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Abstract. Urban real estate property values are mainly conditioned by several
aspects, which can be summarized in two main classes: intrinsic and extrinsic
ones. Intrinsic characters are specific goods while extrinsic features are related
to a diversity of goods. Therefore, there is an extremely close correlation be-
tween "rigidity location" of property (fixed location) and its value. Possibilities
offered by recent developments of statistical techniques, principally Geographi-
cally Weighted Regression (GWR), in analyzing housing market have given a
new impetus in mass appraisal of urban property. More particularly, Geograph-
ically Weighted Regression has been adopted in analyzing housing market, in
order to identify homogeneous areas and to define the marginal contribution
that a single location (outlined by these areas) gives to the market value of the
property. The model has been built on a sample of 280 data, related to the trades
of residential real estate units occurred between 2008 and 2010 in the city of
Potenza (Basilicata, southern Italy). The results of territory zoning into homo-
geneous market areas, in addition to the undoubted usefulness in the field of
real estate valuations, has useful implications in terms of taxation, programming
territorial transformations and checking ongoing or ex post planning decisions.

Keywords: Real estate market, Urban planning Geographically Weighted Re-
gression, Spatial autocorrelation, Spatial statistics.

1 Introduction

The value of urban real estate property is influenced by several factors. Excluding
general aspects (macro-economic situation, security profitability, general and real
estate taxation, accessibility to credit), all others are classified into two main catego-
ries: intrinsic and extrinsic features.

While the former ones are specific goods and are positional (e.g. orientation, front),
technological or productive, extrinsic characters are related to a diversity of goods,
especially in urban areas, where the value function is indifferent to location variable.
In other words, in urban areas. the balance between supply and demand is not condi-
tioned by position, because spatial context, in the opinion of market actors, is uniform
in terms of infrastructure (accessibility to public services, accessibility to public
transport, the presence of basic commercial services, etc.) and environment (social
context, absence of noise, building density, clean air, etc.).
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Extrinsic features are the determinants of the market price which geographically
identify the property. The market area related to a residential property can be defined
as the area wherein all units are linked by a substitutability [1].

Therefore, an extremely close correlation between "rigidity location" of property
(fixed location) and its value exists.

This study aims to formalize and test a procedure, which adopts Geographically
Weighted Regression (GWR) in analyzing housing market, in order to identify homo-
geneous areas and to define the marginal contribution that a single location (outlined
by these areas) gives to the market value of the property.

Traditional statistical methods, such as multiple regression analysis (MRA), are
normally adopted in mass appraisal of real estate property. But often they are ineffec-
tive, because the property position is not integrated in the analysis [2]. In MRA, posi-
tion effects cause residues that are spatially correlated, infringing one of the basic
requirements of the analysis.

In last decades the development of spatial statistical techniques made possible de-
tailed analysis of real estate data, with geographical reference giving a new impetus in
mass appraisal of urban property.

In this work GWR has been adopted to locate zones with homogeneous value with-
in urban areas. More particularly, zones of urban areas with homogeneous environ-
mental, structural and positional variables have been defined, excluding variables
connected to specificity of property. An attempt to isolate and highlight the phenome-
non of urban rent has been developed.

This approach differentiates this work by elaborations already carried out adopting
spatial statistical inference in analyzing real estate market, where the phenomenon can
be analyzed in two ways: on the basis of sample data or by means of a random de-
composition of space characterized by a predefined grid [3] or deductively defined
during the first approximation analysis [4].

2 An Overview of Geographically Weighted Regression

Geographically Weighted Regression (GWR) [5] [6] [7] [8] [9] [10] is a method
which allows to analyze how a phenomenon spatially changes within a particularly
place. Starting from Tobler [11] first law of geography "Everything is related to eve-
rything else, but near things are more related than distant things", GWR can be consi-
dered as a spatial extension of multiple linear regression. GWR is not limited to glob-
al parameters, but it considers also local parameters. Also, the mathematical formula-
tion is very similar to the typical regression analysis (equations 1, 2).

=06+ Bx; + Boxy,, +..+ B x,,+& withi=1..n (1)

Where:
y;= Dependent variable
x;= Independent (also the term Explanatory is adopted) variables
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Po = Coefficients (sometimes the term Parameters is used) expressing the relation-
ship between dependent and independent variables.
&;= Residuals, i.e. the part of dependent variable not explained in the model

Y, = By v) + B u,v,) X, + By (w,v) Xy + .+ B, (w;,v) X, + € 2

In Geographically Weighted Regression the term (u;,v;) is also considered, which
represents coordinates of point i in the space.

It is possible to have positive or negative relationships between dependent and in-
dependent variables: according to the kind of relationship, a sign (+/-) is associated to
the coefficients.

In order to model in the best way the phenomenon to be investigated it is funda-
mental to define all factors which may influence the analyses. The central point is to
find the main variables in phenomenon modeling, defining the dependent variable and
identifying the possible independent variables. It is also important, before analyzing
data with GWR, to test with Ordinary Least Squares the possible independent va-
riables to adopt.

Two main measures of Ordinary Least Squares are useful in understanding if the
variables adopted in the analysis are meaningful: r* or adjusted r* and Akaike. 1* re-
sults are generally included between O and 1. A better predictive performance has
been highlighted by values close to 1. Akaike Information Criterion (AIC) [12] [13]
has not an absolute scale of measure, but it is useful in comparing two models, with
the same dependent variable, in order to assess which of them fits better the phe-
nomenon. Smaller values of the AIC indicate a better simulation, if the difference is
not big, less than 3, two models can be considered equivalent.

Another important check in model performance concerns Residuals. It is funda-
mental to analyse that spatial dependence does not occur in residuals, verifying a
random spatial distribution. Residuals have to be analyzed by Moran Index I. Moran
Index I [14] is a global measure of spatial autocorrelation and its values can be in-
cluded between -1 and 1. If Moran Index I is close to zero data are randomly distrib-
uted, if the term is higher than zero, autocorrelation is positive, otherwise it is
negative.

Regression coefficients are estimated using nearby feature values. Consequently,
main parameters are kernel and bandwidth which provide a definition of nearby.

There are two kinds of kernel, fixed and adaptive: the first one defines nearby ac-
cording to determined fixed distance band; while adaptive kind defines nearby
according to determined number of neighbours.

Fixed kernel is adopted if observation points are regularly located, otherwise, if
observation points are clustered, adaptive kernel is more suitable.

Bandwidth controls the size of kernel and can be defined in three ways: directly by
the analyst (it is possible to directly define distance or neighbours number), by means
of AICc method, which minimises Akaike Information Criterion (AIC), or by using
CV, which minimises the CrossValidation score.
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3 The Model Structure

The model is built on a sample of 280 data, related to the trades of residential real
estate units occurred between 2008 and 2010 in the city of Potenza (Basilicata, south-
ern Italy).

D)

s

Fig. 1. Study area and location of 280 sample data in Potenza municipality

The 280 data used in this study were selected from a database of approximately
650 prices found in documents registered at "Agenzia delle Entrate", a branch of the
Italian Ministry of Economy and Finance, which includes the Territorial Agency. The
Agency provided, for each transaction, trading act details (date and price), cadastral
data of property, cadastral area and details about area (i.e. distinguishing residential
use and different types of outbuildings).

The opportunity of having a so large database in Italy, is the consequence of law n.
266 of 2005 (2006 Budget Law) which produced a more transparent market in resi-
dential property trading between privates. This changed perspective could also allow
the repetition in time of the procedure developed in this paper for the analysis of
housing market dynamics in order to verify the efficiency of planning decisions (e.g.
urban regeneration programs).

The static nature of buildings contrasts with the relative mobility determined by
socio-economic context change or the variation of city dimensions. To properties with
known price, a measure of a series of independent variables, useful to describe quali-
tative and quantitative features of flats and buildings, has been associated.

First results and elaborations of statistical tests suggested to exclude some vari-
ables from the model. Other tests have suggested the aggregation of some parameters.
Ancillary dwelling units have been summed to residential areas adopting weighting
coefficients that express an ordinary commercial relationship. Even the period of
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construction has been aggregated to last year restructuring. Other variables included
in the function of the price were outdoor common areas, parking areas and presence
of elevators.

4 Results

The five variables illustrated in the previous chapter have been tested using Ordinary
Least Squares in order to understand in which measure they are reliable.

More particularly r* was 0.48 and Akaike Information Criterion (AIC) was 7068.
Ordinary Least Squares results were useful for residual spatial distribution.

A first summary assessment can be made looking at location standardized residual
values (figure 2) and it is noticeable that spatial distribution of residuals is completely
random.

OrdinaryLeastSquares
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e <-2.58td. Dev.

-2.5--1.5 Std. Dev.
-1.5--0.5 Std. Dev. X ' 0%
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e >25Std. Dev.
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Fig. 2. Spatial distribution of standardized residual values

More particularly, standardized values of residuals, calculated by means of Ordi-
nary Least Squares, have been used as input data in calculating spatial autocorrela-
tion, in order to understand if residuals were autocorrelated or not.
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Spatial autocorrelation has been calculated adopting Moran scatter plot and consid-
ering standardized variables of residuals as abscissa and spatial weighted standardised
variable of residuals as ordinate. In the graph, Moran Index corresponds to direction
coefficient of linear regression, which represents the scatter plot. Positive autocorrela-
tion corresponds to spatial clusters in upper right and lower left quadrants. Lower
right and upper left quadrants can be classified as spatial outliers [15] [16]. Figure 3
shows that the slope of Moran Index is equal to zero coinciding with abscissas axis.
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Fig. 3. Moran scatter plot of residuals standardized variable

As expected GWR results are better than those achieved with OLS: namely, r* was
0.64 and Akaike Information Criterion (AIC) was 7061.

From GWR, many different price functions ensue for each geographical location of
initial data, obtaining also different coefficients of explanatory variables functions.
These coefficients represent the implicit marginal prices, or, in other words, the
marginal contribution that each selected variable provides to price explanation.

Including only intrinsic features in the function, allows us to say that values of the
coefficient related to the area reflect only effects of localization.

It may have occurred that residential units with identical building features have
been traded in different parts of the city. In this condition the difference relative to the
equilibrium price is an expression of urban rent. In particular, it is an expression of
rent rate defined as differential. Differential rent depends on land position occupied in
urban aggregation and it is distinguished from absolute rent, more dynamic, which is
mainly a function of resource scarcity compared to demand. Absolute rent is
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determined by the planning choice or, simply, by the presumption of market actors
about the future planned development. Urban land rent is a value that belongs to land
owner and not to entrepreneur investing his capital in the transformation process. It is

therefore a distinctive feature of the area. According to this consideration, in this work

the delimitation of homogeneous urban market areas is attributed to the exiting differ-
ence in land rent. Values ranges adopted in identifying and classifying different ho-
mogeneous urban areas (figures 4 and 5) have been chosen using the guidelines pro-
vided by the Decree of the President of Italian Republic (D.P.R. 138/98) "Rules for
the review of census areas and valuation prices executing Law 662/96"
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Fig. 4. Classification of area variable coefficient of 280 sample data according to D.P.R.138/98

Known the minimum and the maximum value of marginal implicit price of the area
variable (figures 4 and 5), the corresponding interval has been classified according to

the following rules:

e within each class, the ratio between maximum and minimum market values

(square meter) is not higher than two;

e percent deviation between mean values (square meter) of each class of prop-

erty units in two adjacent areas is not less than 30%.
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The physical limit of market homogeneous areas, corresponding to previous classifi-
cation, has been defined overlapping data points to cadastral map, zoning maps of
Land use planning and Chorography.

Limits of the areas have been achieved reproducing main boundaries of these maps,
including in each area data points corresponding to the previously identified six classes.
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Fig. 5. Six classes of homogeneous market areas in Potenza municipality

Results of this processing have been verified running a new GWR elaboration,
considering other variables related to building location. Such parameters have been
defined on the basis of hypotheses formulated in a deductive way, to identify market
homogeneous areas. Proximity of a property to urban elements, such as infrastruc-
tures, facilities, services or natural elements with environmental value, leads to a
possible value increase (e.g. proximity to park, health care facility, railway station,
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university campus, etc.) or, in some cases, to a probable depreciation (e.g. proximity
to road junctions, environmental pollution sources or noise generators).

The measure of these real estate advantages (or disadvantages) generated by the
presence in the proximity of a natural or anthropic element is measured by geographi-
cal distance.

However, when market assigns an advantage to the property in relation to the pos-
sibility of direct use of an urban element, walking (travel) time defines the proximity
to this element. The walking (travel) time is obviously closely related to roads, and to
the presence of anthropic or natural barriers (e.g. a railway, a cliff, a river).

Consequently, all resources and possible sources of differentials value in property
residential use have been located in a GIS platform.

These elements constitute the centre of isochrones that are traced starting from
several geographic information: 1) the road network, 2) the presence of barriers in
connections between urban areas; 3) the presence of interruptions to these barriers
(e.g. , pedestrian paths, elevators, escalators, etc.); 4) pedestrian travel times.
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Fig. 6. GWR coefficients of new variables

Time ranges have been defined and isochrones have been calculated according to
the different travel times needed to reach the previously defined element. The
weighted overlap of all isochrones for the same element category allowed us to assign
a rate for each extrinsic feature reference to each property.
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Also for this elaboration, preliminary statistical tests led to the selection of the
most significant variables and the final calibration of the model.

The new variables included were: proximity to equipments for education, prox-
imity to elevators or escalators, proximity to road junctions, proximity to cemeteries.

The new elaboration provided an implicit verification of the previously achieved
zoning. In fact, it reduces variability range of implicit marginal price to a percentage,

measured on the average value of the same interval, of approximately 8% (min. €/m”

1,286, max €/m’ 1,400).

The introduction of the new variables actually made negligible differences in mar-
ginal prices values of the area. The new variables can almost completely explain the
phenomenon of differential rent.

Coefficients of these variables help to understand their relative weight. It is obvi-
ous that the phenomenon of urban differential rent does not depend only on them, but
can be a valid approximation.

5 Conclusions

Spatial heterogeneity is a factor that makes fallible an already complex process of real
estate assessment. The development of statistical techniques, such as Geographically
Weighted Regression has given a new impetus in mass appraisal of urban property
and in analyzing real estate market.

The implemented procedure adopts GWR in order to analyze the value of urban
land for residential use and to define market homogeneous areas. The subdivision of
the urban territory in homogeneous market areas is useful both for predictive purposes
and interpretation of actual mechanism of making real estate values.

Territory zoning in homogeneous areas can be a good support in planning process
and it can also be conducted with both compensatory tools and transfer of develop-
ment rights [17] for fiscal purposes and investment location choices. The model pre-
sented in this paper, if applied repeatedly over time can highlight dynamics of city
development. It also allows to balance possible previous wrong choices or to contrast
undesirable imbalances in urban fabric [18].

The results of territory zoning into homogeneous market areas, in addition to the
undoubted usefulness in the field of real estate valuations, has useful implications in
terms of taxation, programming territorial transformations and checking ongoing or
ex post planning decisions [19].
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