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Abstract: The city of Seville (Spain) is made up of a historical network of pre-existing city overlaps,
which increase the economic and heritage value of certain urban areas. To date, green spaces are
one of the most important variables in determining the economic value of housing. Thus, this paper
uses the hedonic technique and geostatistical analysis with GIS as a methodological approach to
infer the economic influence of urban green spaces on housing prices. Along with the traditional
variables used to explain dwelling prices, the size of the green space has also been taken into account
as an environmental variable affecting prices. The sample consists of 1000 observations collected
from Seville. According to the findings, the most relevant variables depend on the hedonic model.
Still, in general terms, a dwelling’s selling price is related to basic explanatory variables such as
living area, number of rooms, age, and number of baths. The green area per inhabitant present in a
dwelling’s district is also included as part of these basic explanatory variables. In conclusion, the
hedonic linear model is the model that best fits housing prices where the values are similar to those
obtained by kriging regardless of the district. Based on this research, each square meter of green
space per inhabitant in a district raises the housing value by 120.19 €/m?.

Keywords: hedonic method; GIS; geospatial analysis; urban green space; housing prices

1. Introduction

Green spaces serve essential environmental and recreational functions [1]. Forest and
urban vegetation, in edaphoclimatic terms, improve the environment in which they are
found and serve as the foundation for the conservation of fauna and flora. Recreational
activities with a basis in nature are becoming more popular and, while the effects are on
a smaller scale, urban parks serve the same environmental and recreational functions as
larger forests and green spaces.

Gardens and city parks play the primary environmental function of absorbing carbon
dioxide (CO;) emissions. These emissions are primarily generated through the use of
private vehicles in urban transportation. Moreover, emissions have increased significantly
in recent decades. It is worth noting that, in Spain, each person in a large city emits
4.62 tonnes of CO, per year [2]. Given that one hectare of Mediterranean forest can absorb
approximately four tonnes of CO? per year, a simple calculation leads us to conclude that
we require more than one hectare of green space per inhabitant (inh) to offset the pollution
generated by these emissions. The preservation of urban green spaces is thereby becoming
increasingly important in order to combat the growing contamination of our cities.

Additional factors, such as acoustic isolation, should be included in the list of the
environmental functions of urban green parks as some gardens serve as acoustic screens
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between high-traffic roads and residential areas. Plants have individual and collective aes-
thetic value which contributes significantly to preserving a pleasant landscape in addition
to serving as a link between residential, urban, and industrial areas. Many recreational
activities (including children’s play areas, landscape enjoyment, and sports) take place in
city parks and gardens. The abundance of services provided by urban green spaces help to
explain the impact of environmental variables on housing prices.

However, the benefits that vegetation brings to the urban environment have no (direct)
economic value because they are intangible goods [3]. Subsequently, their economic
valuation is a complex and time-consuming task. The difficulty of applying monetary value
prevents these open spaces from being adequately accounted for in cost-benefit analyses of
public urban planning policies. As a result, we risk seeing urban green space endowments
fall below the social optimum.

Economic science has developed specific methods for capturing the monetary value
of environmental assets. This value is sometimes indirectly determined by observing
people’s behaviour as in the travel cost method (TCM). Other methods, such as contingent
valuation (CVM), determine an environmental asset’s value by asking people how much
they are willing to pay for its use or conservation. This final method is highly versatile
and has been used to value different projects such as the valuation of mining heritage
in Extremadura (Spain) [4], the assessment of landowner demand for forest amenities in
Andalusia (Spain) [5], as well as the social and private costs of water for irrigation in San
Vicente del Raspeig, (Spain) [6].

As has been proven in different recent studies, Geographic Information Systems (GIS)
can help improve the understanding of urban green spaces worldwide (i.e., Africa [7],
Europe [8-10], Asia [11], America [12,13], or Oceania [14]).

The hedonic pricing method (HPM) is another model for assessing the monetary value
of an environmental asset [15-17]. In this method the value is obtained indirectly through
the environment’s influence on the market price of another good. Similarly, the value of a
particular dwelling can be inferred through geostatistical analysis of existing prices in the
study area using a GIS. This paper uses these methodologies to assess the influence of urban
green spaces on housing prices in the Andalusian capital, Seville (Spain) since it is a pioneer
in urban sustainability [18]. The novelty of this research is conferred by the fact that a study
of these characteristics had never before been undertaken in this city. A representative
sample of this city’s current real estate market was chosen. The data set includes the sale
price and other key characteristics for 1000 residential dwellings. Traditional housing price
determinants (i.e., size, number of rooms, and age) were considered, and the relative sizes
of green areas were also considered as an environmental factor.

The rest of this manuscript is structured as follows: Section 2 defines the fundamentals
with regard to the hedonic pricing method and the empirical models used in dwelling
valuation; in Section 3 the study area is introduced; Section 4 deals with the materials and
methods; Section 5 presents the results and discusses them; and finally, Section 6 outlines
the conclusions of the research.

2. Fundamentals
2.1. Hedonic Pricing Method (HPM)

According to Glumac et al. [19], some references specify that the origins of HPM
may extend prior to the 1970s. Generally, the hedonic pricing method connects a good’s
market price to its characteristics. Thus, the monetary value of each characteristic can be
calculated by observing the differences between the market prices of commodities with
the same attributes. The initial hypothesis asserts that goods are made up of a diverse set
of attributes or characteristics. As a consequence, when we engage with a good or service
we can consider the price we might pay for it to be the sum of the prices we would pay
for each of its characteristics; therefore, it can be inferred that an implicit price exists for
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each of the attributes that define the whole good or service. For this reason, the price can
be expressed as (Equation (1)):

P=f(x);i=1,...,n 1)

where “P” denotes the market price of the good and “x; (i = 1, ..., n)” indicates the
characteristics it possesses. The partial derivatives of the price, with respect to the preceding
variables [6(P)/68(x;)], provide information on the marginal willingness to pay for an
additional unit of each characteristic; thus, the implicit price of each of them can be
estimated. However, the hedonic theory does not provide a foundation for determining the
functional form used. Li et al. [20] suggest linear, semilogarithmic, and double logarithmic
forms instead of quadratic forms when some relevant explanatory variables are omitted.

In recent decades, the prices for a wide range of goods have been studied from a
hedonic standpoint. The method’s most common applications have been in the valuation
of environmental externalities in real estate market analysis [21]. Given that housing is a
multiattribute good, pricing is determined by a range of variables such as size, age, room
number, number of baths, etc. When identical characteristics are shared, environmental
factors such as green area surface, among others, may explain differences in market prices.
The following is a formula for the price function (Equation (2)):

P=f(x;z);i=1,...,n )

where “P” is the household market price; “x; (i=1, ..., n)” are structural characteristics
(e.g., size, age, room number, number of baths), and “z” is the hedonic variable, i.e.,
environmental variable without a market price.

The method’s essence is in ascertaining the portion of the price that can be accounted
for by the hedonic variable. These datapoints are obtained by taking the partial derivative
of the price concerning the variable “z” [6(P)/8(z)], which gives us the marginal willingness
to pay for an additional unit of the environmental asset, and thereby allows us to estimate
its monetary value.

Many studies have been conducted using the hedonic approach to determine the
relative value of environmental externalities [22] caused by air pollution and traffic, among
other variables. For example, Lu [23] uses a data sample that includes 2996 listings in real
estate databases; in which, the hedonic technique is applied to value south-facing houses
in Shanghai city. Dumm et al. [24] mention more recent works on housing prices related
to moral hazards associated with given residential properties. Moreover, Hong et al. [25]
apply this methodology to evaluate the random forest approach in South Korean residential
properties. Regarding the environmental externalities, Bherwani et al. [26] examined a set
of methods used to appraise environmental externalities, and Mei et al. [22] estimated the
economic value of domestic water pollution from shale gas.

In terms of urban planning, some modern applications of the method have focused on
the analysis of the effects of a shopping mall on housing prices [27], the effect of tourism
activity on housing affordability [28], the impact of distance to green areas on property
values [29], and air quality [30]. Other aspects that have been investigated include the use
of genetic algorithms [31] and automated valuation models [32].

2.2. Empirical Models Used in Dwelling Valuation

As is well known, the relationship between the selling price and the housing character-
istics (e.g., living area, number of rooms, age, number of baths) can take several functional
forms [15].

If the price relationship linking housing characteristics is assumed to be linear [33],
Equation (2) can be written as (Equation (3)):

n
Pi:Z(bi.xi,j+bz.zj+gj);]':1, ., T G)
i=1
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where ”xi,j, zj (i=1,.,n;,j=1,.,T)"” are variables describing housing “j”; the parameters “b;,
b, (i=1,..., n)” are the marginal willingness to pay for each attribute; “ei” is the error term;
and “b,” term is the marginal willingness to pay for an additional unit of the environmental
good “z”. It is crucial to specify that the willingness to pay for an additional unit remains
constant under the linear specification, i.e., it is unaffected by the starting level of “z”. This
assumption is a significant constraint because, as Rosen points out, there are numerous
reasons to believe that the relationship between the price and the environmental variable is
nonlinear [34]. As a result, logarithmic specifications are frequently used, though linear
models remain popular due to the ease of parameter interpretation.

A logarithmic model, on the other hand, allows us to measure the impact that changes
in explanatory variables have on the dependent variable in relative terms [35]. Because the
main variable explaining the price is the living area of the housing, the logarithmic model
only includes this single variable. If the price equation (Equation (4)) takes the form shown
below, where “a” and “B” are parameters, “S” refers to the dwelling’s living area, and “u”
is the error term. Then the willingness to pay for an additional unit of living area is not
constant because “8(P)/5(S) # B”.

P=aSPe" (4)

Taking the logarithms in Equation (4), it is possible to obtain Equation (5):
In(P) = In(a) + B-In(S) + u )
where “B” is the elasticity of housing size—price according to Equation (6):

oln(P AR
p= alnES; - EAES)? ©)

In another vein, according to Vasquez Sanijez [36], the formulation of a reciprocal
model can provide helpful information on the real estate market. This specification was
formulated by leaving “1/5” as the single explanatory variable. Equation (7) shows the
relationship between the different variables that appear in this model:

1
As can be seen from Equation (7), parameter “a” is the ceiling price at which a dwelling
would be sold in this case because as “S” increases, “P” approaches “a”. In this equation
“g” is the error term.

3. Study Area

As is well known, the city of Seville is the capital of the Autonomous Community of
Andalusia, Spain (Figure 1), and as of January 2021, it comprised 684,234 inhabitants (www.
ine.es (accessed on 4 November 2022)). It has been subject to continuous transformation
throughout its history, thereby allowing it to adapt systematically to the passage of time
while always maintaining the base of the pre-existing city.

Urban development policies in this city have given rise to a process of environmental
sustainability focused on maintaining an adequate level of development while not en-
dangering existing natural resources [37].Presently, the existence of a dual relationship
between a city’s functioning and its ecosystem’s sustainability has resulted in a massive
diversification of property offers with the added value of green areas positively influencing
the final prices houses.

In recent years, the housing price evolution in Seville has had an interannual increase
of 6.2% [38]. This fact has led to a slight stagnation in home sales, and therefore, to an
increase in properties for sale with less demand. As a result, the average home sales
price in Seville is reminiscent of the sales prices in the fourth quarter of 2012 when the
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economic crisis of 2008-2014 brought about a price decrease of around 10% over 2008 rates.
Nevertheless, the current economic situation brought about as a consequence of the war in
Ukraine will cause this effect to translate into a progressive increase in the value of housing.
This increase is likely to reach its maximum within one to two years.

Cordoba

4,100,000

4,145,000 4,145,000

4,140,000

4,140,000

4,135,000 4,135,000

235,000 240,000

Figure 1. Geographical Seville, Spain context. Source: Own elaboration from www.ign.es (accessed on
5 November 2022) and https:/ /www.juntadeandalucia.es/institutodeestadisticaycartografia/DERA /
(accessed on 5 November 2022).
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In the medium term, the consequences can be minimized through a set of local
development policies aimed at sustainable development. Additionally, using the housing
stock for sale may also have a mitigating effect. Under this course of action, green spaces
will have to play an active role if the city government intends to maintain Seville’s role as a
sustainable urban centre on an international level.

4. Material and Methods

In this research, a total of 1000 observations of housing values in the Seville capital
were collected during August of 2022 from Idealista S.A.U (www.idealista.com (accessed
on 17 October 2022)). Figure 2 presents the flowchart of this research.

Data Collection from www.idealista.com Spatial Data
A A
Related Policies Statistical Data
Data
_Sif Development

1.- HedonicPrice Methods (HPM)

2.- Explanatory variables

v
HPM Statistical
Regression Models

GIS Processing |«

Data Processing

v
Geostatistical
Interpolation (Kriging)

v

Models Validation

4
Maodel Validation

| Model Performance

Assessment
v v
Performance Assessment and
Comparison Interpolation
< »

Performance Comparison

v
Validation Workflow

Figure 2. Flowchart of this research. www.idealista.com (accessed on 17 October 2022).
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In order to facilitate and organize the data collection correctly, a decision was made
to group observations according to zones corresponding to one or more districts of the
city. To adequately select the sample “n” that was to be considered in each set of districts
(Table 1), it was decided that stratified random sampling should be used (stratified random
sampling is a technique used when clearly identifiable subgroups or subpopulations can
be distinguished in the population).

Table 1. Data grouping and observations using a set of districts (Own elaboration).

District(s) of Seville Capital n (Observations)
Triana 73
Torreblanca-Sevilla Este-Parque Alcosa 160

Santa Justa-Miraflores-Cruz Roja-San

Pablo-Santa Justa 92
San Jeronimo-Pino Montano 111
Prado de San Sebastian-Felipe II-Bueno
Monrreal-La Palmera-Los 107
Bermejales-Bellavista-Jardines de Hércules
Nervion 79
Macarena 114
Los Remedios 39
Cerro-Amate 138
Centro 88
Total 1000

In each dwelling for sale the selected independent variables are specified in Table 2.

Table 2. Explanatory variables taken into account (Own elaboration).

Independent Variables Specification
Size (m?) Property area in m?
Rooms (n°) Number of bedrooms
Baths (n°) Number of bathrooms
Age (years) Dwelling age in years
Green area (m?2/inh) Green area in the set of districts presented in m? per inhabitant

This variable will be equal to 1 when the property has been sold in a

Property sale semester (dummy variable) given period, otherwise its value will be 0

In another vein, Table 3 gives the mean values of the explanatory variables.

Table 3. Mean values of the explanatory variables (Own elaboration).

Variables Mean Value
Size (m?) 100
Rooms (n°) 4.2
Baths (n°) 1.8
Age (years) 22.8
Green area (m?2/inh) 17.14

From these explanatory variables the dependent variable (€/m?) was derived by
applying the HPM, which was then compared with values inferred for both the Logarithmic
Model (LM) and the Reciprocal Model (RM).

On the other hand, in order to know how a property’s situation affects the sale price,
a geostatistical interpolation was carried out using a regression of Gaussian processes
(Kriging) through an open-source geographic information system QGIS (www.qgis.org
(accessed on 21 September 2022)). This was done with the aim of explaining the relationship
between dwelling situation and housing price. A District Index (DI) was calculated as
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the average price per m? and was taken into account (Table 4) in accordance with Solano-
Sénchez et al. [39]. Under the predefined hypothesis, a higher value per m? in a district
implies a higher dwelling value. This index was created by assigning one value to the
city’s most expensive district and then assigning a proportional value to the remaining
zones. In order to be able to test and validate this study, a comparison of real price
(www.idealista.com) versus estimated price for each HPM model will be conducted.

Table 4. District Index (DI) value for each set of districts (Own elaboration).

Set of Districts €/m? DI
Triana 2715.69 0.865
Torreblanca-Sevilla Este-Parque Alcosa 1207.94 0.385
Santa Justa-Miraflores-Cruz Roja-San Pablo-Santa Justa 1919.3 0.612
San Jeronimo-Pino Montano 1188.24 0.379

Prado de San Sebastian-Felipe II-Bueno Monrreal-La

Palmera-Los Bermejales-Bellavista-Jardines de Hércules 2497.18 0.796
Nervion 2642.49 0.842
Macarena 1368.73 0.436
Los Remedios 2899.17 0.924
Cerro-Amate 1017.51 0.324
Centro 3137.89 1

Finally, a literature review was conducted to analyze the results obtained in this study
and to carry out a coherent discussion concerning the works published to date.

5. Results and Discussion

Following the data analysis, it was discovered that including the green area (m?/inh)
variable in the price equation allowed for the estimation of the influence of environmental
factors on dwelling market value. In order to find out if the HPM presents multicollinearity,
it was decided that obtaining the Variance Inflation Factor (VIF) (Table 5) would be required.
As is well known, if the VIF value for each independent variable is greater than ten then
the multicollinearity is considered to be high.

Table 5. Independent variables and coefficients of linear HPM model (r = 0.85, R? =0.721, p < 0.001)
(Own elaboration).

Variables Coefficients Stand. Error Student’s t Prob. VIF

Constant —120.443 14.795 —0.075 0.000 -
Size (m?) 30.032 0.039 1.7 0.000 1.622
Baths (n°) 98.725 0.042 0.14 0.000 1.467
Age (years) —53.31 1.42 —1.42 0.000 1.535
Green area

(m2/inh) 11.145 0.87 0.872 0.000 1.020

Regarding the HPM model selected as the most satisfactory, it should be mentioned
that the linear function form was found to be the most appropriate after performing the
data analysis. Like the VIF, Table 4 also displays the independent variables’ coefficients.

As for the logarithmic model, in addition to the VIF value, Table 6 provides the
differences with respect to the linear model. Thus, the main difference is the dependence
on the number of rooms (Rooms) variable in the logarithmic model. In contrast, under
the linear model, the property’s value depends on the dwelling area (Size) variable. This
may be because of the relationship between both variables which causes the predominant
variable to cancel the slave variable in the requisite model depending on the selected model.
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Table 6. Independent variables and coefficients of the logarithmic HPM model (r = 0.816, R? = 0.667,
p < 0.001) (Own elaboration).

Variables Coefficients Stand. Error Student’s t Prob. VIF
Constant 6.56 1.49 4.36 0.000 -
Room 1.39 1.08 1.29 0.000 1.705
Baths (n°) 0.26 0.6 0.432 0.000 1.523
Age (years) —0.365 0.205 -1.78 0.000 1.380
Green area
(m2/inh) —0.013 0.13 -0.1 0.000 1.000

If the reciprocal model is analyzed, Equation (8) is obtained (r = 0.647, R? = 0.42,
p < 0.05):

S

After the reciprocal model’s price estimation (Figure 3) is represented, it can be ob-
served that the price function shape in the limit, “P” trends towards “a = 5581.151”. The
term “—(B/x)” refers to the smallest amount of surface available in a dwelling (61.79 m? in
this study).

1
P = 5581.151 — 344, 864.49- () (8)

6000
T [ \‘ .....................................
W 5000 a = 5581.151
C
.0
- 4000
E
-~
wv
L3000 0 _(EY_g179 e .
—8 o
g ."". .....

2000 o
= S e
o
9 .
2 1000
o
Q
o

0

90 100 110 120 130 140

Dwelling area (m?)

Figure 3. Reciprocal model representation when “a > 0” and “g < 0”. (Own elaboration).

If the three models are compared based on the coefficient of determination (R?), it
can be said that a higher value of this coefficient implies a better estimate of the housing
price. For this reason, the linear model explains 5.4% more of the predicted price than
the logarithmic model and 30.1% more than the reciprocal model. On the other hand, the
logarithmic model explains 24.7% more of the estimated price than the reciprocal model.

Additionally, the Chow test [40] was used to ensure the models’ stability. It should
be noted though that the Chow test has its origin in economics. Nevertheless, it has also
been applied to other fields such as renewable energies [41], flood risk assessment [42], and
spatiotemporal disease diffusion [43]. In this study, the results revealed that no structural
changes occurred exclusively in the parameters of either the linear or logarithmic models.
This can be seen in Figure 4, which compares the real price (from www.idealista.com
(accessed on 18 October 2022)) to the estimated price for each model used. As can be seen,
Figure 4 allows for the simulation of hypotheses that facilitate the validity of the study to
be tested.
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Figure 4. Comparison of real (www.idealista.com (accessed on 17 October 2022)) versus estimated
prices for each HPM model. (Own elaboration).

When the models” degree of fit is perfect, they should appear as point clouds in a
diagonal line starting at the origin (1017.51; 1119.94 in this study), as shown in Figure 4. In
this case, the estimated values for linear and logarithmic models indicate that the linear
form is a good fit. However, the reciprocal model presents a trend line that does not coincide
with the indicated origin. For this reason, the model does not have as much stability as the
linear and logarithmic ones.

Furthermore, with regard to the kriging, Figure 5 shows the geostatistical price interpo-
lation for the city of Seville. As is well known, in order to perform predictions using kriging
the forecasting system must be geometrically defined at some point. This means that we
must establish the neighbourhood of the data that will intervene in the approximation. It is
possible to use all the dwelling prices (assuming a global neighbourhood) and a set of data
(considering a local neighbourhood) in the estimation. In practice, only house prices within
a predefined circumference or ellipse centred on the estimated point are used. Obviously,
the proximity of the data for each point to be valued will differ, thereby necessitating
a different kriging equations system for each point on the map at which a prediction is
desired. On the other hand, this method allows for the synthetic representation of housing
price estimates in the form of a colour map. This representation is generated by performing
predictions on the nodes of a regular mesh. In this manuscript the housing price has been
estimated at each node of a 10-m-sided regular mesh.

The map in Figure 5 displays how the more valuable areas coincide with those closest
to the city centre. The least valued areas, on the other hand, are primarily in the districts of
San Jerénimo-Pino Montano, Torreblanca-Sevilla Este-Parque Alcosa, and Cerro-Amate.
This is primarily due to a shift in buyer preferences following the COVID-19 pandemic.
Following confinement the percentage increase in the preference for housing (new or used)
with a balcony was around 80% [44]. As a result, the average percentage decrease in housing
prices was 5% across the districts, except for the Centro district which is dominated by
homes with small balconies and a communal roof terrace. In order to compare the kriging
values in terms of €/m? with those of the analyzed models, Table 7 lists the average values
per district corresponding to the centroid established in the geospatial analysis.
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Figure 5. Dwelling price map estimated by ordinary kriging. (Own elaboration).

Table 7. Comparison of the average housing price (€/m?) in each district’s centroid is calculated by
linear, logarithmic, and reciprocal models to those obtained by kriging. (Own elaboration).

- Kriging Reciprocal Model Linear Model Logarithmic Model
Set of District(s) (€/m>) (€/m?) (€/m2) (€/m?)
Triana 2715.69 1872.93 2206.78 1659.61
Torreblanca-Sevilla Este-Parque 1207.94 2265.14 1829.18 1787.60
Alcosa
Santa Justa-Miraflores-Cruz
Roja-San Pablo-Santa Justa 1919.3 2025.84 1429.27 1708.55
San Jerénimo-Pino Montano 1188.24 1872.93 1608.77 1641.63
Prado de San Sebastian-Felipe
[I-Bueno Monrreal-La Palmera-Los 2497.18 2296.73 281551 2522.79
Bermejales-Bellavista-Jardines de
Hércules
Nervion 2642.49 2529.25 2332.77 2368.58
Macarena 1368.73 1375.48 1265.74 1240.19
Los Remedios 2899.17 3007.53 2844.85 2776.72
Cerro-Amate 1017.51 1215.78 1119.94 1132.06
Centro 3137.89 2132.50 2903.91 3390.32

Based on the findings of this study, it is clear that the dependent variables considered
in the models used are consistent with previous studies [3,45-50] in terms of distance to
the city centre.
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Finally, in order to know the influence of urban green spaces on housing prices in the
Andalusian capital given the results of the geostatistical analysis, it has been possible to
observe that each square meter of green space per inhabitant increases the dwelling value
by 120.19 €/m?.

6. Conclusions

In this study, a hedonic price function of housing was calculated in which the sale
price was related to the endowments of urban green areas in the city. Along with a set
of conventional explanatory variables, one environmental variable, the green area’s size
(in m?/inh), was included on the right-hand side of the regression. The results show that
the statistically significant variables are model dependent. In this regard, the variables
considered in the linear model were dwelling size, number of bathrooms, housing age, and
green area per inhabitant. Alternatively, the logarithmic model used the number of rooms,
bathrooms, dwelling age, and green area per inhabitant as dependent variables. The only
explanatory variable in the reciprocal model was the size of the living area.

Additionally, it should be noted that housing covered by official protection regula-
tions [51,52] is significantly less expensive than housing sold in free market conditions.
This fact demonstrates the effectiveness of public policies that encourage home ownership.
A reciprocal model allowed us to calculate the minimum living area (61.79 m?) that housing
options in the sample areas tend to have.

In terms of environmental variables, only the size (m?/inh) of the green area is
significant in this study. According to estimates, each square meter of green space per
inhabitant in the district raises the housing value by 120.19 €/m?. Although the size of the
green area effect is small, it has important policy implications for urban planning because
it appears to indicate that providing numerous small green areas throughout the city is
preferable to a few large parks.

Moreover, concerning the geostatistical analysis (kriging) performed using a GIG,
this study suggests that using the kriging method for mass appraisal may be of interest.
Continuous maps of housing prices can be obtained using this method, thereby providing
appraisers with an overall view of pricing.

Under the assumption of quasistationarity, the ordinary kriging method produced
slightly better results than the detrending method. Nevertheless, among the available
geostatistical methods, cokriging could provide the best results in crossvalidation [53].
The reason is that the multivariate method allows us to use isotopic (original sample) and
heterotopic (original sample plus second sample) forms of data. This method also allows
us to perform house price valuations when the only available characteristic is location.
The regression model (HPM models used in this work), on the other hand, can only work
with isotopic data and, in order to derive housing prices, the characteristics of the houses
must be known. Another interesting difference between cokriging and regression models
is that multicollinearity among explanatory variables is desirable in the former but not in
the latter.

In addition, the linear HPM model produced the best values for the ratio between
estimated and observed values. Comparatively, the reciprocal HPM model was the worst
in this regard.

Furthermore, it is worth pointing out that the methodology used in this study could
be a key tool for city governors in that it can facilitate sustainable planning and design of
all existing cities around the world. It could even be very useful for those professionals
who, in the course of purchasing and selling of real estate, need to know the influence of
green spaces on housing prices in order to offer clients the right property based on their
economic possibilities.

Finally, future studies could be aimed at finding out what influence exists at the level
of the autonomous community or even at the national level. Given the observations of this
study, it follows that periurban green areas must have a significant influence on the prices
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of dwellings isolated from the main urban nucleus. Even those dwellings belonging to the
city which are close to peri-urban parks may also be subject to these influences.

Author Contributions: Conceptualization, E.R.-]., J.-L.A.-M., and J.L.L.-P.; methodology, E.R.-J. and
J.-L.A.-M,; software, E.R.-]. and J.-L.A.-M.; validation, E.R.-]., J.-L.A.-M., and ]J.L.L.-P; formal analysis,
ER-]., J-L.A-M,, and J.L.L.-P; investigation, E.R.-]., ] L.L.-P,, and J.-L.A.-M.; resources, E.R.-].,
J-L.A.-M., and J.L.L.-P;; data curation, E.R.-]. and J.-L.A.-M.; writing—original draft preparation,
ER.-]., J-L.A.-M,, and J.L.L.-P.; writing—review and editing, E.R.-]. and J.-L.A.-M.; visualization,
E.R.-J. and J.-L.A.-M.; supervision, E.R.-]., J.-L.A.-M., and J.L.L.-P.; project administration, E.R.-J. and
J.-L.A.-M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Authors appreciate the collaboration of Knowledge-Based Company RS3 Remote
Sensing S.L. in this work.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Okada, T.; Mito, Y.; Akiyama, Y.B.; Tokunaga, K.; Sugino, H.; Kubo, T.; Endo, T.; Otani, S.; Yamochi, S.; Kozuki, Y.; et al. Green
port structures and their ecosystem services in highly urbanized Japanese bays. Coast. Eng. J. 2021, 63, 310-322. [CrossRef]

2. Ministerio de Consumo (Gobierno de Espafia) Sostenibilidad del Consumo en Espafia. Available online: https://www.consumo.
gob.es/es/system/tdf/prensa/Informe_de_Sostenibilidad_del_consumo_en_Espa~na_EU_MinCon.pdf?file=1&type=node&
id=1126&force (accessed on 13 October 2022).

3. Wu, C;Du, Y, LiS,; Liu, P; Ye, X. Does visual contact with green space impact housing prices? An integrated approach of
machine learning and hedonic modeling based on the perception of green space. Land Use Policy 2022, 115, 106048. [CrossRef]

4. Mazadiego, L.F,; Llamas, B.; de Gorgolas, C.R.; Pous, J.; Puche, O. The Contingent Valuation Method Applied to the Mining
Heritage of Extremadura (Spain). Geoheritage 2019, 11, 665-679. [CrossRef]

5. Oviedo, J.L.; Campos, P.; Caparrés, A. Contingent valuation of landowner demand for forest amenities: Application in Andalusia,
Spain. Eur. Rev. Agric. Econ. 2022, 49, 615-643. [CrossRef]

6. Aparicio, J.; Candela, L.; Alfranca, O. Social and private costs of water for irrigation: The small desalination plant in San Vicente
del Raspeig, Spain. Desalination 2018, 439, 102-107. [CrossRef]

7. Gelan, E. GIS-based multi-criteria analysis for sustainable urban green spaces planning in emerging towns of Ethiopia: The case
of Sululta town. Environ. Syst. Res. 2021, 10, 13. [CrossRef]

8. Vilcea, C.; Sosea, C. A GIS-based analysis of the urban green space accessibility in Craiova city, Romania. Geogr. Tidsskr. ]. Geogr.
2020, 120, 19-34. [CrossRef]

9. Coroian, I.; Nap, M.E.; Pop, LD.; Matei, E; Sdlagean, T.; Deak, J.; Chiorean, S.; Suba, E.E.; Luput, L; Ficior, D. Using GIS Analysis
to Assess Urban Green Space in Terms of Real Estate Development. Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca. Hortic. 2021,
78, 36. [CrossRef]

10. Buckland, M.; Pojani, D. Green space accessibility in Europe: A comparative study of five major cities. Eur. Plan. Stud. 2022, 1-22.
[CrossRef]

11. Lahoti, S.; Kefi, M.; Lahoti, A.; Saito, O. Mapping Methodology of Public Urban Green Spaces Using GIS: An Example of Nagpur
City, India. Sustainability 2019, 11, 2166. [CrossRef]

12. Ju, Y,; Dronova, I.; Delclos-Ali6, X. A 10 m resolution urban green space map for major Latin American cities from Sentinel-2
remote sensing images and OpenStreetMap. Sci. Data 2022, 9, 586. [CrossRef] [PubMed]

13. Pallathadka, A.; Pallathadka, L.; Rao, S.; Chang, H.; Van Dommelen, D. Using GIS-based spatial analysis to determine urban
greenspace accessibility for different racial groups in the backdrop of COVID-19: A case study of four US cities. GeoJournal 2021,
87,4879-4899. [CrossRef] [PubMed]

14. Hsu, Y.-Y,; Hawken, S.; Sepasgozar, S.; Lin, Z.-H. Beyond the Backyard: GIS Analysis of Public Green Space Accessibility in
Australian Metropolitan Areas. Sustainability 2022, 14, 4694. [CrossRef]

15. Ramirez, E.; Garcia, F. Compendio de Valoracion Agraria. Técnico y Normativa; Sevillaprint: Sevilla, Spain, 2003.

16. Tyrvdinen, L. The amenity value of the urban forest: An application of the hedonic pricing method. Landsc. Urban Plan. 1997,
37,211-222. [CrossRef]

17. Laszkiewicz, E.; Heyman, A.; Chen, X.; Cimburova, Z.; Nowell, M.; Barton, D.N. Valuing access to urban greenspace using

non-linear distance decay in hedonic property pricing. Ecosyst. Serv. 2022, 53, 101394. [CrossRef]


http://doi.org/10.1080/21664250.2021.1911194
https://www.consumo.gob.es/es/system/tdf/prensa/Informe_de_Sostenibilidad_del_consumo_en_Espa~na_EU_MinCon.pdf?file=1&type=node&id=1126&force
https://www.consumo.gob.es/es/system/tdf/prensa/Informe_de_Sostenibilidad_del_consumo_en_Espa~na_EU_MinCon.pdf?file=1&type=node&id=1126&force
https://www.consumo.gob.es/es/system/tdf/prensa/Informe_de_Sostenibilidad_del_consumo_en_Espa~na_EU_MinCon.pdf?file=1&type=node&id=1126&force
http://doi.org/10.1016/j.landusepol.2022.106048
http://doi.org/10.1007/s12371-018-0319-7
http://doi.org/10.1093/erae/jbab022
http://doi.org/10.1016/j.desal.2018.03.013
http://doi.org/10.1186/s40068-021-00220-w
http://doi.org/10.1080/00167223.2020.1766365
http://doi.org/10.15835/buasvmcn-hort:2020.0061
http://doi.org/10.1080/09654313.2022.2088230
http://doi.org/10.3390/su11072166
http://doi.org/10.1038/s41597-022-01701-y
http://www.ncbi.nlm.nih.gov/pubmed/36153342
http://doi.org/10.1007/s10708-021-10538-8
http://www.ncbi.nlm.nih.gov/pubmed/34744264
http://doi.org/10.3390/su14084694
http://doi.org/10.1016/S0169-2046(97)80005-9
http://doi.org/10.1016/j.ecoser.2021.101394

Sustainability 2022, 14, 16613 14 of 15

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

Lara Garcia, A.; Berraquero-Diaz, L.; del Moral Ituarte, L. Contested Spaces for Negotiated Urban Resilience in Seville. In Urban
Resilience to the Climate Emergency; Spring: Berlin/Heidelberg, Germany, 2022; pp. 197-223.

Glumac, B.; Herrera-Gomez, M.; Licheron, J. A hedonic urban land price index. Land Use Policy 2019, 81, 802-812. [CrossRef]
Li, H.; Wei, Y.D.; Wu, Y,; Tian, G. Analyzing housing prices in Shanghai with open data: Amenity, accessibility and urban
structure. Cities 2019, 91, 165-179. [CrossRef]

Hussain, T.; Abbas, J.; Wei, Z.; Nurunnabi, M. The Effect of Sustainable Urban Planning and Slum Disamenity on the Value of
Neighboring Residential Property: Application of the Hedonic Pricing Model in Rent Price Appraisal. Sustainability 2019, 11, 1144.
[CrossRef]

Mei, Y.; Wu, J.; Zhao, X.; Xu, H. Domestic water pollution cost of shale gas exploitation in China: An empirical study with
Averting Behavior Theory. J. Clean. Prod. 2022, 367, 133028. [CrossRef]

Lu, J. The value of a south-facing orientation: A hedonic pricing analysis of the Shanghai housing market. Habitat Int. 2018,
81,24-32. [CrossRef]

Dumm, RE; Nyce, C.; Sirmans, G.S.; Smersh, G.T. Pricing Moral Hazard in Residential Properties: The Impact of Sinkhole Claims
on House Prices. J. Real Estate Financ. Econ. 2022, 64, 30-70. [CrossRef]

Hong, J.; Choi, H.; Kim, W. A house price valuation based on the random forest approach: The mass appraisal of residential
property in South Korea. Int. |. Strateg. Prop. Manag. 2020, 24, 140-152. [CrossRef]

Bherwani, H.; Das, A.; Hariharan, B.; Gupta, A.; Kumar, R. Valuation of Environmental Externalities. In Bow Ties in Process Safety
and Environmental Management; CRC Press: Boca Raton, FL, USA, 2021; pp. 265-280.

Zhang, L.; Zhou, J.; Hui, E.C.M.; Wen, H. The effects of a shopping mall on housing prices: A case study in Hangzhou. Int. J.
Strateg. Prop. Manag. 2018, 23, 65-80. [CrossRef]

Mikuli¢, J.; Vizek, M.; Stoj¢i¢, N.; Payne, J.E.; Ceh Casni, A.; Barbi¢, T. The effect of tourism activity on housing affordability. Ann.
Tour. Res. 2021, 90, 103264. [CrossRef]

Crompton, J.L.; Nicholls, S. Impact on property values of distance to parks and open spaces: An update of U.S. studies in the new
millennium. J. Leis. Res. 2020, 51, 127-146. [CrossRef]

Mei, Y.; Gao, L.; Zhang, ].; Wang, ]J. Valuing urban air quality: A hedonic price analysis in Beijing, China. Environ. Sci. Pollut. Res.
2020, 27, 1373-1385. [CrossRef]

Morano, P; Tajani, F.; Locurcio, M. Multicriteria analysis and genetic algorithms for mass appraisals in the Italian property market.
Int. |. Hous. Mark. Anal. 2018, 11, 229-262. [CrossRef]

Tajani, F.; Morano, P.; Ntalianis, K. Automated valuation models for real estate portfolios. . Prop. Investig. Financ. 2018,
36, 324-347. [CrossRef]

Moore, M.R.; Doubek, J.P.; Xu, H.; Cardinale, B.]. Hedonic Price Estimates of Lake Water Quality: Valued Attribute, Instrumental
Variables, and Ecological-Economic Benefits. Ecol. Econ. 2020, 176, 106692. [CrossRef]

Rosen, S. Hedonic prices and implicit markets: Product differentiation in pure competition. J. Polit. Econ. 1974, 82, 34-55.
[CrossRef]

Jayasekare, A.S.; Herath, S.; Wickramasuriya, R.; Perez, P. The price of a view: Estimating the impact of view on house prices.
Pacific Rim Prop. Res. J. 2019, 25, 141-158. [CrossRef]

Vasquez Sanjinez, FO. La Terciarizacion Econdmica, Puerto Seco un Generador de Servicios y Crecimiento Economico en El Alto;
Universidad Mayor de San Andrés: La Paz, Bolivia, 2004.

Ramirez-Judias, E.; Ferndndez-Gil, M.T.; Del-Ojo-Jiménez, A.; Cobo Sarmiento, E. Eco-Disefio de la urbe sevillana: Estudio
mediante teledeteccion. M+A. Rev. Electronica Medioambiente 2013, 14, 43551. [CrossRef]

TINSA IMIE Interactivo de Sevilla Capital. Available online: https://www.tinsa.es/precio-vivienda/andalucia/sevilla/sevilla/
(accessed on 31 October 2022).

Solano-Sanchez, M.A.; Santos, J.A.C.; Custddio Santos, M.; Fernandez-Gamez, M.A. Holiday Rentals in Cultural Tourism
Destinations: A Comparison of Booking.com-Based Daily Rate Estimation for Seville and Porto. Economies 2021, 9, 157. [CrossRef]
Chow, G.C. Tests of Equality Between Sets of Coefficients in Two Linear Regressions. Econometrica 1960, 28, 591-605. [CrossRef]
Dao, P.B. Condition monitoring and fault diagnosis of wind turbines based on structural break detection in SCADA data. Renew
Energy 2022, 185, 641-654. [CrossRef]

Bonaccorso, B.; Brigandi, G.; Aronica, G.T. Regional sub-hourly extreme rainfall estimates in Sicily under a scale invariance
framework. Water Resour. Manag. 2020, 34, 4363-4380. [CrossRef]

Yu, H,; Li, J.; Bardin, S.; Gu, H.; Fan, C. Spatiotemporal Dynamic of COVID-19 Diffusion in China: A Dynamic Spatial
Autoregressive Model Analysis. ISPRS Int. |. Geo-Inf. 2021, 10, 510. [CrossRef]

Molaei, P.; Hashempour, P.; Tang, L.M. Semi-open spaces of apartments considering COVID-19 pandemic: General expectations
of balcony design in the post-pandemic world. Archit. Eng. Des. Manag. 2022, 18, 705-722. [CrossRef]

Du, M.; Zhang, X. Urban greening: A new paradox of economic or social sustainability? Land Use Policy 2020, 92, 104487.
[CrossRef]

Stessens, P.; Canters, F.; Huysmans, M.; Khan, A.Z. Urban green space qualities: An integrated approach towards GIS-based
assessment reflecting user perception. Land Use Policy 2020, 91, 104319. [CrossRef]


http://doi.org/10.1016/j.landusepol.2018.11.032
http://doi.org/10.1016/j.cities.2018.11.016
http://doi.org/10.3390/su11041144
http://doi.org/10.1016/j.jclepro.2022.133028
http://doi.org/10.1016/j.habitatint.2018.09.002
http://doi.org/10.1007/s11146-020-09804-2
http://doi.org/10.3846/ijspm.2020.11544
http://doi.org/10.3846/ijspm.2019.6360
http://doi.org/10.1016/j.annals.2021.103264
http://doi.org/10.1080/00222216.2019.1637704
http://doi.org/10.1007/s11356-019-06874-5
http://doi.org/10.1108/IJHMA-04-2017-0034
http://doi.org/10.1108/JPIF-10-2017-0067
http://doi.org/10.1016/j.ecolecon.2020.106692
http://doi.org/10.1086/260169
http://doi.org/10.1080/14445921.2019.1626543
http://doi.org/10.5209/rev_MARE.2013.v14.n2.43551
https://www.tinsa.es/precio-vivienda/andalucia/sevilla/sevilla/
http://doi.org/10.3390/economies9040157
http://doi.org/10.2307/1910133
http://doi.org/10.1016/j.renene.2021.12.051
http://doi.org/10.1007/s11269-020-02667-5
http://doi.org/10.3390/ijgi10080510
http://doi.org/10.1080/17452007.2021.2021385
http://doi.org/10.1016/j.landusepol.2020.104487
http://doi.org/10.1016/j.landusepol.2019.104319

Sustainability 2022, 14, 16613 15 of 15

47.

48.

49.

50.

51.

52.

53.

Su, S.; He, S.; Sun, C.; Zhang, H.; Hu, L.; Kang, M. Do landscape amenities impact private housing rental prices? A hierarchical
hedonic modeling approach based on semantic and sentimental analysis of online housing advertisements across five Chinese
megacities. Urban For. Urban Green. 2021, 58, 126968. [CrossRef]

Tajani, F.; Di Liddo, F; Guarini, M.R.; Ranieri, R.; Anelli, D. An Assessment Methodology for the Evaluation of the Impacts of the
COVID-19 Pandemic on the Italian Housing Market Demand. Buildings 2021, 11, 592. [CrossRef]

Lee, B.; Wang, S.-Y,; Lin, T.-C.; Chang, H.-H. Underground pipeline explosions and housing prices: Quasi-experimental evidence
from an urban city. Land Use Policy 2021, 111, 105782. [CrossRef]

Chen, S.; Zhang, L.; Huang, Y.; Wilson, B.; Mosey, G.; Deal, B. Spatial impacts of multimodal accessibility to green spaces on
housing price in Cook County, Illinois. Urban For. Urban Green. 2022, 67, 127370. [CrossRef]

Teso, L.; Carnieletto, L.; Sun, K.; Zhang, W.; Gasparella, A.; Romagnoni, P.; Zarrella, A.; Hong, T. Large scale energy analysis
and renovation strategies for social housing in the historic city of Venice. Sustain. Energy Technol. Assessments 2022, 52, 102041.
[CrossRef]

Jacobo, A.D.; Kholodilin, K.A. One hundred years of rent control in Argentina: Much ado about nothing. J. Hous. Built Environ.
2022, 37,1923-1970. [CrossRef]

Iliopoulou, P.; Feloni, E. Spatial Modelling and Geovisualization of House Prices in the Greater Athens Region, Greece. Geographies
2022, 2, 111-131. [CrossRef]


http://doi.org/10.1016/j.ufug.2020.126968
http://doi.org/10.3390/buildings11120592
http://doi.org/10.1016/j.landusepol.2021.105782
http://doi.org/10.1016/j.ufug.2021.127370
http://doi.org/10.1016/j.seta.2022.102041
http://doi.org/10.1007/s10901-022-09932-6
http://doi.org/10.3390/geographies2010008

	Introduction 
	Fundamentals 
	Hedonic Pricing Method (HPM) 
	Empirical Models Used in Dwelling Valuation 

	Study Area 
	Material and Methods 
	Results and Discussion 
	Conclusions 
	References

