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After a period of economic crisis, with the recovery of economic activity and the fact that 

Lisbon has become a destination for real estate investment from foreigners, the real estate 

market is in a phase of accelerated growth. 

As not much is known about the attributes that influence the transaction value of the property, 

this study intends to identify these attributes and quantify the weight of its influence in that 

same value. For this purpose, a characterization of the case study was first carried out and 

then a statistical analysis was developed based on five methods: One-Way ANOVA, Linear 

Regression, Nonlinear Regression, Generalized Linear Models and Neural Network using 

the software SPSS Statistic. This study was developed using a database with the registration 

of the normalized transaction values of properties sold in the last 10 years in Lisbon (2008-

2017). 

It was concluded that for zone 5-Estrela and Campo de Ourique and for zone 6–Centro 

Histórico, similar results were obtained and the following attributes were identified as having 

influence on the transaction value of the property: area, the buyer, whether the property was 

abandoned at the time of purchase, condition of the property and typology. The condition of 

the building in zone 5 and the onus in zone 6, were also identified as influential. Whereas for 

zone 7–Avenidas Novas the following attributes were identified: condition of the property, 

year of construction and parish. At the end of this study, expectations were confirmed 

regarding market behavior in the different zones. 

1. INTRODUCTION 
The choice of this theme is because the real estate 

market in Lisbon is in a phase of accelerated growth. 

After a period of economic crisis where many families 

postponed the decision to buy a home, with the 

recovery of economic activity and the maintenance of 

interest rates at historical lows, with improvements in 

access to housing credit, and the fact that Lisbon has 

become a destination for foreign real estate 

investment, that saw an opportunity in the Program 

"Residentes não habituais" and Golden Visa. Added 

to this context of economic optimism was a strong 

demand for properties for placement in the rental 

market motivated by tourism, and for first-house rental 

with the change of the local accommodation law and 

the rental law, thus creating a perfect storm, a boom 

of the real estate market.  

LITERATURE REVIEW 

A market is a system where buyers and sellers come 

together to trade goods and services through pricing 

mechanisms. The real estate market has specific 

characteristics that are very different from other 

economic sectors, since it mobilizes large capital for 

each unit. The exploitation cycle is long and with high 

costs of operation and maintenance beside the fact 

that a real estate property is a unique good, hardly 

divisible and subject to administrative or political 

policies. As long-term investments, uncertainty and 

risk tend to be higher. This raises the need to evaluate 

the real estate property and give it a value. The value 

of a good in accordance with the International 

Valuation Standards Committee (IVSC) (2007) is: 

“Market value is the estimated amount for which an 

asset should exchange on the date of appraisal 

between a willing buyer and a willing seller in an arm’s 

length transaction after proper marketing wherein the 

parties had each acted knowledgeably, prudently and 

without compulsion.” 

The value of a property in the market is influenced by 

a set of attributes that can be divided into three 

categories [1], [2]: i) physical attributes; ii) location 

attributes; e iii) neighborhood attributes. The physical 

attributes refer to the property itself and describe the 

physical characteristics of the property, such as for 

example, the number of rooms, the area of the 

property and whether it has a fireplace. The location 

attributes describe the geographical characteristics of 

the property, such as the distance to different types of 

public transports and the distance to the city center. 

Neighborhood attributes are the most difficult to 

quantify, since these attributes describe the influence 

of surrounding areas on the value of property, such as 

for example, the quality of schools and the crime rate 

[3]. 
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The area of the property is referenced in the studies in 

two ways: directly by using its absolute value or 

indirectly by using the value per square meter. The use 

of the value per square meter makes it possible to 

compare properties of different areas and thus to 

study the influence of other attributes that would be 

diluted if the area was studied as an attribute. When it 

appears as an attribute it is the parameter that most 

influences the value of the property [2], [4]. In most 

studies, the area positively influences the value of the 

property [5]. Besides the area of the property, the lot 

area values the property with its effect on the value of 

the property studied in several cities as in Orem and 

Provo, Utah [6] or in Charlotte, North Carolina [7]. 

Regarding the age of the property, it is one of the 

attributes that most studies point to as one of the 

factors that most influence the value of the property. 

This characteristic generally negatively affects the 

value, meaning that the buyer is willing to pay more for 

a newer property [3], [8]–[11].  

Another attribute that influences the value of the 

property is the floor in which it is located. If the building 

has an elevator the higher the floor is, the more it is 

valued [12]. The number of rooms is another feature 

of the property that most articles point to as one of the 

factors that most influence the value of the property 

[4]. As one additional room implies a larger area of the 

property, this attribute has a positive impact on the 

value of the property [13]. As the number of rooms, the 

number of bathrooms, is also a variable that most 

studies indicate as one of the variables that most 

influence the value of the property [6]. Several studies 

in different cities of the world such as, Milwaukee, 

Wisconsin [8], in Douglas County, Nebraska [14], in 

Charlotte, North Carolina [7] and in Istanbul [13] come 

to the conclusion that the number of bathrooms has a 

positive effect on the value of the property. 

A property having a garage is an attribute that 

positively influences its value [6], [10]. A building 

having an elevator values the property, for example in 

Athens, the lack of an elevator in the building 

devaluates the property by 11 176 € [10]. 

One of the main factors to evaluate the location of a 

property is its distance from the city center, and the 

greater the distance is, the greater the devaluation of 

the property [15].  

Accessibility to public transport is an important 

determinant of the value of the property and can be 

quantified through the availability of transport, cost, 

travel time and transportation convenience [16]. The 

distance to the bus, metro and train stations can 

therefore be a tool to measure the accessibility to 

public transport. In Beijing, the proximity to public 

transport values the property [17], [18]. In Belfast, in 

the most disadvantaged areas, the accessibility to 

public transport influence the value of the property 

while, in more favored areas, accessibility to public 

transport does not influence the value [19]. In Seoul, 

the distance to the subway is insignificant for the value 

of the property, since Seoul has a very developed 

metropolitan network that covers practically the whole 

city [20]. In Amsterdam, Rotterdam and Enschede, not 

only the influence of distance to the nearest train 

station was studied but also the distance to the most 

frequently chosen train station in the area where the 

property is located. It was concluded that the second 

influences more the value of the property [21].  

The view is an attribute that depends on the location 

of the property, and it is an attribute that in most 

studies values the property but which can also devalue 

it depending on the type of view.  

The neighborhood attributes are the most difficult to 

quantify and aim at characterizing the neighborhood 

where the property is located, since these factors also 

influence the value of the property. 

Several authors present a classification for these 

attributes, dividing them into three categories [2]:  

socio-economic variables that characterize neighbors, 

such as average income and literacy; variables that 

measure the quality of public services such as schools 

and hospitals; externalities such as crime rate, air 

quality and noise pollution. 

The average income of the neighborhood, is an 

attribute that according to a study carried out in 

Istanbul, influences the value of the property. The 

higher the average income of the neighborhood is the 

higher is the value of the property [22].  

Literacy is another socioeconomic attribute that 

influences the value of a property, for example, in 

Roanoke, Virginia a higher percentage of population 

with higher level of education values the property [23]. 

The quality of schools in the vicinity of the property is 

an attribute that increases its value [3], [24]. It is 

concluded that the proximity to a school, positively 

influences the value of the property especially in 

disadvantaged neighborhoods where the proximity 

has a greater influence than the quality of schools [20].  

In relation to the proximity to a hospital, a study carried 

out in Seoul, concludes that it devalues the property, 

as this proximity is not desirable due to the congestion 

caused by the noise of ambulance sirens and also due 

to superstitions [25]. 

Criminality, for example, the rate of home burglaries, 

has a negative effect on the value of the property, and 

buyers of the higher quality range give slightly more 

importance to this attribute than buyers of real estate 

in the lower quality range [26]. 

The noise pollution due to car noise is another factor 

that devalues the property, and each decibel in the 

upper-middle class neighborhoods reduces the value 

by 0,48% in low-middle class neighborhoods reduces 

the value by 0,30% and in the poorer neighborhoods 

reduces the value by 0,08% [27].  
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To identify and quantify the influence that each 

variable has on the value of the property, it is 

necessary to use statistical tools, which are divided 

into two groups: tools of classical statistics, such as 

linear regression, in which the mathematical function 

that relates the explanatory variables to the dependent 

variable must be defined à priori; tools based on data, 

the best-known and most used example being the 

neural network. 

The great majority of the scientific articles studied use 

multiple tools in their analysis and make a comparison 

of the results of the different methods. 

Linear regression and logistic regression are the most 

used tools in the scientific articles studied. The logistic 

regression can have different models such as the 

semi-log model, the double-log model and the trans-

log model.  

Regarding the performance of each tool, in a study 

conducted in Hong Kong, eight different models were 

analyzed and it was concluded that box-cox 

regression model obtained better results than linear 

regression and double-log regression. However, the 

performance of this model is not as good as semi-log 

regression. The box-cox quantile regression at médian 

showed better results than the semi-log regression, 

with the best model being the box-cox quantile 

regression estimated at selected quantile level [11].  

In a study conducted in Turkey, the data was modeled 

through linear regression and through the neural 

network. It was concluded that the neural network is 

the best alternative to predict the value of a property 

in Turkey [4]. 

2. METHODOLOGY 
This study was developed using a database with the 

normalized transaction values of the real estate sold 

in the last 10 years in Lisbon (2008-2017). The 

analysis was also limited to three areas commonly 

used in real estate to characterize the real estate 

market in the city of Lisbon, namely zones 5, 6 and 7, 

which comprise the following parishes: zone 5 

(Estrela/Campo de Ourique) - Campo de Ourique e 

Estrela; zone 6 (Centro Histórico) - Misericórdia, 

Santa Maria Maior and Santo António; zone 7 

(Avenidas Novas) - Alvalade, Areeiro and Avenidas 

Novas. 

The analysis was made with real transaction values 

per square meter normalized by the average value of 

each year, semester and quarter. 

The first function used to model the spatial variability 

of the transaction value of a property was the linear 

regression. The linear regression analyzes the linear 

relationship between the dependent variable 

(transaction value per square meter of the property) 

and the independent variables (attributes). 

In this analysis, outliers were identified with two 

different methods (cook method and mahalanobis 

method) and the analysis was repeated having 

removed these outliers from the sample to achieve a 

better result. 

The second function used was the nonlinear 

regression, since the data may not have a linear 

distribution. In this model the attributes analyzed were 

only the attributes identified as having an influence on 

the value of the property in the linear regression.  

The third function used was the generalized linear 

models because up to this point, it was assumed that 

the variables had a single coefficient and that they 

were independent from each other. With this function 

it was possible to verify that the variables do not have 

a constant coefficient and to verify the interaction 

between some variables. Two models were performed 

with this function, the first one, analyzing only the 

variables identified in the linear regression and the 

second, analyzing all variables in the database. 

The modeling of the transaction value of a property 

was finalized, using the function neural network, which 

is a deconstructed regression that makes a nonlinear 

modeling of data and allows to test different types of 

equations to discover complex correlations between 

the data. 

3. RESULTS AND DISCUSSION 
3.1. Linear Regression 

To model the transaction value of a property, the linear 

regression function was used in SPSS Statistic. 

Three different dependent variables were studied for 

each zone: normalized transaction value per year per 

square meter; normalized transaction value per 

semester per square meter; normalized transaction 

value per quarter per square meter. For these three 

dependent variables the relationship with the following 

independent variables was studied: parish (Fr); year of 

construction (Ac); building floors; extra building floors; 

typology (Tp); floor (Ai); extra floor (Aei); area (Aj); 

building condition (Ce); property condition (Ci); 

abandoned (Ab); onus (On); type of buyer (Tc). 

In linear regressions the coefficient of determination is 

calculated as a measure of adjustment of the statistical 

model.  

Outliers are cases in which the real value of the 

dependent variable is very different from its predicted 

value. This may have a detrimental effect on 

regression and statistical interferences leading to a 

reduction in prediction accuracy. For this reason, in 

this study four data sets were analyzed, the first one 

with the complete database, the second one removing 

from the database the outliers identified by the 

mahalanobis method, the third removing the outliers 

identified by the cook method and the fourth removing 

the outliers from the mahalanobis and cook method. 

The first zone analyzed was the 5 - Estrela and Campo 

de Ourique. The regression with the highest coefficient 

of determination was the regression whose dependent 

variable is the normalized transaction value per 

semester and where the outliers of mahalanobis and 
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cook were removed, this is the regression that best fits 

the sample. The following equation is the result of this 

linear regression where the coefficient of 

determination is 37,1%. 
𝑉𝑡

𝑚2
= 1,289 × 10−2 − 6,493 × 10−5 × Aj + 1,355 × 10−3 ×

Ce + 8,553 × 10−4 × Tc − 5,630 × 10−4 × Tp + 1,107 ×

10−3 × Ab + 1,095 × 10−3 × Ci + 3,066 × 10−3 × Aei  

Thereafter zone 6 - Centro Histórico was analyzed. 

The regression with the highest coefficient of 

determination was the regression whose dependent 

variable is the normalized transaction value per 

quarter and where the cook outliers were removed. 

The following equation is the result of this linear 

regression where the coefficient of determination is 

35,2%. 
𝑉𝑡

𝑚2
= 1,836 × 10−2 − 8,084 × 10−5 × Aj + 2,226 × 10−3 ×

Ci − 9,909 × 10−4 × On + 7,635 × 10−4 × Tc − 3,590 ×

10−4 × Tp + 2,011 × 10−3 × Ab − 3,344 × 10−4 × Ai  

Finally zone 7 - Avenidas Novas was analyzed. The 

regression with the highest coefficient of determination 

is the regression whose dependent variable is the 

normalized transaction value per quarter and where 

the outliers of mahalanobis and cook were removed. 

The following equation is the result of this linear 

regression where the coefficient of determination is 

51,0%. 
𝑉𝑡

𝑚2 = −1,779 × 10−1 − 8,721 × 10−5 × Aj + 9,733 × 10−5 ×

Ac + 1,808 × 10−3 × Ci + 1,294 × 10−4 × Fr + 6,100 ×

10−4 × Ab + 4,049 × 10−4 × Tc  

With the analysis of these three zones one can 

conclude the following: 

The area in the three zones has a negative effect on 

the value of the property per square meter. It can be 

concluded that the value per square meter in larger 

properties is lower than in properties with a smaller 

area. The type of buyer is another attribute that in the 

three zones influences the property value. Its influence 

is positive and so it can be concluded that a private 

foreigner buyer pays more for a property with the same 

attributes, for example than a private national buyer. 

The fact that the property is abandoned or not, is 

another characteristic that affects the value of the 

property in the three zones. As the coefficient is 

positive and the value attributed to non-abandoned 

was 1 and the value attributed to abandoned was 2 it 

can be concluded that being abandoned values the 

property. The condition of the property is another 

attribute for which numeric values were assigned to 

the different states of conservation of the property. It 

is an attribute that affects the value of the property in 

the three zones and its influence is positive, so the 

better the condition of the property, the more it values. 

The typology is an attribute that influences the value 

of the property, only in zone 5 and zone 6. The 

typology in turn has a negative effect on the value per 

square meter of the property, thus, a higher number of 

rooms depreciates the value per square meter of the 

property. The condition of the building is an attribute 

that positively influences the value of the property in 

zone 5, similar to the condition of the property. 

The extra floor of the property has a positive influence 

on the value per square meter, which means that the 

fact that the property is a duplex or triplex value the 

property. The onus of the property has a negative 

effect on the transaction value in zone 6, that is, the 

fact that the property is leased or mortgaged will cause 

a property to devalue in relation to a property with 

similar attributes but that has no onus. The floor of the 

property has a negative effect in zone 6, and it can be 

concluded that the higher the floor of the property the 

lower the value per square meter. The year of 

construction of the property, affects the value of the 

property in zone 7, having a positive effect and so the 

more recent the property is the most expensive is the 

value per square meter. In zone 7, the parish of the 

property has a positive effect and it can be concluded 

that a property located in Avenidas Novas will be worth 

more than a property with the same attributes in 

Alvalade. 

3.2. Non-linear Regression 
To test if the data have or doesn’t have a linear 

distribution the non-linear regression was used, again 

the SPSS Statistic was used to apply this model.  

Only the non-linearity of the best models obtained in 

the previous step were tested, as it was assumed that 

the explanatory variables remain the same as in the 

linear regression. 

Since some attributes (type of buyer, abandoned, 

extra floor of the property, onus and floor of the 

property) have a category equal to zero and in order 

to avoid having an exponent zero to a negative 

number, the exponent has been removed from these 

attributes. As in the linear regression the coefficient of 

determination was used as a measure of adjustment 

of the statistical model. 

In this study two data sets were analyzed, the first one 

with the complete database and the second removing 

the outliers identified by the mahalanobis and cook 

method in the linear regression. 

In zone 5, the regression with the highest 

determination coefficient, which best fits the sample, 

was the regression whose dependent variable is the 

normalized transaction value per semester and where 

the outliers of mahalanobis and cook were removed. 

The following equation is the result of this regression 

in which the coefficient of determination is 46,8%. 
𝑉𝑡

𝑚2 = −1,975 × 10 − 1,433 × 10 × Aj7,070×10
−4
+ 5,933 ×

10−4 × Tc + 2,796 × 10−4 × Ce1,898 + 3,067 × 10−3 ×

Tp−2,764 + 1,000 × 10−3 × Ab + 3,414 × 10 × Ci1,277×10
−4
+

1,554 × 10−3 × Aei  

For zone 6, the regression with the highest coefficient 

of determination, which best fits the sample, is the 
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regression whose dependent variable is the 

normalized transaction value per quarter and where 

the outliers of mahalanobis and cook were removed. 

The following equation is the result of this regression 

where the coefficient of determination is 49,5%. 
𝑉𝑡

𝑚2
= 2,558 × 10 − 1,876 × 10 × Aj6,389×10

−4
+ 1,823 ×

10−3 × Ci1,347 − 4,092 × 10−4 × On + 8,080 × 10−4 × Tc −

6,752 × Tp5,773×10
−5
+ 1,209 × 10−3 × Ab − 5,450 × 10−5 ×

Ai  

Finally, for zone 7 the regression with the highest 

determination coefficient, which best fits the sample, 

is the regression whose dependent variable is the 

normalized transaction value per quarter and which 

includes the mahalanobis and cook outliers. The 

following equation is the result of this regression in 

which the coefficient of determination is 56,4%. 
𝑉𝑡

𝑚2
= −2,243 × 10−1 + 4,524 × 10−1 × Aj−6,956×10

−1
+

1,155 × 10−4 × Ac9,910×10
−1
+ 1,252 × 10−3 × Ci1,427 −

7,396 × 10 × Fr−4,706 + 3,281 × 10−4 × Tc + 5,666 × 10−4 ×

Ab  

In conclusion, it can be verified that non-linear 

regression modeling obtained better results than linear 

regression. In relation to the attributes, the results 

were similar to the results of the linear regression. This 

means that the area continues to have a negative 

effect on the value of the property while the type of 

buyer, the condition of the property and the fact that it 

is abandoned value it. 

3.3. Generalized Linear Models 
So far it has been assumed that the variables have a 

single coefficient and that they are independent of 

each other. With the SPSS Statistic tool, generalized 

linear models, we can verify if the variables have a 

constant coefficient and verify the interaction between 

variables.  

First, the same variables tested in linear regression 

and nonlinear regression were tested, since it was 

assumed that the explanatory variables remain the 

same as those of linear regression. The following 

variables were considered as factors: parish; typology; 

building condition; property condition; abandoned; 

onus; type of buyer and as co-variables the following 

variables: area; construction year; floor; extra floor. 

After defining the factors and co-variables, it was 

necessary to define the model. It was defined as main 

effects all factors and co-variables and as interactions 

we defined the following: in zone 5, the interaction 

between the condition of the building and condition of 

the property and the interaction between the typology 

and area; in zone 6, the interaction between typology 

and area; in zone 7, the interaction between the year 

of construction and abandoned. 

The generalized linear models do not calculate a 

single coefficient for each attribute, in this model the 

highest category of the attribute is established as a 

reference and the model calculates the coefficients for 

the other categories of the attribute. Thus with this 

model it is possible to, firstly, see if the coding of the 

attributes is correct and secondly, to compare 

categories of attributes. 

One of the responses of generalized linear models in 

SPSS Statistic is the p-value of each variable, when 

the p-value is less than 0,05 it means that the attribute 

is statistically significant. 

This model calculates coefficients for each category of 

each attribute, so it is possible to analyze if different 

categories influence the value of the property.  

In zone 5, the model with the highest determination 

coefficient (47,9%), that is, that best fits the sample is 

the model whose dependent variable is the normalized 

transaction value per semester and where the outliers 

of mahalanobis and cook were removed. 

The type of buyer in the other models studied 

influenced the value of the property positively in zone 

5. The private foreign buyer was the most valued and 

this fact is proven by this modeling of the data. By 

analyzing the p-value of each category, it can be 

concluded that only the following categories influence 

the value per square meter of the property: properties 

without information regarding the type of buyer; 

domestic companies; private foreign buyer. If the 

property was abandoned at the time of purchase, it is 

an attribute that had a positive influence on the value 

per square meter, according to linear regression and 

non-linear regression. With generalized linear models, 

it can be concluded that this is true. Only the category 

without information on the property is statistically 

insignificant, that is, it does not influence the value of 

the property per square meter. The typologies that 

most values the value per square meter are the T1 

followed by the T0 and then by the T2 and these are 

the only statistically significant typologies. Regarding 

the condition of the building, it was found that the 

category bad and the category reasonable are not 

statistically significant and since the attribute is 

statistically significant it can be concluded that the 

category good is the only category that influences the 

value of the property. The same is true for the 

condition of the property. Concerning the area and 

extra floor of the property it was concluded that do not 

influence the value of the property per square meter. 

The generalized linear models also allows for the 

study of interactions between independent variables, 

as previously indicated, it was studied some 

interactions that might influence the value per square 

meter of the property. 

The interaction between the condition of the building 

and the condition of the property was one of the 

interactions studied. All categories of this interaction 

are statistically significant. Being statistically 

significant, means that this interaction influences the 

value of the property per square meter. The interaction 
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between the area and the typology was the second 

interaction studied in this model and it was verified that 

it is only statistically significant when the typology is 

between T0 and T5. 

In zone 6, the model with the highest determination 

coefficient (46,3%), that is, that best fits the sample, is 

the model whose dependent variable is the normalized 

transaction value per quarter and where the outliers of 

mahalanobis and cook were removed. 

The type of buyer in the other models studied, affected 

the value of the property positively. The private foreign 

buyer was the most valued and this fact is proven by 

this data modeling. By analyzing the p-value of each 

category, it can be concluded that only properties 

without information and private foreign buyer influence 

the value per square meter of the property. If the 

property was abandoned at the time of purchase, it is 

an attribute that was concluded to have a positive 

influence on the value per square meter and all 

categories are statistically significant. In this model, 

none of the typologies are statistically significant, thus 

not influencing the value of the property per square 

meter. Regarding the condition of the property, it was 

possible to verify that the category most valued is good 

followed by reasonable, which is concordant with the 

results of the models applied previously and all the 

categories are statistically significant. The onus of a 

property is an attribute that in previously applied 

models had a negative influence. In this analysis, the 

coefficients are alternating between positive and 

negative and it can be concluded that the 

categorization of this attribute should have been 

different. Only the category good - unknown and the 

category co-ownership - mortgage – attachment – 

leasing are statistically significant and their coefficient 

is positive compared to the reference category 

(category no). The area and floor of the property were 

concluded that do not influence the value of the 

property per square meter. 

The only interaction studied in this model was between 

the area and the typology. This interaction is only 

statistically significant when the typology is T1 or T2. 

In zone 7, the model with the highest determination 

coefficient (49,6%), that is, that best fits the sample, is 

the model whose dependent variable is the normalized 

transaction value in the quarter and where the outliers 

of mahalanobis and cook were removed. 

Again, the same is repeated for the abandoned 

attribute, as it turns out that category no is statistically 

significant. For the condition of the property, it was 

verified that the category most valued is the good 

followed by the reasonable, which agrees with the 

results of the models applied previously. All categories 

are statistically significant. In zone 7, the parish that 

most values the property is Avenidas Novas followed 

by Areeiro and finally Alvalade. Areeiro is not 

statistically significant. The area has a negative 

coefficient therefore, as in the models previously 

applied, the value per square meter in larger 

properties is smaller than in properties with a smaller 

area. The attribute year of construction, in the linear 

and nonlinear regression positively affected the value 

per square meter and in this model the same was 

verified. 

In this model it was studied the interaction between the 

year of construction and the fact that the property was 

abandoned at the time of purchase and concluded that 

this interaction is not statistically significant. 

In this analysis, the type of influence that attributes 

have on the transaction value per square meter were 

similar to the results of linear regression and nonlinear 

regression. In this model, it was concluded that some 

of the attributes, with a coefficient on a smaller scale 

of magnitude than the rest of the attributes were not 

statistically significant. It was concluded that the 

attributes were correctly categorized except for the 

onus in zone 6. 

It can be verified that the modeling by generalized 

linear models obtained worse results than the 

nonlinear regression, except for zone 5 in which the 

result was slightly better. It can be concluded that the 

attributes that were identified as explanatory in the 

linear regression may not be sufficient to perform the 

modeling of the transaction value of the property per 

square meter with the generalized linear models. For 

this reason, it was decided to make a second analysis 

with the same tool but this time using all the attributes 

of the database and the three interactions previously 

considered for the three zones. For zone 5 and 6 it was 

verified that the preferred model is the model whose 

dependent variable is the transaction value 

normalized per semester and where the outliers of 

mahalanobis and cook were removed, that is the 

model that best fits the sample (zone 5 – 52,1% and 

zone 6 – 46,8%). While in zone 7, the preferred model 

was the model whose dependent variable is the 

transaction value normalized per quarter and where 

the outliers of mahalanobis and cook were removed 

(zone 7 – 61,1%). 

It was concluded that some attributes that had not 

been included in the previous analysis were 

statistically significant as the year of construction in 

zone 5, the parish in zone 6 and the onus in zone 7. It 

could also be verified that for each zone there are 

some attributes that are not statistically significant. 

The next step would be to try to have all attributes 

included in the model be statistically significant, since 

attributes that are not relevant to the modeling of the 

value of the property per square meter distort the 

results. This process is a trial and error process, since 

it may only be necessary to remove one of the 

attributes so that all others become statistically 

significant or further adjustments may be necessary. 
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For this reason, it was decided to finish this analysis 

here. 

3.4. Neural Network 
Finally, the last statistical model applied to model the 

transaction value per square meter was the neural 

network. SPSS Statistic was used to make this 

analysis. Even though it was not the most appropriate 

program to apply this model, since the program 

provides little information about how it is modeling the 

data and does not provide the coefficients for each 

attribute. It was used since what was intended to be 

done with this analysis was to test whether it was 

possible to obtain a better result than the other models 

studied. The neural network makes nonlinear data 

modeling to discover complex relationships between 

variables, the main goal of this model is to obtain the 

best possible performance. 

In this analysis, once again, two sets of data were 

used, the first one with the complete database and the 

second one removing the outliers identified by the 

mahalanobis and cook method in the linear 

regression. 

For the three zones, the coefficients of determination 

are highest of all models studied (zone 5 – 67,2%, 

zone 6 – 63,6% and zone 7 – 67,7%). Since the higher 

the coefficient of determination, the more explanatory 

the model is and the better it fits the sample, it can be 

concluded that this is the model that presents the best 

results of the five models studied. 

4. CONCLUSION 
For the three zones, to facilitate the analysis of the 

different models, a graph was made with the value per 

square meter predicted by the respective model 

versus the real value per square meter of the property. 

In this graph it was also represented a line, where x = 

y, that is, real value = predicted value. In a perfect 

model, which does not exist, the points should all be 

over this line. In the graphs referring to the linear 

regression of the three zones represented in Figure 1, 

Figure 6 and Figure 11, one can verify that for 

transactions values per square meter at the extremes, 

or very high or very low, the model can no predict the 

value of transaction. In the graphs referring to the 

nonlinear regression of the three zones represented in 

Figure 2, Figure 7 and Figure 12, one can verify that 

the dispersion of points is closer to the line than in the 

linear regression graph but continues with the problem 

of the extremes that move away from the line. Thus, it 

can be concluded that the nonlinear regression model 

obtained better results than the linear regression 

model. In the graphs of generalized linear models, the 

dispersion of points is very similar to the nonlinear 

regression graph as can be seen in Figure 3, Figure 8 

and Figure 13. The dispersion of points in the graphs 

of the generalized linear models, when considering in 

the analysis all the attributes of the database, 

approaches more closely the line than the dispersion 

of points from the graphs of the previously applied 

models. It can be concluded that this model, which is 

represented in Figure 4, Figure 9 and Figure 14, is 

better adapted to the data than the three previous 

models. Finally, in Figure 5, Figure 10 and Figure 15, 

the results for the neuronal network are represented, 

and it can be concluded that this is the most 

explanatory model and that best fits the sample of the 

five studied models since it is the model in which the 

dispersion of points for the three zones is closer to the 

line. 

 
Figure 1 - Linear Regression - Zone 5 

 

Figure 2 - Nonlinear Regression - Zone 5 

 

Figure 3 - Generalized Linear Models - Zone 5 

 

Figure 4 - Generalized Linear Models with all the attributes 
Zone 5 
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Figure 5 - Neural Network - Zone 5 

 

Figure 3 - Linear Regression - Zone 6 

 

Figure 4 - Nonlinear Regression - Zone 6 

 

Figure 5 - Generalized Linear Models - Zone 6 

 

Figure 6 - Generalized Linear Models with all the attributes - 
Zone 6 

 

Figure 7 – Neural Network - Zone 6 

 

Figure 8 - Linear Regression - Zone 7 

 

Figure 9 - Nonlinear Regression - Zone 7 

 

Figure 10 - Generalized Linear Models - Zone 7 

 

Figure 11 - Generalized Linear Models with all the attributes - 
Zone 7 
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Figure 12 - Neural Network - Zone 7 

The subject studied is particularly relevant today, 

since the real estate market in Lisbon continues to 

exceed all records in several segments, with a high 

demand for properties in the areas studied. 

Four methods were applied for the modeling of the 

spatial variability of the transaction value of a property, 

identifying the attributes of the database that 

influenced the transaction value per square meter 

negatively and positively. It was decided to do the 

study per square meter because it was already known 

that the area would be the attribute that would most 

value the property, the study per square meter allows 

to study the other attributes that influence the value of 

the property. 

Zone 5 - Estrela and Campo de Ourique and zone 6 – 

Centro Histórico, are two historical zones and two of 

the oldest zones in the city of Lisbon, where the 

housing stock consists of buildings that were mostly 

built before 1945, with an immense cultural patrimony 

and where many of the points of reference and 

services of the city are located. Similar results were 

obtained for these two zones, and the following 

attributes were identified as having influence on the 

transaction value of the property per square meter: 

area, type of buyer, if the property was abandoned at 

the time of purchase, condition of the property and 

typology. In zone 5, the condition of the building and 

in zone 6 the onus of the property, were also identified 

as influential in the value. 

Zone 7 - Avenidas Novas, is the newest zone of the 

three. Of the three zones studied, this is where the 

difference between the parishes that constitute it is 

most noticeable. The parish of Avenidas Novas, 

designed during the expansion plan of the city of 

Lisbon between the end of the 19th century and the 

first half of the 20th century, brings together many 

services such as hotels, shopping centers and offices. 

While the parishes of Areeiro and Alvalade projected 

during the period of Estado Novo, are mainly 

residential. The following attributes were identified as 

having influence on the transaction value of the 

property per square meter: condition of the property, 

year of construction and parish. 

It can be inferred that in historical zones like zones 5 

and 6, foreign investment is greater, since, the type of 

buyer influences the value of the property. In zone 7, 

where buildings are more recent, the year of 

construction has influence on the value of the 

property, with the most recent properties being valued, 

while in zones 5 and 6, this attribute does not influence 

the value of the property. The condition of the property 

is an attribute that in the three zones studied 

influences the value of the property, meaning that, a 

better condition values the property. In zone 7, the 

difference between parishes, makes this attribute 

influence the value of the property, being that a parish 

with more services is more valued. 

Compared to the review of literature, only four 

attributes studied, had already been studied, namely 

the area, the typology, the floor of the property and he 

year of construction. The area and typology in most 

articles have a positive influence on the value of the 

property. This is because the variable chosen as a 

dependent variable, was the transaction value of the 

property and not the transaction value per square 

meter. In this study, the area and the typology, when 

statistically significant, influence negatively the value 

of the property per square meter. This result is not 

contradictory, since what can be concluded is that 

value per square meter in larger properties or with 

more rooms is smaller than in properties with a smaller 

area or with fewer rooms. The floor of the property in 

the vast majority of the articles has also a positive 

influence on the transaction value of the property, and 

in this study, this attribute has a negative influence on 

the value per square meter. This can be explained by 

the fact that in Lisbon the vast majority of properties is 

in buildings that do not exceed four floors and is 

therefore not comparable to cities with large 

skyscrapers such as Beijing or Hong Kong. The year 

of construction is a feature that generally positively 

affects value, meaning the buyer is willing to pay more 

for a newer property, according to the vast majority of 

scientific papers studied. In this study, the year of 

construction influences the value of the property per 

square meter positively in zone 7. 

With the study of the outliers one can conclude that 

there were attributes missing in the database that 

could be explanatory of the value of the property. 

Attributes identified during the literature review and the 

study of outliers such as the number of bathrooms, the 

fact that that the property is in a building fully 

rehabilitated or having a garage or lift are attributes 

that were not considered in this database but may 

have an influence on the value of the property. 

It was assumed that internal and external factors that 

influence the transaction value are independent and 

since only the influence of internal factors was 

analyzed, it was assumed that external factors would 

be constant over time. On the other hand, it was also 

assumed that the internal factors that value the 

property are constant over time. 
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A possible future work of this study is a temporal 

analysis of the database, including also external 

factors (macroeconomic factors), as well as a further 

development of the database with the inclusion of new 

variables such as the number of bathrooms, the fact 

that the property is in a building fully rehabilitated or 

having a garage or lift. 
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