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Abstract

Housing costs have been outpacing incomes for the past decade in the EU, with flats in major cities

experiencing the most severe increases. This paper aims to answer the question: Are detached houses

and rural areas more affordable? The literature has a gap in the research of the relationship between

dwelling type and housing affordability. The closest topic is the effect of density and affordability, which

was found to be negative. Ambiguity of the data exists, as other studies have found opposite results. This

paper has found that countries with more rural populations do not spend less on housing, and houses are

marginally less affordable than flats. Regression analysis was performed on the data from Eurostat and

OECD dataset for the EU member states. Two different sources for the dependent variable were used,

and three models were built for each to achieve robustness. The variance in the share of housing costs

in income is low among the member states. With the share of people living in houses decreasing in

more urbanized countries, the data suggests people substitute living in rural houses for urban flats. It

is significant in a broader scope of understanding housing affordability, as it shows the behavior of the

population in the EU when choosing a dwelling type.
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Introduction

1.1 RELEVANCE

The topic of housing affordability is highly relevant in the European Union and is widely discussed

in the media. Table 1 shows a selection of headlines from the media about the housing crisis in Europe.

The headlines are from various sources, including The Guardian, Financial Times and Reuters. A table by

Wetzstein was extended with more recent headlines, starting with 2022 (Ergocun; Hernández-Morales;

Lahiri; Szymanska).

Besides, a recent survey by Ipsos shows that 77% of the respondents in the Netherlands believe

that their country is on the wrong track when it comes to housing, with the lowest percentage in the EU,

52% in Poland, still making up the majority of the respondents (Stinson and Rochester).

In monetary terms, the housing crisis is also evident. In the EU between 2010 and 2023: house

prices rose by 48%, rents by 22% and inflation by 36% (Housing in Europe – 2024 Edition - Interactive

Publications - Eurostat). Between 2010 and 2022, there was only a 23% increase in nominal mean

monthly earnings. This means that for the past decade, housing costs have been rising substantially faster

than incomes. For the calculation, data from Eurostat was used. Sources for variables Earnings2010 and

Earnings2022 are in Table 6.

While the articles and the data show that affordability has been decreasing recently, the study

is going to analyze the variation between the countries. From the Eurostat data it is evident that the

scale of the problem is not homogenous inside the EU (Housing in Europe – 2024 Edition - Interactive

Publications - Eurostat). The housing cost overburden rate ranges from 0.7% in Cyprus rural areas to 31%

in Greek cities. Time series analysis would suggest what common factors have been driving the costs up
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in all EU member states, however, this research aims to answer the question of why some countries may

have a better situation than others.

Housing type is a relevant factor in the housing affordability discussion. There is more to dwelling

type than having a backyard or not. It affects anyone’s life in a broader way, defining the lifestyle. If the

population predominantly lives in the suburbs, how are they going to commute to work? If via private

vehicles, can roads be designed in a way to make commuting efficient? And in case public transport is

considered, what is the minimum density for it to be practical? Many more questions arise when factors

like the local economy are brought up. In offices dominate, are they in a central business district or

dispersed around the area? If manufacturing employs the majority, can the factories operate in dense

environments? Thus, housing is foundational in defining the way countries are built. And the effect is

two ways: local geographical and economic features shape the housing and vice versa. So, housing is a

crucial part of national development models. And in market economies, affordability has to be considered

for the design to be feasible in real life. The study complements the economic framework approach by

explaining the variation of housing affordability with dwelling type. The results aim to explore which

housing models in the EU tend to show better affordability.

Several polar opinions on the most optimal housing model may exist. One may argue that single-

family housing should be the only option pointing to overcrowded cities and giving examples when rural

areas may be more affordable. The other side can claim urban flats as being more land-efficient, providing

more amenities nearby, criticizing houses for needless sprawl. However, it is important to note that the

word optimal should be applied with caution as different external conditions and environments may lead

to different best-fitting housing models. The research aims to refute any ungrounded claims by providing

a statistically significant model, advocating for data-backed decision-making.
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Table 1. Housing Crisis Headlines in Global Media

Headline Source Location Year

’All of Europe may march in protest against

housing poverty’

The Guardian Europe 2015

’Only 43 homes in London are affordable for

first-time buyers’

The Guardian UK 2015

’The Netherlands wants to solve its middle-class

housing crisis with smaller apartments’

CityLab Netherlands 2016

’Berlin restricts Airbnb to safeguard affordable

housing’

archpaper.com Germany 2016

’Sweden’s housing crisis hits tech start-ups and

migrants’

Financial Times Sweden 2016

’Ukrainian refugee crisis seen pressuring

Europe’s housing market’

reuters.com Europe 2022

’Housing shortage in major European cities

causes record rent hikes’

aa.com.tr Europe 2023

’Spiralling housing costs hit jobs as employers

struggle to find staff’

euronews.com Europe 2025

’Housing crisis is as big a threat to the EU as

Russia,’ Barcelona mayor says’

politico.eu Spain 2025

Source: Table from Wetzstein extended by the author with more recent headlines from international media

outlets.
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1.2 RESEARCH QUESTION

This paper aims to answer the question: Are detached and semi-detached houses less affordable

than flats in European Union member states? This question arises from an observation that in cities, it

is considered a luxury to live in a single-family home, as the land is scarce and expensive. However, in

rural areas, as most of the population lives in a house, it is considered a norm.

This pattern can be observed when comparing HousingTotalPctIncome, RuralPopulationPct and

HouseDwellingsPct data e.g. Romania and Germany. The former has a higher percentage of the population

living in detached houses (63.6% vs 36.9%) and a lower share of income spent on housing (18.4% vs

24.6%). One of the explanations could be the level of Urbanization explaining the difference. In Romania,

41.6% of the population lives in rural areas, while in Germany it is only 20%. In 2023, GDP per Capita in

Romania was 17 010 EUR, while 49 520 EUR in Germany, meaning the difference is almost three times

(see Table 6). Thus, larger economic output may be a result of a more complex economy, which is more

likely to be found in cities.

While other pairs of countries with similar patterns can be found, this paper aims to analyze the

relationship using statistical methods to get statistically significant results. Based on the observation

explained above, it is hypothesized that more population living in houses and/or in rural areas may

lead to a lower share of income spent on housing. The observation alone does not give a definitive

answer as to whether dwelling type and urbanization act as separate factors or are correlated. Thus, two

main predictors’ effect on housing affordability is going to be analyzed in the research: Dwelling type,

specifically Houses – both detached and semi-detached, and the urbanization level, operationalized as a

percentage of the population living in rural areas to match the first variable. The second variable may
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not be immediately rejected if the first one is rejected. The relationship between both and the DV may be

complex, and thus both variables may have an effect, but with different signs. So, the multicollinearity

between the two variables should be tested first to be sure the results are not biased.

Thus, two hypotheses are to be tested in the research:

1. Countries with a higher percentage of the population living in detached and semi-detached houses tend

to spend a smaller share of their income on housing than other EU countries.

2. Countries with a higher percentage of rural population tend to spend a smaller share of their income

on housing than other EU countries.
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Literature Review

Housing has been a widely researched topic in the past two decades, as it was subject to at least two

major crises: the 2008 Global Financial Crisis (GFC) and the COVID-19 pandemic. Besides, housing is

a human right under Article 25 of the Universal Declaration of Human Rights. Housing is also one of the

biggest expenses in a household budget. As well as the largest asset middle-class families have (Schwartz

and Seabrooke 1).

Quantitative approaches have been frequently used to explain housing affordability. There are

several main approaches to measure the Dependent Variable: House Price, House Price Index (For time

series), House Price to Income Ratio, Housing Overburden rate and Housing Costs as Percentage of

Income. Many studies focus on House Price, as it is easier to obtain and compare across countries.

However, it is not a good measure of affordability, as it does not capture the income differences among

the countries. Also, the rising prices may not be a problem if it is common and easy to get a mortgage

with low interest rates.

Biljanovska et al. do exactly that, calculating a synthetic Housing Affordability Index (HAI)

which takes into account the median income level and the interest rates (10). The paper has also found

unexpected results. Despite the common perception that housing has become less affordable in the past

decades, the HAI has improved on average in 40 countries since the 1990s. However, on the level of

individual countries, the results are mixed. In Great Britain, the HAI has decreased since the late 1990s,

while in Belgium it has been rising since the 2010s, but is still lower than in the 1990s. The study also

confirms the risk of measuring affordability in pure price terms. The HAI has been improving mostly due

to the decrease in interest rates.
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The literature has thoroughly analyzed the overall tendencies in housing affordability and its

macroeconomic determinants. It is important to determine which variables in the literature have an effect

on affordability, as they will be used in the regression analysis in this research as control variables to

prevent the Omitted Variable Bias.

Savchenko has found that house prices in the EU can be explained by several macroeconomic

variables, such as GDP, unemployment rate, Consumer Price Index (CPI), total population and its density

in a particular country (27). The author has also used K-means clustering to group the countries to improve

the model fit, which has shown good results. Though, it is worth mentioning, that the methodology to

group the countries is non-deterministic and will output different results each time. It also uses several

DVs for clustering, which may reduce the clearness of the results. The approach with clustering is a great

way to account for the heterogeneity of the countries inside the EU, though more deterministic methods

may be used to group the countries.

Cunha and Lobão analyze the impact of macroeconomic variables on the Housing Price Index

(HPI) in 4 different dimensions: European Union, EU countries, Portugal and Portuguese regions (340).

The study has shown the empirical evidence of the impact of the Building Permits index in three

dimensions, while the HPI was autocorrelated in all four. European bond yields and GDP were significant

only in the EU countries dimension. However, the level of significance was low for the GDP, and the sign

was negative.

Arneric et al. contribute to the literature by showing the impact of the main macroeconomic

variables on several measures of housing affordability: Share of housing cost of low-income households,

Housing cost overburden rate and Housing overburden rate of low income households. In all the models

Migration, when significant, was negatively correlated with all the DVs.

Hick et al. have shown that with the increase of household size, the expected housing cost

overburden rate decreases in the EU countries (9). Besides, the study has shown that the percentage of
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(semi-) detached houses also have a negative correlation with the housing cost overburden rate. This

finding helps answer the research question, however is ought to be retested with another DV.

Nijskens et al., a publication of several academic researches, explores the housing market in major

cities. The authors argue that suitable land for residential property is scarce in the cities, and its supply

increases too slowly, which leads to an increase in prices (x).

Besides the land supply constraints, the literature has also shown that density constraints may also

play a role in housing affordability. Bertaud argues that the building height restrictions in Paris have led

to a decrease in the size of the apartments and their price increase (7). This study also raises a question

of aesthetic factors in urban planning. Paris is a popular tourist destination, so it aims to preserve the city

center and its historical skyline. However, it has negative externalities for the local population, as they

have to pay a high premium for the aesthetic quality.

Nijskens et al. argue that regulation and additional taxes may reduce the willingness of people

to move often, which has negative consequences for the housing market (x; 16). In the Netherlands,

mid-market rental housing is underdeveloped, because social housing and owner-occupied housing are

subsidized. Sweden is given as an example, where rents in the regulated market are low, which slows

down the change of the apartments by the tenants, who choose to live in rented accommodations. Whereas

London is an example of the effect of taxation on the housing market. Stamp Duty Land Tax is paid when

buying property, which disincentives people to move often. Besides, it is suggested that the rent market

has the same problem, but it is caused not by the tax, but by the high tenancy deposits and agency fees.

This finding highlights the need to consider the impact of housing policies on housing affordability.
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Bertaud uses a theoretical city to show the benefits of being close to the city center (see Figure 6).

One either benefits from having more job opportunities with the same travel time, or the same number of

jobs with a smaller travel time, when compared to a theoretical person living in the suburbs.

Nijskens et al. state that people are drawn to cities exactly for job opportunities, as well as education,

entertainment, and recreational purposes (ix). The authors also point to the example of London, where

house prices are 2.8 times higher than in the rest of the country, and the average income is almost double.

This statistic supports the hypothesis that people are willing to pay a premium for access to the job market.

Gerőházi et al. support the importance of the job market in housing affordability. A case study of

Chamnitz, a city in Eastern Germany, which has been deindustrialized shows that as the population has

aged or migrated to economically more prosperous western cities, the pressure on the housing market has

decreased, making vacancy rates significantly higher than in other cities. The study also shows a contrary

example of the city of Tallinn in Estonia, which has experienced a substantial growth of 10% in just 13

years. However, it has resulted in Estonia having the fastest increase in housing prices and rents in the

EU between 2010 and 2020, with Tallinn being the largest city contributing the major part of the GDP

and employment.

Boyko and Cooper provide a deep and fundamental overview of the density concept, by collecting

academic literature on more than 60 different metrics connected to density: mobility, green space, energy,

economic and social advantages and disadvantages. The data is conveniently presented in the form of

tables, which are easy to read and understand. It is important to note that the literature cited in the paper

is somewhat dated, from the early 2000s, before GFC and the COVID-19 pandemic. Also, the underlying

studies are frequently from around the world, making the results less applicable to the European context.

Boyko and Cooper have also found that there is a negative correlation between density and housing

affordability, though examples of British Columbia in Canada and Mumbai in India are used (18).
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Teller also provides a good overview of the density concept, analyzing its effect on access to

services, infrastructure costs and air quality (310-14).

Urban vs rural environment plays a big role in housing affordability. Rising Housing Costs in the

EU analysis by Eurostat shows that there is a notable difference in housing cost overburden rates between

urban and rural areas. People are moving to the cities for better job opportunities. Thus, they are willing

to pay a premium to have access to the job market.

Though, urbanization is a metric that may be hard to measure, as there are no distinct division

lines between the cities, suburbs and nearby towns. Several methodologies may be used to define the city

boundaries. Huge metropolises like Paris or London are usually agglomerations of several districts, often

with different local governments.

Dwelling type is much easier to operationalize, and there is a high correlation with urbanization.

It is not hard to find detached houses in the city center, as well as flats in the suburbs, but it is usually an

exception.

Antczak-Stępniak shows that the popularity of single-family housing has increased in Łódź during

the COVID-19 pandemic (19). However, shortly after, the demand decreased and the structure of demand

by dwelling type returned to the distribution of the pre-pandemic times.

After the analysis of the literature it is evident that there is a gap in the research on the relationship

between dwelling type and housing affordability. The closest topic is the relationship between density

and housing prices. However, the relation is simple, as density implies the scarcity of land. Moreover,

choosing the right level of granularity is important for the analysis of the relationship with density. Data

on the level of each household may be limited in availability and may not be comparable across countries.

City-level data is also susceptible to limitations. For instance, if the city is a metropolis, but the data is
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taken only for the city center. Or the opposite, when nearby towns and suburbs are added to the data point

of a city, therefore drastically affecting the density and the dwelling type distributions. Bertaud provides

evidence that suggests the further one is from the city center, the more likely the place will have a lower

density and therefore more detached houses (7).

Thus, it was chosen in this research to compare the data at the country level for the EU member

states. While it has limitations, this approach will better show the total urbanization level of the country.

This granularity also accounts for the variation in different approaches to housing policies, including

the level of development of public transportation and the cultural preferences of the population to live

in different dwelling types. In addition, it allows using macroeconomic variables, such as GDP and

unemployment rate.

Table 2 summarizes the findings of the literature review. The results may seem contradictory,

as different papers show that the IVs have both positive and negative effects on the DV. However,

it is important to note that the studies may not be directly comparable, as they operationalize housing

affordability differently. For instance, Cunha and Lobão use the Housing Price Index (HPI) as a dependent

variable, while Arneric et al. use the share of housing cost of low-income households. It is worth

mentioning that they mostly analyze the short- and medium-term relationships, with data ranges in studies

like Arneric et al. from 2010 to 2022, thus being susceptible to shocks like COVID-19.
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Table 2. Literature Review Summary of Housing Affordability Determinants

Author (Year) Independent Variables Effect on Affordability Size of Effect

Savchenko (2023) GDP (-) Negative High

Population Density (-) Negative Low

Unemployment Rate (+) Positive Medium

Cunha (2021) Building Permits (-) Negative High

Arneric (2024) Building Permits (+) Positive High

Employment Rate (+) Positive High

Hick (2024) Detached Houses (+) Positive Low

Household Size (+) Positive Low

Source: Table created by the author based on the literature review.
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Data and Methodology

The research question is focused on explaining the variation between EU countries in the share of

income spent on housing. It adds constraints to the model, as it requires using cross-sectional methods,

as they focus on the differences between countries.

Longitudinal approaches are not suitable for this research, as they mainly focus on the changes

over time within a country. There is also a factor of data availability. While there are reliable data sources

for the past several decades years, many European cities and towns are much older, with main urban cores

and the concept of a city forming much earlier. Major changes in the housing market can not happen

without a change in the legislation or the economy. In the past decades, there were no shifts toward

the Northern American sprawl model by limiting zoning to single-family homes. Neither was there a

shift towards a Southeast Asian model of dense high-rise buildings. Cultural and historical differences

between countries may also play a role in the housing market. It is unlikely for Ireland to abandon their

traditional terraced houses, and it hasn’t happened yet. Thus with the data available, longitudinal methods

would show short-term changes in the housing market, which are not relevant for this research. It is

worth mentioning that while for the developed member states which haven’t experienced large changes in

population several decades may be considered a short term, there are countries like Poland or Romania

that have been experiencing changes in the population, urbanization and the economy in the past decades.

While there are expected relationships between the IVs and the DV in the short-term in each

country, they may not be as helpful in understanding if detached and semi-detached houses are more

affordable than flats in the long term. For instance, in the short term, as more new houses are built,

more people may move to them, and in this case a time series analysis would show that the increase in

the percentage living in houses correlates with the decrease in the share of income spent on housing.

However, including both the number of new houses built and the percentage of households living in such
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houses in a regression model might result in multicollinearity if these variables are highly correlated,

leading to less precise coefficient estimates. Excluding one variable could introduce omitted variable bias

if it independently affects affordability.

Thus, the cross-sectional analysis is a better fit for this research, as it focuses on the differences

between countries, which are expected to be more visible in the data than the changes over time in the

same country for the period of time the data is available. However, one of the issues with a cross-sectional

analysis is that it may be limited to the number of countries in the sample. With only 27 EU member

states, it raises the question of whether the sample size is large enough to get significant results.

To overcome the data size limitation, several approaches may be used. As a result, the coefficients

of different models can be compared to see if the results are consistent. This way, the results of the

analysis may be more robust and reliable.

The data size limitation may be mitigated by using panel data regression with between-effects

estimation. This method would allow using the data for several years, while still focusing on the differences

between countries. However, this approach still has its limitations, as it basically averages the data for

each country over the years, using the same sample of 27 data points for the regression. While this method

implicitly uses more data and smoothes out the noise in the data, it lacks the increase in the degrees of

freedom. Also, it does not control for time effects, which may bias the results. So, it will not be used in

this research.

The other way to overcome the data size limitation is to use random effects mixed model.

This method has become more popular in quantitative research, as it allows using several correlated

observations. However, while controlling for repeated measures, it has one major assumption: that the

clusters are sampled randomly from a larger population. In this research, as cross-country variation is

in the interest, the cluster variable is time. As the data is likely to be available in the panel format, with
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repeated measures each year, this assumption is unlikely to be met. Thus, the random effects mixed model

is not suitable for this research.

Another way of overcoming the data size limitation is by using time-fixed effect panel data

regression, which would allow using the observations from several years, while still focusing on the

differences between countries. The key difference from the random effects is that there is no assumption

that the clusters are sampled randomly. The result coefficients would be similar to the cross-sectional

regression, but with higher significance due to more data points. During the past decade, the European

housing market has been affected by several major events, including the aftermath of the 2008 Global

Financial Crisis (GFC), the COVID-19 pandemic, the war in Ukraine and the consequent migration of

Ukrainians to the EU. Since all countries would experience the same major economic events in a given

year, using time-fixed effects would allow controlling for these common temporal shocks while focusing

on differences between countries. Thus, the approach with time-fixed effects is supposedly more robust

than a simple cross-sectional regression, as it would have more data points, as well as account for the

time-fixed effects.

However, the caveat is that using this method would require being more cautious with regression

assumptions than a simple cross-sectional regression. This is because it is expected that there may be a

serial correlation, as there will be repeated measures of the same members, cross-sectional dependence and

nonstationary in the data, e.g. GDP is expected to grow with time. Fixing the issues via transformations

would either make a model less interpretable or would require dropping some of the variables, losing the

information about the relationships between the IVs and the DV. Though the research question focused

on the differences between countries, such additional assumptions for longitudinal methods may not be

necessary. Thus, the time-fixed effects panel regression was chosen as one of the methods of analysis.
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Time-fixed effects panel regression is technically a pooled Ordinary Least Squares (OLS)

regression, but with fixing the time effects by demeaning the data. Another way to control for the

time effects is to use dummy variables for each year. While this approach decreases the degrees of

freedom, with 27 countries and several years of data the sample size will still be large enough to get

significant results. Computationally, this approach is expected to output similar results to the time-fixed

effects panel regression and can be used as a robustness check. The method with pooled OLS and year

variable controlled with a factor variable will also be used in the analysis.

Finally, a simple multiple linear regression on a single year of data will be used as a baseline

model. While it may be susceptible to the data size limitation, it is a good starting point for the analysis, as

the resulting model will be simple, interpretable and easy to validate theoretically. Besides, with a strong

relationship between the IVs and the DV, even a relatively small sample size may yield significant results.

It is also useful to compare the results of the cross-sectional regression with the results of the time-fixed

effects panel regression and pooled OLS with year variable controlled with a factor variable. Those more

complex models require more assumptions, so seeing similar coefficients in the simpler model would give

more confidence in the results.

The modeling was primarily focused on explaining the DV with the IVs, rather than predicting.

So, the variables were selected based on the literature review and their significance in explaining the DV.

Thus, simpler models were preferred over more complex ones for better interpretability.

All things considered, three methods of analysis were chosen for the research:

1. Multiple linear regression with OLS on the cross-sectional data.

2. Time-fixed effects panel regression with pooled OLS.

3. Pooled OLS with year variable controlled with a factor variable.
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Table 3. Description of Variables

Variable name Description

HousingDispIncomeHHPct Share of housing costs in disposable household income

HousingTotalPctIncome Percentage of income spent on housing and utilities

LogGDP ln(GDP)

HouseholdSize Average number of people per household

HouseDwellingsPct Percentage of population living in detached and semi-detached houses

RuralPopulationPct Percentage of population living in rural areas

Source: Table created by the author based on the data from Eurostat and OECD.

One of the most important decisions for the study was to choose the dependent variable. The

hypothesis of the research is that the type of dwelling affects housing affordability. However, there are

several ways to measure housing affordability. Several studies from the literature review use house prices,

while others use the overburden rate. Longitudinal studies use Indexes, like the Housing Affordability

Index (HAI) or the House Price Index (HPI). However, these approaches may not capture the differences

in income levels between countries and the growth of income of the population. The approach with the

share of income spent on housing is a good measure of affordability, as it captures the differences in

income levels between countries. Thus, the percentage of income spent on housing was chosen as the

dependent variable. The drawbacks of this approach may include the fact that less wealthy countries may

have a higher share of housing, as it has a low elasticity of demand. Also, it may be affected by the cultural

differences in the attitude towards housing, with bigger families sharing the cost of housing. Both of the

issues are partially addressed by using controls: HouseholdSize and LogGDP.



22

The other issue that may arise is that the DV is complex and may be affected by several factors,

thus it may add its own noise to the model. To eliminate the problem, two different measures of

the DV were used: HousingDispIncomeHHPct (Eurostat) and HousingTotalPctIncome (OECD) (see

Table 3). HousingTotalPctIncome is used as it also includes spending on utilities, which also play a

role in housing affordability. When choosing a type of dwelling, one may account for high spending on

heating in cold countries and make a choice to live in a smaller dwelling, in order to save on heating.

Thus, looking solely at rent or mortgage payments could not give a full picture of housing affordability.

HousingDispIncomeHHPct essentially tries to capture the same but was counted by a different agency.
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Fig. 1. Comparison of HousingTotalPctIncome and HousingDispIncomeHHPct; created

by the author based on statistical analysis in R.

Figure 1 shows the plot of HousingTotalPctIncome vs HousingDispIncomeHHPct. The variables

are highly correlated, however, there is a single outlier: Greece. In HousingDispIncomeHHPct Greece

has the highest value: 35.2%. After accounting for it, the blue regression line was added. Further in
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the models where HousingDispIncomeHHPct is the DV, Greece will be excluded from the sample. The

outlier is likely caused by the fact Greece may be still recovering from the debt crisis of the 2010s and the

following austerity measures. Besides Greece, other countries are not perfect matches, but close enough

to be considered a good proxy for the same phenomenon. Moreover, slight variation only adds weight to

the hypothesis that several measures of the DV should be used for the analysis.

DwellingTypeHouse, the main IV, is a sum of two variables: DwellingTypeDetachedHouse and

DwellingTypeSemiDetachedHouse. DwellingTypeSemiDetachedHouse includes terraced houses, which

are common in the UK and Ireland. Besides DwellingTypeHouse, there are just two other categories: Flats

and Other. Other groups those living in boats, recreational vehicles and other non-traditional dwellings.

This group is very small and does not affect the results. This leaves two main types of dwellings: Houses

and Flats. Both are negatively correlated, as an increase in one results in a decrease in the other. Instead

of Flats, Houses were chosen as the main IV, as they are closely related to the hypothesis that houses may

lead to a lower share of income spent on housing. Figure 2 shows the distribution of DwellingTypeHouse

by Urban Degree. The data confirms the hypothesis that in urban areas there are fewer detached and

semi-detached houses than flats, while in rural areas it is the opposite.

In order to avoid the Omitted Variable Bias in the regression model, several control variables were

used: HouseholdSize and LogGDP. The controls were taken from the literature, which has shown their

significance in explaining housing affordability.

Table 2 shows that GDP is significant in explaining housing affordability. Several studies apply

log transformation to GDP in order to reduce the skewness of the data and pass homoscedasticity tests. It

can be hypothesized that larger economies may have different housing markets than smaller ones. While

there are many factors that can affect it, from higher urbanization, more developed financial markets and

just more complex economies, GDP acts as a good proxy for these, especially as a control variable. In
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Fig. 2. Dwelling Type by Urban Degree; figure created by the author based on the data

from Eurostat, 2024 (10.2908/ilc_lvho01).

further research, it may be substituted with a more complex model, if the factors substituting GDP more

relevant to the housing market are found.

HouseholdSize is used as a control variable, as it is expected to have a negative correlation with

the DV. Eurostat explains in the dataset metadata what is considered a household: "A private household

means a person living alone or a group of persons who live together, providing oneself or themselves

with the essentials of living". The larger the household, the more people are living in a single dwelling,

which is expected to decrease the share of income spent on housing. This variable captures the effect of

overcrowding and may explain why countries that are considered to be less affordable, do not spend as

much on housing. Sharing a dwelling with several people may be a common practice to be able to afford

housing.
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The data with country-level granularity was used, as it allows using macroeconomic variables,

such as GDP. Besides, there may also be a variation in the level of attitude towards living in a detached

house in different countries. And the explanation may lie beyond personal preferences. Some countries

tend to promote the idea of living in highly urbanized cities, encouraging local communities to increase

spending toward public spaces, bike lanes, public transportation, etc. To be able to detect such differences

in attitude to cities among different countries, the data on the country level was used. Also, collecting data

on the level of each household may be limited in availability and may not be comparable across countries.

The data has been taken from two credible sources widely used in the literature: Eurostat and

OECD. More details on the data sources can be found in Annex A in Table 6.

The time range of the data is from 2010 to 2023. The starting point is 2010 as it doesn’t include

the 2008 Global Financial Crisis (GFC), and only includes the aftermath of the crisis. While the models

control for time effects, taking only the recent data helps with the generalizability of the results while

bringing enough data points for the analysis. While some variables were available for 2024, the data

was not present for all the countries, contrary to 2023 data at the time of writing. Figure 3 shows the

distribution of HousingTotalPctIncome and HousingDispIncomeHHPct by year. It is noticeable visually

that on HousingDispIncomeHHPct chart the overall trend is decreasing, while HousingTotalPctIncome is

more stable and has a spike after the COVID-19 pandemic.
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Fig. 3. HousingTotalPctIncome and HousingDispIncomeHHPct by Year; created by the

author based on statistical analysis in R.
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Results

Firstly, a simple OLS regression was run on the cross-sectional data for 2023. The model was run

with two different dependent variables: HousingDispIncomeHHPct and HousingTotalPctIncome. The

diagnostics are shown in Figure 5 and Figure 4 respectively. Visual assessment is preferred, as especially

for small sample sizes, the statistical tests may not be reliable. Both models do not have any issues

with multicollinearity, as the Variance Inflation Factor (VIF) is 1 for all the variables. Besides, the

model coefficients are presented in Table 4 and Table 5. In both, the controls are statistically significant,

having the same signs and similar values. The HousingTotalPctIncome model has HouseDwellingsPct

as a significant variable. An important note is that all the HousingTotalPctIncome models have Slovakia

removed from the sample as an outlier, as it had a high Cook distance. The qualitative reason may be

hard to find, and it may be a data collection issue. Latvia is not present in any model due to missing data.

And HousingDispIncomeHHPct model has Greece removed as an outlier.
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Fig. 4. Simple OLS, HousingTotalPctIncome; created by the author based on statistical

analysis in R.

The next step was to run a panel data regression with time-fixed effects. The model was run with

the same dependent variables: HousingDispIncomeHHPct and HousingTotalPctIncome. The diagnostics

are shown in Figure 7 and Figure 6 respectively. Checking for multicollinearity in a panel data regression
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Fig. 5. Simple OLS, HousingDispIncomeHHPct; created by the author based on statistical

analysis in R.

is not straightforward, so it is assumed that the simple OLS regression did not have any issues with

multicollinearity, the panel data regression will not have any either due to sharing the same data which has

little variation over time. The results of the regression are shown in Table 4 and Table 5. Important to note

that the intercept (Constant) was removed from the model automatically. The results of the regression

are similar to the simple OLS regression, with the same signs and similar values. Now, all the IVs

are statistically significant, except HouseDwellingsPct in the HousingDispIncomeHHPct model. At this

point, a pattern is emerging that the HouseDwellingsPct coefficient is higher in the HousingTotalPctIncome

model, while the other coefficients are similar in both models.

The diagnostics show that both models have issues with serial correlation and cross-sectional

dependence. For instance, the HousingTotalPctIncome has shown such results: Wooldridge test for serial

correlation shows that with F = 3537.6, df1 = 1, df2 = 334, p-value < 2.2e-16, serial correlation is present

in the data. The Pesaran test for cross-sectional dependence shows that with z = -2.499, p-value = 0.01246,

cross-sectional dependence is present in the data. However, as mentioned in the methodology section, the

aim is to observe the variation between the countries, not within. The time-fixed effects panel regression

is expected to yield similar results to the simple OLS regression, so the issues with serial correlation and

cross-sectional dependence may not be a problem for this research.
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Also, fixed effects for each year were taken from the model and plotted in Figure 8.

HousingTotalPctIncome model has higher fixed effects for all the years than HousingDispIncomeHHPct

model. The trend in both was similar before 2020, but HousingTotalPctIncome also has a spike after the

COVID-19 pandemic. The pattern repeats as in Figure 3.
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Fig. 6. Panel Data Regression with Time Fixed Effects, HousingTotalPctIncome; created

by the author based on statistical analysis in R.
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Fig. 7. Panel Data Regression with Time Fixed Effects, HousingDispIncomeHHPct;

created by the author based on statistical analysis in R.

As mentioned in the methodology section, the pooled OLS with year factor variable control is

expected to yield similar results to the time-fixed effects panel regression due to similar calculation

methods. The diagnostics are shown in Figure 9 and Figure 10 for HousingTotalPctIncome and

HousingDispIncomeHHPct respectively. The results of the regression are shown in Table 4 and Table 5.
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Fig. 8. Fixed Effects, HousingDispIncomeHHPct vs HousingTotalPctIncome models;

created by the author based on statistical analysis in R.

The results are similar to the time-fixed effects panel regression, with the same signs and similar values.

While R2, AIC and BIC are all presented in the tables, they should not be the only metric to compare the

models. Besides, the comparison may be only relevant for nested models. Also, R2 is likely inflated in

the pooled OLS model due to the year factor variable, which adds more parameters to the model.
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Fig. 9. Pooled OLS with Year Control, HousingTotalPctIncome; created by the author

based on statistical analysis in R.

Despite differences in data and methods, all the models yield similar results. This is a good sign

that the results are robust and reliable. The model diagnostics for all the models show visually symmetrical
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Fig. 10. Pooled OLS with Year Control, HousingDispIncomeHHPct; created by the author

based on statistical analysis in R.

residuals’ distribution, which may be skewed or have too small tails, but do not show any major issues.

The Residuals vs Fitted plots, on models with several years of data, show that there are some clusters of

points which are not symmetrically distributed around zero. However, these are usually from a single

country, but taken for several years. On a simple OLS model with a single year of data such issues are

not present.

Finally, the results of all 6 models suggest the following: RuralPopulationPct is likely to have a

negative effect on housing affordability, showing that the increase in 1% of the population living in rural

areas is associated with an expected increase in the share of income spent on housing by 0.06% - 0.07%.

The effect is small and is diminished by the controls, meaning that while rural areas may negatively affect

housing affordability, the data suggests that the effect is minimal.

HouseDwellingsPct has been a significant variable only in the HousingTotalPctIncome models,

where it had a similarly small effect as RuralPopulationPct. The increase in 1% of the population living in

detached and semi-detached houses is associated with an expected increase in the share of income spent

on housing by 0.06% - 0.09%. This result may partially explain the ambiguity found in the literature with

different studies finding opposite signs for the relationship.

In conclusion, the results suggest that both of the hypotheses are invalidated by the data.
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Table 4. HousingDispIncomeHHPct models results

Dependent variable:

HousingDispIncomeHHPct

Simple OLS Time Fixed Effect Panel Pooled OLS Year Controlled

Constant 12.847 (8.782)

LogGDP 1.183∗∗ (0.483) 1.264∗∗∗ (0.144) 1.264∗∗∗ (0.144)

HouseholdSize −5.449∗∗ (2.424) −4.898∗∗∗ (0.825) −4.898∗∗∗ (0.825)

RuralPopulationPct 0.070 (0.060) 0.073∗∗∗ (0.015) 0.073∗∗∗ (0.015)

HouseDwellingsPct 0.023 (0.046) 0.019 (0.013) 0.019 (0.013)

Observations 25 361 361

R2 0.392 0.331 0.965

Adjusted R2 0.271 0.298 0.963

Akaike Inf. Crit. 136.799 1,969.855 1,997.855

Bayesian Inf. Crit. 144.112 1,989.299 2,071.743

Residual Std. Error 3.283 (df = 20) 3.748 (df = 343)

F Statistic 3.228∗∗ (df = 4; 20) 42.401∗∗∗ (df = 4; 343) 524.971∗∗∗ (df = 18; 343)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: Table created by the author using stargazer package in R.
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Table 5. HousingTotalPctIncome models results

Dependent variable:

HousingTotalPctIncome

Simple OLS Time Fixed Effect Panel Pooled OLS Year Controlled

Constant 13.736 (8.412)

LogGDP 1.730∗∗∗ (0.437) 1.386∗∗∗ (0.095) 1.386∗∗∗ (0.095)

HouseholdSize −8.650∗∗∗ (2.499) −7.328∗∗∗ (0.577) −7.328∗∗∗ (0.577)

RuralPopulationPct 0.033 (0.056) 0.059∗∗∗ (0.010) 0.059∗∗∗ (0.010)

HouseDwellingsPct 0.096∗∗ (0.041) 0.062∗∗∗ (0.009) 0.062∗∗∗ (0.009)

Observations 25 362 362

R2 0.628 0.631 0.988

Adjusted R2 0.554 0.613 0.988

Akaike Inf. Crit. 131.811 1,677.135 1,705.135

Bayesian Inf. Crit. 139.124 1,696.593 1,779.076

Residual Std. Error 2.971 (df = 20) 2.482 (df = 344)

F Statistic 8.458∗∗∗ (df = 4; 20) 147.267∗∗∗ (df = 4; 344) 1,605.377∗∗∗ (df = 18; 344)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Source: Table created by the author using stargazer package in R.
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Conclusion

Housing affordability is a major issue in many countries, especially in the EU. Urban areas

especially have been experiencing a rapid increase in housing prices, which outpaced the income growth.

This study aimed to analyze the relationship between the type of dwelling, urbanization and housing

affordability in the EU. The literature review has shown a gap in studies, with most focusing on panel

data and the effect of various IVs on affordability inside a country over time. As the datasets were limited

to the past few decades, no major shifts in house prices could be captured. Besides, dwelling type was

mostly omitted in the analyses. And for affordability, many studies used house prices or the overburden

rate, which may not be good measures of affordability. Thus, this study closed the gap by explaining the

variance in housing affordability, measured as a percentage of income spent on all housing costs, between

EU member states using cross-sectional methods for 2010-2023.

The independent variables in the study were: the type of dwelling, average household size,

GDP and the percentage of population living in detached houses. Two dependent variables were used:

HousingDispIncomeHHPct and HousingTotalPctIncome in order to be sure of the robustness of the results.

Besides, three different methods were used: simple OLS regression, time-fixed effects panel regression

and pooled OLS with a year factor variable control. The latter two methods were expected to yield similar

results due to similar calculation methods. The simple OLS regression, despite having only a single year

of data, was used to check the validity of the latter two methods’ results. The model was evaluated on

25 countries, without Latvia due to the lack of data, and without Slovakia or Greece, depending on the

model, which were found to be outliers. The results of the analysis showed that urbanization may not be

a good predictor of housing affordability, having too little effect on the share of income spent on housing.

Dwelling type has shown similar results, with the percentage of the population living in detached houses

having a small positive effect on the share of income spent on housing.
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The research was made with an explanatory purpose. So while the model may suggest why some

countries experience worse housing affordability, it does not guarantee that optimizing for the minimum

DV will lead to the best outcome. For instance, GDP has a negative correlation with affordability, but

artificially decreasing it may lead to worse affordability and quality of life in general. The interpretation

of the model should also be made with caution, as the variables only show correlation, not causational

strength. It was acknowledged in the study, that there is likely a more complex relationship with the DV

than the model presents. In case of GDP, it is likely a proxy variable that captures the effect of other

factors, which may be hard to operationalize.

The data suggests that there may be an unexpected mechanism at work. The low variance of

the share of income spent on housing, with most countries spending 20% - 30% of income on housing,

as shown in Figure 1, may point to a hypothesis that people may try to maintain the share of income

spent on housing at a similar level, regardless of the dwelling type. Combined with the fact that flats

are predominant in cities, and houses in rural areas, as shown in Figure 2, it may be hypothesized that

people may be substituting houses with flats in cities to maintain the same level of affordability. Thus, the

data shows that countries with similar spending share on housing have different urbanization levels and

a persistent pattern of cities having more flats and rural areas having more houses. However, the current

methodology does not allow for proving this hypothesis, and thus further research is needed.

In order to prove this hypothesis, more granular data is needed, preferably on the individual level.

Surveying individuals from all: single-family houses city dwellers, single-family houses rural dwellers,

flats city dwellers and flats rural dwellers may help to prove the hypothesis with substitution. Also,

time series analysis in dynamics may be used to analyze the changes in the housing market over time,

potentially proving or disproving the hypothesis. In a general context, the model can be improved by

adding more IVs, such as those controlling for cultural and historical differences between countries.
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Appendix A

FIGURES AND TABLES

Table 6. Sources of Variables

Variable name Source Dataset Identifier

HousingTotalPctIncome OECD Affordable Housing Database HC 1.1.2

HousingDispIncomeHHPct Eurostat 10.2908/ilc_mded01

GDP Eurostat 10.2908/nama_10_gdp

HouseholdSize Eurostat 10.2908/ilc_lvph01

HouseDwellingsPct Eurostat 10.2908/ilc_lvho01

RuralPopulationPct Eurostat 10.2908/ilc_lvho01

GDPperCapita Eurostat 10.2908/tec00001

Earnings2010 Eurostat 10.2908/earn_ses10_20

Earnings2022 Eurostat 10.2908/earn_ses22_20

Source: Table created by the author using Eurostat and OECD datasets data.

http://oe.cd/ahd
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AI USAGE NOTICE

During the writing of this thesis, AI was used to increase the efficiency of writing code, while

focusing on the research question and the results. Besides, Large Language Models (LLM) were used to

improve the visual part of the paper. One of the common use cases was asking an LLM to rewrite a plot()

from R standard library using ggplot with explicitly defined styles.

Additionally, the author used LLMs to find academic articles and papers related to the topic of the

thesis. LLMs were showing more relevant sources as it better understands the context than the traditional

search engines.
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