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Abstract  

 

The Real Estate market is of utmost importance in today’s modern economy and in every citizen’s 

life. Hence, in order to improve urban planning and management as well as Real Estate 

investment, it is fundamental to study and understand this market’s dynamics. Through this essay 

we aim to understand the Portuguese Real Estate market and its evolution since 1990. A variety 

of macroeconomic data will be used as input, in addition to a comprehensive study of the policies 

applied on this sector. We will be using Linear Regression methods on both explanatory and 

predictive approaches by analyzing the Real Estate market, its dynamics and its most important 

factors. Based on DiPasquale and Weathon’s (1992) model for Real Estate Assets and Space, 

along with the Supply and Demand model, we attempted to understand the relationship between 

Real Estate inputs (such as building costs and access to finance) and its outputs (construction). 

In order to implement and access the models, we used data from 2001 to 2016. We found a great 

similarity between average value (€ per square meter) throughout the country, although there 

were some regional specificities worth noting. Moreover, we demonstrated that Linear Multiple 

Regression models are well fitted for an explanatory analysis of the data analyzed, however 

perform poorly when used as predictive models. 

 

1. Introduction  

 

The real estate sector has had a strong influence in the Portuguese economy (Cushman & 

Wakefield 2014). In 1995, this sector represented 7% of the GVA (Gross Value Added) to the 

Portuguese economy (according to PORDATA) and its weight has been increasing ever since. 

Currently, the real estate and construction sectors account for 17% of GVA. Thus, a 

comprehensive study of the real estate market would provide a better understanding of one of 

the major drivers of economy (Case 2000), (Leung 2004). The increasing capital gains on 



Portuguese realty, especially on luxury real estate, has been noted by local and foreign investors. 

Although there is no formal definition of what constitutes a luxury real estate property, it can be 

assumed that properties valued over 500.000€ are considered luxury ones, seeing as this is the 

value set as the threshold for the Golden Visa or Residence Permit for Investment Activities (ARI). 

Both private investors and REITs (Real Estate Investment Funds) have been investing in the 

Portuguese commercial real estate (as rental proprieties) and residential segments (as second 

residences or rental properties).  

The literature on the relationship between macroeconomic factors and real estate pricing is 

arguably less than expected (Leung 2004), especially considering that real estate is often used 

as collateral asset on credit and risk analysis in numerous investment projects (Mera e Renaud 

2000).  However, some studies have shown the relationship between real estate prices and 

economic factors such as Foreign Direct Investment (FDI) for instance Tsatsaronis and Zhu 

(2004), Fereidouni et al. (2010), Moshirian and Pham (2000) and Silva (2006).  

The Markets for Real Estate Assets and Space: A Conceptual Framework, by DiPasquale and 

Wheaton (1992) is one of the most comprehensive studies on real estate market dynamics, and 

as a result has served as the basis for the development of this essay. Fischer, DiPasquale and 

Wheaton have studied the relationship between housing stock, rent, price and new construction, 

presenting the Fischer-DiPasquale-Wheaton model (FDW-model) for real estate markets.  

Throughout this essay we have used the average bank valuation as a decision variable (Lourenço 

and Paulo 2014) for both national and regional real estate models while trying to understand the 

relationship between macroeconomic factors and the Portuguese real estate markets.  

 

2. Fundamentals of Real Estate markets 

 

The real estate market as an “economic market” follows the economic demand and supply model.  

The value of an asset is determined not only based on its physical and geographic characteristics 

but also on the its demand and on availability of similar assets. This relationship of demand and 

supply can be simplified through the following figure based on the theory presented on Wealth of 

Nations (Smith 1776). The price is therefore given by the intersection between demand (D) and 

supply (S). 

 

Figure 1 - Demand and Supply 



 
 

While demand can be influenced by such factors as the average household income, supply can 

be influenced by the stock of real estate assets as well as the vacancy rates. Both demand and 

supply, are influenced by various factors, therefore this equilibrium is dynamic serving as an 

guideline for all market stakeholders.  

Denise DiPasquale and William Wheaton (1992) further studied this relationship and presented 

an iterative model relating real estate rents, price, stock and construction. This model can be 

represented as per figure below.  

 

 

Figure 2 - DiPasquale-Wheaton (DW) model 

 
 

The relationship between the real estate market and the financial market can be found on the 

second quadrant (Colwell 2002). However, according to the same author, it is important to note 

that this model does not account for vacancy rates (percentage of occupied residences). 

 

The relationship between the property and the asset markets can also be expressed by the price-

to-rent ratio (Lourenço and Paulo 2014). A high price-to-rent might lead to the decline of housing 

prices, since new residents will be more likely to rent than to buy, whereas a low price-to-rent 

ratio might lead to an increase in market prices, seeing as new residents will be more likely to buy 

and become homeowners (Pagourtzi et al. 2003). The price-to-income ratio can also be used as 

a tendency indicator on the future development of the real estate property market. In case of a 

high price-to-income ratio people will be less likely to buy, which should lead to a decline in real 

estate prices. On the other hand, a decline on this ratio may lead to an increase on the likelihood 

to buy properties. 

 

This dynamic can often be represented as a real estate cycle (Gottlieb 1976). According to Case  

(Case 2000), there are several factors that might influence these dynamics such as vacancy 

rates, construction of new proprieties, as well as investors´ speculations, which can potentially 

lead to a real estate market crash. Real estate properties can be overpriced due to investors´ 



speculations, leading to a crash in case this is not supported by a change in demographics 

(Mankiw e Weil 1989). 

Furthermore, speculation can also negatively impact construction, leading construction 

companies and players to overbuild  and subsequently cause a housing bubble (Hong, 

Scheinkman and Xiong 2006) (Glaeser, Gyourko and Saiz 2008). 

3. The Portuguese Real Estate market 

 
The Portuguese real estate market can be defined by its high percentage of homeownership 

(Braga 2013). There is a strict link between the Portuguese financial sector and the real estate 

market. After the liberalization of commercial banking, which began in 1984 (Santos, Teles and 

Serra 2014), easy access to credit led to an increased demand for homeownership. Numerous 

families were able to buy residences for the first time. This higher demand led to new construction 

and to an over-indebtedness. This excessive demand was noted worldwide and the Portuguese 

market was referred to an example of good capital gains on real estate investment (Goetzmann 

and  Rouwenhorst 2000). From 2000 to 2007 the number of permits issued for new construction 

started to decline however, the average price per square meter has remained roughly constant. 

This collapsed after the 2007 financial crisis with an average decline of 12% in the housing prices 

from 2007 to 2013. Several government sponsored programs have offered reduced interest rates 

to young couples and affordable housing (Porta 65 program). 

 

The increasing influx of tourists has also influenced the Portuguese real estate markets, 

especially in the Lisbon area, due to increased demand for short term rent (through AirBnB and 

other real estate rental platforms) and homeownership by foreign private investors.  

4. National and regional models  

 

While analyzing state of the art real estate models, it has been found that majority of models are 

created based on two different techniques: Artificial Neural Networks (ANN) (Nguyen e Cripps 

2001) (Teixeira 2012) and Linear Multiple Regression (Zurada, Guan e Levitan 2011).  

Moreover, models traditionally based on Artificial Neural Networks perform better when using 

large datasets with a large number of independent variables and observations. However, Linear 

Multiple Regression is also an established method for modeling real estate by both academics 

and professionals  (Zurada, Guan e Levitan 2011). During the development of this study we have 

tested both approaches and achieved better results when using Linear Multiple Regression 

models. This could be a result of a limited number of observation (56 observations).  

We have used Python programming language in order to develop this study and model both 

national and regional markets.  



5. Model Mathematical Formulation  

 

Linear Multiple Regression models form a relationship between a dependent variable 𝑦𝑖  and 

several independent variables 𝑥𝑖𝑘. The coefficients 𝛽1 , defined as constants, express the impact 

on the dependent variable of each unit change on each independent variable (Hair et al. 2010). 

Additionally, it is considered a noise coefficient given by 𝑒𝑖 . The equation can be written as 

follows: 

 

 𝑦𝑖 =  𝛽0 +  𝑥𝑖1𝛽1 + 𝑥𝑖2𝛽2 + ⋯ + 𝑥𝑖𝑘𝛽𝑘 + 𝑒              𝑖 = 1,2, …n [1] 

 

 

In order to estimate the coefficients we used the Ordinary Least Squares (OLS) method 

(Gustafsson & Wogenius, 2014), in which the difference between the predicted and observed 

value is deduced as follows:  

 

 ∑ �̂�𝑖
2 = ∑(𝑦𝑖 − �̂�𝑖)2 

𝑛

𝑖=1

𝑛

𝑖=1

 [2] 

 

In order to validate the model to the national  average bank valuation we have chosen the 

Goodness to Fit (R2)  and  the Mean Absolute Percentage Error (MAPE)  (Nguyen e Cripps 2001). 

Other methods have been used, as per table 1.  

 
Table 1 - Adapted from (Zurada, Guan and Levitan 2011); pi-predicted value; ai- observed value; n – number 

of observations; i = 1,...,n 

Performance Criteria Formula 

Root mean-squared Error (RMSE) √
∑ (𝑝𝑖 − 𝑎𝑖)2𝑛

𝑖=1

𝑛
 

Mean Absolute Error (MAE) 
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𝑖

𝑛
 

Mean Absolute Percentage Error (MAPE) 
∑ |

𝑝𝑖 − 𝑎𝑖
𝑎𝑖

|𝑛
𝑖

𝑛
 

Goodness to Fit 
(

𝑆𝑃𝐴

√𝑆𝑃𝑆𝑎
)

2

 with 𝑆𝑃𝐴 =
∑ (𝑃𝑖−�̅�)𝑛

𝑖 (𝑎𝑖−�̅�)

𝑛−1
 

𝑆𝑝 =
∑ (𝑃𝑖−�̅�)𝑛

𝑖

𝑛−1
 ; 𝑆𝑎 =

∑ (𝑎𝑖−�̅�)𝑛
𝑖

𝑛−1
 ; e �̅� =

∑ 𝑝𝑖
𝑛
𝑖

𝑛
 

 
 
 
 
 
 



6. Decision Variable 

 
As a decision (dependent) variable we have used the average bank valuation per square metre 

(Pagourtzi et al. 2003). This is a widely used metric and i tis a good indicator of markets overall 

tendency (Chandler e Disney 2014), (Gloudemans e Miller 1976).  

 

 

7. Independent variables 

 
This essay has included a variety of independent variables related to the macroeconomic 

tendencies, seeing as several studies have proven the importance of including several indicators 

as inputs to a real estate model (Tsatsaronis e Zhu 2004) (Ross 2011) (Winkler e Jud 2002). The 

independent variables considered in this study can be found on the following table: 

 

 

 

Table 2 – Independent variables  

 

 

 



Tabele 3 - Independent variables  

 

 

The majority of data was gathered from the Instituto Nacional de Estatística (INE) statistical 

reports. However, we have also used Bank of Portugal (Banco de Portugal – BdP), Reuters, New 

York Stock Exchange (NYSE), the European Central Bank (ECB) and the European Banking 

Federation (EBF) as sources for the development of this project.  

8. Case Study 

 
During this essay we have studied the impact of macroeconomics factors on Portuguese real 

estate through the assessment of the average bank valuation. After a first analysis on the real 

estate panorama we have gathered and pre-processed all variables. Then, we have modeled the 

selected variable. First we used the national average bank valuation as a decision variable. Then, 

on a second phase we have used several regional data to model real estate markets on the top 

tem cities per yearly transactions, namely the Lisbon Metropolitan Area and Oporto Metropolitan 

Area as well as the cities of Almada, Amadora, Cascais, Lisbon, Oeiras, Sintra, Matosinhos, 

Oporto, Vila Nova de Gaia and Braga. 

  



9. Input Data  

 
We started by analyzing the correlation between variables through the below cluster heatmap. 

This map uses color to identify strong positive correlations (in red) and strong negative 

correlations (in blue) and organizes the independent variables in clusters using Euclidean 

distance as criteria. 

 
 
 
 
 

 

We have also analyzed the correlation between regional data and observed a high correlation 

between all selected regional areas. However, it is important to note that Lisbon as its distinct 

dynamics as per above heatmap.  

10. National results 

 
On a first regression model we have used the standard Linear Multiple Regression taking all 

independent variables as input. However, results have shown a p-value of over 10% on the 

majority of independent variables. Therefore, we have tried a second approach using Stepwise 

elimination as a feature selection technique. Backwards Stepwise Regression have shown to 

produce the best results. The equation obtained can be written as per below:  

 

 
𝑪𝒐𝒏𝒕 (

€

𝑚2) = 1175,58 + 93,04𝑷𝑰𝑩 + 54,11𝑹𝑴𝑴 + 18,54𝑰𝑺𝑬 − 21,51𝑬𝟑𝑴

− 16,55𝑶𝑻𝟏𝟎 + 50,03𝑹𝒆𝒔 − 98,27𝑫𝑬𝑩 − 94,43𝑪_𝑪𝒐𝒏𝒔𝒕𝒓 

[1] 

 

The results met our expectations on the model. It shows that an increase in GDP (PIB), Net 

Average Household Income (RMM) and number of residents have a positive influence on the 

Figure 3 - Cluster heatmap of independent variables 

Figure 4 - correlation matrix heatmap of regional data 



increase of average bank valuation.  A positive public opinion, given by the Economic Sentiment 

Index (ISE) will also increase the likelihood of investing in real estate thus increasing the average 

bank valuation. On the other hand, an increase in interest rates and an increase in Treasury 

Bonds yields should lead to a decrease on bank valuation. The goodness to fit  (R2) stands at 

92,2%, which means a high percentage of bank valuation variance can be explained by the above 

model. The Durbin-Watson residuals equal to 0,952 which may suggest a high correlation 

between variables which can be explained by the high correlation shown amongst 

macroeconomic variables. 

 

 

11. Regional results 

 
On a regional level we came to conclude that each city was influence by a different set of 

macroeconomic factors. However, we have noted that the Gross Domestic Product (PIB) as well 

as Euribor interest rates  are part of the majority of the equations found. The results table can be 

found on table 4. 

 

 
 

Table 4 - Regional models after Backwards Stepwise elimination 

Region Model  

Lisbon 
Metropolitan 

Area 

𝒚 (
€

𝑚2
) = 1354,92 + 215,39𝑷𝑰𝑩 + 46,24𝑪𝒑𝒖𝒃 − 70,38𝐈𝐦𝐩

+ 73,64𝐈𝐇𝐏𝐂 + 50,80𝐈𝐒𝐄 − 47,90𝐄𝟔𝐌 − 127,18𝐈𝐃𝐄 
[2] 

Almada 
𝒚 (

€

𝑚2) = 1380,49 + 175,86𝑷𝑰𝑩 + 49,52𝑷𝒓𝑰𝒏𝒕 − 63,73𝑰𝒎𝒑

+ 38,71𝑰𝑯𝑷𝑪 − 31,51𝑬𝟑𝑴 + 80,48𝑹𝒆𝒔
− 198,05𝑫𝑬𝑩 

[3] 

Amadora 
𝒚 (

€

𝑚2
) = 1354,70 + 241,25𝑷𝑰𝑩 − 71,08𝑭𝑩𝑪𝑭 + 55,23𝑷𝒓𝑰𝒏𝒕

− 409,41𝑬𝟑𝑴 + 364,85𝑬𝟔𝑴 + 37,13𝑬𝑼𝑹_𝑼𝑺𝑫
− 201,16𝑫𝑬𝑩 − 157,57𝑪_𝑪𝒐𝒏𝒕𝒓 

[4] 

Cascais 
𝒚 (

€

𝑚2) = 1633,21 − 135,14𝑷𝑰𝑩 + 54,44𝑪𝒑𝒓𝒊𝒗 + 74,11𝑪𝒑𝒖𝒃

+ 148,68𝑹𝑴𝑴 + 71,11𝑰𝑯𝑷𝑪 + 60,56𝑷𝑺𝑰𝟐𝟎
+ 105,91𝐑𝐞𝐬 

[5] 

Lisbon 
𝒚 (

€

𝑚2) = 1847,82 − 148,68𝑻𝒅𝒆𝒔 − 79,29𝑰𝒎𝒑 + 61,16𝑰𝑯𝑷𝑪

− 43,33𝑻𝒂𝒙_𝑯𝒂𝒃 + 732,18𝑬𝟑𝑴 − 722,03𝑬𝟔𝑴
+ 59,22𝑷𝑺𝑰𝟐𝟎 + 68,83𝑹𝒆𝒔 + 296,54𝑪_𝑪𝒐𝒏𝒕𝒓 

[6] 

Oeiras 
𝒚 (

€

𝑚2) = 1601,34 + 231,18𝑷𝑰𝑩 + 34,89𝑪𝒑𝒓𝒊𝒗 − 86,04𝑰𝒎𝒑

+ 60,64𝑰𝑯𝑷𝑪 + 41,11𝑷𝑺𝑰𝟐𝟎 − 129,75𝑰𝑫𝑬 
[7] 

Sintra 
𝒚 (

€

𝑚2
) = 1157,86 − 56,13𝑻𝒅𝒆𝒔 − 50,35𝑰𝒎𝒑 + 99,17𝑹𝑴𝑴

+ 60,52𝑰𝑺𝑬 + 102,53𝑹𝒆𝒔 − 125,54𝑫𝑬𝑩 
[8] 



Oporto 
Metropolitan 

Area 

𝒚 (
€

𝑚2) = 1111,85 + 95,87𝑻𝒅𝒆𝒔 + 154,55𝑷𝑰𝑩 + 21,60𝑷𝒓𝑰𝒏𝒕

+ 30,46𝑻𝒂𝒙_𝑯𝒂𝒃 − 444,11𝑬𝟑𝑴 + 425,90𝑬𝟔𝑴
− 24,43𝑶𝑻𝟏𝟎 − 40,87𝑷𝑺𝑰𝟐𝟎 + 41,76𝑬𝑼𝑹_𝑼𝑺𝑫
− 353,76𝑪_𝑪𝒐𝒏𝒕𝒓 

[9] 

Matosinhos 

𝒚 (
€

𝑚2) = 1240,02 + 69,79𝑷𝑰𝑩 + 41,46𝑪𝒑𝒖𝒃 + 70,38𝑬𝒙𝒑

+ 48,22𝑰𝑺𝑬 + 24,24𝑻𝒂𝒙_𝑯𝒂𝒃 − 250,67𝑬𝟑𝑴
+ 233,01𝑬𝟔𝑴 − 30,69𝑷𝑺𝑰𝟐𝟎 + 163,84𝑹𝒆𝒔
− 84,08𝑨𝒄𝒕 − 220,45𝑪_𝑪𝒐𝒏𝒕𝒓 

[10] 

Oporto 
𝒚 (

€

𝑚2) = 1370,39 + 49,12𝑪𝒑𝒖𝒃 + 31,25𝑭𝑩𝑪𝑭 + 32,46𝑰𝑯𝑷𝑪

− 21,31𝑬𝟔𝑴 + 62,47𝑹𝒆𝒔 
[11] 

Vila Nova 
de Gaia 

𝒚 (
€

𝑚2) = 1056,92 + 96,33𝑻𝒅𝒆𝒔 + 161,22𝑷𝑰𝑩 − 428,12𝑬𝟑𝑴

+ 438,30𝑬𝟔𝑴 − 27,73𝑶𝑻𝟏𝟎 − 39,24𝑷𝑺𝑰𝟐𝟎
+ 43,33𝑬𝑼𝑹_𝑼𝑺𝑫 − 346,77𝑪_𝑪𝒐𝒏𝒕𝒓 

[12] 

 

12. Conclusions 

 
The models presented previously offered an interesting overview on the macroeconomic factors 

that influence the Portuguese real estate markets. There is evidence that the Gross Domestic 

Product, the Net Average Household Income as well as Imports and Exports play na import role 

in this market dynamics. Moreover, interest rates showed evidence of a negative impact on the 

increase of bank valuation. In regard to regional markets, Lisbon shows a distinct trend while the 

majority of the remaining analyzed cities show a similar dynamic and a high correlation. 

During the development of this study we understood that several regression techniques can be 

applied to real estate models namely Artificial Neural Networks (ANN) as well as Linear Multiple 

Regression (LMR). While ANN have shown better results when a large number of observation is 

available, LMR have shown fair results when applied to smaller datasets. In this case, we have 

achieved better results using Backwards Stepwise Elimination with a goodness to fit of 92,2% on 

the national average bank valuation model.  

Additionally, for future studies, we would suggest Autoregressive Conditional Heteroscedasticity 

(ARCH) models (Hamilton 1994) as well the analysis of Granger causality (Darrat e Glascock 

1993). We would also suggest using a larger dataset, with further household characteristics, 

allowing a segment analysis and modelling of real estate assets (Case and Shiller 1994).  
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