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ABSTRACT 
 

The Real Estate paradigm in Lisbon has changed quite rapidly over the past ten years, with a drastic 

rise in tourism activity, with an increase in local settlement investment and gentrification, leading to 

all-time high house prices. Despite the importance of this phenomenon, there is a lack of systematic 

and structured research and, consequently, it is relevant to have a detailed study and thorough 

analysis of it, to understand what led to the fluctuations in prices as well as the differences between 

the pricing and types of houses between the civil parishes. To address this gap, a Design Science 

Research methodology was applied, with the creation of a Power BI dashboard artifact, using a Real 

Estate dataset (Confidencial Imobiliário) with variables such as Price per square meter, house size, 

and absorption time, among others. These dataset variables were intertwined with 26 study 

population representative variables, extracted from Census 2021, as well as 95 smart city indicators, 

to allow for a complete characterization of the different parishes of the Lisbon municipality, which is 

the study area. The results of this thorough analysis were that the smart city indicators had the biggest 

impact on the price of houses, amongst the civil parishes, highlighting the Culture and Commerce 

attributes as the ones with the highest positive correlation to the dependant variable. This study 

contributed to the literature of the Real Estate market study, enabling a better understanding of the 

characterization of each civil parish in the Lisbon municipality, allowing for the use of this study to aid 

in policy making and decision support on urban planning. 
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1. INTRODUCTION 
 

Since the second half of the 20th century, the centre of Lisbon has been through a phase of 

abandonment and degradation caused by rent-freezing policies. This situation was especially enforced 

after the 25th of April 1974 revolution, which caused the buildings' maintenance to be nearly 

economically impossible (Silva, 2014). In addition, with the introduction of new policies such as the 

support for mortgages for new houses (Mendes, 2017), the construction of non-habitational 

infrastructures (shopping malls, roads, and hospitals) as well as the change in needs and expectations 

of the population, led to a massive migration of the wealthier people to the suburbs of the city 

(Krähmer & Santangelo, 2018). 

In addition, statistics show that people spend 85–90% of their time in buildings: working, studying, 

relaxing, entertaining, or living. In all cases, not only the internal but also the external environment of 

the buildings is important, which is directly related to the perceived and experienced quality of life 

(Apanaviciene et al., 2020). Today, 55% of the world's population are urban-dwelling, and as 

urbanization tends to exacerbate with population growth (Neves et al., 2020), this number is estimated 

to climb to 68% by 2015 (UNDESA, 2018). 

Therefore, as time goes by, major urbanization requires new and innovative ways to manage the 

complexity of urban living (Rizzo, 2015). Cities will face growth, performance, competitiveness, and 

residents' livelihood challenges (McKinsey & Company, 2013). This way, leaders must design new 

strategies to enhance city performance and sustainability. Many leaders choose the pathway of 

transforming cities into “smart cities”, “intelligent cities,” or even “creative cities” (Ben Letaifa, 2015). 

Smart buildings’ integration into smart cities are not the future perspectives anymore—but the actual 

question for today and tomorrow (Apanaviciene et al., 2020). Smart Mobility is one of the most 

promising topics in Smart City, as it could produce high benefits for the quality of life of almost all the 

city stakeholders (Benevolo et al., 2016). 
 

With the city of Lisbon becoming more technological and sustainable, it is essential to study how that 

transformation impacts the Real Estate market. Although there are several studies published regarding 

Real Estate in smart cities (Lecomte, 2019), the study of the evolution of the Real Estate market in the 

city of Lisbon lacks systematic and structured research. A geolocated analysis of the city leads to a 

better understanding of how the services, facilities, and points of interest locations influence housing 

prices. This approach, combined with the Real Estate dataset specifications, allows for a detailed 

analysis of this sector's location, type, and price changes over the past ten years. This opens the path 

for predictive analysis to determine the best areas to live in and price housing evolution. 

 

Besides the descriptive real estate indicators, for instance, price per square meter, this analysis must 

consider the smart city components attractive to the population, as well as the existence of public and 

private infrastructures from which the inhabitants can take advantage of. This way, the availability of 

services such as public transport, education facilities, and hospitals must also be considered since these 

are usually desirable additions for the general population. In addition to the social and economic state 

of the Lisbon municipality, it will also be possible to understand how and why the Real Estate market 

has changed over the past ten years and which factors influence that change. The output of this analysis 

is expected to contribute to the decision-making process of companies and individual buyers, regarding 

the choice of locations for investment, supplying them with detailed descriptions of the areas of 

interest, as well as providing insightful analysis to improve the city management. To sum up, in order 



8  

to achieve this goal, a time analysis of the Real Estate market in Lisbon will be conducted, while also 

addressing several secondary objectives: (a) Location attractiveness; (b) Cultural, educational, and 

health facilities; (c) Environmental conditions; (d) Local accessibility and transport systems; (e) Housing 

quality. 

 

This work is organized as follows: in the next chapter, we provide a theoretical background of the topic 

in the study; chapter 3 contains the methodological background and data characterization and data 

transformations; chapter 4  comprises the analysis and the results obtained from the dashboard pages; 

the following chapter is the discussion of results, where conclusions are drawn; finally, in chapter 6 the 

conclusions are drawn, the limitations faced are exposed, and future work is proposed. 
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2. LITERATURE REVIEW 
 

In order to conduct a study regarding the descriptive analysis of the Real Estate market in the city of Lisbon, 

there is the need to understand what the dependent variable should be, and which indicators need to be 

studied to explain its behaviour. 

 

2.1 Price 
 

The external impact of urban infrastructure assets on the housing market has caught the attention of 

academics all around the world. Numerous research has developed models to statistically assess the impact 

of public amenities on housing prices, often based on the hedonic price perspective (Wen et al., 2014). Given 

this, the dependent variable chosen to be studied was housing prices, intending to compare this variable in a 

time-series fashion, with potential influencing factors, to identify patterns and draw conclusions. 

 

2.2 Influencing factors 
 

As previously mentioned, in order to conduct a detailed analysis of the dependent variable, there is the need 

to understand which are the most influencing factors for the behavioural patterns of housing prices. In order 

to do that, a characterization of the urban/peri-urban areas needs to be assessed, to understand the 

differences in lifestyle and how that may impact the dependent variable. According to previous research, the 

characterization of peri-urban areas needs to be conducted by combining a multitude of disciplinary indicators 

(Allen, 2003). Additionally, Linder & Spear (2003) also stated that in order to produce research that is more 

socially relevant and real-world applicable, different types of knowledge need to be integrated into one single 

study. Ramos (2013) conducted a study where 19 researchers from 13 disciplinary backgrounds worked 

together with a 37-stakeholder panel, coming from 23 different organizational settings, in the development of 

an inter- and transdisciplinary process to achieve a more complete understanding of the character of and peri-

urban areas. As an outcome of this session, it was concluded that six dimensions were able to define the 

character of peri-urban areas – Mobility, Identities and Lifestyle, Natural Elements, Land Cover, Economic 

Activities, and Spatial Functions. 

 

Even though this study characterizes peri-urban areas by analysing the Lisbon Metropolitan Area, it includes 

the municipality of Lisbon, which is the most relevant zone of the study area, in terms of population density, 

economic impact and social importance. This way, in the lack of better suited literature and since our study 

area is a great part of the research’s study area, the dimensions and indicators used in the study will be applied 

to this research. In the following sections, we will analyse existing literature in order to support the choice of 

indicators needed to explain the dependent variable.  

 

2.2.1 Property Attributes 
 

In addition to the price of the house, other relevant house and market indicators need to be considered. 

Alfiyatin et al. (2017) state that the structural makeup of the home, such as the size of the dwelling and the 

building, is another important factor affecting the price of a house. Another price affecting factor is the 

absorption rate, which Murray (2022) studied by creating a housing supply absorption rate equation, 

comparing the different constraints that affect the variance in absorption time, when selling a house on the 

market. 
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2.2.2 Social Attributes 
 

Green & Hendershott (1996) study a family’s willingness to buy a house, based on their age, marital status, 

and education level. They concluded that these variables have quite an impact on the housing demand, thus 

also impacting the price of Real Estate. Accordingly, Farnham et al. (2011) studies the relation between house 

prices and their changes in the marital statuses of the inhabitants, focusing on the divorce rate variable.  By 

studying the social attributes of the population, it is possible to compare and segment population types inside 

the different urban areas, in an attempt to gather insights regarding the relation of these attributes to the 

differences in the price of the houses. 

 

 

2.2.3 Housing Attributes 
 

Jim & Chen (2009) conducts a hedonic assessment of private housing, which studies the residential properties 

of the study area, thus considering the housing attributes and characteristics, such as the number of dwellings, 

and the average household size, among others. It is important to understand how urban areas are 

characterized, when it comes to the number of buildings, dwellings, and households, as well as the number of 

residents per household, to understand how urbanized certain areas are and how that translates to the 

behaviour of the price of houses. 

 

 

2.2.4 Culture Attributes 
 

In certain urban areas, cultural heritage attracts a large number of tourists, thus leading to the rise in the price 

of nearby residencies. Lazrak et al. (2014) confirm this affirmation through a study of the relation between 

house prices and the proximity to cultural buildings, stating that residencies in these conditions are often more 

expensive than equivalent houses in other locations. This assumption is also supported by Ford (1989), Noonan 

& Krupka (2010), and Coulson & Lahr (2005), making it an important dimension of attributes to include in our 

analysis. Furthermore, Biagi et al. (2015) and Perić et al. (2022) conduct an analysis on the impact of tourism 

on the price of houses, and how most of these touristic activities occur in the city centres and cultural hotspots. 

 

 

2.2.5 Education Attributes 
 

Proximity to schools and overall education institutions is one of the most sought-after conditions when buying 

a house, since educational resource remains the key consideration of buyers (Wen et al., 2014). Due to 

accessibility, the presence of kindergarten, high school, and college institutions raises the price of nearby 

homes. One kindergarten within one kilometre of the community can raise home prices by 0.30 percent. When 

a home is less than 1 kilometre from a high school or college, its price rises by 2.737% or 0.904% (Wen et al., 

2014). 
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2.2.6 Environment Attributes 
 

With urban areas getting very crowded with the majority of the global population living in it, public parks, 

natural areas, and golf courses are examples of open spaces that may have an impact on the value of 

residences near those resources (Bolitzer & Netusil, 2000). Morancho (2003) also studies the link between 

housing prices and urban green areas, specifically analysing the distance between the house and the closest 

green area as well as the size of that open area. 

 

 

2.2.7 Health Attributes 
 

Regarding the influencers of house prices, hospitals have a great impact on the real estate market, due to its 

importance as an amenity as well as employment opportunities (Rivas et al., 2019). Additionally, Peng (2020) 

studies both the benefits and the constraints of living nearby healthcare facilities, which often times lead to 

unpleasant consequences, such as siren noises, intense traffic or lack of parking availability, making this 

indicator relevant to study, when combined with the prices of nearby houses. 

 

 

2.2.8 Commerce Attributes 
 

Turner (2017) discovered that in three San Francisco Bay Area districts, the presence of a number of 

attractions, including stores and dining establishments increases the price of surrounding homes. Additionally, 

Zhang et al. (2019) conducted an analysis on the effects of a shopping mall on house prices, while Nofre et al. 

(2018) explained the relationship between nightlife and real estate prices. Biagi et al. (2015) and Perić et al. 

(2022) both study the impact of tourism activities, focusing on how massively it impacts nearby housing, 

leading to Perić et al. (2022) even stating that local population is no longer the determinant of housing prices 

in european countries. 

 

 

2.2.9 Mobility Attributes 
 

So et al. (1997) estimated the influence of transportation in residential markets, specifically the availability of 

transport, transportation costs, travel time and convenience of transport. Dorantes et al. (2011) evaluated the 

effect of proximity to metro stations on housing prices, analysing the overall impact of public transportation 

on the dependent variable. These assumptions were also supported by Yiu & Wong (2005) and Zhou et al. 

(2022), whose studies also highlighted the importance of bus stops, as well as railway system accessibility, 

when studying the price of nearby residencies. 
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2.2.10 Safety Attributes 
 

As previously analysed, to be close to amenities is valued by the nearby living population. This is also true, 

regarding safety amenities, as confirmed by Frischtak & Mandel (2012), who analysed the relationship 

between the existence of police stations and the residential prices of nearby homes, while Facchetti (2021) 

studied the impact of police infrastructures, police performance and crime on the dependent variable. In 

addition to police stations, fire departments are also considered very impactful and important when it comes 

to overall safety in urban areas, being described by Pollack & Kaufmann (2022) as being critical facilities, when 

it comes to their importance as a nearby amenity, making it a potential influencer to the price of houses. 
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3. METHODOLOGY 
 

3.1 Design Science Research 
 

Design Science Research (DSR) is a methodology that seeks to enhance human knowledge by creating innovative 

artifacts and improve the environment in which they are instantiated (Brocke et al., 2020). Since this study aims 

to combine multiple data sources and undergo an in-depth analysis, with the final product being a fully dynamic 

and insightful PowerBI dashboard, this dissertation follows the DSR methodology. As previously mentioned, by 

following this methodology we intend to feed this topic with relevant literature to fill the identified gap, 

providing the academic community with a descriptive and characteristical tool for the urban areas to be studied. 

 

3.2 Study Area - Lisbon 
 

The study area for this research is the municipality of Lisbon. This city is the capital of Portugal and has an 

estimated population of 509,614 within its administrative limits, comprising an area of 100.05 km2 (INE,2021). 

This is the biggest municipality in Portugal, comprising 24 civil parishes. It is located in the district of Lisbon, at 

the mouth of the Tagus River, having most of its parishes by the riverbed. The municipality of Lisbon can be 

divided into five zones, namely:  the Historical Centre, Western Lisbon, Central Lisbon, Eastern Lisbon, and 

Northern Lisbon. As the capital of Portugal, Lisbon is a very diverse city with the highest population density and 

economic impact out of every municipality in the country, making it a very interesting study area. 

 

Concerning the five different zones of Lisbon, the historic centre is the oldest, with the most tourists, cultural 

buildings, and overall movement. Central Lisbon, while not being part of the historical centre, is filled with 

domestic houses, businesses, and companies, as well as overall commerce. Western, Eastern, and Northern 

Lisbon are further away from the historical centre, thus having more accommodation buildings, with better 

mobility infrastructures and access to the city centre. Western Lisbon is comprised of Belém, Ajuda and 

Alcântara parishes, thus having plenty of tourist movement, also being nearby the river and the historic centre. 

Northern Lisbon is mostly filled with residential buildings, shops, and companies, thus having little to no tourists, 

as well as Eastern Lisbon, aside from Parque das Nações, which was renovated due to “Expo98”, leading to a 

great mass of tourists visiting its touristic attractions and modernized infrastructures. 

 

3.3 Data Sources 
 
According to the literature review, several relevant house prices influencing dimensions were selected. From 

those dimensions, and to conduct a Business Intelligence analysis on real estate transactions in Lisbon, there is 

the need to analyse different types of numerical and categorical data from multiple datasets that were extracted 

from different data sources. This way, different tables are constructed, in order to better characterize the 

summary statistics of these variables, which will be analysed by data source. Each variable will be characterized 

by the number of observations, the minimum sample value, the maximum sample value, the mean sample 

value, the standard deviation, the measurement unit, and a description, for a more detailed view. 
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3.3.1 Confidencial Imobiliário 
 

Table 1 shows the dataset from Confidencial Imobiliário (https://www.confidencialimobiliario.com/) which 

comprises descriptive variables regarding property attributes of real estate transactions between 2007 and 

2021. Absorption time, Area, and Number of Sold Dwellings are independent variables, while the Price per 

square meter is the dependent variable to be studied. Regarding data transformations performed on the 

dataset—originally, it had the data sorted by trimester inside each year. However, since there were several 

blank values in certain trimesters for specific variables, we applied a data cleaning technique involving the 

calculation of the average of the aggregation of all the trimesters in the year, sorting the variables by year, thus 

eliminating the “trimester” drill-down. 

 

 

Summary 

Statistics 

Obs Min Max Mean Std MU* Definition 

Abp_Time 469 1.375 43 8.43 5.08 month Average number of months between 

the placement in offer and the 

transaction 

Area 483 50 259 107.00 29.23 m2 Is the total surface area measured 

along the exterior perimeter or back of 

the outside walls and the axes of the 

walls between dwellings, including 

private balconies, accessory areas, and 

the dwelling's share of the building’s 

communal areas 

Sold Dwellings 350 60 18934 2640.64 2095.00 number It is an estimation of the total number 

of houses transitioned into the market 

Price 483 769 8730 2741.15 1287.27 €/m2 Ratio between the transaction price 

and the private gross area 

Table 1- Variable definitions and summary statistics concerning the Property attributes in the Confidencial Imobiliário 
dataset 

*MU: Measurement Unit 

 

 

3.3.2 Portuguese Census of 2021 
 

After extracting and conducting the summary statistics analysis for the data regarding the property attributes, 

there was the need to combine that data with characteristics of the study area population as well as overall 

housing attributes of the Lisbon municipality per parish. This way, from Census 2021 (https://censos.ine.pt/) 

several statistics were extracted, analysed, and used, to combine with the property attributes and draw 

conclusions, such as the distribution of the civil parish’s residents by Education Level, Age Group, Gender, and 

Civil Status (Table 2). These data categories allow for a better characterization of the study population, enabling 

cross-analysis with the Price per square meter. 
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Summary 

Statistics 

Obs Min Max Mean Std MU Definition 

No Education 24 1255 5525 2949.21 1294.92 number Number of Residents with no 

education 

Primary School 24 983 8889 3025.79 1733.75 number Number of Residents with 1st Cycle 

as maximum education level 

2ºCycle 24 530 4113 1546.63 823.54 number Number of Residents with 2nd Cycle 

as maximum education level 

3rd Cycle 24 1021 6019 2687.83 1286.31 number Number of Residents with 3rd Cycle 

as maximum education level 

Secondary and 

Post-Secondary 

24 1911 7174 4170.50 1804.33 number Number of Residents with Secondary 

and Post-Secondary as maximum 

educational level 

Superior 

Education 

24 2677 22723 8366.83 5055.42 number Number of Residents with Bachelor+ 

as maximum education level 

0-14 years 24 875 6790 2968.54 1449.36 number Number of Residents aged between 

0 and 14 years 

15-24 years 24 845 5182 2291.75 1098.25 number Number of Residents aged between 

15 and 24 years 

25-64 years 24 5627 24677 12161.71 5224.34 number Number of Residents aged between 

25 and 64 years 

65+ years 24 2027 10476 5324.79 2534.17 number Number of Residents who are 65 

years old or higher 

Single Men 24 2899 11511 5866.96 2449.05 number Number of Residents who are Single 

Men 

Married Men 24 1414 8069 3659.79 1698.96 number Number of Residents who are 

Married Men 

Widower 24 107 558 280.42 143.18 number Number of Residents who are 

Widowers 

Divorced Men 24 331 1486 786.63 327.77 number Number of Residents who are 

Divorced Men 

Single Women 24 2120 11966 5861.46 2591.47 number Number of Residents who are Single 

Women 

Married 

Women 

24 1231 8161 3586.75 1767.33 number Number of Residents who are 

Married Women 

Widow 24 602 2593 1408.46 639.06 number Number of Residents who are 

Widows 

Divorced 

Women 

24 448 2724 1296.33 624.32 number Number of Residents who are 

Divorced Women 

Table 2 - Variable definitions and summary statistics concerning the social attributes in the Portuguese Census 2021 
dataset 

 
 
Housing attributes in Table 3 are related to the existing residential facilities in the Lisbon municipality. This table 
also contains multiple variables collected to statistically measure the differences between housing attributes 
amongst the civil parishes. This dataset contains statistics concerning the number of dwellings, number of 
buildings, number of domestic households, and then the distribution of the number of households per civil 
parish, regarding the number of occupants.  
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Summary 

Statistics 

Obs Min Max Mean Std MU Definition 

Dwellings 24 7525 24100 13339.29 5034.19 number Number of Dwellings 

Buildings 24 777 2953 2050.96 578.28 number Number of Buildings 

Domestic 

Households 

24 4564 19556 10109.08 4264.09 number Number of Domestic Households 

Number of 

Households 

with 1 person 

24 1992 6018 3562.21 1389.00 number Number of Households with 1 person 

Number of 

households 

with 2 people 

24 1372 6267 3274.92 1444.11 number Number of households with 2 people 

Number of 

households 

with 3 people 

24 560 3504 1626.75 789.51 number Number of households with 3 people 

Number of 

households 

with 4 people 

24 325 2731 1109.79 587.93 number Number of households with 4 people 

Number of 

households 

with 5 or 

more people 

24 193 1127 535.42 260.57 number Number of households with 5 or more 

people 

Table 3 - Variable definitions and summary statistics concerning the Housing attributes in the Portuguese Census 2021 
dataset 

 

3.3.3 Lisboa Aberta Open Data Portal 
 

After gathering data related to the property attributes from the dwellings sold in the real estate market and 

gathering statistics to describe the study area population, there is a need to compile information regarding the 

amenities and points of interest of the Lisbon municipality, by civil parish. This way, 95 variables from seven 

different categories were gathered, to make the best possible description of the study area and the differences 

between the civil parishes. These attributes were then combined with the Price per square meter (target 

variable), with the objective of drawing conclusions and finding patterns that would help to understand the 

behaviour of the study population by civil parish. 

 

The culture variables (see Table 4) were selected with the intent of understanding the impact of culture offerings 

on the Price per square meter of a civil parish. The culture attributes could be divided into monuments, and 

cultural buildings (museums, artistic residencies), amongst others. 

 
Summary 
Statistics 

Obs Mi
n 

Ma
x 

Mean Std MU Definition 

Cultural 
Associations 

24 0 22 5.08 5.69 number Number of Cultural Associations  

Auditoriums 
and 
Amphitheatres  

24 0 9 1.83 2.32 number Number of Auditoriums and Amphitheatres  

Cultural Centres  24 0 10 1.13 2.17 number Number of Cultural Centres  

Movie Theatres  24 0 4 0.58 0.91 number Number of Movie Theatres  
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Art Galleries  24 0 21 3.92 4.86 number Number of Art Galleries  

Libraries, 
Archives and 
Documentation 
Centres  

24 1 21 7.83 5.96 number Number of Libraries, Archives and 
Documentation Centres  

"Valmor Award" 
buildings  

24 0 41 11.38 11.43 number Number of "Valmor Award" buildings  

Statues  24 0 49 14.96 13.70 number Number of Statues  

National 
Monuments 
and World 
Heritage 

24 0 21 2.63 4.29 number Number of National Monuments and World 
Heritage properties  

Geomonuments  24 0 2 0.71 0.84 number Number of Geomonuments  

Religious 
Architecture 
buildings and 
Worship places  

24 2 33 7.08 6.43 number Number of Religious Architecture buildings 
and Worship places  

Palaces  24 0 27 5.83 7.05 number Number of Palaces  

Regional Guilds  24 0 5 1.13 1.56 number Number of Regional Guilds  

Cultural 
Foundations  

24 0 6 1.79 2.04 number Number of Cultural Foundations  

Artistic 
Residencies  

24 0 9 1.38 2.12 number Number of Artistic Residencies  

Castles 24 0 1 0.04 0.20 number Number of Points of Interest (POIs) - Castle  

Table 4 - Variable definitions and summary statistics concerning the Culture attributes in the Lisboa Aberta Open Data 
Portal 

 

In Table 5 the number of education facilities per parish is specified. The educational level and the public/private 
status of the institution is specified so that it is possible to ascertain if it has some impact when it comes to the 
Price per square meter by civil parish. 
 

Summary Statistics Obs Min Max Mean Std MU Definition 

Number of Public 

schools - 1st cycle  

24 1 8 3.58 1.91 number Number of Public schools - 1st cycle  

Number of Private 

schools - 1st cycle  

24 0 15 4.38 3.76 number Number of Private schools - 1st cycle  

Number of Public 

schools - 2nd cycle  

24 0 4 1.29 1.02 number Number of Public schools - 2nd cycle  

Number of Private 

schools - 2nd and 

3rd cycle  

24 0 7 1.50 1.85 number Number of Private schools - 2nd and 3rd cycle  

Number of Public 

schools - 3rd cycle  

24 0 5 1.88 1.45 number Number of Public schools - 3rd cycle  

Number of Public 

schools - pre-

scholar  

24 1 8 3.38 1.98 number Number of Public schools - pre-scholar  

Number of Private 

schools - pre-

scholar  

24 2 19 8.42 5.07 number Number of Private schools - pre-scholar  

Number of Public 

schools - 

24 0 5 1.33 1.25 number Number of Public schools - professional 

education  
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professional 

education  

Number of Public 

schools - 

Secondary  

24 0 2 0.92 0.81 number Number of Public schools - Secondary  

Number of Private 

schools - 

Secondary  

24 0 11 2.25 2.79 number Number of Private schools - Secondary  

Number of Higher 

education 

institutions  

24 0 15 2.71 3.12 number Number of Higher education institutions  

Table 5 - Variable definitions and summary statistics concerning the Education attributes in the Lisboa Aberta Open Data 
Portal 

 
A green environment, with trees, spacious green areas, and parks, is quite important for a good quality lifestyle. 
This way, six environment variables were selected to understand how this factor directly impacts the Price of 
housing in each parish (see Table 6). 
 

Summary 
Statistics 

Obs Min Max Mean Std MU Description 

Trees 24 543 8404 2759.21 1781.46 number Number of Trees  

Hectares of 
Green Area 

24 149.43 1042.76 416.89 234.91 ha Green area (ha)  

Green Areas 24 39 380 148.21 98.18 number Total number of green areas  

Parks and 
Gardens 

24 1 20 8.00 4.52 number Number of Biggest Parks and Gardens  

Lakes 24 0 5 0.83 1.31 number Number of Lakes  

Community 
Gardens 

24 0 4 1.00 1.19 number Number of Community Gardens  

Table 6 - Variable definitions and summary statistics concerning the Environmental attributes in the Lisboa Aberta Open 
Data Portal 

 
Health is one of the key factors of everyday life. This way, it is believed that proximity to health facilities and 

medical services providers is vital in case of an urgent need. That way, five variables were selected from the 

Lisboa Aberta open data portal (see Table 7), to understand where the hospitals, health centres, and pharmacies 

are geolocated and if and how that location affects the housing prices. 

 
 

Summary 

Statistics 

Obs Min Max Mean Std MU Description 

Health Centres  24 0 13 3.50 2.61 number Number of Health Centres  

Private 

Hospitals  

24 0 4 0.67 0.99 number Number of Private Hospitals  

Public Hospitals  24 0 3 0.54 0.87 number Number of Public Hospitals  

Military 

Hospitals  

24 0 1 0.08 0.28 number Number of Military Hospitals  

Pharmacies and 

Parapharmacies  

24 3 22 11.08 5.13 number Number of Pharmacies and Parapharmacies  

Table 7 - Variable definitions and summary statistics concerning Health attributes in the Lisboa Aberta Open Data Portal 
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Commerce is a core aspect of every city. Having cafés, restaurants, banks, hotels and a full range of commerce 
points and utilities is very useful when considering day-to-day living, as being nearby them is essential. As such, 
it is important to analyse to what extent it influences the Price per square meter by civil parish. Since there are 
quite some commerce variables, it is necessary to divide them into different categories (see Table 8) to fully 
comprehend if certain areas have more or less influence on the overall cost of living in each specific civil parish.  
 

Summary 

Statistics 

Obs Min Max Mean Std MU Description 

ATM  24 0 38 7.96 8.41 number Number of Points of Interest (POIs) - ATM  

Bakery  24 0 18 3.21 4.28 number Number of Points of Interest (POIs) - Bakery  

Bank  24 1 33 11.88 8.73 number Number of Points of Interest (POIs) - Bank  

Bar  24 0 99 8.63 20.11 number Number of Points of Interest (POIs) - Bar  

Beauty Shop  24 0 11 0.63 2.21 number Number of Points of Interest (POIs) - Beauty 

Shop  

Bicycle Shop  24 0 3 1.04 0.93 number Number of Points of Interest (POIs) - Bicycle 

Shop  

Bookshop  24 0 7 1.63 1.93 number Number of Points of Interest (POIs) - Bookshop  

Butcher  24 0 5 1.04 1.31 number Number of Points of Interest (POIs) - Butcher  

Cafe  24 0 102 26.75 25.95 number Number of Points of Interest (POIs) - Cafe  

Car 

Dealership  

24 0 12 1.21 2.92 number Number of Points of Interest (POIs) - Car 

Dealership  

Car Rental  24 0 5 0.75 1.30 number Number of Points of Interest (POIs) - Car Rental  

Car Wash  24 0 4 0.75 1.23 number Number of Points of Interest (POIs) - Car Wash  

Chemist  24 0 2 0.25 0.52 number Number of Points of Interest (POIs) - Chemist  

Computer 

Shop  

24 0 3 0.46 0.82 number Number of Points of Interest (POIs) - Computer 

Shop  

Convenience 

Shop  

24 0 38 5.04 7.79 number Number of Points of Interest (POIs) - 

Convenience Shop  

Dentist  24 0 6 0.71 1.54 number Number of Points of Interest (POIs) - Dentist  

Department 

Store  

24 0 2 0.13 0.44 number Number of Points of Interest (POIs) - 

Department Store  

Fast Food  24 0 17 4.67 4.79 number Number of Points of Interest (POIs) - Fast Food  

Florist  24 0 2 0.42 0.64 number Number of Points of Interest (POIs) - Florist  

Food Court  24 0 3 0.21 0.71 number Number of Points of Interest (POIs) - Food Court  

Furniture 

Shop  

24 0 10 0.79 2.02 number Number of Points of Interest (POIs) - Furniture 

Shop  

Garden 

Centre  

24 0 1 0.04 0.20 number Number of Points of Interest (POIs) - Garden 

Centre  

Gift Shop  24 0 30 2.33 5.87 number Number of Points of Interest (POIs) - Gift Shop  

Golf Course  24 0 1 0.04 0.20 number Number of Points of Interest (POIs) - Golf Course  

Greengrocer  24 0 4 0.96 1.40 number Number of Points of Interest (POIs) - 

Greengrocer  

Guesthouse  24 0 9 1.83 2.72 number Number of Points of Interest (POIs) - 

Guesthouse  

Hairdresser  24 0 41 3.58 8.00 number Number of Points of Interest (POIs) - Hairdresser  

Hostel  24 0 15 2.58 4.37 number Number of Points of Interest (POIs) - Hostel  

Hotel  24 0 47 6.67 12.62 number Number of Points of Interest (POIs) - Hotel  

Jeweller  24 0 10 1.13 2.33 number Number of Points of Interest (POIs) - Jeweller  
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Kiosk  24 0 7 1.88 2.20 number Number of Points of Interest (POIs) - Kiosk  

Laundry  24 0 14 1.63 2.91 number Number of Points of Interest (POIs) - Laundry  

Mall  24 0 1 0.13 0.33 number Number of Points of Interest (POIs) - Mall  

Mobile 

Phone Shop  

24 0 10 1.08 2.22 number Number of Points of Interest (POIs) - Mobile 

Phone Shop  

Newsagent  24 0 8 0.71 1.65 number Number of Points of Interest (POIs) - Newsagent  

Nightclub  24 0 9 1.21 2.41 number Number of Points of Interest (POIs) - Nightclub  

Optician  24 0 8 1.08 2.06 number Number of Points of Interest (POIs) - Optician  

Post Office  24 0 5 1.88 1.20 number Number of Points of Interest (POIs) - Post Office  

Pub  24 0 9 1.00 2.22 number Number of Points of Interest (POIs) - Pub  

Restaurant  24 0 287 53.38 66.30 number Number of Points of Interest (POIs) - Restaurant  

Shoe Shop  24 0 14 1.29 2.95 number Number of Points of Interest (POIs) - Shoe Shop  

Sports centre  24 0 2 0.92 0.86 number Number of Points of Interest (POIs) - Sports 

centre  

Sports shop  24 0 4 0.38 0.86 number Number of Points of Interest (POIs) - Sports 

shop  

Stationery  24 0 5 0.63 1.11 number Number of Points of Interest (POIs) - Stationery  

Supermarket  24 2 24 7.13 5.26 number Number of Points of Interest (POIs) - 

Supermarket  

Toy Shop  24 0 1 0.17 0.37 number Number of Points of Interest (POIs) - Toy Shop  

Travel Agent  24 0 6 1.00 1.85 number Number of Points of Interest (POIs) - Travel 

Agent  

Veterinary  24 0 3 0.58 0.86 number Number of Points of Interest (POIs) - Veterinary  

Table 8 - Variable definitions and summary statistics concerning the Commerce attributes in the Lisboa Aberta Open Data 
Portal 

 
Whether the civil parish is in the centre of the municipality or far from it, it is crucial to have good and reliable 

mobility utilities, from bus stops to metro and train stations, to river piers and airports. This way, seven mobility 

variables were extracted from the Lisboa Aberta open data portal so that, in conjunction with the Price per 

square meter variable, an analysis can be conducted to understand the impact of these indicators on the cost 

of housing (see Table 9). 

 
Summary Statistics Obs Min Max Mean Std MU Description 

Bus stops  24 40 155 83.46 29.25 number Number of Bus stops  

Metro stations  24 0 5 1.83 1.62 number Number of Metro stations  

Train stations  24 0 3 0.63 0.75 number Number of Train stations  

River's piers  24 0 1 0.13 0.33 number Number of River's piers  

Airports  24 0 1 0.04 0.20 number Number of Airports  

Cruise Terminals  24 0 2 0.13 0.44 number Number of Cruise Terminals  

Recreational Docks 

and Marinas  

24 0 2 0.25 0.60 number Number of Recreational Docks and Marinas  

Table 9 - Variable definitions and summary statistics concerning the Mobility attributes in the Lisboa Aberta Open Data 
Portal 

Although not having criminality rate data available, with the number of fire department stations and the number 

of police stations (see Table 10), it is possible to understand which parishes are more protected in case of an 

emergency and, in which case, the civil parishes with the most safety features will most likely be more quickly 

attended. These attribute values are then compared to the Price per square meter by civil parish. 
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Summary Statistics Obs Min Max Mean Std MU Description 

Fire Department 

Stations 

24 0 3 0.71 0.79 number Number of Fire Department Stations (RSB)  

Police Stations 24 0 12 3.75 3.29 number Number of Police Stations (PSP)  

Table 10 - Variable definitions and summary statistics concerning the Safety and Security attributes in the Lisboa Aberta 
Open Data Portal 

 

3.5 Data Transformations 
 
After inserting the data gathered into a database and creating the data model by connecting all the tables, the 
next step was to adequate the data to the needs of the study. This way, multiple data transformations and new 
variable creations were computed in Power Query. 
 
Firstly, the time series data from the “Confidencial Imobiliário” dataset spans from 2007 to 2021. In this study 
the time used was reduced to the interval from 2011 to 2020 due to poor data quality (lack of completeness), 
trimming the analysis to a ten-year sample, without the existence of any missing values. Since the data from 
the rest of the data sources is not on a yearly basis, there was no need to apply any other changes to the other 
datasets regarding the elimination of data. 
 
Since the Lisboa Aberta open dataset compiled 95 variables, throughout seven categories of points of interest, 
there was the need for data reduction, thus leading to the aggregation into fewer variables to describe a whole 
category, to enable a better macro visual analysis. The following variables were aggregated, and newer variables 
were created: 
 
 

Historical 
Monuments 

[Number of Statues per parish] + [Number of National Monuments and World Heritage properties per parish] + 
[Number of Geomonuments per parish] + [Number of Religious Architecture buildings and Worship places per 
parish] + [Number of Palaces per parish] + [#"Number of Points of Interest (POIs) - Castle per parish"] 

Cultural 
Buildings 

[Number of Cultural Associations per parish] + [Number of Auditoriums and Amphitheatres per parish] + 
[Number of Cultural Centres per parish] + [Number of Movie Theatres per parish] + [Number of Art Galleries per 
parish] + [#"Number of Libraries, Archives and Documentation Centres per parish”] + [#"Number of ""Valmor 
Award"" buildings per parish”] + [Number of Regional Guilds per parish] + [Number of Cultural Foundations per 
parish] + [Number of Artistic Residencies per parish] 

Culture [Cultural Buildings] + [Historic Monuments] 

Pre and 
Primary Schools 

[#"Number of Private schools - pre-scholar per parish”] + [#"Number of Public schools - pre-scholar per parish”] 
+ [#"Number of Public schools - 1st cycle per parish”] + [#"Number of Private schools - 1st cycle per parish"] 

Middle Schools [#"Number of Private schools - 2nd and 3rd cycle per parish”] + [#"Number of Public schools - 2nd cycle per 
parish”] + [#"Number of Public schools - 3rd cycle per parish"] 

High schools [#"Number of Private schools - Secondary per parish”] + [#"Number of Public schools - professional education 
per parish”] + [#"Number of Public schools - Secondary per parish"] 

Schools [Number of Higher education institutions per parish] + [Middle Schools] + [Pre and Primary Schools] + [High 
schools] 

Green Areas [Total number of green areas per parish] + [Number of Lakes per parish] + [Number of Biggest Parks and 
Gardens per parish] + [Number of Community Gardens per parish] 

Hospitals [Number of Public Hospitals per parish] + [Number of Private Hospitals per parish] + [Number of Military 
Hospitals per parish] 

Health 
Institutions 

[Hospitals] + [Number of Health Centres per parish] 

Financial POI [#"Number of Points of Interest (POIs) - Bank per parish”] + [#"Number of Points of Interest (POIs) - ATM per 
parish"] 

Food 
Establishments 

[#"Number of Points of Interest (POIs) - Bakery per parish”] + [#"Number of Points of Interest (POIs) - Cafe per 
parish”] + [#"Number of Points of Interest (POIs) - Fast Food per parish”] + [#"Number of Points of Interest 
(POIs) - Restaurant per parish"] 

Nightlife [#"Number of Points of Interest (POIs) - Bar per parish”] + [#"Number of Points of Interest (POIs) - Nightclub per 
parish”] + [#"Number of Points of Interest (POIs) - Pub per parish"] 
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Hospitality 
 
 
 
 
 
  

[#"Number of Points of Interest (POIs) - Hotel per parish”] + [#"Number of Points of Interest (POIs) - Hostel per 
parish”] + [#"Number of Points of Interest (POIs) - Guesthouse per parish"] 

General 
Commerce 

[#"Number of Points of Interest (POIs) - Beauty Shop per parish"]+ [#"Number of Points of Interest (POIs) - 
Bicycle Shop per parish"]+[#"Number of Points of Interest (POIs) - Bookshop per parish"]+[#"Number of Points 
of Interest (POIs) - Butcher per parish"]+[#"Number of Points of Interest (POIs) - Car Dealership per 
parish"]+[#"Number of Points of Interest (POIs) - Car Wash per parish"]+[#"Number of Points of Interest (POIs) - 
Car Rental per parish"]+[#"Number of Points of Interest (POIs) - Chemist per parish"]+[#"Number of Points of 
Interest (POIs) - Computer Shop per parish"]+[#"Number of Points of Interest (POIs) - Convenience Shop per 
parish"]+[#"Number of Points of Interest (POIs) - Dentist per parish"]+[#"Number of Points of Interest (POIs) - 
Department Store per parish"]+[#"Number of Points of Interest (POIs) - Furniture Shop per parish"]+[#"Number 
of Points of Interest (POIs) - Florist per parish"]+[#"Number of Points of Interest (POIs) - Garden Centre per 
parish"]+[#"Number of Points of Interest (POIs) - Greengrocer per parish"]+[#"Number of Points of Interest 
(POIs) - Gift Shop per parish"]+[#"Number of Points of Interest (POIs) - Hairdresser per parish"]+[#"Number of 
Points of Interest (POIs) - Jeweller per parish"]+[#"Number of Points of Interest (POIs) - Kiosk per 
parish"]+[#"Number of Points of Interest (POIs) - Laundry per parish"]+[#"Number of Points of Interest (POIs) - 
Mall per parish"]+[#"Number of Points of Interest (POIs) - Mobile Phone Shop per parish"]+[#"Number of Points 
of Interest (POIs) - Newsagent per parish"]+[#"Number of Points of Interest (POIs) - Optician per 
parish"]+[#"Number of Points of Interest (POIs) - Post Office per parish"]+[#"Number of Points of Interest (POIs) 
- Shoe Shop per parish"]+[#"Number of Points of Interest (POIs) - Sports centre per parish"]+[#"Number of 
Points of Interest (POIs) - Stationery per parish"]+[#"Number of Points of Interest (POIs) - Supermarket per 
parish"]+[#"Number of Points of Interest (POIs) - Toy Shop per parish"]+[#"Number of Points of Interest (POIs) - 
Travel Agent per parish"]+[#"Number of Points of Interest (POIs) - Veterinary per parish"] 

Commerce [Hospitality]+ [Financial POI] + [Food Establishments] +[Nightlife]+ [General Commerce] 

Mobility [Number of Metro stations per parish] + [Number of Bus stops per parish] + [Number of Train stations per 
parish] + [#"Number of River's piers per parish”] + [Number of Airports per parish] + [Number of Recreational 
Docks and Marinas per parish] + [Number of Cruise Terminals per parish] 

Safety [Number of Fire Department Stations] + [Number of Police Stations] 

Table 11 - Data Transformations 
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4. RESULTS 

 
A PowerBI dashboard was created, comprising ten pages, each with a different theme. In its structure, every 
page has the same “Year” slider, which allows the user to choose the period to be analysed, and a chiclet slicer 
which allows for the selection of the civil parishes to be showcased in the visuals. 
 

4.1 Property Attributes 
 

 
Figure 1 – Property Attributes 

The first page of the PowerBI dashboard comprises information related to the Property category, most 

specifically the “Price/m2”, “Private Gross Area”, “Absorption Time” and “Sold Dwellings”, in a ten-year interval. 

As displayed in Figure 1, there is a single line plot for each of these four variables, demonstrating their evolution 

from 2011 to 2020. The Price/m2 shows a big overall increase between 2011 and 2020, despite the small 

decrease until 2013, due to the economic crisis lived in Portugal during that time period. The “Absorption Time” 

and “NºSold Dwellings” variables show opposite behaviours since the more houses that are sold, the least time 

they stay in the market, waiting to be sold. The “Private Gross Area” variable showed a decrease in its value, 

which is meaningful compared to the steep increase in the Price per square meter. 

 

Regarding the Map of the Lisbon Municipality, the bigger the bubbles and the darker the shade of blue, the 

higher the Price per square meter is. By visual analysis, we can see that most of the parishes with the highest 

prices are in the Historical Centre and Central Lisbon, with some exceptions being “Parque das Nações” and 

“Belém” parishes; the first due to the high level of innovation and modernization of infrastructures and cultural 

buildings; and the second due to the high amount of antique and prestigious cultural monuments. 

 

On the top left corner of the page, there is a measure that compares the value of the overall Price per square 

meter from 2013 to 2020 in order to demonstrate the magnitude of the price increase. The table in the bottom 

left corner of the page contains the four variables of the property attributes, with KPI indicators, depending on 

whether it is higher or lower than the mean of the variable amongst the 24 parishes. 
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4.2 Social Attributes 
 
 

 
Figure 2 – Social Attributes 

 

Regarding the Social variables, they are comprised of four pie charts characterizing the residents of the Lisbon 

municipality. In Figure 2, there is only a chiclet slicer for the Civil parishes since the data does not vary 

throughout the years. On the left-hand side, there are two analyses by Gender and Civil Status. The distribution 

is similar in both charts, with “Single” being the most common Civil Status, followed by “Married”. The 

difference is how the “Divorced” and “Widow/Widower” statuses are distributed. On the male side, “Divorced” 

is more than two times more common than “Widower”, whereas, on the female side, the distribution is much 

more balanced, with “Widow” being more common. 

 

The yellow-themed pie chart shows the distribution of the resident population by Age Group. The most common 

Age group, with more than 50% of the study population, comprises the ages between 25 and 64 years and is 

related to the working adult population. The age group between 0 and 14 years comprises around 13% of the 

population, followed by the least represented age group (15-24 years old) with around 10%. Lastly, with over 

23% there is the 65+ years old age group. 

 

The last pie chart on the page characterizes the population by Education Level.  As depicted in the graphic, 

almost 37% of the study population has some University Education. On the other hand, almost half the residents 

do not reach the High School Education Level. 
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4.3 Housing Attributes 
 
 

 
Figure 3 – Housing Attributes 

 

As Figure 3 showcases, the housing page analyses data by comparing the Price per square meter of each parish 

with its housing attributes, such as the number of existing dwellings, buildings, and households per parish, as 

well as the distribution of the number of residents per household. On the showcased map, each parish is 

represented by a bubble. The size of a certain bubble is correlated with the average Price per square meter of 

that parish, and the higher the number of dwellings in a parish, the darker the shade of the colour. The graph 

results show that the parishes with the higher number of dwellings are the ones with lower Price per square 

meter.  

 

The pie chart on the left of the map shows a balance between the number of households with 1 and 2 residents, 

representing 35.24% and 32.4% of the study population, respectively. It is also noticeable that as the number 

of residents per household increases, the lower occurrence of those households. 

 

The line chart on the top of the map compares the Number of Dwellings in each parish having both the number 

of domestic households and the number of buildings. The first two variables are positively correlated, with the 

“Number of Buildings” not following the same behaviour. As also visible on the map, the parishes with the 

highest number of dwellings and domestic households are the parishes that are further away from the city 

centre, the old town, and the historical parishes.  

 

The first visual is a table with all the variables previously mentioned in this dashboard, filtered by civil parish, 

having KPI indicators based on their values, compared to the overall average of that variable. 
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4.4 Culture Attributes 
 
 

 
Figure 4 – Culture Attributes 

 

The culture category brings very interesting and insightful analyses. As previously stated, for this category, two 

aggregate culture variables were created, comprising a set of specific variables. In the map, it is possible to 

observe that the civil parishes with the highest Price per square meter are also the ones with a higher number 

of cultural buildings and historical monuments. These parishes also belong to the historic centre and are the 

oldest ones. On the other hand, the further we stray from the city centre, the lower the Price per square meter 

and the lower the cultural levels. 

 

This correlation between culture and Price per square meter can be visualized in the scatter plot present in the 

Figure 4, showing that the higher the culture indicators, the higher the Price per square meter. There is a slight 

exception to this norm, which is the parish of Parque das Nações, having the fourth highest Price per square 

meter average, while its culture indicators are standard when compared to the other parishes. The bar and line 

chart enables another analysis of the same data, showing the culture indicators distribution per parish and how 

it relates to the Price per square meter. Allowing for more numerical analysis, there is a table that shows the 

number of cultural buildings and historical monuments per parish, as well as the Price per square meter in those 

same locations, allowing for a line on line comparison with the aid of KPI icons, regulated by the average of each 

variable. 
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4.5 Education Attributes 
 
 

 
Figure 5 – Education Attributes 

 

The education category showcases data regarding the number of schools per parish and the distribution of that 

number per education level and parish. The map in Figure 5 shows that there are not many schools in the historic 

centre, with Alvalade, Lumiar and Belém parishes on top of the school count per parish. The first two are areas 

with very good housing conditions, nice transportation, and good locations. It is interpretable that the north 

and east parts of the city have the higher number of schools, as well as Belém, with the city centre parishes 

having the lowest number of schools. 

 

On the scatter plot and on the bar and line chart, it is very challenging to identify a pattern between the number 

of schools, their distribution, and the price per square meter. Nevertheless, in the table it is easier to numerically 

analyse the data, being able to identify that the parishes with the highest number of schools are, in fact, in very 

well-connected zones, with good transportation features, further away from the city centre; but, on the other 

hand, in less densely occupied parishes.  
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4.6 Environment Attributes 
 
 

 
Figure 6 – Environment Attributes 

 
Environment-wise, the different parishes in the Lisbon municipality behave very differently, depending on the 

analysis variable. For example, there are three visuals in Figure 6, each comparing the Price per square meter 

with a distinct environmental variable.  

 

The map analyses the combination of Price per square meter and the number of green areas per civil parish. 

Once again, the bubble size indicates the Price per square meter, and the shade of the colour is related to the 

number of green areas. This way, it is interpretable that the parishes with the highest number of green areas 

are the ones further away from the city centre, most specifically in the north-west section of the municipality, 

such as Alvalade, Lumiar, São Domingos de Benfica parishes among others. 

 

The scatter plot compares the Price per square meter variable with the number of threes. Most parishes behave 

similarly in the plot, outside of Parque das Nações parish, which almost doubles the second parish with the 

highest number of trees. The bar and line chart compares the Price per square meter variable with the number 

of hectares of green area per parish. The results do not show much correlation, besides the fact that the further 

away from the city centre and historical parishes, the bigger the number of hectares of green area. 

 

Lastly, as in most other categories, there is a table filled with end-user numerical analyses, also accompanied 

by KPI indicators to measure the relation of a certain value with the average of that variable in the municipality. 
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4.7 Health Attributes 
 

 

 
Figure 7 – Health Attributes 

 

In the Health category, both the bar line chart and the map compare the Price per square meter with the number 

of health institutions on a civil parish level. Other than Santa Maria parish, which is a clear outlier, the 

distribution of health institutions throughout the city is quite balanced, with Beato and Santa Clara being the 

only parishes with no health institutions.  

 

Relating to the number of pharmacies and parapharmacies, there is a slight positive correlation between that 

indicator and the Price per square meter, with Avenidas Novas parish showing a high value in both indicators. 

At the same time Alvalade and Arroios parishes have the most amount of Pharmacies and Parapharmacies while 

having a median Price per square meter. At last, there is the tabular view, with the KPI indicators, to aid in the 

numerical analysis. 
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4.8 Commerce Attributes 
 

 

 
Figure 8 – Commerce Attributes 

 

The Commerce category has a different layout compared to the remaining categories that relate the Price per 

square meter with Lisboa Aberta open dataset by civil parish. As displayed in Figure 8, this dashboard page has 

a button that updates the visuals to either analyse the overall commerce or one of the five categories 

individually. It is visible that the numbers of overall commerce are much higher in the city centre and the 

historical parishes, such as Santa Maria Maior, Misericórdia and Santo António parishes, while also having quite 

high values for Arroios and Avenidas Novas, which are central parishes with plenty of residents, good 

accessibility and a great number of companies and businesses. 

 

The tabular view is once again used to compare the different types of commerce with the Price per square 

meter by civil parish, with the aid of KPI indicators regulated by the average of each variable.  In the bar line 

chart, it is noticeable that there is a high positive correlation between the overall commerce variable and the 

Price per square meter, except for Parque das Nações and Campo de Ourique parishes, which showcase low 

levels of commerce for the existing high Price per square meter. 
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4.9 Mobility Attributes 
 
 

 
Figure 9 – Mobility Attributes 

 

In the Mobility category, the relation between the mobility indicator and the Price per square meter is 

straightforward. Overall, the higher the value of the mobility indicator, the lower the Price per square meter. 

This is visually interpretable on the map, where we can see that the parishes with the most buildings and 

resident population are the ones with the most mobility options. All three visuals, besides the table, compare 

the mobility variable with the Price per square meter and show a negative correlation between both variables. 

 

The table once again allows for numerical analysis, and the pattern stated before is very noticeable when 

comparing the Price per square meter with the number of bus stops, showing how most of the parishes that 

have a high number of bus stops have lower Price per square meter. 
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4.10 Safety Attributes 
 
 

 
Figure 10 – Safety Attributes 

 

The Safety category comprises the number of police stations and the number of fire stations, and as stated, not 

permitting a direct relation to the criminality rate. 

 

All the visuals analyse the junction of the two variables individually. There is no direct correlation, neither 

through visual nor numerical analysis, between the safety indicator and the price per square meter variable. 

There are civil parishes with high levels of safety indicators in all areas of the city, thus not being limited by 

geographic location. 
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5. DISCUSSION 
 
The overall Price per square meter analysis performed and the dashboard built allowed for the obtention of 
several insights. For example, in the property attributes category, it is visible that the Price per square meter 
variable negatively correlates to the Area variable, meaning the bigger houses have a cheaper Price per square 
meter. On the contrary, the Absorption Time variable is positively correlated to the Price per square meter, 
meaning that the houses with the higher Price per square meter are the ones that stay the longest on the market 
before being sold. On the other hand, the Number of Sold Dwellings variable does not correlate much with the 
Price per square meter. 
 
The social category shows that in the municipality of Lisbon, the most common civil status is Single, followed by 
Married, and most residents belong to the 25 to 64 years old age group and have a college degree or higher 
education level. Despite this, no relevant conclusions could be drawn from comparing these attributes with the 
Price per square metre, at the parish level. 
 
The housing category gives insights regarding the number of domestic households, dwellings, and buildings per 
civil parish, showing a positive correlation between these three variables, indicating higher values away from 
the Historical and city centre, in civil parishes such as Lumiar, Benfica and São Domingos de Benfica, while having 
the lower values on the civil parishes with the highest Price per square meter, showing that these parishes have 
higher surface areas with more available construction and living space. In contrast, the city centre already has 
limited capacity regarding new construction. 
 
The culture category is straightforward, demonstrating a high positive correlation between the number of 
cultural buildings and historical monuments with the Price per square meter. The parishes of Misericórdia, Santo 
António and Santa Maria Maior, which are the civil parishes with the highest Price per square meter are also 
the ones with the highest value in this category. At the same time, Beato, Santa Clara, and Penha de França 
parishes which have the lowest level on the culture variables, are among the parishes with the lowest Price per 
square meter, which shows that this category is one of the biggest reasons why the Price per square meter is 
higher in the historical city centre. 
 
The education category compares the values of the Price per square meter with the number of schools per civil 
parish. This analysis shows that most of the schools are further away from the city centre, in parishes with high 
residential education levels, while the available space for construction and the number of residents might also 
be influential factors. 
 
The environment category gives insights that can be compared in terms of interpretability with the ones from 
the housing category. The civil parishes with the higher number of green areas and the higher number of 
hectares of green area are located further away from the city centre since they have more space to build parks 
and gardens increasing their residential attractiveness. Once again, the city centre is packed with historical and 
cultural monuments, as well as old buildings and households, being extremely limited when it comes to creating 
new green spaces. 
 
The health category shows that the health institutions are quite well-balanced and distributed throughout the 
Lisbon municipality, with a large number of health centres in the historical parishes. In contrast, the bigger 
institutions such as hospitals, are located further away from the city centre, in parishes such as São Domingos 
de Benfica, Arroios, and Alvalade. 
 
The commerce category shows a high positive correlation between the Commerce variables and the Price per 
square meter since the parishes with the highest amount of commercial points are located in the historical 
centre, where the Price per square meter is higher. In addition, the parishes of Arroios and Avenidas Novas, 
which are located in city centre, in very accessible areas, also have a strong correlation between the commerce 
variables and the Price per square meter. Arroios, Santa Maria Maior, Misericórdia, Santo António and Avenidas 
Novas are the five parishes with the highest number of commercial points, and with the exception of Arroios, 
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the other four parishes also belong to the top five parishes with the highest Price per square meter, showing 
the significant influence of this indicator on the study topic. 
 
The mobility category shows quite a negative correlation between the “mobility” indicator and the Price per 
square meter, since the “number of bus stops” are the biggest contributor to this indicator. They are most 
present in the suburb parishes, further away from the city centre, and the parishes with the higher prices per 
square meter; once again, suburb parishes with the highest number of residents are bigger in area and need 
the most amount of “mobility” services. 
 
Finally, the safety category shows that the number of police stations and fire departments is well distributed 
throughout the city, not showing a correlation between the Safety variables and the Price per square meter. 
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6. CONCLUSION 
 
This study provides an in-depth analysis concerning the categories and variables influencing housing prices in 
the last decade in Lisbon raised from the body of literature. It combines property sales historical data with the 
socio-demographic characteristics of the resident population and more than one hundred variables from 
Culture, Education, Environment, Health, Commerce, Mobility, and Safety city categories, underpinning the 
knowledge on the topic, thus perhaps leading to a more comprehensive understanding of the evolution of the 
Real Estate and how the residents changed their living preferences throughout the decade. Using a Design 
Science Research (DSR) methodological approach, this study brings practical implications by offering an 
instrument — a PowerBI dashboard for gathering all the data in the study, allowing for broad, practical, visual, 
and easy access to the analysis for decision-making.  
 
The main results of this study show that there is a range of categories and variables influencing the Price per 
square meter of a dwelling in the city of Lisbon. It also shows that throughout the years, the average Price per 
square meter in Lisbon rose exponentially, with Misericórdia, Santo António, Santa Maria Maior, Parque das 
Nações, and Avenidas Novas belonging to the top five civil parishes with the highest Price per square meter. On 
the social side it demonstrates that the average Lisbon resident is single, female, between the ages of 25 and 
64, and has a college degree or higher. The housing results convey the fact that the further away from the 
historic centre, the higher the number of domestic households, dwellings, and buildings, since there is more 
available construction area, in bigger parishes with higher amounts of residents. Also, most households 
accommodate either one or two people. On the culture page, the results are evident. The Cultural analysis 
shows that parishes with a higher level are also the ones with the highest Price per square meter, showing a 
very strong correlation and influence among variables. The Education analysis shows that the parishes with a 
higher amount of schools are away from the city centre, where there is more available space and more 
residents, thus not being a high influencer category for the Price per square meter. The same is visualized in the 
environment category, where the parishes with the higher numbers of green areas and most hectares of green 
areas are the ones with greater distance from the city centre, such as Belém, Lumiar, São Domingos de Benfica, 
and Alvalade parishes, where the number of dwellings and overall amenities is higher, as well as the residential 
population. The health analysis shows that the health institutions are quite well distributed throughout city, 
except for a high number in the historic centre, namely Santa Maria Maior parish. The Commerce analysis shows 
that the parishes with the highest Price per square meter are also the ones with the highest value on commerce 
variables. The mobility category shows that parishes like Marvila, Lumiar, and Olivais, are the ones with the 
higher values on the mobility variables, most likely since they are further away from the city centre and are 
among the parishes with the higher number of residents. The safety category does not influence the housing 
prices since there is no visible correlation between the number of police stations and fire departments and the 
Price per square meter by civil parish. Finally, results show that the commerce and culture categories strongly 
influence the Price per square meter by civil parish. 
 
This study has limitations concerning the lack of geo-localization of the dwelling transactions on the Confidential 
Imobiliário dataset, which was detrimental to the accuracy and pinpoint ability of the analysis performed. 
Another limitation relates to the fact that the Portuguese Census of 2021 data available is still provisional at the 
date of this study, since the final results have not been released yet, leading to uncertainty regarding the 
precision of the socio-demographic data. Another limitation concerns the fact that the Confidencial Imobiliário 
dataset had data quality completeness issues concerning missing data for the years 2007 to 2010, which 
restrained the analysis and was not detailed in a daily or weekly fashion, thus not allowing for the application 
of time series data analysis and possibly the use of predictive modelling techniques. 
 
In the future, with the proper data, the Real Estate analysis could be detailed in a daily or weekly fashion, 
allowing for the application of time series analysis and possibly the use of predictive modelling techniques for 
housing prices. This analysis may be generalized and applied to other cities, since it returns plenty of insightful 
results. In addition, geo-localization should be used to enable the pinpoint ability and the possible use of 
geospatial intelligence analysis for more accurate information supporting decision-making in the Real Estate 
industry, city government, or policymaking. 



36  

BIBLIOGRAPHY 
 
 

Abidoye, R. B., & Chan, A. P. C. (2017). Critical review of hedonic pricing model application in property price 

appraisal: A case of Nigeria. International Journal of Sustainable Built Environment, 6(1), 250–259. 

https://doi.org/10.1016/j.ijsbe.2017.02.007 

Alfiyatin, A. N., Febrita, R. E., Taufiq, H., & Mahmudy, W. F. (2017). Modeling House Price Prediction using 

Regression Analysis and Particle Swarm Optimization Case Study: Malang, East Java, Indonesia. International 

Journal of Advanced Computer Science and Applications (IJACSA), 8(10), Article 10. 

https://doi.org/10.14569/IJACSA.2017.081042 

Allen, A. (2003). Environmental planning and management of the peri-urban interface: Perspectives on an emerging 

field. Environment and Urbanization, 15(1), 135–148. https://doi.org/10.1177/095624780301500103 

Apanaviciene, R., Urbonas, R., & Fokaides, P. A. (2020). Smart Building Integration into a Smart City: Comparative 

Study of Real Estate Development. Sustainability, 12(22), Article 22. https://doi.org/10.3390/su12229376 

Ben Letaifa, S. (2015). How to strategize smart cities: Revealing the SMART model. Journal of Business Research, 

68(7), 1414–1419. https://doi.org/10.1016/j.jbusres.2015.01.024 

Benevolo, C., Dameri, R., & D’Auria, B. (2016). Smart Mobility in Smart City. Action taxonomy, ICT intensity and 

public benefits (Vol. 11, pp. 13–28). https://doi.org/10.1007/978-3-319-23784-8_2 

Biagi, B., Brandano, M. G., & Lambiri, D. (2015). Does Tourism Affect House Prices? Evidence from Italy. Growth and 

Change, 46(3), 501–528. https://doi.org/10.1111/grow.12094 

Bolitzer, B., & Netusil, N. R. (2000). The impact of open spaces on property values in Portland, Oregon. Journal of 

Environmental Management, 59(3), 185–193. https://doi.org/10.1006/jema.2000.0351 

Brocke, J. vom, Hevner, A., & Maedche, A. (2020). Introduction to Design Science Research (pp. 1–13). 

https://doi.org/10.1007/978-3-030-46781-4_1 

Case, K. E., & Mayer, C. J. (1996). Housing price dynamics within a metropolitan area. Regional Science and Urban 

Economics, 26(3), 387–407. https://doi.org/10.1016/0166-0462(95)02121-3 

Coulson, N. E., & Lahr, M. L. (2005). Gracing the Land of Elvis and Beale Street: Historic Designation and Property 

Values in Memphis. Real Estate Economics, 33(3), 487–507. https://doi.org/10.1111/j.1540-

https://doi.org/10.1016/j.ijsbe.2017.02.007
https://doi.org/10.14569/IJACSA.2017.081042
https://doi.org/10.1177/095624780301500103
https://doi.org/10.3390/su12229376
https://doi.org/10.1016/j.jbusres.2015.01.024
https://doi.org/10.1007/978-3-319-23784-8_2
https://doi.org/10.1111/grow.12094
https://doi.org/10.1006/jema.2000.0351
https://doi.org/10.1007/978-3-030-46781-4_1
https://doi.org/10.1016/0166-0462(95)02121-3
https://doi.org/10.1111/j.1540-6229.2005.00127.x


37  

6229.2005.00127.x 

Crone, T. M., & Voith, R. P. (1992). Estimating house price appreciation: A comparison of methods. Journal of 

Housing Economics, 2(4), 324–338. https://doi.org/10.1016/1051-1377(92)90007-D 

Dorantes, L. M., Paez, A., & Vassallo, J. M. (2011). Analysis of House Prices to Assess Economic Impacts of New 

Public Transport Infrastructure: Madrid Metro Line 12. Transportation Research Record, 2245(1), 131–139. 

https://doi.org/10.3141/2245-16 

Efthymiou, D., & Antoniou, C. (2013). How do transport infrastructure and policies affect house prices and rents? 

Evidence from Athens, Greece. Transportation Research Part A: Policy and Practice, 52, 1–22. 

https://doi.org/10.1016/j.tra.2013.04.002 

Facchetti, E. (2021). Police Infrastructure, Police Performance, and Crime: Evidence from Austerity Cuts. Job Market 

Paper, Queen Mary University of London, 4. 

Farnham, M., Schmidt, L., & Sevak, P. (2011). House Prices and Marital Stability. American Economic Review, 101(3), 

615–619. https://doi.org/10.1257/aer.101.3.615 

Ford, D. A. (1989). The Effect of Historic District Designation on Single-Family Home Prices. Real Estate Economics, 

17(3), 353–362. https://doi.org/10.1111/1540-6229.00496 

Franco, S. F., & Macdonald, J. L. (2018). The effects of cultural heritage on residential property values: Evidence 

from Lisbon, Portugal. Regional Science and Urban Economics, 70, 35–56. 

https://doi.org/10.1016/j.regsciurbeco.2018.02.001 

Frischtak, C., & Mandel, B. R. (2012). Crime, House Prices, and Inequality: The Effect of UPPs in Rio (SSRN Scholarly 

Paper No. 1995795). https://doi.org/10.2139/ssrn.1995795 

Gao, G., Bao, Z., Cao, J., Qin, A. K., Sellis, T., Fellow, IEEE, & Wu, Z. (2019). Location-Centered House Price Prediction: 

A Multi-Task Learning Approach (arXiv:1901.01774). arXiv. https://doi.org/10.48550/arXiv.1901.01774 

Gonçalves, J., Gomes, M. C., Ezequiel, S., Moreira, F., & Loupa-Ramos, I. (2017). Differentiating peri-urban areas: A 

transdisciplinary approach towards a typology. Land Use Policy, 63, 331–341. 

https://doi.org/10.1016/j.landusepol.2017.01.041 

Green, R., & Hendershott, P. H. (1996). Age, housing demand, and real house prices. Regional Science and Urban 

Economics, 26(5), 465–480. https://doi.org/10.1016/0166-0462(96)02128-X 

https://doi.org/10.1111/j.1540-6229.2005.00127.x
https://doi.org/10.1016/1051-1377(92)90007-D
https://doi.org/10.3141/2245-16
https://doi.org/10.1016/j.tra.2013.04.002
https://doi.org/10.1257/aer.101.3.615
https://doi.org/10.1111/1540-6229.00496
https://doi.org/10.1016/j.regsciurbeco.2018.02.001
https://doi.org/10.2139/ssrn.1995795
https://doi.org/10.48550/arXiv.1901.01774
https://doi.org/10.1016/j.landusepol.2017.01.041
https://doi.org/10.1016/0166-0462(96)02128-X


38  

Grum, B., & Govekar, D. K. (2016). Influence of Macroeconomic Factors on Prices of Real Estate in Various Cultural 

Environments: Case of Slovenia, Greece, France, Poland and Norway. Procedia Economics and Finance, 39, 

597–604. https://doi.org/10.1016/S2212-5671(16)30304-5 

Han, Y., Zhang, H., & Zhao, Y. (2021). Structural evolution of real estate industry in China: 2002-2017. Structural 

Change and Economic Dynamics, 57, 45-56. https://doi.org/10.1016/j.strueco.2021.01.010 

Haron, N., & Liew, C. (2013).  Factors influencing the rise of house price in Klang Valley. International Journal of 

Research in Engineering and Technology, 2, 261–272. https://doi.org/10.15623/ijret.2013.0210039 

Hong, S., Xiao-jun, L. I. U., & Zhen, H. U. (2011). Study on the scope that subway engineering influence the price of 

peripheral real estate. Systems Engineering Procedia, 1, 257-263. https://doi.org/10.1016/j.sepro.2011.08.040 

Hornis, W., & van Eck, J. R. (2008). A typology of peri-urban areas in the Netherlands. Tijdschrift Voor Economische 

En Sociale Geografie, 99(5), 619–628. Scopus. https://doi.org/10.1111/j.1467-9663.2008.00497.x 

Iaquinta, D. L., & Drescher, A. W. (2000). Defining the peri-urban: Rural-urban linkages and institutional 

connections. Land Reform, Land Settlement and Cooperatives, 2, 8–27. Scopus. 

Jim, C. Y., & Chen, W. Y. (2009). Value of scenic views: Hedonic assessment of private housing in Hong Kong. 

Landscape and Urban Planning, 91(4), 226–234. https://doi.org/10.1016/j.landurbplan.2009.01.009 

Korcelli, P. (2008). Typologies of European urban-rural Regions: a Review and Assessment. Geographia Polonica, 

81, 42–60. 

Krähmer, K., & Santangelo, M. (2018). Gentrification without gentrifiers? Tourism and Real Estate Investment in 

Lisbon. https://core.ac.uk/outputs/234925260 

Lazrak, F., Nijkamp, P., Rietveld, P., & Rouwendal, J. (2014). The market value of cultural heritage in urban areas: An 

application of spatial hedonic pricing. Journal of Geographical Systems, 16(1), 89–114. 

https://doi.org/10.1007/s10109-013-0188-1 

Lecomte, P. (2019). (PDF) New boundaries Conceptual framework for the analysis of commercial real estate in smart 

cities.https://www.researchgate.net/publication/330366104_New_boundaries_Conceptual_framework_for_t

he_analysis_of_commercial_real_estate_in_smart_cities 

Limsombunchai, V., Gan, C., & Lee, M. (2004). House Price Prediction: Hedonic Price Model vs. Artificial Neural 

Network. American Journal of Applied Sciences, 1. https://doi.org/10.3844/ajassp.2004.193.201 

https://doi.org/10.1016/S2212-5671(16)30304-5
https://doi.org/10.1016/j.strueco.2021.01.010
https://doi.org/10.15623/ijret.2013.0210039
https://doi.org/10.1111/j.1467-9663.2008.00497.x
https://doi.org/10.1016/j.landurbplan.2009.01.009
https://core.ac.uk/outputs/234925260
https://doi.org/10.1007/s10109-013-0188-1
https://www.researchgate.net/publication/330366104_New_boundaries_Conceptual_framework_for_the_analysis_of_commercial_real_estate_in_smart_cities
https://www.researchgate.net/publication/330366104_New_boundaries_Conceptual_framework_for_the_analysis_of_commercial_real_estate_in_smart_cities
https://doi.org/10.3844/ajassp.2004.193.201


39  

Linder, F., & Spear, J. (2003). Review of Re-Thinking Science: Knowledge and the Public in an Age of Uncertainty 

[Review of Review of Re-Thinking Science: Knowledge and the Public in an Age of Uncertainty, by H. Nowotny, 

P. Scott, & M. Gibbons]. Contemporary Sociology, 32(2), 255–257. https://doi.org/10.2307/3089636 

Liu F, Min M, Zhao K, Hu W. Spatial-Temporal Variation in the Impacts of Urban Infrastructure on Housing Prices in 

Wuhan, China. Sustainability. 2020; 12(3):1281. https://doi.org/10.3390/su12031281 

Long, L. (1992). Changing Residence: Comparative Perspectives on its Relationship to Age, Sex, and Marital Status. 

Population Studies, 46(1), 141–158. https://doi.org/10.1080/0032472031000146056 

Loomis, J. (2004). Do nearby forest fires cause a reduction in residential property values? Journal of Forest 

Economics, 10(3), 149–157. https://doi.org/10.1016/j.jfe.2004.08.001 

Lynch, A. K., & Rasmussen, D. W. (2001). Measuring the impact of crime on house prices. Applied Economics, 

33(15), 1981–1989. https://doi.org/10.1080/00036840110021735 

McKinsey & Company. (2013). How to make a city great | McKinsey. https://www.mckinsey.com/featured-

insights/urbanization/how-to-make-a-city-great 

Mendes, L. (2017). Gentrificação turística em Lisboa: Neoliberalismo, financeirização e urbanismo austeritário em 

tempos de pós-crise capitalista 2008-2009. Cadernos Metrópole, 19, 479–512. https://doi.org/10.1590/2236-

9996.2017-3906 

Micek, G. (2008). Exploring the role of sticky places in attracting the software industry to Poland. Geographia 

Polonica, 81, 42–60. 

Morancho, A. B. (2003). A hedonic valuation of urban green areas. Landscape and Urban Planning, 66(1), 35–41. 

https://doi.org/10.1016/S0169-2046(03)00093-8 

Murray, C. K. (2022). A Housing Supply Absorption Rate Equation. The Journal of Real Estate Finance and 

Economics, 64(2), 228–246. https://doi.org/10.1007/s11146-020-09815-z 

Neves, F. T., de Castro Neto, M., & Aparicio, M. (2020). The impacts of open data initiatives on smart cities: A 

framework for evaluation and monitoring. Cities, 106, 102860. https://doi.org/10.1016/j.cities.2020.102860 

Nofre, J., Giordano, E., Eldridge, A., Martins, J. C., & Sequera, J. (2018). Tourism, nightlife and planning: Challenges 

and opportunities for community liveability in La Barceloneta. Tourism Geographies, 20(3), 377–396. 

https://doi.org/10.1080/14616688.2017.1375972 

https://doi.org/10.2307/3089636
https://doi.org/10.1080/0032472031000146056
https://doi.org/10.1016/j.jfe.2004.08.001
https://doi.org/10.1080/00036840110021735
https://www.mckinsey.com/featured-insights/urbanization/how-to-make-a-city-great
https://www.mckinsey.com/featured-insights/urbanization/how-to-make-a-city-great
https://doi.org/10.1590/2236-9996.2017-3906
https://doi.org/10.1590/2236-9996.2017-3906
https://doi.org/10.1016/S0169-2046(03)00093-8
https://doi.org/10.1007/s11146-020-09815-z
https://doi.org/10.1016/j.cities.2020.102860
https://doi.org/10.1080/14616688.2017.1375972


40  

Noonan, D. S., & Krupka, D. J. (2010). Determinants of Historic and Cultural Landmark Designation: Why We 

Preserve What We Preserve. https://scholarworks.iupui.edu/handle/1805/3583 

Nunes, J. P. (2005). Uma cidade de proprietários? Mudanças na distribuição dos estatutos de ocupação do 

alojamento na área metropolitana de Lisboa entre 1950 e 2001. In Forum Sociológico (Vol. 13, No. 14, pp. 113-

135). 

Peng, T.-C. (2020). The capitalization of spatial healthcare accessibility into house prices in Taiwan: An application of 

spatial quantile regression. International Journal of Housing Markets and Analysis, 14(5), 860–893. 

https://doi.org/10.1108/IJHMA-06-2020-0076 

Perić, B. Š., Smiljanić, A. R., & Kežić, I. (2022). Role of tourism and hotel accommodation in house prices. Annals of 

Tourism Research Empirical Insights, 3(1), 100036. https://doi.org/10.1016/j.annale.2022.100036 

Pollack, A. B., & Kaufmann, R. K. (2022). Increasing storm risk, structural defense, and house prices in the Florida 

Keys. Ecological Economics, 194, 107350. https://doi.org/10.1016/j.ecolecon.2022.107350 

Ramos, I., Ferreiro, M. F., Colaço, C., & Santos, S. (2013). Peri-urban landscapes in metropolitan areas: using 

transdisciplinary research to move towards an improved conceptual and geographical understanding. 

In AESOP-ACSP Joint Congress, Dublin (Vol. 7). 

Rivas, R., Patil, D., Hristidis, V., Barr, J. R., & Srinivasan, N. (2019). The impact of colleges and hospitals to local real 

estate markets. Journal of Big Data, 6(1), 7. https://doi.org/10.1186/s40537-019-0174-7 

Rizzo, F. (2015, June 7). Design and social innovation for the development of human smart cities. Nordes 2015: 

Design Ecologies. https://doi.org/10.21606/nordes.2015.012 

Shi, Y. S., & Guo, H. N. (2009). Temporal-spatial impacts of the Shanghai South Railway Station on housing 

prices. Acta Geographica Sinica, 64(2), 167-176. https://doi.org/10.11821/xb200902004 

Shi, Y. S., & Guo, H. N. (2010). The spatial effect of large park on housing price-use Huangxing park of Shanghai as a 

case. Geographical Research, 29(3), 510–520. Scopus. 

Silva, M. F. M. da. (2014, June 17). O Regime Transitório da Nova Lei do Arrendamento Urbano. O Regime 

Transitório da Nova Lei do Arrendamento Urbano. O Regime Transitório da Nova Lei do Arrendamento 

Urbano. https://estudogeral.sib.uc.pt/handle/10316/34924 

So, H. M., Tse, R. Y. C., & Ganesan, S. (1997). Estimating the influence of transport on house prices: Evidence from 

https://scholarworks.iupui.edu/handle/1805/3583
https://doi.org/10.1108/IJHMA-06-2020-0076
https://doi.org/10.1016/j.annale.2022.100036
https://doi.org/10.1016/j.ecolecon.2022.107350
https://doi.org/10.1186/s40537-019-0174-7
https://doi.org/10.21606/nordes.2015.012
https://doi.org/10.11821/xb200902004
https://estudogeral.sib.uc.pt/handle/10316/34924


41  

Hong Kong. Journal of Property Valuation and Investment, 15(1), 40–47. 

https://doi.org/10.1108/14635789710163793 

Solecki, W., Seto, K. C., Balk, D., Bigio, A., Boone, C. G., Creutzig, F., Fragkias, M., Lwasa, S., Marcotullio, P., Romero-

Lankao, P., & Zwickel, T. (2015). A conceptual framework for an urban areas typology to integrate climate 

change mitigation and adaptation. Urban Climate, 14, 116–137. https://doi.org/10.1016/j.uclim.2015.07.001 

Standish, B., Lowther, B., Morgan-Grenville, R., & Quick, C. (2005). The determinants of residential house prices in 

South Africa. Investment Analysts Journal, 34(61), 41–48. https://doi.org/10.1080/10293523.2005.11082467 

Tongkong, S. (2012). Key factors influencing capital structure decision and its speed of adjustment of Thai listed real 

estate companies. Procedia-Social and Behavioral Sciences, 40, 716-720. 

https://doi.org/10.1016/j.sbspro.2012.03.254 

Tse, R. Y. C. (2002). Estimating Neighbourhood Effects in House Prices: Towards a New Hedonic Model Approach. 

Urban Studies, 39(7), 1165–1180. https://doi.org/10.1080/00420980220135545 

Turner, J. (2017). The Impact of Walkability on Home Values: Findings from Neighborhoods in Three Bay Area 

Citites. City and Regional Planning. https://digitalcommons.calpoly.edu/crpsp/155 

UNDESA. (2018). World Urbanization Prospects The 2018 Revision. 126. 

Van Duijn, M., & Rouwendal, J. (2013). Cultural heritage and the location choice of Dutch households in a 

residential sorting model. Journal of Economic Geography, 13(3), 473–500. https://doi.org/10.1093/jeg/lbs028 

Waddell, P., Berry, B. J. L., & Hoch, I. (1993). Residential Property Values in a Multinodal Urban Area: New Evidence 

on the Implicit Price of Location. The Journal of Real Estate Finance and Economics, 7(2), 117–141. 

Wen, H., Zhang, Y., & Zhang, L. (2014). Do educational facilities affect housing price? An empirical study 

in Hangzhou, China. Habitat International, 42, 155–163. https://doi.org/10.1016/j.habitatint.2013.12.004 

Xiao-zhu, D., & Ling-wei, K. (2013). The land prices and housing prices—Empirical research based on panel data of 

11 provinces and municipalities in Eastern China. 2013 International Conference on Management Science and 

Engineering 20th Annual Conference Proceedings, 2118–2123. https://doi.org/10.1109/ICMSE.2013.6586557 

Yiu, C. Y., & Wong, S. K. (2005). The Effects of Expected Transport Improvements on Housing Prices. Urban Studies, 

42(1), 113–125. https://doi.org/10.1080/0042098042000309720 

Yu, L., Jiao, C., Xin, H., Wang, Y., & Wang, K. (2018). Prediction on Housing Price Based on Deep Learning. 

https://doi.org/10.1108/14635789710163793
https://doi.org/10.1016/j.uclim.2015.07.001
https://doi.org/10.1080/10293523.2005.11082467
https://doi.org/10.1016/j.sbspro.2012.03.254
https://doi.org/10.1080/00420980220135545
https://digitalcommons.calpoly.edu/crpsp/155
https://doi.org/10.1093/jeg/lbs028
https://doi.org/10.1016/j.habitatint.2013.12.004
https://doi.org/10.1109/ICMSE.2013.6586557
https://doi.org/10.1080/0042098042000309720


42  

International Journal of Computer and Information Engineering, 12(2), 90–99. 

Zhang, L., Zhou, J., Hui, E. C. M., & Wen, H. (2019). The effects of a shopping mall on housing prices: A case study in 

Hangzhou. International Journal of Strategic Property Management, 23(1), Article 1. 

https://doi.org/10.3846/ijspm.2019.6360 

Zhou, Y., Tian, Y., Jim, C. Y., Liu, X., Luan, J., & Yan, M. (2022). Effects of Public Transport Accessibility and Property 

Attributes on Housing Prices in Polycentric Beijing. Sustainability, 14(22), Article 22. 

https://doi.org/10.3390/su142214743 

Zulkifley, N., Abdul Rahman, S., Ubaidullah, N. H., & Ibrahim, I. (2020). House Price Prediction using a Machine 

Learning Model: A Survey of Literature. International Journal of Modern Education and Computer Science, 

12(6), 46–54. https://doi.org/10.5815/ijmecs.2020.06.04 

 

 

 

https://doi.org/10.3846/ijspm.2019.6360
https://doi.org/10.3390/su142214743
https://doi.org/10.5815/ijmecs.2020.06.04

