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Housing inequality and how fiscal policy shapes it:
Evidence from Belgian real estate*

Gerard Domeénech-Arumi’  Paula E. Gobbi!  Glenn Magerman®
September 22, 2022

Abstract

We use detailed information on all real estate stock and transactions since
2006 to study housing inequality in Belgium and how a recent policy shaped
it. We use the transactions to predict the market value of all dwellings in the
country, to then estimate inequality in value or space at different levels of ag-
gregation — from the federal to the local neighborhood level. Overall inequality
is relatively low (Gini of 0.25), but significant heterogeneity exists across and
within municipalities. Using a differences-in-differences framework, we study
how Flanders’s recent 3% reduction in registration fees affected house prices
and inequality. We estimate that the policy increased prices by 3% on average
and reduced inequality in Flanders by 0.8% by compressing the price distribu-
tion from below. We argue that the primary winners of the policy are low-value
homeowners, who see their estate’s valuation increase. The main losers are low-
value renters, who might see rent increases in the short term. Both parts of
the paper reveal significant geographic heterogeneities, thus highlighting the
importance of granularity in the data for studying inequality.
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1 Introduction

Cadastral data is ideal for studying inequality, for at least four reasons. First, Housing
is critical to understand wealth and income inequality (Silos 2007; Diaz and Luengo-
Prado 2010; Kindermann and Kohls 2018; OECD 2022a). Second, cadastral data
is highly replicable across contexts, as it exists in many countries. Third, cadastral
data is geolocated and thus allows researchers to study inequality at any desired level
of aggregation. And finally, because the year of construction is a variable typically
available, the data allows studying inequality over time using a static cross-section,
with some caveats to bear in mind.

Housing policies can shape income or wealth inequality through changes in real
estate prices, and their impact can differ significantly across geographies. Several
studies have analyzed the effects of such policies on house prices or wealth inequality in
different contexts (Martinez-Toledano 2020; Damen and Goeyvaerts 2021), but these
studies are typically focused on national-level outcomes. If housing markets exhibit
significant differences across subnational units, we should expect heterogeneous effects
on our outcomes of interest. To study those, cadastral data is especially well-suited.

In this paper, we use detailed real estate data from the Belgian cadastre to study
housing inequality across different levels of aggregation. We then analyze the effects
of a recent reduction in property registration fees in Flanders on house prices and
their implications for housing inequality across different sub-national geographies.

We start by highlighting and expanding on the advantages that cadastral data has
to offer in the study of inequality. We argue that its independence of administrative
boundaries is the dimension where it really shines and what it makes particularly
appropriate when the focus of research is on low levels of aggregation.

We then present our primary data source: the Belgian cadastre. We observe de-
tailed information on all real estate in Belgium and the universe of transactions since
2006. We observe the standard features typically found in cadastral data. For exam-
ple, for dwellings, we observe their living area, number of rooms, year of construction,
and location, among other characteristics. We do not observe real estate’s assessed
or market value, so we use data on all (over two million) dwelling transactions and
machine learning techniques to predict the value of all dwellings in Belgium.

Housing inequality in Belgium is relatively low, but there is significant hetero-

geneity across and within municipalities. We use predicted housing values and raw



housing surfaces to analyze disparities in the housing stock at different levels of ag-
gregation, from the federal to the local neighborhood level, today and over time. Na-
tional housing value inequality is relatively low (0.25, as measured by the Gini index)
and coincides with existing estimates of after-tax income inequality for the country.!
Further analysis reveals significant heterogeneities across geographies. While hous-
ing inequality is overall highest in Wallonia (0.26) and lowest in Flanders (0.21), an
analysis at the municipality and statistical sector level reveals important disparities
within these regions. In Brussels, inequality is high in the central areas of the city. In
Flanders, inequality is especially high in Antwerp. In Wallonia, inequality is low in
the South-East and high around Liege. Long-run housing (space) inequality exhibited
a U-shape pattern. It was relatively high at the beginning of the twentieth century
(Gini of 0.30 in Brussels). It progressively declined until the 1960s in Brussels and
until 1990 in Flanders and Wallonia. It has slowly increased again in all three regions
since then, with the trend accelerating in the past two decades.

Housing policies can affect housing inequality through changes in dwellings’ price
dispersion. In the last part of the paper, we exploit regional variation induced by a
recent policy to study the effects of transaction fees on house prices and inequality
in a difference-in-differences framework. The policy reduced fees from 6 to 3% in
Flanders but left them intact in Brussels and Wallonia. We find that, on average, the
policy increased house prices by approximately 3% in Flanders. However, quantile
regressions reveal significant heterogeneity in price effects across the dwelling value
distribution, with dwellings in the bottom-end increasing their value by almost 7%
and those above the median remaining essentially unaffected. Using back-of-the-
envelope calculations, we show how this compression in the dwelling value distribution
reduced housing value inequality by almost 1% in Flanders with, yet again, significant
geographic differences. We estimate that inequality decreased throughout most of the
region, but it increased (less than 1%) in Halle-Vilvoorde (the limiting Flemish district
with Brussels). We argue that the policy likely reduced wealth inequality through
the real estate valuation mechanism and that low-value renters are likely to be the
primary losers of the policy.

This paper contributes to two strands of literature. The first provides estimates

for inequality at the national and local levels. The second strand of literature looks

IThe OECD estimates and after-tax income inequality Gini index of 0.26 for the year 2019 (OECD
2022b).



at the effects of housing policies on prices and inequality.

The paper’s main contribution is to the large and growing literature on the mea-
surement of inequality. Measuring inequality is challenging. Data availability and
quality were low until very recently. Thanks to the increased processing capacity
of computers and the availability of high-quality administrative data, research on
inequality has flourished in the past two decades, with a proliferation of studies an-
alyzing contemporary and long-run trends in income or wealth inequality across dif-
ferent contexts and countries (Piketty and Saez 2003; Piketty and Saez 2006; Piketty
and Zucman 2014; Blanco, Bauluz, and Martinez-Toledano 2021; Fuchs-Schiindeln,
Krueger, and Sommer 2010; André and Meslin 2021). In recent years, this literature
has expanded its focus below the national borders. The realization that neighbor-
hoods can determine short and long-run outcomes and (Chetty, Hendren, and Katz
2016; Kuhn et al. 2011; Chetty and Hendren 2018), again, high-quality administrative
data have made it possible to significantly increase the granularity in the measurement
of the inequality phenomena (Glaeser, Resseger, and Tobio 2009; Fogli and Guerrieri
2019; Domenech-Arumi 2022).

Our contribution to this literature is twofold. Most importantly, we provide novel
estimates of housing (value and space) inequality at many different levels of aggre-
gation using cadastral data. Cadastral data is vastly underutilized despite its great
potential to study relevant dimensions of inequality. We hope our work will induce
other scholars to measure or analyze the causes or consequences of inequality in fu-
ture work. Secondly, we provide new insights into the state of inequality in Belgium,
a high-income country that — despite hosting the capital of the European Union —
knows very little about its overall and internal inequalities.?

The second contribution is to the literature studying the effects of housing poli-
cies. A large strand of work has studied policies aiming at a higher homeownership
affordability.® Among the policies, there are direct transfers such as housing vouchers
(Davis et al. 2021), rent control (Autor, Palmer, and Pathak 2014), zoning changes

(Favilukis, Mabille, and Van Nieuwerburgh 2022), and transaction costs and tax re-

2For example, as of September 2022, Belgium is still not present in the World Inequality Database
(Alvaredo et al. 2022).

3See recently Favilukis, Mabille, and Van Nieuwerburgh (2022) who provide a structural model
to assess the welfare consequences of such policies. Kaas et al. (2020) also use a structural model
to explain how social housing, real estate transfer taxes, and mortgage tax deductions affect home-
ownership rates. They use the model to explain the low homeownership rates of Germany and make
wealth accumulation and welfare considerations.



ductions (Poterba 1992; Kopczuk and Munroe 2015; Best and Kleven 2018; Sommer
and Sullivan 2018).* Most of the policies aim at facilitating housing accessibility for
low-income households in particular, such as the Low Income Housing Tax Credit
in the United States (Diamond and McQuade 2019), or the Scellier Tax Credit in
France (Chapelle, Vignolles, and Wolf 2018). The literature, however, agrees that
the efficiency of low-income housing tax credits for promoting rental investments is
low (Malpezzi and Vandell 2002; Sinai and Waldfogel 2005). For example, for France,
Chapelle, Vignolles, and Wolf (2018) shows a null effect on the evolution of the hous-
ing stock and that the income profile of tenants in new dwellings remained unchanged
while the policy aimed at allowing more low-income households to rent. In the context
of Belgium, Damen and Goeyvaerts (2021) use the same data to study the impact
of a mortgage interest deduction in Flanders woonbonus. They find that land and
housing prices declined in response to the policy.

More generally, the impact of housing policies might not directly benefit the buyers
because the effect crucially depends on the elasticity of housing supply and demand
to prices. With inelastic supply, a decrease in transaction fees leads to an increase in
house prices, implying that existing homeowners will be the beneficiaries of the policy.
Recently, Girshina, Koulischer, and von Lilienfeld-Toal (2021) estimated supply and
demand elasticities based on the real estate market of Luxembourg. Their elasticity
estimate, 0.27, suggests that buyers capture a significant proportion of the surplus
from subsidies.

Our contribution to this literature is on three fronts. Most importantly, our work
focuses strongly on the geographical heterogeneities induced by the policy. That is
unusual in the literature and only possible thanks to the granularity of our data.
Secondly, we go beyond prices and study the implications of the policy on housing
inequality. Albeit informally, we also discuss the policy implications for wealth in-
equality and welfare by identifying the primary winners and losers in the housing
market. Finally, we provide (yet) new evidence that a reduction in transaction fees
leads to an increase in prices, possibly an unintended consequence of the original

policy.

4See Apgar Jr. (1990) for a normative discussion on several types of housing policies and their
effects and Olsen (2003) for a description of housing programs for low-income households over time
in the United States.



2 Why using cadastral data to study inequality?

Cadastral data is ideal for studying inequality for at least four reasons.

First, housing is important. Except at the very top, real estate is the major
component of assets and debt portfolios throughout the wealth distribution (Silos
2007; Diaz and Luengo-Prado 2010; Kindermann and Kohls 2018; Saez and Zucman
2016),> so housing is crucial to understand wealth inequality. Also, as a consumption
good, housing represents the highest spending category, taking approximately 20%
of households’ income in OECD countries (OECD 2022a). Thus, housing is crucial
to understand income and consumption inequality. Finally, housing is the “door of
entry” to neighborhoods, and therefore the only way to benefit (or be harmed) by
the many short and long-run neighborhood effects documented in the literature (e.g.,
Chetty, Hendren, and Katz (2016)). Thus, housing is also crucial to understand
inequalities in opportunities.

Second, studies with cadastral data are highly replicable, due to three reasons.
First, cadastral data exists in many countries. It exists in high-income countries such
as Belgium, France, Spain, or the United States, but also in middle-income countries
such as Mexico or Colombia. Second, the data is typically very homogeneous, with
very similar structures and the same items defined in the same way (e.g., a square
meter in Brussels is the same as a square meter in Barcelona). Third, censoring is not
a problem. The data contains information on the universe of properties, not just a
small — possibly not representative — sample of properties. Thus, unlike studies based
on survey data or other less homogeneous sources, research using cadastral data offers
a high degree of comparability across contexts.

Third, cadastral data is independent of administrative boundaries. Typically, the
cadaster contains the geolocation of all real estate present in the country. Thus,
the researcher using cadastral data can easily adjust the data aggregation level (e.g.,
regional or municipality level) depending on the research question at hand. As a
corollary, arbitrary or changing administrative boundaries (a recurring problem at

low levels of aggregation) do not constitute a roadblock (Openshaw and Taylor 1979;

5This is true in most countries. In Belgium, according to the Household Finance and Consumption
Survey (HFCS), it represents 73% of the assets of the bottom 20% of the wealth distribution, above
90% of the assets of the 20-80% of the wealth distribution, and 75% of the wealth of the top 20%
of the wealth distribution (de Sola Perea 2020). See Appendix figure Al for a visualization of the
importance of real estate across the wealth distribution in the Belgian context.



Wong 2009). Thus, the geolocation of the data always makes it possible to construct
aggregates at any existing (or new) level of aggregation.

Fourth, cadastral data is an excellent resource to perform an analysis over time
with a static cross-section, with some caveats. Housing is (practically) immobile.
Once constructed, it remains in the same location indefinitely. That means that one
can easily construct a panel of the stock of housing and analyze new housing inflows
from a static cross-section as long as the year of construction is available in the data
— which typically is. That means that a researcher can analyze some dimension of
real estate at any given location (because the data is geolocated) at any point in
time (because the year of construction is available). There is an important caveat: a
cross-section of the stock of housing suffers from survivor bias. One can observe and
infer the inflows of housing, but not the outflows. That caveat is especially relevant
when the focus is on the the very long run or when some area’s housing stock was
affected by some significant shock (e.g., a war or natural disaster). Nevertheless, that
feature of cadastral data represents a significant advantage over other data sources,
and it is thus worth exploiting to the extent possible, while being aware of the data

limitations.

3 Data

3.1 The Belgian cadaster

We exploit detailed data on all real estate properties and transactions in Belgium from
the Federal Service of Finances. We combine two main datasets from the cadaster.
The transactions dataset contains the price of each real estate transaction from
January 2006 to July 2022. In addition to the price, this database also includes the
following key variables: a parcel identifier (capakey and partnumber), the date of the
transaction, the exact address, the year of construction, the last year of renovation,
the nature of the real estate (e.g., house, apartment, studio), the construction type
(e.g., detached house), the floor in which the dwelling is located, a measure of quality
(mediocre, normal, or luxurious), the number of garages, the number bathrooms,
the number of housing units, whether there is an attic or not, the size of the living
area, and whether there is central heating or not. The raw data contains over 5.4

million transactions. After dropping donations, and transactions of building land,



monuments, or private entities, we retain over 2 million transactions for analysis over
the 16 years.

The parcels database contains detailed information on the universe of real estate
(stock) in Belgium as of July 2022. It includes the same variables previously described,
except for the sales price. The raw dataset contains over 11 million parcels. We drop
all observations that do not relate to housing units (e.g., forests, office buildings, or
train stations). The final dataset contains information on over 4.2 million dwellings.

Table 1 shows summary statistics for the sample retained from the cadaster and
parcels datasets. Looking at transactions first, we see that the average dwelling sold
in the period had 150 square meters and sold for 262 thousand euros. Over 85% of the
dwellings sold were houses, with almost six rooms, 0.9 bathrooms, and 0.6 garages.
30% of the dwellings had a cellar, and half had central heating. The average year
of construction was 1939, and most of the dwellings had not been renovated in over
55 years, although there was substantial dispersion on that dimensions. 30% of the
dwellings were detached, and almost all of them were classified as having a normal
quality.

Transactions over the past 16 years have been quite representative of the hous-
ing stock, with some exceptions. The share of houses, number of rooms, bathrooms,
garages, the presence of a cellar, whether the dwelling was detached or not, and
the quality variables are almost identical across the two datasets. The major differ-
ence is in terms of the average living area (163 vs. 150 square meters), and year of
construction (1954 vs.) 1939.5

3.2 Dwelling prices

We estimate the price of all dwellings in Belgium, combining the transaction and
parcel databases and machine learning techniques. In particular, we train a random
forest model using all information available from the transactions in 2006-22 (over
40 variables). Our out-of-sample prediction error is 0.1805, a number in line with
other studies predicting house prices using random forest (Fan, Ong, and Koh 2006;
Mullainathan and Spiess 2017; Ceh et al. 2018). The most important variable for the
prediction is the dwelling surface (square meters). Other variables with high relevance

in the prediction include municipality, the year of the transaction, the number of

6Note that this 15-year difference is natural to some degree, as the transactions data includes
dwellings sold back in 2006.



bathrooms, the year of construction, and the number of rooms. The data Appendix
contains additional details about the estimation.

Predicted prices in Belgium align with what we know about the Belgian housing
market. Figure 1 shows the predicted median house value across Belgian municipal-
ities (communes) for the year 2022. The median house sells for approximately half
a million euros in the Brussels region. Prices are also especially high in the main
Flemish cities (Antwerp, Ghent, and Bruges) and the municipalities located between
the North Sea and the Netherlands (Knokke-Heist). Prices drop sharply in Wallonia,
with the median house selling just above 200,000 euros. These house prices are in
line with what is now about the housing market in Belgium and recent estimates, for
example, those in https://www.notaire.be/prix-immobiliers. This constitutes

supporting evidence for our predictions.

4 Inequality in Belgium: new insights from real

estate data

4.1 Housing inequality in 2022

Aggregate estimates: Figures 2 and A2 show geographical variation in housing
value and space across different levels of aggregation for the year 2022. These include
estimates at the province (NUTS 2) level (top-left), district (arrondissement, NUTS
3) level (top-right), municipality (commaune) level (bottom-left), and statistical sector
(bottom-right) level. Inequality estimates at the country and region (NUTS 1) level
are reported in the figures footnote. Figures 3 and A3 provide a better visualization
of housing value and space inequality estimates at the statistical sector level for the
Brussels region only. These figures deliver two observations.

At low levels of aggregation, inequality in space closely tracks down inequality in
value. The bottom-right panels in Figures 2 and A2, depicting inequality estimates
at the statistical sector level, illustrate this point particularly well. Intuitively, the
reason is that neighborhoods and local amenities are more comparable the lower the
level of aggregation is, and therefore differences in value are primarily determined
by differences in living space. For example, Flanders (North) and Brussels are less
unequal than Wallonia (South), considering the value Gini coefficient. But Flanders

and Wallonia have a similar level of space inequality. In contrast, Brussels has a


https://www.notaire.be/prix-immobiliers

higher inequality in terms of the average surface of its dwellings (Figure A3).” At the
statistical sector level, the Pearson’s correlation coefficient between the two variables
is 0.67.

Most importantly, there is substantial within-country heterogeneity; therefore,
inequality estimates vary widely depending on the level of aggregation. As noted in
the figures, the value and space Gini coefficients in Belgium in 2022 are 0.25 and 0.24,
respectively. But within Belgium, where is inequality the highest? According to both
Gini measurements, inequality is, on average, lower in Flanders than in Wallonia.
Some municipalities, however, show high levels of inequality in Flanders, such as De
Haan (value Gini equal to 0.30 and space Gini equal to 0.41) or Knokke-Heist (value
and space Gini equal to 0.28). Antwerpen, Leuven, and Middelkerke also show high
levels of inequality in terms of space (respectively 0.28, 0.31, and 0.32). In Wallonia,
the highest levels of inequality are in Hastiere in the province of Namur (value Gini
equal to 0.36 and space Gini equal to 0.40), in Froidchapelle (value Gini equal to 0.32
and space Gini equal to 0.35). Brussels also stands out as a very unequal region, in
particular at the center of the city (Figure 3 and A3). The capital’s city center has
a Gini coefficient of up to 0.27 in value and 0.36 in space. The range of inequality
varies substantially within Brussels. The variation in the value Gini coefficient across
statistical sectors in the municipality of Brussels goes from 0.04 to 0.38 (from 0.01 to
0.56 if we look at the space Gini coefficient).

Differences in the support of the distributions are crucial to understanding dis-
parities in inequality estimates across different levels of aggregation. In Brussels, a
dwelling in the first percentile of the distribution costs 170,000 euros. A dwelling in
the 99th percentile costs 1.25 million euros. In Wallonia and Flanders, these figures
are 73,000 and 138,000 for a dwelling in the first percentile and 630,000 and 830,000
for a dwelling in the 99th percentile. Thus, housing value inequality in Brussels is

not that high because even the cheapest dwellings are relatively expensive.®

Local estimates: The previous results made salient the importance of aggregation
when studying inequality. We thus complement the previous inequality estimates with

results informing about disparities in the most disaggregated level possible: the local

"The smallest dwellings in Brussels are expensive, but very small. A dwelling in the 5th percentile
in Brussels has 45 square meters. This figure is 69 for Wallonia and 71 for Flanders.

8For reference, the same amount of money that buys a dwelling in the first percentile in Brussels
gets a dwelling in the 30th percentile in Wallonia.

10



neighborhood of a building. We follow the methodology developed in Domeénech-
Arumi (2022) and construct the Local Neighborhood Gini (LNG) for the Brussels
region (that we discuss below),? and other main cities in the country.'® In this study,
we produced results using a radius of 200 (LNG200) and 500 (LNG500) meters.

Figure 4 shows value LNG500 estimates for Brussels. Figure A4 shows the same
results for space. The conclusions are similar but more nuanced to those we could
take away from Figure 3. We see that local inequality is higher around the dwelling
surrounding Avenue Louise and (especially) Bois de la Cambre. Local inequality is
also relatively high in the core of the neighborhoods of Saint Gilles, Chatelain, and
around the city center. Areas farther or in between these neighborhoods are darker
(less unequal).

Looking at inequality in this way, in addition to the enhanced granularity, has
the advantage of smoothing out artificial jumps arising due to arbitrary shapes or
changing administrative boundaries, an important problem when looking at low levels
of aggregation (Openshaw and Taylor 1979; Wong 2009). This point is best illustrated
when comparing the results from Figures 3 or A3 with aggregated LNG estimates in
Figures A5 or A6. The smoother color (i.e., inequality estimates) transitions across
geographically close statistical sectors are likely to better capture how local inequality

varies across neighborhoods.

4.2 Housing inequality over time

We study housing inequality over time. The top panel in Figure 5 shows the evolution
of housing value inequality from 2006 until 2022, which we can confidently compute as
we observe the universe of transactions since 2006. The bottom panel shows housing
space inequality since 1900. Appendix Table Al provides the exact values of the
estimates. We can estimate space inequality in the long run with a reasonable amount
of confidence because cadastral data includes the year of construction (and thus, we

know which dwellings were already present at any point in time) and because space

9As detailed in the paper, the LNG is constructed in five steps: 1. selecting a building plot, 2.
choosing a radius that — together with the centroid of the building — determines a circle (i.e., the
local neighborhood), 3., selecting all the buildings located within the circle, 4. computing the Gini
coefficient for the buildings within the circle, and 5., repeating the previous steps for all buildings
in the data.

10T the Flanders, we produced estimates for Antwerp, Ghent, Leuven, Brugges, Aalst, Mechelen,
Hasselt, Saint-Nicolas, Kortrijk, and Ostende. In Wallonia, we produced estimates for Mons, Liege,
Namur, La Louviere, Tournai, and Charleroi.

11



is not subject to inflation concerns.!! The main caveat to our estimates is survivor
bias, particularly the presence of demolitions. We observe the stock of housing today
and can infer new inflows over time by looking at the year of construction. We do
not observe outflows. Thus, the very long-run estimates need to be interpreted with
caution.

Housing value inequality in Belgium has remained relatively stable in the past two
decades, with a major shift around 2015 across all regions. We estimate a Gini of just
below 0.26 in 2006. Inequality decreased, to 0.23 in Belgium, in the following years
(especially during the worse years following the Great Recession). It then bounced
back, to 0.26 nationally, in 2015. Since 2015, national inequality has remained more
or less stable at that value. Still, the three regions have experienced different trends
since then, which have diverged even more after the beginning of the COVID-19
pandemic in 2020. Housing value inequality has decreased significantly in Brussels.
It has remained stable in Flanders (after an initial jump in 2020) and has kept growing
in Wallonia (Gini of 0.265 in 2022). The first part of the time series is in line with the
results for wealth inequality from Martinez-Toledano (2020) or Kuhn, Schularick, and
Steins (2020), who argue that wealth inequality tends to decrease during busts due to
differences in the composition of asset holdings of households across the distribution
(with financial assets more prevalent at the top). The latter part of the time series
could be explained by changes in the demand following the lockdowns associated with
COVID-19.

Housing space inequality in Belgium has steadily decreased throughout the twen-
tieth century, from a Gini of around 0.27 in 1900 to 0.23 in 2000, and it has increased
slightly in the last two decades (Gini of 0.235 in 2022). The pattern across regions
is similar, with some nuances. The decrease in inequality has been particularly stark
in Flanders, with a Gini going from 0.29 in 1900 to 0.22 in 2000 (—25%). There has
been some bounce back since (Gini of 0.23 in 2022). Wallonia experienced the same
pattern, but with magnitudes only ranging from 0.25 to 0.23. Brussels has been the
most stable region, with estimates only decreasing from 0.3 to 0.29 and starting the
revert in the trend significantly earlier (1960). Although substantially more nuanced,
the overall pattern in housing space inequality in Belgium is similar to that of income

or wealth inequality in western other countries (Saez and Zucman 2016; Chancel et al.

1As is the case with house prices. To go beyond 2006 without the transactions database, we
would need to make assumptions about the evolution of prices based on some aggregate statistics.
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2021).

4.3 The relation between housing and income inequality

We study the relationship between housing and income inequality in Table 2. We
provide the raw correlation between the pre-tax income interquartile range (IQR)
and different measures of housing inequality.!?

Housing value inequality is highly correlated with income inequality. The correla-
tion between pre-tax income IQR and housing value IQR is 0.54 for Belgium and 0.61
for Brussels. These are significant numbers, especially considering that the income
figures are for 2018 and the housing value estimates are for 2022. The correlation
between the other inequality measures (Gini, LNG200, LNG500) is also positive but
substantially lower (the highest correlation is 0.41 for the LNG500 in Brussels). These
results are unsurprising given that the Gini index and the IQR are different inequality
measures.

The correlation between housing space and income inequality appears to be rel-
atively low. Unsurprisingly, the highest correlation is between housing and income
IQR, with a value of 0.27 for Belgium but only 0.08 for Brussels. The correlation
between income IQR and the other measures (versions of a Gini index) is essentially
zero, or even negative. We would expect higher and positive correlations should the
Gini index for income be available, but the values would likely be below those for
housing value.

Because correlations between housing value and income are large, one can view
our results as primarily speaking about income. That is a natural interpretation if
housing consumption is approximately a constant fraction of income, which many
would consider a reasonable assumption (Couture et al. 2019). Thus, this exercise
helped connect our results to the more familiar concept of income inequality. Making
statements about wealth inequality would require using information about ownership

and real estate concentration, which we do not observe.

12The IQR is the only income inequality measure available at that level of aggregation.
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5 The impact of reducing registration fees on hous-

ing prices and inequality

5.1 Institutional context

When a sales transaction takes place for an existing property in Belgium, buyers have
to pay an ad valorem registration tax. These taxes only apply to sales transactions
of existing properties. New properties are subject to (federal) VAT rates of 21%
and are excluded from our data. Before 2002, registration taxes were set at the
federal level. In 2002, the taxes were regionalized across the three Belgian Regions:
Flanders, Brussels, and Wallonia. From then onwards, there has been a divergence
in registration tax levels and changes over time and across Regions. We exploit this
variation in our identification strategy below. Table 3 summarizes the most recent
changes in registration taxes over time and across regions.

Registration fees have been reduced significantly in Flanders from 10% in 2002 to
3% after the most recent reform, implemented on January 2022. The rates in Brussels
and Wallonia have remained constant at 12.5% over the whole period. The baseline
rate applies if the property is the first — and only — residential property of the buyer,
in which they also live.!3

Other particular rates apply based on various criteria. As an example for monu-
ments, a reduced rate of 1% applies in Flanders. This rate has been constant over our
whole sample period. A reduced rate applies if the new owner invests in a well-defined
“intensive energetic renovation” within a specific window after the sale. For Flanders,
this rate has been declining from 6% to 1%. Finally, there are some reduced rates for
small properties. For example, in Flanders and Wallonia, there was a reduced rate
of 5% and 6%, respectively, for properties with a cadastral income below 745 euros.
This reduced rate remained constant over the whole sample period for Wallonia. For
Flanders, this requirement has changed to a lump sum reduction from June 2018

onwards, with variation in the amount and required maximum sales price over time.

I3If not, an increased rate of 12% applies for properties in Flanders from 2022 onwards.
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5.2 Theoretical predictions from the policy change

Appendix Figure A7 presents a simple conceptual framework to analyze the expected
effects of the policy on dwelling prices.

With an inelastic housing supply, a sensible assumption in the short run, we ex-
pect prices to increase one-for-one with the decrease in registration fees (top panel).
Lowering registration fees would shift the demand curve vertically, translating into
higher equilibrium prices. With inelastic supply, it is theoretically clear that the pri-
mary winners of this policy are existing homeowners, who should see their properties
rise in value.

New homeowners, especially those liquidity constrained at the bottom of the in-
come distribution, could also gain from the policy. Because registration fees have to
be disbursed at the time of purchase, lower fees (relaxed capital constraints) result in
lower entry costs to the housing market for this population segment. Thus, enriching
the previous model by adding capital constraints on a fraction of homeowners would
increase price dispersion, and therefore housing inequality, with higher price increases
on the dwellings at the bottom of the distribution.

With an elastic housing supply (bottom panel), a sensible assumption in the mid to
long run, the effect on prices is theoretically ambiguous. In that case, the policy would
shift both supply and demand curves, with the final effect on prices undetermined.
The model suggests that the most inelastic party will benefit the most from the policy.

The empirical part below shows an increase in dwelling prices in the short run,

most consistent with a housing market with an inelastic supply.

5.3 Main analysis
5.3.1 Empirical specification and identification

We employ a standard difference-in-difference approach to estimate the effects of the
most recent reduction in registration fees. We compare the outcomes of Flanders,
the treated region, with those from Brussels and Wallonia, the control regions. We
restrict our attention to all dwelling transactions that occurred in Belgium from the
last quarter of 2020 until July 2022.'

14 As Table 3 showed, there was an earlier reform in Flanders implemented in January 2020, when
the region decreased registration fees from 7 to 6%. By restricting our sample period, we address
some concerns about spillovers from the earlier policy.
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Equation 1 below describes our main empirical specification
In(pit.) = Bposty x Flanders; + X}, + 8, + €. (1)

where In(p;,) is the natural logarithm of the sales transaction price. post; is an indi-
cator taking the value of 1 if transaction ¢ occurred after January 1st, 2022. Flanders
is an indicator taking the value of 1 if the dwelling is located in the Flemish region.
X, is a vector of controls. It includes the following dwelling characteristics: year
of construction, floor, number of rooms, number of garages, number of bathrooms,
years since last renovation, and indicators for construction type, quality, attic, and
central heating. It also includes geographic controls: log median pre-tax income in
the statistical sector. It also includes a constant and the non-interacted indicators
post, and Flanders;. The specification also includes district (arrondissement) fixed
effects, ¢;. Standard errors are clustered at the municipality (commune) level. § is
the coefficient of interest which, under parallel trends, capturing the average causal
effect of the policy on house prices.

Identification requires parallel trends across the three regions. The assumption
is untestable as counterfactual trends cannot be observed, but we provide empirical

support for it by estimating pre-trends through the specification below

t=2022Q2
In(pi:) = Y Bl(t) x Flanders; + yX}, + 0. + € (2)
t=2020Q4

1£2021Q4

where () is an indicator taking the value of 1 if the transaction took place in quarter
t. B, captures the difference in prices in quarter ¢ in Flanders relative to Brussels and
Wallonia, relative to the last quarter of 2021. The rest of the variables are defined as
above.

The COVID-19 pandemic or the Flemish “housing bonus” (woonbonus) policy
should not pose a threat to our identification. Aggregate events such as the COVID-
19 pandemic have been shown to impact housing prices (Yang and Zhou 2022), with
a distinct increase in prices for properties outside the city and with a garden. We
control for these macro shocks in our setup by looking at the within-region evolution
of prices in Flanders compared to those in Brussels and Wallonia. Moreover, we

consider the particular policy shock of January 2022, which takes place almost two
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years after the emergence of COVID. If the COVID shock is homogeneous across all
regions, this is captured in the parallel trends before the shock. Second, there have
been changes in other fiscal policies, such as the “housing bonus,” which allowed
owners to deduct mortgage interest expenses on their first property from personal
income taxes (Damen and Goeyvaerts 2021). This policy was heterogeneous across
the three regions and phased out in Flanders by 2020. Again, this effect should be
captured in the pre-shock period.

5.3.2 The effects of the policy on house prices

We do not find evidence of differential trends across treated and control regions. The
top panel in Figure 6 shows no significant differences in prices before (nor after)
the implementation of the reform. Although non-significant, there appears to be an
increase in prices in Flanders relative to Brussels and Wallonia after the reform.

There appears to be a minor reaction in prices following the announcement and
before the implementation. The policy was announced on September 27, 2021, in the
end of the third quarter of 2021. Therefore, we explore whether the market reacted
before the policy implementation by re-estimating (; using 20213 as the omitted
time category. Again, we do not find significant differences in prices across regions
before the policy announcement. We find evidence of a mild increase in prices in the
subsequent quarters following the announcement.

The reduction in registration fees increased housing prices by approximately 3%.
Table 4 shows the [ estimates from Equation 1. Column 1 shows the results from
a specification without controls and shows an average effect of over 4%. Columns
2-4 enrich the base specification by adding fixed effects (Column 2), and controls
for income at the census tract (Column 3) and dwelling characteristics (Column 4).
The estimated effect drops to 2.7% (p < 0.05) in the most demanding specification.
Column 5 attempts to deal with possible preemptive responses pre-implementation
hinted in Figure 6 by dropping transactions that occurred after the policy announce-
ment and before its implementation. With that restriction, we estimate an average
price increase of 3.3% (p < 0.01). Given that the average housing price in Flanders
in 2021 was around 340,000 euros, a 3% increase corresponds to 10,200 euros.

The previous results are consistent with inelastic housing supply in the short run.
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5.3.3 The effects of the policy on housing value inequality

We assess the impact of the policy on housing value inequality in two steps. In the
first step, we study the differential effects of the policy across the dwelling value distri-
bution using quantile regressions. In the second step, we compute the counterfactual
prices and housing inequality in Flanders using the results from the quantile regres-
sions. That allows us to compare our original housing inequality estimates introduced
in the first part of the paper with those obtained from this exercise.

We study the policy effects on prices throughout the dwelling value distribution

by estimating the following quantile regression:
In(pi) = Brpost; x Flanders; + v, X}, + € (3)

where all variables are defined as before, except that now [, captures the average
effect of the policy on the 7-th percentile. Also, for this exercise we are interested
in capturing the average effect (in a given percentile) on all dwellings in the Flem-
ish region. Therefore, X now only includes a constant and indicators for post and
Flanders.

The policy had highly heterogeneous effects across the dwelling value distribu-
tion. Figure 7 shows the estimated [, coefficients for each percentile 7. Appendix
Table A2 shows the exact values and standard errors of the coefficients in the figure.
Prices in the 10th percentile increased by almost 7% (p < 0.01). They increased by
approximately 4% in the 20th and 30th percentiles and only by about 2% in the 40th
percentile. They remained essentially unaltered for those dwellings above the median
value. These results are consistent with the individuals purchasing dwellings in the
low-end of the distribution being liquidity constrained.

To assess the effect of the policy on housing inequality, we use the previous esti-
mates to estimate the pre-policy counterfactual prices of each dwelling in Flanders.
For example, a dwelling worth 120,000 euros in 2021 (in the 10th percentile) would in-
crease its value by approximately 8,000 euros (6.8%, Table A2) because of the policy.
We apply similar computations to all dwellings in Flanders.!?

We can finally estimate the effect of the policy on housing inequality, by comparing

counterfactual inequality estimates with our original estimates from the first part of

15Unsurprisingly, FigureA8 shows that the counterfactual median price increases throughout Flan-
ders between 1 and 3% (depending on the level of aggregation we study).
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the paper. Figure 8 shows the percent change across different levels of aggregation.

The policy decreased housing value inequality on average, but with significant
heterogeneity depending on the level of analysis. We estimate that inequality fell by
0.8% in Flanders on average. The top-left panel shows that It decreased by less than
1% in East Flanders, Antwerp, and Flemish-Brabant. It fell between 1 and 2% in
West Flanders, and between 2 and 3% in Limburg. At the district level (top-right
panel), we see effects overall going in the same direction. However, that level of aggre-
gation reveals a minor increase (less than 1%) in inequality in Halle-Vilvoorde, the
district immediately across the Brussels border. The bottom panels reveal further
heterogeneities, with several municipalities (mainly close to Brussels) also experienc-
ing mild increases in inequality. Overall, the reduction in registration fees reduced
housing inequality, but the effect concentrates in the provinces of Limburg, West
Flanders, and the districts of Aalst, Dendermonde, and Sint-Niklaas.

Thinking about wealth inequality, our analysis allows us to discuss two main
points. First, as we already pointed out and the quantile regression estimates con-
firmed, the primary winners were low-value homeowners. Thanks to the policy, their
housing assets value increased by up to 7%. Given that we estimate negligible price
effects for dwellings above the median value, we can infer that wealth inequality de-
creased due to the compression in the housing value distribution. Secondly, if, as
previously discussed, the policy induced a fraction of low-value liquidity-constrained
renters to become homeowners, then wealth inequality should have also decreased
through expanded homeownership.

Low-value renters are likely to be the main losers of the policy. Albeit possibly
not immediately, higher housing values should eventually translate into higher rental
prices. These individuals are likely to have close to zero wealth, so the wealth dis-
tribution would mostly remain unchanged in that regard. Nevertheless, higher rents

would imply less non-housing consumption for these households.

6 Conclusions

Using cadastral and housing transactions data, we provided novel estimates and in-
sights about housing inequality in Belgium at different levels of aggregation, ranging
from the federal to the local neighborhood level. We showed that overall housing

inequality in Belgium is relatively low (value Gini of 0.25), but with substantial het-
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erogeneity across and within municipalities.

Our inter-temporal analysis revealed a significant increase in value inequality after
2015, that partly reverted in the Brussels region. In the more longer-run, we found
that the three Belgian regions exhibited a U-shape pattern, with housing space in-
equality being relatively high at the beginning of the 20th century, followed by a slow
decay in the subsequent decades and until 1980, and a partial recovery since.

In the last part of the paper, we found that the recent decrease in registration
fees in Flanders by 3% increased house prices by approximately 3% on average and
reduced housing inequality by 0.8%. Our analysis revealed substantial heterogeneity
across and within municipalities and suggested that wealth inequality in Flanders
decreased due to the compression in house prices from below.

This paper suggests that traditional inequality measures might hide significant
heterogeneities masked in the aggregation. Housing value or space inequality esti-
mates, as introduced in this paper, should be seen as a complement to traditional
measures and be used to detect these heterogeneities and address research or policy
questions in which granularity is a must.

Similarly, the second part of the paper suggests that housing policies can shape
housing inequality differently across geographies depending on the relevant dwelling
value distribution. Policymakers should consider those in advance to quantify and
potentially compensate those losing from the policy (e.g., low-value renters in our
specific context).

Future research should make use of the full potential of the cadastral data. For
confidential reasons, our study was limited by not being able to observe all the at-
tributes in the unrestricted version of the data. In particular, we did not have any
variable identifying the owner (not even anonymously). Studying or making state-
ments about wealth inequality is impossible without such information. Future studies
focused on wealth inequality ought to use the full data. For that, ease of access will

be crucial.
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Figure 1: Median housing value across Belgian municipalities

Notes: This figure shows the predicted median house value across all municipalities in Belgium for
the year 2022. Darker colors represent lower housing values. Lighter colors denote higher values.
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Figure 4

Each colored polygon in the map is a parcel with

This figure shows value LNG500 (radii of 500 meters) estimates for Brussels.
dwellings. Darker colors depict parcels with lower levels of local inequality. Brighter colors depict parcels with higher levels of inequality.
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Notes: This figure illustrates the evolution of housing inequality in Belgium and its regions over
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Figure 6: Trends in log prices in Flanders relative to Brussels and Wallonia
Notes: Each coefficient illustrates the g, estimate in the 7-th percentile, as defined in Equation 3.
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530 (90th).
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Figure 7: Policy effects by percentile

Notes: Each coefficient illustrates the (3, estimate in the 7-th percentile, as defined in Equation 3.
Green vertical bars denote 95% confidence intervals. Housing price percentiles are (in 1000s EUR)
120 (10th), 165 (20th), 198 (30th), 230 (40th), 260 (50th), 296 (60th), 340 (70th), 400 (80th), and
530 (90th).
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Table 1: Summary statistics for the transactions and the parcels databases.

transactions database parcels database

Variable Mean SD Mean SD
Sale price (1000s EUR) 262.379 3555.733

Surface (m?) 150.100  151.644 163.325  90.256
Share of houses 0.870 0.336 0.869 0.337
Share of apartments 0.130 0.336 0.131 0.337
Number of rooms 5.781 8.795 5.544 3.514
Number of bathrooms 0.838 0.623 0.955 0.754
Number of garages 0.559 0.721 0.661 0.705
Cellar 0.300 0.458 0.328 0.470
Floor number 0.973 0.829 1.411 0.800
Central heating 0.511 0.500 0.709 0.454
Construction year 1939.3 40.317 1954.8  46.317
Last renovation (years) 57.921 42.149 44.128  41.437
Detached dwelling 0.276 0.447 0.343 0.475
Normal quality 0.985 0.122 0.988 0.110
Number of observations 2,012,145 4,255,457

Notes: The sample of transactions and parcels only includes real estate in the dwelling category.

It excludes other real estate (e.g., office buildings).
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https://www.vlaanderen.be/uw-overheid/werking-en-structuur/hoe-werkt-de-vlaamse-overheid/belastingen-en-begroting/vlaamse-belastingen/registratiebelasting/kernsteden-en-steden-in-de-vlaamse-rand-rond-brussel
https://www.vlaanderen.be/uw-overheid/werking-en-structuur/hoe-werkt-de-vlaamse-overheid/belastingen-en-begroting/vlaamse-belastingen/registratiebelasting/kernsteden-en-steden-in-de-vlaamse-rand-rond-brussel
https://www.vlaanderen.be/uw-overheid/werking-en-structuur/hoe-werkt-de-vlaamse-overheid/belastingen-en-begroting/vlaamse-belastingen/registratiebelasting/kernsteden-en-steden-in-de-vlaamse-rand-rond-brussel

Table 4: The effects of a reduction of registration fees on house prices

log Price

(1) (2) (3) (4) (5)
After x Flanders  0.042%%% 0.035%% 0.031%% 0.027%F 0.033%**
(0.015)  (0.014) (0.014) (0.014)  (0.007)

R2 0.037 0.139 0.154 0.269 0.275
N 254721 254721 254721 254721 219023
District FE X X X X
N’hood Income X X X
Dwelling Controls X X
Exclude Pre-implem X

Notes: This table shows 3 estimates from Equation 1. The baseline sample in columns 1-
4 includes all dwelling transactions from 2020Q4 until 2022Q2. The dependent variable
is the log price of the transaction. N’hood Income controls include the log median pre-
tax income in the statistical sector. Dwelling Controls include the year of construction,
floor, number of rooms, number of garages, number of bathrooms, years since the last
renovation, and indicators for construction type, quality, attic, and central heating. Fz-
clude Pre-implem is the subsample that excludes the transactions in the last quarter of
2021 (post-announcement and pre-implementation). Heteroskedasticity-robust standard
errors clustered at the municipality level in parenthesis. *p<0.1, **p<0.05, ***p<0.01.
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A Additional figures and tables

Poorer Richer

Bottom 20 % 20-40 % 40-60 % 60-80 % Top 20 %

0000

[ Mainresidence MM Otherreal estate [ Vehicles I Self-employment business Il Valuables

(a) Asset portfolios

Lower income Higher income

Bottom 20 % 20-40 % 40-60 % 60-80 % Top 20 %

00000

| Mortgage for main residence [l Other mortgage loans [ | Other debt
(b) Debt portfolios
Figure A1l: Asset and debt portfolios throughout the income distribution
Notes: This figure shows the holdings of real assets by net wealth quintile (top) and holdings of

debt by income quintile (bottom). Source: National Bank of Belgium and Household Finance and
Consumption Survey.
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Figure A4

This figure shows space LNG500 (radii of 500 meters) estimates for Brussels. Each colored polygon in the map is a parcel with

dwellings. Darker colors describe parcels with lower levels of local inequality. Brighter colors illustrate higher levels of inequality.
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Figure A7: Theorethical effects of a reduction in registration fees

Notes: This figure shows the theoretical effects of a reduction in registration fees on equilibrium
housing prices. The top panel assumes a perfectly inelastic housing supply and predicts a full pass-
through of the tax reduction on equilibrium prices. The bottom panel considers a more elastic
supply curve and predicts an ambiguous effect on equilibrium prices. The sign will depend on the
elasticities of supply and demand.
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Table A1l: Housing value and space inequality in Belgium today and over time

Year Region Space Gini Value Gini
Regional National Regional National
1900 Flanders 0.288 0.266
Wallonia 0.252
Brussels Capital 0.302
1910 Flanders 0.274 0.260
Wallonia 0.246
Brussels Capital 0.296
1920 Flanders 0.274 0.260
Wallonia 0.246
Brussels Capital 0.296
1930 Flanders 0.257 0.254
Wallonia 0.243
Brussels Capital 0.294
1940 Flanders 0.247 0.249
Wallonia 0.241
Brussels Capital 0.294
1950 Flanders 0.243 0.247
Wallonia 0.240
Brussels Capital 0.291
1960 Flanders 0.231 0.239
Wallonia 0.237
Brussels Capital 0.288
1970 Flanders 0.224 0.234
Wallonia 0.235
Brussels Capital 0.290
1980 Flanders 0.220 0.230
Wallonia 0.232
Brussels Capital 0.293
1990 Flanders 0.217 0.227
Wallonia 0.231
Brussels Capital 0.291
2000 Flanders 0.218 0.226
Wallonia 0.229
Brussels Capital 0.291
2006 Flanders 0.218 0.227 0.206 0.254
Wallonia 0.229 0.253
Brussels Capital 0.290 0.229
2010 Flanders 0.219 0.227 0.189 0.232
Wallonia 0.229 0.221
Brussels Capital 0.291 0.222
2015 Flanders 0.222 0.229 0.213 0.257
Wallonia 0.230 0.245
Brussels Capital 0.294 0.257
2020 Flanders 0.229 0.234 0.212 0.254
Wallonia 0.232 0.259
Brussels Capital 0.303 0.235
2022 Flanders 0.229 0.235 0.208 0.253
Wallonia 0.233 0.265
Brussels Capital 0.303 0.226




Table A2: Policy quantile effects

Percentile Effect SE

10 0.068*** 0.013
20 0.041*** 0.007
30 0.039*** 0.005
40 0.018%** 0.006
20 0.003  0.005
60 0.010  0.006
70 0.008  0.007
80 0.004  0.008
90 0.010  0.011

Notes: This table shows the [, estimates from Equation 3, with log price as the de-
pendent variable. Housing price percentiles are (in 1000s EUR) 120 (10th), 165 (20th),
198 (30th), 230 (40th), 260 (50th), 296 (60th), 340 (70th), 400 (80th), and 530 (90th).
*p<0.1, **p<0.05, ***p<0.01.
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B Data appendix

B.1 Data description and cleaning

Transactions: We have information on the universe of real estate transactions in
Belgium from January 2006 to July 2022. We observe the exact price of each trans-
action, which we later use to predict the value of the housing stock (see the following
subsection). In addition to the price, we also observe the following key variables: par-
cel identifier (capakey and partnumber), the exact date of the transaction, location,
year of construction, last year of renovation, nature of the real estate (e.g., house,
apartment, studio), construction type (e.g., detached house), the floor of the dwelling,
quality of the dwelling (mediocre, normal, or luxurious), number of garages, number
bathrooms, number of units, whether the dwelling has an attic or not, living area,
whether the dwelling has central heating or not. We also have some information on
the old and new owners of the dwelling (e.g., whether it is a physical person or a
company).

The raw data contains over 5.4 million transactions, including transactions of
building land or private entities. It also includes donations. For the analysis, we
exclude those and only keep dwelling transactions. After applying these restrictions,

we are left with over 2 million transactions over the 16-year period.

Parcels: We have information on the universe of real estate (stock) in Belgium as of
July 2022. The raw data contains over 11 million observations. These include all sorts
of real estate, from housing to forests. For our analysis, we only keep observations
describing housing units. These include over 4.2 million dwellings. For each dwelling,

we observe the same variables described above.

Imputations: A small fraction of observations has missing information. Whenever
that is the case, we impute a value applying the rules described in Table B1. Whenever
we make an imputation, we record it with an indicator variable specific to the variable
imputed (e.g., we generate the variable floor_mi, which would take the value of 1 if
we imputed the number of floors). We add all such variables in our prediction model,

described below.

11



B.2 Dwelling price prediction

We use the Ranger package in R (Wright and Ziegler 2015) to implement the Breiman
(2001) random forest algorithm and predict the (log) price of each dwelling in Bel-

! The prediction model uses the 2,024,358 real estate transactions that take

gium.
place in Belgium from 2006 to 2022. The base model includes 40 variables describing
dwelling characteristics (e.g., number of rooms) and location (e.g., municipality).

We implement the algorithm using hyperparameter tunning (sample split, vari-
ables per split, nodes). The final prediction grows 500 trees, five nodes, an 80%
sample split, and 16 variables to split in each node. We allow the algorithm to assess
each variable’s importance based on the reduction of node impurity after each split.
The algorithm’s prediction error (Out of Bag Root Mean Squared Error, OOBRMSE)
is 0.1805.

The most important variable for the prediction is the dwelling surface (square
meters). Other variables with high relevance in the prediction include municipality,
the year of the transaction, the number of bathrooms, the year of construction, and
the number of rooms. Figure B1 provides a visualization of the relative importance

of the top 25 variables used by the algorithm.

!Several studies suggest that random forests typically overperform standard hedonic price regres-
sions and other machine learning methods such as LASSO (Fan, Ong, and Koh 2006; Mullainathan
and Spiess 2017; Ceh et al. 2018).

12



Top 25 important variables
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Figure B1: Top 25 predictive variables

Notes: This figure shows the relative importance of the top-25 variable in predicting housing value.
The ranking is (in descending order) living area, municipality, transaction year, district, number of
bathrooms, transaction day, year of construction, years since last renovation, age, transaction month,
number of rooms, detached dwelling, number of garages, number of floors, Wallonia, type of dwelling
indicator, indicator for attic, dwelling with two frontages indicator, number of units, Brussels region
indicator, apartment indicator, house indicator, dwelling with one frontage indicator, Flanders region
indicator.



Table B1: Imputation rules for missing values

Variable Imputation rule

Floor Assign a value of 0 if missing

Construction quality ~ Assign the quality “normal” if missing
Number of garages Assign a value of 0 if missing

Number of bathrooms Assign a value of 1 if missing

Number of units Assign a value of 1 if missing

Number of rooms Assign the most common value (5) if missing
Indicator for attic Assign a value of 0 if missing

Predict based on covariates above and
municipality fixed effects
Predict based on covariates above and
municipality fixed effects.

Year of construction

Central heating

Notes: This table describes the imputation rules followed when dealing with missing
values in both the parcels and transactions databases.
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