
Analysis of the Main Determinants of Housing Property Prices in Lisbon                |1 
The case study of the parishes of Campolide, Lumiar, Benfica, São Domingos de Benfica, Carnide, Belém, Alcântara and Ajuda  
   

Analysis of the Main Determinants of Fixed Housing  

Prices in Lisbon 

Parishes of Campolide, Lumiar, Benfica, São Domingos  
de Benfica, Carnide, Belém, Alcântara e Ajuda 
Joana Filipa Guerreiro Custódio                  Dissertation to obtain the master’s degree 
joana.g.custodio@tecnico.ulisboa.pt                     Civil Engineering 

October 2018          Instituto Superior Técnico 
 

 ABSTRACT  

 
 
 
 
Keywords: 
 
Real Estate Market 

Attributes 

Transaction Index 

Lisbon 

Parishes 
  

The real estate market is increasingly one of the most indicative and determining sectors of 
the current state of the economy, so it is fundamental to analyze how it will evolve. In this 
sense, it is possible to establish a correlation between the different types of attributes that 
constitute a property (structural, neighborhood, location and transaction) with the 
importance to the buyer when investing. 
In the development of this study, the methodologies that best fit the case under study and 
the attributes with the greatest influence on price setting are established in a first phase. 
Subsequently, the characterization of the building and the main characteristics of the 
neighborhood was developed and the correspondence with the evolution of the real estate 
market was made through the database relating to real estate between 2008 and 2017 in 
the municipality of Lisbon in the parishes proposed for analysis. Finally, using the best 
subsets method, it is possible to determine the attributes of each property that determine its 
economic value for each parish. 
Although the importance of each variable is not the same for all parishes, it was found that 

the year of construction, the state of conservation of the apartment and the building, and 

the existence of burdens at the time of the transaction are the variables with the greatest 

influence on the determination of transaction indexes. In contrast, it was concluded that the 

type of buyer and the floor in which the property is located are the least significant variables.  

1. INTRODUCTION 
1.1. Background 

 

The real estate market is one of the most indicative 
and determining sectors of the current state of a 
country's economy, since it is a market that, in addition 
to being increasingly attractive to investments with 
considerable long-term returns, has been a growing 
market. When analyzed over the last few years, this 
sector has remained in exponential growth until a 
financial crisis began in 2008, the consequences of 
which were reflected in the following years. Although 
this trend has been reversed, it is important in this 
context to analyze how the market evolves. 
Considering that a property is composed of several 
characteristics, both structural, typology, area, floor or 
state of conservation, as well as characteristics of the 
surrounding neighborhood such as proximity to public 
transportation or the city center, it is possible to 
analyze which have larger when purchasing a 
dwelling. 
The preference for certain characteristics varies 
according to the location of the property, due to the 
great diversification even within the parish itself. The 
city of Lisbon has been subject to restructuring that 
gave rise to greater attractiveness in places that were 
once not so coveted. In this sense, when analyzing 
several properties transacted in different zones from 
2008 to the present, it is possible to obtain a greater 
perception of which attributes buyers value and are 
willing to pay. 
 

1.2. Objectives and methodology 

 

The present study intends to: 

• Analyze articles related to the subject to 
understand which methodologies best fit the case 
under study and the characteristics with greater 
influence; 

• Characterize the built and main characteristics of 
the neighborhood in the proposed parishes the 
analysis; 

• Analyze, through a database of real estate 
transacted between 2008 and 2017 in these 
parishes, how the real estate market evolved; 

• Determine, using a statistical method, the 
attributes of each property that determine its 
economic value for each parish. 

 
The methodology of the work is based on literature 
review based on bibliographic research related to the 
real estate market. 
Its theoretical support has undergone a careful and 
detailed selection of elements that allow the realization 
of the state of art, which is the basis of the theme and 
subjects related to it in various parts of the world and 
in Portugal, more specifically in Lisbon, allowing thus 
a broad knowledge of the content of the work and a 
more effective motivation about the conclusions to be 
drawn. The opinions, tendencies and studies on the 
real estate market were examined and the factors that 
determine and influence the value of housing for the 
parishes in study were analyzed. 
Through the SPSS data modeling program, a 
database is analyzed for a set of real estate in the city 
of Lisbon, with the purpose of assessing the most 
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relevant variables for the determination of the 
transaction index of each property, both in the county 
and in the parishes under study, and if these are 
coincident. 
 

2. LITERATURE REVIEW 
2.1. General Considerations  

Regardless of the limit set for what the universe of the 
real estate market comprises, its contribution to the 
economy of most developed countries is substantial. 
According to Bureau of Economic Analysis and 
Eurostat, in the United States of America, the sector's 
contribution to gross value added has been around 12-
13% since 1997, which amounted to more than USD 
2,500 billion in 2017. In the European Union (EU), the 
figure was up to 1540 billion euros over the same 
period, corresponding to 9-10% of European gross 
value added. In addition, according to NREV and 
EPRA, the gross value added of the commercial real 
estate market in the EU amounts to € 329 billion, with 
the remainder being the residential sector. 
Within the residential real estate market there are 
several categories that include lease (private, social 
and other) and sale. In the United Kingdom, sales of 
residential real estate by real estate agencies 
accounted for about 21% of the gross value added of 
the real estate market in 2016. Assuming a similar 
proportion to the EU level, this would amount to EUR 
320 billion contribution to the gross value added. 
However, the contribution of the different categories 
within the residential sector varies between countries 
and regions, due to differences in the proportion of 
households living in leased housing ranging from 2.4% 
in Slovenia to 54% in Germany in 2016. In the in the 
United Kingdom, this proportion was 24% while in 
Portugal only 14% [1]. In terms of the percentage of 
the population, the figures change, concluding that the 
size of households in rented dwellings is higher than 
that of households in own dwellings (source: 
Eurostat), as can be seen in Figure 1. 

 
Figure 1- Distribution of population by tenure status 

 

In recent years, several countries (including the US 
and the EU) have watched their economy 
development vary in many cases due to the real estate 
market directly [2]. The subprime crisis that began in 
2008 in the United States and spread globally was the 
most obvious demonstration of the dynamic 
relationship between real estate and the economy. 
This dynamic has reinforced the need to understand 
the factors that determine the value of real estate in 
general and residential real estate in particular. 

 
 
 

2.2. Residential Sector 

The residential sector has been attracting increasing 
interest, especially since economic development in 
several countries has had similar dynamics: a 
prolonged boom in real estate prices until the onset of 
the financial crisis in 2008 [3], [4], as can be seen in 
Figure 2. This is possible observe a set of EU 
countries that experienced booms in property prices 
before the financial crisis, followed by a downturn 
(e.g., Ireland, Spain and Denmark). Figure 3 shows 
another group of European countries during the same 
period but with different developments. A group in 
which the development of real estate prices was 
almost constant (e.g., Finland and Germany), and 
another group that witnessed an exponential 
development (e.g., Portugal, Finland, Sweden or 
Norway), in some cases after a period of decline 
related to crisis [3]. 
 

 
Figure 2 - Property price index - Part I 

 
Figure 3 - Property price index - Part II 

In addition to the specific aspects that each country 
has, there are many factors that promote a 
differentiated performance of European markets [4]. 
The development of the housing market can condition 
economic activity, particularly through the credit 
channel and the impact that housing wealth has on 
consumption. About the degree of synchronization of 
housing price variations between countries, it is even 
more difficult to deal with the existing segmentation in 
the housing markets (significant differences in market 
size, regulation and taxation, of rental markets, of 
social housing as well as of demographic aspects that 
influence the demand for housing) [5]. 

2.3. Factors of modelling the value of real estate 
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The commercial value of each property is determined 
by several attributes that are part of it and that are 
valued on a greater or smaller scale in relation to the 
location where it is located. It is then possible to 
consider a property as a set of attributes that are 
valued by consumers. These attributes are 
characterized by their physical inflexibility, durability 
and spatial fixity, so that different combinations 
between them can produce a heterogeneous good. In 
the real estate literature, housing prices are defined as 
a function of a set of inherent attributes (e.g. area, age 
and floor), neighbourhood characteristics (e.g. 
property orientation), accessibility (e.g. metro stations 
or schools) and environmental quality (e.g. air quality 
or natural beauty) that result in utility or satisfaction for 
home buyers [6], [7], [8]. 
Among the various attributes to be considered when 
choosing a property, two distinct groups are notable: 
the first being attributes related to the property that can 
be acquired and the second being attributes related to 
the neighbourhood, also called externalities. The main 
feature of externalities is that there are goods that 
people care about that impact their lives and are not 
sold in the market. It is possible to associate this 
observation with the accessibility, environmental 
quality and characteristics of the neighbourhood that, 
although they are not sold in the market, directly affect 
the prices of the nearest real estate for being 
considered positive externalities. In this perspective it 
is observed that the consumers when buying a 
property consider the positive and negative 
externalities existing in the surrounding area. If an 
externality has an adverse impact, it is called negative 
externality, if it is beneficial, it is called positive 
externality [9]. 
Through the analysis of already existing studies, 
sixteen variables were considered, and their 
frequencies were observed to conclude what would be 
the attributes that buyers most value and how they 
influence the value of real estate transactions. The 
results show that the greater the age of the property, 
the greater its devaluation. In contrast, the area, 
typology, floor, and number of bathrooms increase the 
value of a property as it increases [10].  The state of 
conservation of the property is evaluated according to 
the type of construction: if the construction is of new 
generation or standard, renovations or rehabilitations, 
being associated with the age of the property since, as 
a property ages, it is expected that its materials will 
undergo wear and repairs, replacements or 
rehabilitations will be necessary in the future [9]. 
Concerning the neighborhood variables, the results 
confirm that proximity to public transportation, schools 
or the city center are capitalized into real estate prices 
[11]. 
 

2.4. Tools of modelling the value of real estate 

The same analysis performed for the factors od 
modelling the value of real estate also allowed to 
observe the statistical methodologies used to 
determine their importance in the transaction value, 
concluding that the hedonic regression model is the 
statistical methodology most used by the authors to 
obtain their results, and can be applied using a simple 

regression or using the OLS method. This method 
proved to be the most advantageous, because it 
allows to obtain results more conclusive than the other 
methods. 
 
 

3. CASE STUDIES 
3.1.  Study area  

Lisbon is one of the 18 district capitals of Portugal and 
is also the capital of the country. With an area of 
100.05 square kilometers, it is bordered by the Tejo´s 
Estuary and the Atlantic Ocean, to the south and west 
respectively, and by Loures, Odivelas, Amadora and 
Oeiras, to the north and east. 
Since 2012, the municipality is divided into 24 
parishes. From these, five parishes will be considered 
as expansion zones: Campolide, Lumiar, Benfica, 
Santo Domingos de Benfica and Carnide and three 
parishes in the riverside area of the capital: Belém, 
Alcântara and Ajuda. Expansion zones are the areas 
of the municipality defined by the Municipal Master 
Plan that allow future urbanization, whether 
residential, commercial or industrial. Considering that 
Lisbon is next to the Tejo river, in addition to the areas 
of expansion that are mainly the areas belonging to 
the North and West of the city, there are also riverine 
areas, whose area only allows rehabilitation of existing 
spaces. 
According to AML, the population of Lisbon is falling, 
due to the continuous process of tertiarization of its 
residential areas, resulting from the inability of the 
residential use to compete with the services in an 
urban space endowed with increasing accessibility 
improvements. This tendency does not occur in the 
parishes of the eastern interior municipality, as is the 
case of Lumiar, São Domingos de Benfica and 
Carnide, whose population has increased (Fig. 4). 

 
Figure 4 - Variation of the resident population in Lisbon 

3.2. Housing market in Lisbon 

According to LNEC, even though a greater percentage 
of existing buildings in Lisbon have reinforced 
concrete structures, the buildings built up to 1960 still 
constitute a considerable part of the building. There 
has been a gradual decrease in the number of new 
constructions in Lisbon and a more than double 
increase in the number of rehabilitation works between 
2001 and 2009. Although there is a decrease in the 
number of works from the year 2012, since 2009, 
rehabilitation represents a very significant percentage 
of the works carried out in this city (around 90%). 
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Regarding the number of floors of the building in the 
city of Lisbon, most of the buildings have 2 or 1 floors 
(20,2% and 19,2% respectively). This percentage 
increases in relation to buildings with 4 or more floors, 
which represent about 45,6% of the total existing 
buildings throughout the territory. Also, the typology of 
the buildings maintains the same tendency that in the 
rest of the country. Regarding the typology of real 
estate in the city of Lisbon. 31.9% of the total 
properties have typology T2 and 24.4% have typology 
T3. 
 

4. ECONOMIC FEASIBILITY STUDY: RESULTS 

AND DISCUSSION 

The database under study consists of a sample of 
8194 properties transacted in the various parishes 
belonging to the municipality of Lisbon between 2008 
and 2017. The descriptive statistical analysis of the 
data provided is carried out with the SPSS data 
modeling program and, in an initial phase, we select 
and then eliminate the cases that verify that they are 
outliers, so that the conclusions obtained are more 
precise and result in minor errors. 
The data are analyzed in relation to the transaction 
index of each property. This index results from the 
conversion of the transaction value of the property per 
square meter, compared to the price per square meter 
verified in 2008. 

4.1. Evolutionary analysis of transaction rates 
As the transaction value of a property depends on a 
number of factors, some of them dependent on time 
(eg demand and supply, economy), in order to 
compare the values of different years, it was 
necessary to normalize them. Thus, the transaction 
value of each property was divided by the average 
value in the respective year. 
It is considered that the value of the indices obtained 
for each parish is based on the average of the 
transaction indices of the various real estates 
analyzed in each one with a corresponding year. 
Analyzing its evolution in the parishes under study and 
in the city of Lisbon, between the beginning of the 
crisis of 2008 and the year of 2017, it is possible to be 
observed from Figure 7 that there has been a marked 
oscillation over the years, with the majority of parishes 
to alternately check for rises and decreases in the 
average transaction indexes. Parishes such as São 
Domingos de Benfica, Lumiar, Alcântara and Belém 
show significant variations in the first years after the 
crisis, a tendency to stabilize in recent years. 
Contradicting this evolution, the parishes of Benfica 
and the Aid verify very small variations in the value of 
the indices throughout the whole period under 
analysis. The biggest difference recorded is relative to 
the year 2013 between Carnide and Campolide. In 
that year, Carnide's parish registered an average 
transaction index of approximately 1.45, the highest 
value in the period under analysis, in contrast to the 
parish of Campolide which registered the lowest value 
in the same range of approximately 0.3. 

 
Figure 5 - Evolução média em Lisboa e freguesias em 

estudo entre 2008 e 2017 

 
 

4.2. Analysis of the variables in study 
The study database consists of attributes that can be 
grouped into three categories: structure, transaction 
and location. The first category includes the year of 
construction of the building, the typology, the floor in 
which it is located, the area per square meter, the state 
of conservation of the building, the state of 
conservation of the apartment and the state of 
abandonment of the latter. The second category 
includes the attributes of the buyer and the type of 
buyer. To facilitate the analysis of the data, each one 
of these variables was converted into numerical 
values. Regarding the year of construction, for the 
parish of Carnide were defined categories different 
from those defined for the other parishes studied, this 
because Carnide, being one of the most recent 
parishes of the municipality of Lisbon, has many 
properties built in the years 2000 and practically none 
built until 1960. For the remaining parishes the year of 
construction was transformed according to their 
structural characteristics and the constructive 
technologies employed, in addition to being 
considered the category of real estate built between 
1990 and 2017 seen in this category included several 
real estates. The area per square meter was 
categorized so that the intervals were identical or that 
the number of properties belonging to each category 
was not very disparate. The statistical summary of 
most of the variables is shown in Table 1. From this it 
is possible to conclude that the average construction 
year of the real estate transacted in Lisbon is 1967, 
that the average of the houses has 3 rooms, 102 m2, 
which are predominantly in the second floor and its 
state of conservation is reasonable. 

Table 1 - Statistical summary 

Variables Min Max Mean 
Standard 
deviation 

Variance Asymmetry Curtose 

Construction 
year 

1850 2017 1967,45 27,056 732,009 ,186 -,526 

Typology 1 13 3,72 1,680 2,822 1,190 2,537 

Floor -3 14 2,48 2,195 4,817 1,182 2,287 

Area 10,90 2355,0 102,589 66,24943 4388,98 7,104 178,296 

State 
conservation 

building 
1 3 2,34 ,589 ,347 -,264 -,668 

State 
conservation 

apartment 
1 3 2,42 ,671 ,451 -,731 -,581 

Abandonment 
state 

0 2 1,64 ,672 ,451 -1,637 1,165 

Onus 0 5 3,93 1,671 2,793 -1,329 ,379 

Buyer type 0 5 ,41 ,974 ,948 2,470 6,002 
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Data analysis is performed using analysis of variance 

(ANOVA), through the execution of Post-Hoc tests and 

Homogeneous Sub-sets. The Post-Hoc test allows to 

determine, through the obtained significance, if there 

are significant differences between each group, and if 

the significance is less than 0.05, there are 

considerable differences between the groups 

compared; if it is greater than this value, the groups 

are similar. The Homogeneous Subsets test allows to 

obtain the averages for the transaction indexes of 

each group and to order them in ascending order of 

index, and by subsets for alpha of 0,05. 

Starting by performing the Post-Hoc test for the study 

parishes, it is verified that these do not present 

significant differences when compared with each 

other. Based on the results of the Homogeneous 

Subsets test, it can be observed that the parishes of 

Ajuda, São Domingos de Benfica, Benfica and 

Campolide result in the lowest transaction index 

averages found in all eight parishes, in the order of 

0.859. Then the parishes of Carnide, Alcântara and 

Lumiar appear with rates of approximately 1,000 and 

finally the parish of Belém with the highest recorded 

average of 1.05919. Regarding the state of 

conservation of the apartment, the Post-Hoc test 

indicates that the three categories in which it is 

classified are all considerably different from each other 

since the significance was approximately 0 for all 

cases. The Homogeneous Subsets test shows that, as 

the state of conservation of the apartment improves, 

the index also increases, with bad real estate giving 

an average of 0.68107 and the good average of 

1.18007. For the year of construction, the first test 

concludes that the only periodic groups in which there 

are no disparities are between the buildings 

constructed up to 1930 and the buildings constructed 

between 1930 and 1990. The second test shows that 

the buildings constructed between 1960 and 1990 

originate the the lowest average obtained of 0.82393, 

while the buildings constructed between 2000 and 

2017 give the highest average of 1.32287. For the 

variable referring to the state of abandonment of the 

apartment, the categories in which it is classified are 

all remarkably different and, when they are not 

abandoned at the date of the transaction, give an 

average of 0.74877, lower than the average of 

1.03867 originated by abandoned properties. 

Examining the variable related to the state of 

conservation of the building in which the apartment is 

inserted, some differences can be verified 

comparatively to the results obtained for the state of 

conservation of the apartment itself. The Post-Hoc test 

determines that there are significant differences 

between good buildings and reasonable and bad 

buildings, even though the latter are compliant. The 

averages resulting from transaction indexes also 

indicate that poor real estate results in a lower average 

than reasonable and good real estate, with the first 

group averaging 0.79055 and the latter averaging 

1.24086. The buyer type is the variable among the ten 

analyzed database, with less precision since there are 

several properties whose type of buyer is unknown 

but, regardless of that, the first test determines that 

there are only considerable differences between real 

estate acquired by companies located abroad and real 

estate acquired by companies or national individuals. 

The second test indicates that the properties when 

acquired by national clients, whether these individuals 

or companies, result in lower averages than the 

properties acquired by foreign clients. 

When analyzing the typologies of the T1, T3 and T5 

properties it is possible to observe that T3 and T5 

typology apartments result in similar indices because 

their significance is 0.802, and that T1 type 

apartments result in indices different from the other 

typologies under analysis given its significance is less 

than 0.05. Analyzing also the Homogeneous Subsets, 

it is possible to reach the same conclusion with the 

addition that a T1 property results in an average index 

of 1.14532, whereas apartments T5 and T3 result in 

indexes of 0.93871 and 0.95975, respectively. 

Examining the existence or not of the burden on the 

transaction of the property using the Post-Hoc test, it 

turns out that the options selected within the variable 

are all different. The Homogeneous Subsets test 

shows that, although the averages obtained are 

approximate, the fact that a property has no burden 

results in an average of 0.68107 and results in an 

average of 1.00658. In relation to the floor in which the 

property is located, the ground floors, 2nd floor, 4th 

floor and 6th floor were analyzed and, by comparing 

each floor with the others, it is verified that between 

floors of the ground floor and the 6th floor there are 

statistically significant distinctions, given that the 

resulting significance is 0.009. The remaining 

comparisons do not result in significance lower than 

0.05 and can therefore be considered identical. 

Analyzing the Homogeneous Subsets, it is observable 

that as a property is on higher floors, its index also 

increases. Finally, when conducting the first test for 

the area per square meter of real estate, it is observed 

that only real estate up to 75 m2 and real estate 

between 75 and 150 m2 do not show significant 

differences between them. The second test allows to  
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conclude that, as the area of the property increases, 

so does its transaction index. 

To explore the fact that the problem under analysis 

was multivariate, SPSS functionality was used to 

develop linear regression models automatically, 

including sample preparation, case analysis, and 

model development. For the choice of variables to be 

included in the regressions, the best subsets method 

was chosen, combined with the adjusted R2 as 

criterion since it is the most accurate criterion to 

measure the fit quality of the models. This regression 

assumes the independence of the various factors in 

explaining the transaction value. It is implicit in a 

multiple linear regression that, for example, the 

influence of the state of conservation of the properties 

in their value is equal regardless of the age or the size 

of the property. However, this conclusion may not be 

true. According to this method, the parish in which the 

property is located, its state of conservation and the  

year in which it was constructed are the most 

important variables to explain the property transaction 

index. 

Then, linear regression analysis is performed to obtain 

the equation that best supports the model. From the 

coefficients obtained it is possible to conclude that the 

equation that best defines the transaction index in the 

county of Lisbon is the equation [1]. The sign of the 

coefficients is related to the contribution to the real 

estate price. When a coefficient is positive it means 

that the variable increases its value, otherwise it 

decreases. Of the analyzed variables, only two obtain 

negative coefficients, these being the typology and the 

burden. The remainder have positive coefficients. 

 
𝐼𝑛𝑑𝑒𝑥 =  −4,468 + 0,02 (𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑦𝑒𝑎𝑟) −

0,028 (𝑡𝑦𝑝𝑜𝑙𝑜𝑔𝑦) + 0,05 (𝑓𝑙𝑜𝑜𝑟) +

0,127 (𝑆𝑡𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔) +

0,160 (𝑆𝑡𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡) + 0,06 (𝑎𝑏𝑎𝑛𝑑𝑜𝑛 𝑠𝑡𝑎𝑡𝑒) +

0,022 (𝑏𝑢𝑦𝑒𝑟 𝑡𝑦𝑝𝑒) − 0,007 (𝑜𝑛𝑢𝑠)    [1] 

4.2.1. Campolide 

The results of the Post-Hoc test show that the 

properties classified as bad do not present significant 

differences in relation to the properties classified as 

good and reasonable. When comparing the 

apartments classified as reasonable of the apartments 

classified as good, we obtain a significance of 0.001, 

which results in considerable differences between the 

two classifications. Also, in the analysis of 

Homogeneous Sub-Assemblies it is verified that the 

properties classified as good result in an average of 

higher transaction indexes of 1.04594, the highest 

verified average, while the properties classified as bad 

and reasonable occur in averages of 0.71942 and 

0.67100, respectively. This difference, contrary to the 

viewable, can be justified by the fact that the number 

of bad real estate is well below the number of 

reasonable real estate, which makes the analysis less 

precise. Regarding the state of abandonment, the 

Post-Hoc test shows that all categories are identical 

since the significance is always higher than 0.05. The 

Homogeneous Sub-Assets test finds that properties 

that were not abandoned at the time of the transaction 

result in an average index of 0.72586, the lowest 

verified, as opposed to the average obtained for 

abandoned properties that was 0.83113. The third 

most important variable in the predictor is the year of 

construction of the property. When analyzed for the 

comparison of means, it is observed that the groups 

defined for the various annual periods do not show 

considerable inequalities, since the obtained 

meanings are always high. Through the test of the 

Homogeneous Subconjuntos, it is concluded that real 

estate constructed between 1960 and 1990 results in 

an average transaction index of 0.72586, followed by 

the real estate constructed until 1930 with 0.78775, 

real estate constructed between 1990 and 2017 with 

an average index of 0.83113 and finally the real estate 

built between 1930 and 1960 with an average index of 

0.98930. More recent real estate could be expected to 

result in higher rates, but this may be due to the fact 

that the number of buildings built since 1990 is much 

lower than the number of buildings built between the 

30s and 60s. 

When an automatic linear modeling is done to the 

database through the best subset method, it is verified 

that the criterion of the adjusted R2 input / withdrawal 

is the criterion with greater accuracy (25.5%). This 

criterion allows to conclude that the variables in this 

model that are most important for the property 

transaction index are the state of conservation of the 

apartment, state of abandonment and the year of 

construction. 

Running a linear regression for these variables, 

considering the transaction index as a dependent 

variable and the remaining variables as independent, 

it was possible to verify that the only attribute that 

effectively influences the linear regression line is the 

state of conservation of the apartment. Through its 

coefficients it is possible to obtain the equation related 

to the determination of the transaction index of this 

parish represented in equation [2]. 

Index = 0.244+ 0.257 (conservation status apartment) [2] 

4.2.2. Lumiar 

When performing an automatic linear modeling to the 

database through the best subset method, it is 

determined that the adjusted R2 input / removal 

criterion is the criterion with more precision (30.8%), 

and that the variables in this model with greater 

importance to the transaction index of real estate are 

the year of construction of the property, whether or not 

it has a burden and the state of conservation of the 
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building. Then, linear regression analysis is performed 

to obtain the equation that best supports the model. 

When regressing, it is observed that only some of the 

previously considered variables determine the 

formation of the transaction index. From the obtained 

coefficients it is possible to conclude that the equation 

that best defines this index for the parish of Lumiar is 

the equation [3]. 

 
Index = -23,936 +0,012 (construction year) -0,016 (floor) 

+0,143 (state conservation building) [3] 

4.2.3. Benfica  

To analyze the parish of Benfica, an automatic linear 

modeling was carried out to the database through the 

best subset method, where it is verified that the 

criterion of entry / removal R2 Adjusted is the criterion 

with greater precision (31.2%). After doing this 

regression it was possible to conclude that the 

variables in these models with greater importance for 

the property transaction index are year of construction 

of the property, its state of conservation and the area 

per square meter.  

Performing a linear regression analysis to obtain the 

equation that best helps the model. From the 

coefficients obtained it is possible to conclude that the 

equation that best defines the transaction index in 

Benfica parish is equation [4]. 

 
Index = -14,118 +0.07 (construction year) +0,129 (state 

conservation building) -0.03 (area) +0,128 (state of abandonment) 
+0,032 (charge) +0,128 (state conservation apartment) -0.05 
typology) [4] 

 

4.2.4. São Domingos de Benfica 

When performing an automatic linear modeling to the 

database using the best subset method, it was found 

that the criteria for input / removal of the Information 

Criteria (AICC) or Adjusted R2 are the most accurate 

criteria (26.2%), , and that the most important 

variables for the property transaction index in these 

models are the year of construction of the property, the 

state of conservation of the apartment and the 

typology.  

Then the linear regression is analyzed to obtain the 

equation that best helps the model. From the 

coefficients obtained it is possible to conclude that the 

equation that best defines the transaction index in the 

parish of São Domingos de Benfica is the equation [5]. 

 
Index = -14,113 +0,07 (construction year) +0,108 (State of building) 

+0,085 (state of abandonment) +0,012 (charge) +0,035 (type of 

buyer) +0,06 (typology) [5] 

 

4.2.5. Carnide 

In order to analyze the parish of Carnide, an automatic 

linear modeling was carried out to the database 

through the best subset method, in which it is verified 

that the criterion of entry / removal R2 Adjusted is the 

criterion with more precision (31.2% ). After doing this 

regression it was possible to conclude that the 

variables in these models with greater importance for 

the property transaction index are year of construction 

of the property, its state of conservation and the area 

per square meter. Following these tests, linear 

regression analysis is performed to obtain the 

equation that best supports the model. From the 

coefficients obtained it is possible to conclude that the 

equation that best defines the transaction index in the 

parish of Carnide is the equation [6]. 

 
Index= -34,460 + 0,018 (Construction year) + 

0,055(floor)+0,226(Building condition) -0.04 (area) +0.06 (state of 
abandonment) [6] 

 

4.2.6. Belém 

When performing an automatic linear modeling to the 

database through the best subset method, it is 

confirmed that the R2-adjusted input / removal 

criterion is the criterion with more precision (7.2%), 

and that the variables in these models with higher 

importance to the transaction index of real estate are 

the year of construction of the apartment, the typology 

and whether or not had the burden when it was 

transacted. 

Performing a linear regression analysis to obtain the 

equation that best helps the model. From the 

coefficients obtained it is possible to conclude that the 

equation that best defines the transaction index for the 

parish of Belém is the equation [7]. 

 
Index = -9,957 +0,005 (construction year) +0,015 (floor) 

+0,028 (state conservation building) +0,15 (state conservation 
apartment) +0,03 (load) +0,035 (type of buyer) -0,073 (typology) 
[7] 

4.2.7. Alcântara 

In order to analyze the parish of Alcântara, an 

automatic linear modeling was performed to the 

database through the best subsets method, in which it 

is verified that the criterion of the adjusted R2 input / 

removal is the most accurate criterion (10.7%), . After 

making this regression it is possible to conclude that 

the most important variables for the property 

transaction index are year of construction of the 

property, its state of conservation and the area per 

square meter. 

Following the tests performed, the linear regression is 

analyzed to obtain the equation that best helps the 

model. From the coefficients obtained it is possible to 

conclude that the equation that best defines the 

transaction index in Carnide parish is equation [8]. 

 
Index = -8,664 +0,004 (year construction) +0,221 (state 

conservation building) +0,135 (state conservation apartment) 

+0,045 (load) [8]  
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4.2.8. Ajuda 

By performing an automatic linear modeling to the 

database using the best subset method, it is 

determined that the adjusted R2 input / withdrawal 

criterion is the most accurate criterion (18.1%), and 

that the variables in these models with greater 

importance for the transaction index of real estate are 

the year of construction of the property, whether or not 

it has a burden and the typology. 

Running a linear regression for these variables 

allowed us to obtain the equation that best helps the 

model. From the coefficients obtained it is verified that 

the equation that best defines the transaction index in 

the aid parish is the equation [9]. 

 
Index=-6.064+0.03 (Construction year) +0.038 (Buyer type) 

+0.076(state conservation building) +0.099 (state conservation 

apartment) -0.016 (load) +0,014 (state of abandonment) -0,015 

(typology) [9]  

 

5. Conclusions  
From the analysis of the database it was possible to 
conclude that the year of construction, the state of 
conservation of the apartment and the building and the 
existence of the load at the time of the transaction are 
the variables with more influence in the determination 
of the transaction indexes, being the type of buyer and 
the floor in which the property is located proved to be 
the least significant variables. When each variable is 
analyzed individually, it is observable that, the lower 
the age of the property, the higher the average 
transaction index. Only the parish of Campolide does 
not show this tendency possibly because the number 
of properties built up to 1930 and real estate built 
between 1990 and 2017 present in the database is 
much lower than the number of real estate built 
between the other two categories considered, which 
leads to a greater inaccuracy in the results obtained. 
The state of conservation of the apartment and the 
state of conservation of the building, when categorized 
as bad, reasonable or good, reveal that the better the 
condition in which they are, the higher the resulting 
transaction index. Regarding the analysis of the 
variable burden, the results show that when a property 
has no load at the time of transaction, in most parishes 
the resulting index is higher. Only in the municipality of 
Lisbon and in the parish of Ajuda, the opposite is 
observed, however, the difference in the averages 
calculated for each category considered is very small. 
Regarding the state of abandonment, in all the 
parishes where this variable was considered relevant 
for the determination of the transaction index, the 
properties that were abandoned at the moment of 
acquisition are transacted to values higher than the 
real estate that were occupied in the same height. 
Both this variable and the possession of loads may 
have obtained less accurate results than the other 
analyzed variables because, throughout the sampling, 
there are numerous properties whose information 
regarding these two is unknown. However, there is an 

exponential increase in the demand for real estate for 
rehabilitation and new construction in the city of 
Lisbon, which often results in the acquisition of vacant 
lots for investment, since generally when a property is 
abandoned, also the building where it is inserted under 
the same conditions. This type of construction results 
in higher transaction rates than non-abandoned real 
estate because many buyers are willing to pay more 
to acquire a property to debut. 
In the parishes where the importance of the typology 
of real estate was detected, the results were not 
uniform. In the parishes of Ajuda, Belém and Benfica, 
the lower the typology of the apartment, the higher the 
associated index. while in the parishes of São 
Domingos de Benfica and Lumiar, this tendency is 
reversed, with the less-than-real-estate properties 
giving lower indices than the indices of real estate with 
more rooms. These conclusions are consistent with 
the sampling of each category, with the lower the 
sampling, the lower the resulting average. If each 
parish is analyzed individually, it is possible to 
conclude that parishes such as Ajuda and Belém, 
because they are the oldest in the city, have more real 
estate with smaller typologies, as well as in Lumiar and 
in Santo Domingo de Benfica, because they are from 
the parishes most recent and consequently there is 
more new construction, buyers are expected to prefer 
higher typologies. 
Regarding the area per square meter of the property, 
it does not obtain uniform results in all parishes. Of the 
five in which this variable is considered relevant, only 
Lumiar and Belém, in addition to the municipality of 
Lisbon, see an increase in the transaction index as the 
real estate area increases. In the parishes of Benfica, 
Carnide and Ajuda, properties with smaller areas are 
traded at higher values than properties with larger 
areas. If one considers the parish of Ajuda, the 
conclusions reached for the area are conniving with 
the conclusions obtained for the typology since real 
estate with smaller areas result in smaller typologies. 
In the parish of Belém this premise is not verified 
possibly because many properties have considerable 
areas but the divisions are larger, which leads to a 
decrease of its typology. 
For the floor in which the property is located, it was 
possible to observe that in the parishes of Lumiar and 
Carnide, the properties located on lower floors are 
traded at higher rates than those of higher-rise 
buildings. Only in São Domingos de Benfica and in 
Lisbon this trend was reversed. These conclusions are 
due to the fact that the parish of São Domingos de 
Benfica consists of several buildings with many floors, 
compared to the parishes of Lumiar and São 
Domingos de Benfica. The lower the number of floors, 
the lower the propensity of buyers to acquire higher 
real estate. Another justification may be related to 
sight. The more appealing it is, the greater the interest 
for higher real estate. 
The variable related to the type of buyer was the one 
that registered the lowest relevance verified when 
analyzing all properties of the database. Only in the 
parishes of São Domingos de Benfica and Ajuda, this 
variable was considered important and its contribution 
to the transaction index shows that the properties 
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acquired by private domestic buyers resulted in the 
highest verified indices. As for the state of 
abandonment and the burden, the results of this 
variable may be imprecise since most of the properties 
in the database have no known information. 
When analyzing the variables according to their 
importance for the determination of the real estate 
transaction index in the municipality of Lisbon, the 
variable that obtained the highest value in the 
importance of the predictor was the parish in which the 
various properties are included. Through the results of 
the Homogeneous Subsets test, it can be observed 
that the parishes of Ajuda, São Domingos de Benfica, 
Benfica and Campolide result in the lowest transaction 
averages found in all eight parishes. Then the 
parishes of Carnide, Alcântara and Lumiar appear, 
and, finally, the parish of Belém with the highest 
average registered. 
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