tax burden that has affected Italy in the period from 2011 to
2015 has been considered. It is no coincidence that the analysis of the database obtained through the
ratios of the variables’ values between the two years considered shows that, in the municipalities of
the Apulia region, the property tax has on average more than doubled, whereas there is a substantially
unchanged situation for the other socio-economic variables of the model, with average values close
to the unit value. The econometric analysis, developed using an innovative data-driven technique
that employs a genetic algorithm to identify the functional expressions that define the Pareto front of
optimal models in terms of statistical accuracy, has generated a model characterized by high reliability
in terms of statistical performance indicators and by functional relationships between property prices
and the explanatory variables, supported by the observation of the empirical phenomena and the
results obtained by other research in the international literature.

The model obtained highlights a modest correlation between the property tax and housing prices.
This phenomenon can be explained by the fact that, in Italy, property taxation, before the higher burden
between 2011 and 2015, was rather low compared to the other European countries [65]; furthermore,
higher property taxation did not lead to a substantial increase in the incidence of property taxes on the
total tax revenues in Italy (+3.4% in 2012) compared to other European countries (e.g., +3.1% in Spain,
+5.7% in France, +11.8% in the United Kingdom) [4].

However, the model shows an indirect link between the property tax and housing prices; indeed,
the increase in property tax significantly ‘brakes’ the impact with which housing rents, which constitute
the most explanatory variable of housing prices, influence the rise in housing values.

It should be highlighted that the results obtained cannot be generalized to other geographical
areas because of the specificity of the data and cannot be used to develop forecasts of market evolutions
because of the unavailability of continuous data relating to a significant period. Nevertheless, when
it is possible to define substantial time series as well as more specific data for the influencing factors
considered, e.g., an indicator about the percentage of property taxation related to the property value
and/or the number of properties concerning the total property taxes generated, a more appropriate
measure of the consumption appetite of the population in each city can be analyzed. The logical path
determined and the considerations developed can be a valid reference [66,67].

Further insights may address the application of the econometric methodology proposed in other
Italian and international territorial contexts in order to highlight the various functional relationships
among the socio-economic factors, the property tax, and housing prices, and to support future welfare
decisions as well as economic and fiscal policies.
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