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Abstract

We empirically assess how purchase price deviations affect the formation of hous-
ing capital gains. Making the best of the universe of transactions in France between
2012 and 2022, we first estimate an individual price deviation through a repeat sales
approach with Heckman procedure to account for potential selection bias, controlling
for experience in the housing market. Then, we regress realized capital gains on the
individual deviation to assess the substitution between purchase price deviation and
capital gains. Our results highlight that a e1 increase in purchase price decreases
capital gains by e0.51. We expect part of these individual deviations to affect the
local housing market through future purchasers and seller’s beliefs, leading to a
mitigation of the capital gains differences.
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1 Introduction

The formation of capital gains in the housing market is a major determinant of wealth
accumulation and related inequality. The uneven distribution of local housing market
dynamics through space generates sizeable heterogeneity in realized capital gains (Eggum
and Røed Larsen, 2024). The most expensive housing units have benefitted over the
last decades from the greater price appreciation while providing greater capital returns
(Fagereng et al., 2020; Bach, Calvet and Sodini, 2020). Consequently, homeowners are
considered winners and losers in the housing market according to their assets’ location,
regardless of how they behave through either the purchase or the selling processes. It
appears that wealth accumulation is an underlying process in which homeowners have no
or little impact on their accumulation.

Yet, this omits individual behaviour that may affect the realization of capital gains and
the local housing market dynamics. Through their purchase price, new homeowners will
likely affect the local housing market dynamics through a signalling effect. Future pur-
chasers and real estate will use this transaction as observations to set their beliefs and
expectations about the local housing market. Hence, an overpayment might fuel the
local housing market dynamics and therefore affect the wealth of local homeowners. The
current literature has focused on the role of the wealthiest homeowners (Aiello, Kotter
and Schubert, 2022) and demonstrates that the overpayments are capitalized in the local
housing market dynamics. In this paper, we fill the gap by estimating the substitution
between price deviation at the time of the purchase and the realization of capital gains
for the entire universe of homeowners.

We exploit a dataset that registers all housing transactions for France that occurred
between 2012 and 2022. It derives from administrative data with characteristics about
housing units such as location with high-granularity. In addition, we make the best of
Lei et al. (2024) improvement of French administrative data about homeowners to qualify
purchasers according to their portfolio size (both through number of properties and gross
housing wealth), municipality of residence or age. Finally, we leverage the longitudinal
dimension of these administrative data about homeowners to observe whether purchasers
are simultaneously selling one of these properties to finance the purchase. These portfolio
characteristics aim to proxy for experience and bargaining power that may affect purchase
price, and hence capital gains. The invariant housing ID allows us to compute capital
gains for housing units being sold twice between 2012 and 2022 and observe homeowners
that realize it.

The main threat for the estimation of purchase price deviation both at the individual
and group level is sorting into unobservable housing characteristics (Halket, Nesheim and
Oswald, 2020). Despite the recent developments in the hedonic method of modelling non-
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linear relationships (see for instance Wood, 2017; Khoshnoud, Sirmans and Zietz, 2023),
it assumes that unobservable characteristics are randomly distributed across purchaser
groups. In practice, it assumes implicitly that thermal insulation, amenities views or
quality of construction are similar for first-time owners, real estate investors or secondary
home purchases, which is very unlikely to hold. Indeed, first-time owners smooth their
consumption to access homeownership (Waxman et al., 2020) considering the housing
affordability crisis, hence they probably downgrade the housing quality they purchase,
especially trading off unobservable characteristics. Hence, we need a price deviation that
is orthogonal to housing characteristics, including non-observables, and purchasers char-
acteristics.

We handle the potential omitted variable bias to recover an individual price deviation
by introducing housing fixed effects (for application, see e.g. Dorsey et al., 2010) in line
with the repeat sales approach. It releases the assumption that unobservable characterist-
ics are evenly distributed between purchasers category and provide individual deviation
being orthogonal to housing characteristics. Nonetheless, we assume that variation in
unobservable characteristics over time is randomly distributed between categories. Even
if by nature the assumption is not verifiable, robustness checks do not challenge it. We
then regress the realized capital gains on the individual price deviation, to assess how it
affects the formation of capital gains. The drawback of the introduction of housing fixed
effects to recover individual deviation is the restriction of the transaction sample to units
being sold at least twice between 2011 and 2022, which might raise some sample selec-
tion issues. We handle this potential threat through the estimation of the probability
of each housing transaction to be sold at least twice and thus included in the sample.
The estimated probability is introduced as a control variable in the main regression à
la Heckman (Heckman, 1979), although we check Inverse Probability Weighting (IPW)
as an alternative method. The selection model includes, in addition to common observ-
able housing characteristics, a spatial smoothing function using transaction coordinates
to account for spatial heterogeneity including non-observable one (Dupont, Marques and
Kneib, 2023; Gilbert et al., 2024). Finally, to proxy for purchaser characteristics, we
introduce group-specific effects that account for experience and financial constraints that
may affect purchase price through heterogeneous bargaining power.

Performance on the housing market for purchasers generates sizeable differences in capital
gains. We estimate that a e1 increase in price deviation decreases the realized capital
gains by e0.51, making the substitution effect incomplete. We expect part of the over-
payment to fuel the local housing market dynamics, following a signalling effect affecting
the price expectation of future purchasers and real estate agents. Alternative mechanisms
such as better skills leading to higher selling prices are ruled out by empirical analysis.
In addition to the individual effect, the less experienced and financially constrained pur-
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chasers (i.e. the first-time owners) experience the highest group-specific positive deviation.
When turning to capital gains, they also benefit from lower capital gains, even if the loss
is not as important as the purchase price deviation. These results support the presence of
a spillover mechanism of price deviation of the local housing market through a signalling
effect. Similar results are found for alternative groups of purchasers. Finally, change in
the unobservable housing characteristics is not likely to drive these results, according to
robustness checks.

Our contribution to the existing literature is threefold. First, we contribute to the lit-
erature focusing on housing wealth inequality through the formation of capital gains.
Whereas measurement errors in self-assessed value are widely studied with impact on
inequality measures (Tur-Sinai, Fleishman and Romanov, 2020), we demonstrate that
it affects the realization of capital gains. The wealthiest homeowners better anticipate
housing market downturns (Martínez-Toledano, 2022) and benefit from both the largest
price increase after their purchase (Aiello, Kotter and Schubert, 2022) and capital returns
(Jordà et al., 2019; Bach, Calvet and Sodini, 2020; Fagereng et al., 2020), we demon-
strate that all purchasers are likely to affect their capital gains and disturb the local
housing market dynamics. Considering the impact of capital gains on self-employment
(Harding and Rosenthal, 2017), wealth transmission (Daysal, Lovenheim and Wasser,
2023), consumption (Ben-Shahar, Gabriel and Golan, 2019) or even income inequality
(Roine and Waldenström, 2012), these individual deviations are likely to condition life-
cycle outcomes. Second, we contribute to the literature by focusing on price deviation
according to purchasers’ characteristics. Whereas previous papers have focused on the
role of tenure status (Turnbull and Van Der Vlist, 2022), information asymmetries (Li
and Chau, 2023) based on distance (Biagi et al., 2021; Cvijanović and Spaenjers, 2021;
Favilukis and Van Nieuwerburgh, 2021), or the small real estate investors (Wong, Deng
and Chau, 2022; Garriga, Gete and Tsouderou, 2023), we provide new estimation that
accounts for experience and bargaining power for the entire population of homeowners.
Our classification is the first to include the less experienced purchasers (namely the first-
time owners), which in addition is a relevant category to understand the housing wealth
inequality (Turner and Luea, 2009; Wainer and Zabel, 2020). We highlight that the less
experienced and financially constrained purchasers are more likely to pay a higher price.
We expect mechanisms such as lower bargaining power and inattention to drive these res-
ults. Finally, accounting for unobservable characteristics of housing units and purchaser
characteristics, we find that buy-to-rent purchases are more likely to bargain as they pay
at lower price compared to owner-occupied ones (−2.7% for rental purchase compared
to owner-occupied ones). Our estimations are opposed to those obtained by Biagi et al.
(2021). We expect the fact that owner-occupiers are a highly heterogeneous category to
drive these differences. Third, we contribute to the literature focusing on homeownership
development. Considering the consequences of the affordability crisis (see e.g. Favilukis,
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Mabille and Van Nieuwerburgh, 2021), renters have increasing difficulty transitioning into
homeownership, despite trading off consumption for savings (Waxman et al., 2020). Our
results provide two new insights. Potential first-time owners are likely to bargain less in-
tensively which affects the financial burden in the long-term due to an increase in interest
to pay. In addition, they smooth housing quality to achieve their transition to homeown-
ership. Whereas demand-side policies supporting homeownership are mostly inefficient
(Bäckman and Lutz, 2020; Braakmann and McDonald, 2020; Kunovac and Zilic, 2022),
further investigations are needed to determine mechanisms to mitigate these differences
and favour homeownership development.

The paper proceeds as follows. We first detail the transaction dataset we exploit in
Section 2. We then detail our identification strategy to recover individual price deviation
and link them to capital gains realization in Section 3. Then, we present our results in
Section 4 including robustness checks, and discuss potential underlying mechanisms and
related consequences in Section 5. We conclude in Section 6.

2 Data

We take advantage of two distinct raw datasets to recover price differences and their
impact on capital gains formation.

2.1 Transaction Dataset

Our main dataset to study the formation of capital gains is derived from the DV3F data-
base, which has registered housing transactions for France since 2010 in a comprehensive
manner. For each housing transaction, we observe structural characteristics such as areas,
type of housing, spatial coordinates or the presence of certain facilities (basement, park-
ing space, etc.). An invariant housing ID is also available, that enables tracking multiple
sales for similar housing units over time. In addition, characteristics of the transaction
are provided, such as the agreement date and the price. This is particularly convenient
to compute the realized capital gains at the housing level.

However, the dataset lacks information about purchaser and seller characteristics. The
only available information to qualify both is whether they are legal or physical persons.
Hence, this information is not sufficient to control for experience and financial constraints,
two variables likely to significantly affect purchase price through bargaining power.
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2.2 Property Tax Files

To address the lack of information about purchasers in the transaction dataset, we utilize
French property tax files. These data link housing units to their current owners annually
since 2011. By leveraging recent advancements that transform these data into panel data
(Lei et al., 2024), we identify the purchasers (homeowners the year following the purchase)
and the sellers (homeowners the year preceding the purchase) at the transaction level
for each housing transaction. With this information, we also track the overall housing
portfolio over time for both purchasers and sellers.

This information about purchasers is available at the individual level, while multiple
individuals can purchase similar housing units at the same time (for instance a household
that a purchases a home). Hence, as wealth becomes more individualized over time
(Frémeaux and Leturcq, 2020),the number of properties is not always homogeneous within
the purchasers’ group. We choose to use the relationship between purchasers and housing
units as the finest level, and weight according to the inverse of the number of owners.
By doing so, we make the best of the individual level and do not introduce additional
assumptions about the purchaser structure.

2.3 Portfolios’ Based Categories

To proxy for experience and bargaining power, we leverage the set of information about
the housing portfolio over time for purchasers. Our category definition aims to overlap
with common ones in the existing literature to provide results as comparable as possible
for group-specific deviation. Indeed, our classification includes the small and medium
real estate investors, owner-occupiers and rental investment companies. We nonethe-
less consider these categories to be highly heterogeneous within their group, especially for
owner-occupiers. This category aggregates purchasers such as first-time owners, homeown-
ers achieving residential mobility or even purchases for secondary homes. Similarly, we
expect purchasers within the Small and Medium Real Estate Investors (SMREI in the re-
mainder of the paper) group to be highly different, especially in regard to their portfolio
size.

Hence, we extend common classification in the literature about homeowners and purchase
price differences in two ways. First, we account for the portfolio size to proxy for ex-
perience in the housing market. The underlying assumption is that more experienced
purchasers are more likely to reduce housing prices during the bargaining process. In
addition, it aims to differentiate small real estate investors from big ones, which might
differentiate according to their knowledge level and aggressiveness in the bargaining pro-
cess. Second, we account for whether purchasers benefit from a simultaneous sale of a
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housing unit previously held. It includes homeowners achieving residential mobility or
real investors who sell part of their portfolio to finance their new purchase. It aims to
proxy for the financial constraint, as individual who finance their purchase without a joint
selling are more likely to borrow. Hence, we consider that the financial constraint might
be greater for these purchasers.

We finally obtained eight purchaser categories: first-time owners, single and multiple
purchaser-sellers which are assimilated as homeowners achieving residential mobility, small
and big investors i.e. purchasers with respectively less than five and more than five hous-
ing units and increased their portfolio size, rental investment companies (named Société
Civile Immobilière), and consumer-investor, i.e. purchaser that sells more properties than
purchase. Although these categories aim to control for experience in the housing mar-
ket and financial constraints, the group-specific deviations are relevant to understanding
the wealth accumulation mechanism as well. We also test as an alternative a continuous
classification which does not affect the results.

2.4 Descriptive Statistics

l Our overall dataset about transactions is composed of 4,807,190 observations from 2012
to 2021 being purchased either by individuals or rental investment companies. We remove
from our sample observations-related legal persons as they are out of scope. Most housing
transactions are achieved by first-time owners (nearly 45% of the sample, for more details,
see Section A.7). However, their choices differ significantly according to purchase price
and unit size.

First-time owners and investors, who are likely to borrow to purchase their housing units,
purchase at a lower price than those who benefit jointly from housing sales. These differ-
ences in purchase price result mainly from heterogeneity in housing choice, including unit
size. First-time owners and investors purchase smaller units than individuals who benefit
from a sale at the time of their purchase.

However, the main distinction between first-time owners and investors lies in the price per
square metre. Investors purchase more expensive housing according to their size, which
might be caused by two facts. First, location choices are likely to be different, investors
prefer to purchase units located at a closer distance from the centre or in rural areas
(Figure 1). On the opposite, first-time owners are overrepresented in second-ring areas,
while the purchaser seller prefers first-ring areas. Beyond potential heterogeneity in pref-
erence, the expected tenure status after the purchase might drive this choice. The rental
market is indeed spatially concentrated close to the urban centre, whereas homeowner-
ship is related to suburbs (for details, see in Section A.9). Second, housing choices might
differ according to unobservable characteristics. Investors might sort into higher qual-
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Figure 1: Preferred Location According to Purchaser Category

Notes: We represent the local deviation to the country average of categories within the purchasers’ structure. Positive
values (respectively negative) in red means that the category is overrepresented (underrepresented) within the purchaser
structure at the municipality level. The deviation is normalized using standard deviation relative to the category. We select
all transactions between 2011 and 2021. We also represent in black the perimeter of the nine most important urban areas.
Sources: Authors’ Calculation from DV3F and Property Tax Files.

ity housing units, whereas first-time owners might smooth consumption of unobservable
characteristics (Halket, Nesheim and Oswald, 2020).

3 Identification Strategy

The estimation of an individual deviation requires controlling for housing heterogeneity
and purchaser characteristics. Whereas the hedonic approach is widely used to control for
observable heterogeneity in housing characteristics, we expect it to be inefficient in regards
to the implicit assumptions. Consequently, we rather adopt a repeat sales approach
to introduce housing fixed effects. We consider that it fits best in comparison to the
hedonic method to control for omitted variable bias, which is the main threat we face.
We first present a selection model to account for potential selection bias resulting from
the restriction of the transaction sample to housing units being sold at least twice (Dorsey
et al., 2010).
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3.1 Selection Model

The repeat sales approach imposes restrictions on transaction samples to units being sold
at least twice. It raises concern about selection bias as these observations might differ
significantly from the full sample, either on observable or unobservable characteristics. To
correct for potential selection bias, we then estimate the probability for each observation
to be included in the final sample, i.e. being sold at least twice.

Empirically, we estimate the selection equation through a logistic regression as follows

log

(
pjt

1− pjt

)
= α+Xβ + εjt (1)

with p probability to be sold at least twice, X observable characteristics of the housing,
and ε the error term. Based on this first step, we estimate the probability for each housing
unit p̂j to compute weights for the repeat sales regression.

To improve the credibility of the selection model, we exploit the recent developments
of Generalized Additive Models (Wood, 2017) to determine the functional form of each
explanatory variable that fits best. Using Restricted Maximum Likelihood method (here-
after REML), the functional form for each variable is endogenously determined using
penalized regressions that aim trade-off between under-fitting and over-fitting. In addi-
tion, we make the best of this framework to introduce spatial smoothing splines to account
for the impact of location on the likelihood of being included in our sample. The spatial
coordinates of housing units are used as the main variables for this function. Hence, in
comparison to spatial fixed effects, the spatial contribution varies smoothly over space,
without strong discontinuity. Similarly to univariate variables, the spatial contribution
is estimated using the REML approach, with penalized regression to determine the ap-
propriate degrees of freedom for transformation. The set of univariate variables includes
the surface, the price per square meter, the building age. We also add the housing type
(single unit or multiple ones) and the tenure status one year before the purchase in a
parametric way.

Based on the estimation of Equation (1), we estimate for each housing unit j in the
transaction sample the probability p̂j to be sold at least twice between 2011 and 2023 and
consequently to be included in the final sample.

3.2 Repeat Sales Approach

To control for both observed and unobserved characteristics in the regression, the repeat
sales method represents an appealing alternative (Dorsey et al., 2010), widely used in the
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housing economics literature to control for unobservable characteristics (see e.g. Biagi et
al., 2021). By restricting the transaction samples to repeat sales, we explicitly introduce
housing fixed effects to control for invariant characteristics such as

yijt = ηRS
j + βRS

1 Ci + βRS
2 p̂jt +XγRS +TδRS + ζRS

ijt (2)

with yijt outcome of interest for housing j purchased by individual j at time t, Cj purchaser
category for individual i, p̂jt estimated probability to be sold at least twice, ηj housing
fixed effects, T time dummies, and ζijt the error term. The housing fixed then controls for
invariant characteristics of housing, including both observable and unobservable ones. We
expect characteristics such as thermal insulation, amenity view, and construction quality
to be a strong determinant of housing price to affect significantly the price and bias the
identification of an individual deviation. In addition, unobservable characteristics are
likely to be different across the group of purchasers, providing bias estimation. The only
remaining threat for the identification of individual and group-specific price deviation is
thus characteristics that vary over time (e.g. gentrification or renovation works), which are
included in the error term. To lower this threat, we also introduce housing characteristics
that vary over time (noted X) including building age for instance. However, based on
robustness checks, we consider that variation in non-observable characteristics is likely to
be evenly distributed within our purchaser category. Finally, we control for tenure status
premium (Biagi et al., 2021, see e.g.).

Then, we assume that the error term ζRS
ijt includes two terms. First, an individual devi-

ation that is unexplained. It might introduce individual shock, unobservable preferences
for specific housing assets or inattention. Second, variations in unobservable housing char-
acteristics such as quality are included in the error term. Renovation works or greater
deterioration of housing units are likely to affect housing value, not being captured by the
housing fixed effect. Empirically, we expect renovation works to be marginal and assume
that the error term mainly aggregates individual shock. Robustness checks removing ob-
servations that are the most likely to be concerned by renovation works do not affect our
conclusions.

3.3 Consequences on capital gains formation

Finally, we assess the consequences of these group-specific differences on the formation of
capital gains in the long-term. Indeed, while we expect positive price deviations to lower
realized capital gains, two mechanisms might be in place. First, positive price deviation
might spill to the entire local market through a signalling effect. Second, purchasers asso-
ciated with a positive price deviation might sell at a higher price than their counterparts.
Consequently, we investigate whether there is a correlation between the purchase price
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and the final realized capital gains, both at the individual and the group level. We assume
that it exists a negative correlation between price deviation and realized capital gains.
The equation is

yijt+1

yijt
= βCG

1 Gi + βCG
2 · ζ̂RS

ijt +XγCG +TδCG + ξCG
it (3)

with yijt+1 the selling price, yijt the previous purchase price, Gi group of interest according
to the purchaser category, X housing characteristics as control, T time dummies for
both purchase and selling time, whereas ξit represents the error term. We also introduce
ζ̂RS
ijt which corresponds to the estimated individual price deviation faced by individual i

for purchasing housing units j at time t resulting from Equation (2). This equation is
estimated through WLS, with standard errors being clustered at the municipality level.
Finally, we introduce ζRS, the individual unexplained deviation from Equation (2) is
likely to affect the formation of capital gains while controlling for housing characteristics
including location.

Unlike the purchase price deviation analysis (detailed in Section 3.2), unobservable char-
acteristics are less likely to bias our group-specific deviation. Indeed, considering that
our outcome of interest is the relative capital gains estimated at the housing unit level,
it captures the housing characteristics being invariant over time. As for the repeat sales
approach, only the correlation between group and modification of housing characteristics
are likely to bias our estimation. Yet, considering the rate of renovation works, we assume
this to be marginal. Robustness checks are performed to support this assumption.

4 Results

Our results section proceeds as follows. First, we present the results of the selection model
to assess the probability of being included in the final sample. Second, we present purchase
price deviation results following the repeat sales method. Yet, we also introduce results
from a more common hedonic approach as a comparison. Third, we assess deviation for
realized capital gains both at the individual and the group level.

4.1 Selection model

We model the probability for a housing unit to be sold at least twice between January 2011
and December 2022. We use a semi-parametric logistic regression. The introduction of
smoothing splines for continuous variables accounts for potential non-linear relationships
and bi-variate smoothing splines with longitude and latitude as variables. It controls for
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the role of the location and local variables that may affect the probability for a housing
unit to be sold multiple times. In addition, structural characteristics such as surface,
housing type, and date of construction are introduced as explanatory variables. We also
include the price per square meter. For continuous variables, we introduce smoothing
splines to endogenously determine their function form. We report the contribution for
price per square meter and location in Figure 2.

Figure 2: Distribution of Probability to Achieve a Repeat Sales per Category

Notes: The left panel represents the distribution of probability to purchase repeat sales within each purchaser category.
These results come from the estimation of Equation (1). Based on this model, we estimate for each housing transaction the
probability to be included in the sample. The right panel represents the spatial smoothing splines included in Equation (1).
Positive values indicate that housing located in these areas is more likely to be included in the sample.
Sources: Authors’ Calculation from DV3F and Property Tax Files.

As expected based on descriptive statistics, the sample restricted to housing units being
sold at least twice differs significantly from the universe of housing transactions. Housing
units with higher prices per square meter are more likely to be included in the sample
(Figure 2), whereas observations located in tourist areas are less likely to be included.
Nonetheless, the overlap for the distributions of probability to belong to the final sample
for both groups is large, which supports the fact that controlling for probability might re-
duce the likelihood of having selection bias. The only remaining threat lies in unobservable
variables.

4.2 Purchase price differences

We estimate price differences using the repeat sales approach with a subsample of trans-
actions being sold at least twice to introduce housing fixed effects in the regression. We
introduce the estimated probability to be included in the final sample as control vari-
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ables à la Heckman to correct for potential selection bias. The estimation procedure is
performed using Weighted Least Squares, with two-way clustered standard errors. As a
baseline, we also estimate hedonic models with observable variables such as housing size,
dependencies, or housing types. Results are reported in Table 1.

Table 1: WLS Estimation with Housing Fixed Effects about Price Effect According to
Purchaser Category

Dependent Variable: Price (log)

Hedonic Housing FE

Covariate (1) (2) (3) (4) (5) (6)
Category (ref. Simple Purchaser-Seller)

Multi Purchaser-Seller 0.056∗ 0.067∗∗∗ 0.014∗∗∗ 0.014∗∗∗ 0.013∗∗∗ 0.011∗∗∗
(0.030) (0.001) (0.001) (0.001) (0.001) (0.001)

FTO -0.170∗∗∗ -0.026∗∗∗ 0.035∗∗∗ 0.035∗∗∗ 0.038∗∗∗ 0.035∗∗∗
(0.013) (0.001) (0.002) (0.001) (0.001) (0.001)

Companies -0.132∗∗ 0.082∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.021∗∗∗ 0.013∗∗∗
(0.052) (0.001) (0.002) (0.002) (0.002) (0.002)

Small Inv. -0.255∗∗∗ 0.011∗∗∗ 0.032∗∗∗ 0.032∗∗∗ 0.034∗∗∗ 0.031∗∗∗
(0.027) (0.001) (0.001) (0.001) (0.001) (0.001)

Big Inv -0.309∗∗∗ 0.007∗∗∗ 0.015∗∗∗ 0.015∗∗∗ 0.016∗∗∗ 0.014∗∗∗
(0.044) (0.002) (0.001) (0.003) (0.003) (0.003)

Consumer-Investor 0.136∗∗∗ 0.085∗∗∗ 0.016∗∗∗ 0.016∗∗∗ 0.015∗∗∗ 0.015∗∗∗
(0.025) (0.002) (0.001) (0.002) (0.002) (0.002)

Tenure status: Own-occupied (ref.)

Rent – -0.132∗∗∗ -0.007∗∗∗ -0.007∗∗∗ -0.008∗∗∗ -0.027∗∗∗
(0.001) (0.001) (0.001) (0.001) (0.002)

Vacant – -0.088∗∗∗ -0.005∗∗∗ -0.005∗∗ -0.007∗∗∗ -0.030∗∗∗
(0.001) (0.001) (0.002) (0.002) (0.003)

Other – -0.042∗∗∗ 0.013∗∗∗ 0.013∗∗∗ 0.011∗∗∗ -0.004
(0.002) (0.002) (0.004) (0.004) (0.004)

N 2,306,015 2,306,015 2,306,015 2,306,015 2,306,015 2,306,015
R2 0.026 – 0.957 0.957 0.958 0.961
Adj. R2 0.026 0.715 0.939 0.939 0.941 0.945
Within R2 – – 0.290 0.290 0.268 0.352
Housing Control No Spl. Space FE FE FE FE
Quarter Control No Yes Yes Yes Yes Yes
Selection Bias Control No No No No IPW Heckman
SE Clustered No No No Two-Way Two-Way Two-Way

Notes: We report results for WLS estimation of Equation (2) and alternative results with hedonic method. The first
three columns do not include housing fixed effects, whereas the last three do. In addition, the last three specifications
vary according to whether the model is correct for probability to be included in the sample, and the cluster used for
standard errors. We report the only difference between the purchaser category in comparison to the category of refer-
ence, being simple purchaser sellers. We report in parentheses standard errors. The estimation is performed on housing
transactions about housing being sold at least twice between 2012 and 2021 at the country level.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1

The use of housing fixed effects has a dramatic impact on purchase group-specific price
deviations. Indeed, whereas the most flexible specification of the hedonic model with
spatial smoothing splines explains 71.5% of explained variance (column 2, Table 1), first-
time owners appear to underpay by 2.6% in comparison to homeowners that achieve
residential mobility. Yet, introducing housing fixed effects improves the explained variance
by more than 20pp and affects significantly group-specific deviation. First-time owners
represent the category that pays the most for housing controlling for observable and non-
observable characteristics (+3.5%). In addition, small and big investors also overpay
by respectively 3.1% and 1.4%. Hence, it appears that purchasers with a lower level of
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experience and being more financially constrained have the highest price deviations.

In addition to significant changes when accounting for unobservable characteristics, price
differences based on tenure status change dramatically as well. The introduction of
housing fixed effects lowers these differences (from −12.4% to −0.7%, columns 2 and
3, Table 1), although the hierarchy remains unchanged, as buy-to-rent housing units are
purchased at a lower price from those being purchased for owner-occupied purposes. It
nonetheless highlights that unobserved quality varies significantly according to tenure
status.

The correction based on probability to be a repeat sales have little impact on our results
(columns 4, 5 and 6, Table 1). It nonetheless affects the significance for consumers (i.e.
individuals that sell more housing than they purchase). In the same way, the introduction
of two-way clustered standard errors has little impact on the significance of our results.

We add control variables as robustness checks, especially to control for potential inform-
ation asymmetries based on geography (Cvijanović and Spaenjers, 2021; Li and Chau,
2023). We compute the distance between the purchaser’s main residence (available in
the fiscal files) and the housing location. It removes rental investment companies from
our transaction sample. The introduction of these control variables does not affect our
results, whereas we recover the expected sign for distance (purchase price increases with
distance, see in Section B.4).

In addition, we assess whether our results are robust to variation in unobservable hous-
ing characteristics, e.g. renovation works. First, we remove observations for which the
duration between the two sales is superior to respectively two, three or four years. The
assumption is that the lowest the duration between two sales, the more likely the unob-
servable characteristics are similar. Second, we remove from our sample housing units
that experience an important variation of housing per square meter during the two sales.
If some renovation works are achieved, then the price per square meter is likely to increase.
We retain arbitrary values (respectively 2.5%, 5%, 10% and 15% of increase per year) as
the threshold for removing specific transactions. In both cases, the hierarchy between
our purchaser categories remains unaffected. Although it affects the magnitude of price
difference (see in Section B.5 and Section B.6), it does not negate our main results.

4.3 Consequences on realized capital gains

Finally, we close the results section with the differences based on purchasers’ categories
of realized capital gains. We estimate Equation (3) with WLS with weights accounting
for the number of purchasers within the sale. Our data is then restricted to the first
wave of purchase to compute realized capital gains at the housing unit level. Standard
errors are clustered at the municipality level. We add, in the full specification model, the
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municipality of the housing, the timing of the purchase and the timing of the selling as
control variables, using quarter dummies. Results are reported in Table 2, whereas we
provide similar results with alternative outcomes in Section B.7 (level of capital gains)
and Section B.8 (selling price).

Table 2: WLS Results for Capital Gains Heterogeneity According to Each Group

Relative Difference

Covariate (1) (2) (3) (4) (5) (6) (7)

Multi Purchaser-Seller 0.008∗∗∗ 0.008∗∗∗ 0.008∗∗∗ 0.002 -0.008∗∗ – -0.029∗∗∗
(0.002) (0.002) (0.003) (0.003) (0.003) (0.001)

FTO -0.007 -0.008∗ -0.016∗∗∗ -0.016∗∗∗ -0.015∗∗∗ – -0.047∗∗∗
(0.005) (0.004) (0.003) (0.003) (0.002) (0.001)

Companies 0.028∗∗∗ 0.025∗∗∗ 0.029∗∗∗ 0.011∗ -0.001 – -0.050∗∗∗
(0.007) (0.006) (0.006) (0.006) (0.005) (0.003)

Small Inv. -0.004 -0.009∗∗ -0.012∗∗∗ -0.022∗∗∗ -0.026∗∗∗ – -0.063∗∗∗
(0.004) (0.004) (0.004) (0.003) (0.003) (0.001)

Big Inv 0.042∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.022∗∗∗ 0.008 – -0.039∗∗∗
(0.006) (0.006) (0.007) (0.006) (0.005) (0.002)

Consumer-Investor -0.001 0.001 0.002 -0.003 -0.013∗∗ – -0.029∗∗∗
(0.006) (0.006) (0.006) (0.005) (0.005) (0.002)

Individual Deviation – – – – – -0.025∗∗∗ -0.025∗∗∗
(0.000) (0.000)

N 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158
R2 0.001 0.003 0.046 0.065 0.176 0.826 0.829
Adj. R2 0.001 0.003 0.046 0.065 0.159 0.823 0.826
Within R2 – – 0.004 0.025 0.039 0.797 0.801
Housing Control No Yes Yes Yes Yes Yes Yes
Time Control No No Yes Yes Yes Yes Yes
Muni FE No No No No Yes Yes Yes
Heckman Correction No No No Yes Yes Yes Yes

Notes: We report results for WLS estimation of Equation (3). The first three columns only include housing char-
acteristics and purchaser categories, whereas the last two include the individual deviation (namely the residuals
of Equation (2)). We report only the difference between the purchaser category in comparison to the category of
reference, being simple purchaser sellers and the individual deviation. We report in parentheses standard errors
using a 1,000-iteration procedure. The estimation is performed on paired housing transactions about housing be-
ing sold at least twice between 2012 and 2021 at the country level to compute capital gains.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1

The introduction of the unexplained individual deviation in purchase price (namely ζ̂RS
ijt )

increases dramatically the share of explained variance (column 5, Table 2). An increase of
1pp in purchase price leads to a decrease of capital gains deviation on average by 2.5pp.
When converting this into euro, the substitution is above, as e1 increase in purchase
price decreases the capital gains by e1.25. However, considering that the realized capital
gains are also affected by the selling price, we estimate that the selling price is also
positively correlated with the individual deviation. We estimate that a 1pp of increase in
the individual deviation decreases the purchase price by 0.7pp. This relationship is likely
to be supported by the fact that individual who overpay their housing units due to low
experience are also less likely to sell at lower prices. These results are consistent with
Biagi et al. (2021) results. Hence, from the e1.26 decrease in capital gains, e0.74 are
explained by the selling, leading to a e0.51 loss, which is lower than one.

When turning to capital gains, the group-specific deviations also change significantly.
Categories that experience positive price deviation do not experience necessarily negative
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capital gains deviation. On the one hand, rental investment companies and big investors
benefit from higher capital gains in comparison to homeowners achieving residential mo-
bility (respectively +2.5pp and +1.7pp). On the other hand, small investors and first-time
owners do not achieve the same level of capital gains compared to homeowners achieving
residential mobility. Yet, turning these differences in price euros, the difference in capital
gains is lowered than the difference for the first purchase.

Figure 3: Bivariate Results for Purchase Price and Capital Gains

Notes: We report the difference in euro for each purchaser category for the purchase price difference (Equation (2)) and the
capital gains (Equation (3)). The category of reference is homeowners achieving a residential mobility. We report standard
errors in light grey for both equations.
Sources: Authors’ Calculation from DV3F and Property Tax Files.

As for individuals, the substitution is not complete for group-specific estimation. Reported
in Figure 3, we nonetheless have two types of groups. First, despite having a positive
price deviation, they realize on average the same capital gains as homeowners achieving
residential mobility. Moreover, for individuals with large portfolios, they are even more
likely to generate greater capital gains, which is the case of multiple buyer-seller. Second,
the less experienced purchasers according to their portfolio size realize lower capital gains
than the category of interest. Yet, the loss is not as important as the deviation at the
time of the purchase.

5 Discussion

We close the article by discussing our results in regard to the underlying mechanisms
in place, the consequences on wealth accumulation, and the sorting of non-observable
housing characteristics.
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5.1 Underlying Mechanisms

Our results conclude that the substitution between individual price deviation and realized
capital gains is not equal to one in absolute value. According to our expectations, a
e1 increase should transit into a e1 loss in capital gains, conditionally on the market
dynamics and selling skills. Hence, we expect the housing market dynamics or price
beliefs to drive this imperfect substitution between purchase price and capital gains.

We expect the individual deviation to affect the local housing market dynamics. The
individual deviation is at least partially transmitted to the local housing market dynamics
and mitigates the loss in capital gains on the long term. By purchasing at a higher price,
is likely to affect the price belief (and thus price listings) of current homeowners, potential
purchasers and real estate agents. With the recent development of open-data transactions,
citizens are likely to form their price expectations based on previous housing sales (Ben-
Shahar and Golan, 2019). Hence, this might affect the future price expectations in the
local housing market, and thus the value of all housing units. Therefore, a positive
price deviation might fuel the local housing market through future purchasers and sellers’
expectations. We expect the upper bound of the magnitude of this spillover effect to reach
49%, i.e. the case where the entire price deviation is capitalized in local values.

However, we might expect a change in unobservable housing quality to bias our estimation,
leading to an overestimation of the spillover mechanism. Indeed, the common pattern for
housing renovations is a low purchase price, whereas the second purchase price will be
higher, considering the renovation works. In this case, the housing fixed effect is unable
to capture the variation in housing characteristics, which induces a negative deviation for
the first purchase and a positive one for the second (considering that change in quality
is included in the error term). Consequently, it fosters the relationships between indi-
vidual deviation and realized capital gains. As robustness checks, we restrict observation
with strong negative residuals.1 The results remain consistent with our main results,
which might indicate that renovation works are not likely to bias our substitution effect.
Nonetheless, we consider our substitution measure as the upper bound.

5.2 Consequences on Wealth Accumulation

Our results support that individuals affect their wealth accumulation according to their
performance in the housing market. Indeed, from an individual perspective, we demon-
strate that positive deviation at the individual lower significantly the capital gains. Yet,
when analysing the group-specific deviation, we remark heterogeneity according to the
difference between deviation in capital gains and deviation in price difference. First-

1We remove first purchase residuals that are under respectively 20%, 15%, 10%, 5%.
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time owners and small investors are those who can be considered the biggest losers in
the housing market as they experience a positive price deviation and a negative capital
gains deviation. On the opposite, big investors and rental investment companies generate
sizeable capital gains, despite their positive price deviation. These results are consistent
with previous results indicating higher anticipation levels for the wealthiest individuals
(Martínez-Toledano, 2022), better financial literacy or bargaining intensity, although we
do not disentangle the role of each channel.

Beyond the simple performance, wealth accumulation might be affected by the signalling
effect of these price deviations. Indeed, a concentration of local positive price deviation
might raise price expectations for future purchasers and sellers locally, thus strengthening
local price dynamics as outlined by Aiello, Kotter and Schubert (2022). Hence, in addition
to the direct effect on realized capital gains, it likely affects the realized capital gains of
local homeowners as well. We expect a concentration of positive to fuel housing price
dynamics, making the homeownership transition more difficult for the next generations
or exacerbating spatial sorting. The consequences on the affordable housing supply must
be considered in future research, as it is one of the main drivers of inequality between
homeowners and renters.

Finally, we omit our analysis of the leveraging effect of interest rates. A positive price de-
viation will also affect households’ budgets through an increase of interest associated with
the mortgage. Assuming that most housing purchases are financed through a mortgage,
the differences in price deviations will exacerbate overall purchase cost between categories
and then wealth accumulation. Under the assumption that all housing units are financed
through purchase at 80% to comply with the French rule of 20% down payment constraint,
the price deviation between first-time owners and homeowners achieving residential mobil-
ity raises by e100 monthly payments for the first category in a 2% interest rates context.
In addition, the assumption that all categories use mortgages homogeneously is likely to
be imprecise. We might expect homeowners to achieve residential mobility and consumer
investors to finance their purchases on their own, using simultaneous sell as a financial
resource. Consequently, we provide a lower bound of the impact of price deviation on
wealth accumulation as we omit the indirect consequences on disposable income.

5.3 Sorting Into Non-Observable Variables

Finally, we provide insightful results about sorting into non-observable between purchaser
categories. We infer sorting into non-observable based on differences between the model
with housing fixed effects (column 6, Table 1) and the hedonic specification (column 3,
Table 1). If the difference is positive, we consider that this category consumes lower
quality housing on unobservable characteristics compared with single purchaser sellers.
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Considering the price difference, we assume that first-time owners purchase housing that
provides lower quality for non-observable characteristics. This result is consistent with the
fact that first-time owners are more likely to smooth their consumption (including housing)
to access homeownership (Waxman et al., 2020). More interestingly, a major difference
occurs between small and big investors. Small investors tend to select housing with
better non-observable characteristics than single purchaser-sellers, whereas big investors
purchase lower-quality ones. These results are consistent with our expectations that small
investors are more likely to purchase secondary homes (and thus owners are more willing
to pay attention to housing characteristics) whereas big investors are more likely to buy-
to-rent. The difference in the expected tenure status might explain differences in sorting
in non-observable characteristics.

Lowering living standards for first-time owners may affect social and economic outcomes
over the long term. Assuming that thermal insulation is one of the main characteristics
that purchasers sort into, consequences on health are significant even in the short term
(Angel and Bittschi, 2019; Lima, Ferreira and Leal, 2020). Whereas investors would
not be concerned directly as they buy-to-rent, first-time owners would be significantly
and permanently affected by lower living standards. This fact is also supported by the
lower likelihood of renovation, regarding the long-term impact on monthly payments.
Hence, the most constrained purchasers sort into the lowest quality building, limiting the
potential for thermal renovation that would benefit the public health (Levy, Nishioka and
Spengler, 2003). In the context of transitioning into a low-carbon emission society, the
sorting between financially constrained households and low-quality housing is likely to be
an important friction.

6 Conclusion

Homeowners are often considered winners or losers in the housing market. Yet, we as-
sess how price differences result from purchaser behaviour. We exploit a new category
definition that is based on portfolio size before the purchase (to account for experience)
and delta in property owned (to account for financial constraints). Considering significant
differences in both observable and non-observable characteristics, we control for hetero-
geneity in housing choices by introducing housing fixed effects. This approach improves
significantly explained variance and affects price differences. Yet, it requires restricting
transaction samples to housing being sold at least twice between 2012 and 2021, which
introduces potential selection bias. We then estimate the probability of each housing to
be sold at least twice, and correct in the price regression using the Heckman procedure.

We demonstrate that the substitution between price deviation and realized capital gains is
imperfect, as only e0.51 are transmitted on average. To explain this difference, we expect
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the price deviation to affect the price beliefs of current homeowners, future purchasers
and real estate agents. Hence, positive price deviations are likely to fuel the local housing
market dynamics, leading to a mitigation of the impact of these deviations on realized
capital gains. In addition, we highlight that the less experienced purchasers experience the
highest price deviation. Finally, we provide insights that the most financially constrained
purchasers (the first-time owners) choose a housing unit with a low level of quality for
unobservable characteristics. We expect characteristics such as thermal insulation or
construction quality to be the main driver.

Further research might focus on third specific questions. First, although we provide some
insights that support the underlying mechanism we assume, uncovering how the capital
gains difference is mitigated over time is crucial. Whereas it relates to wealth inequality
understanding, it might also provide new insights into the housing affordability crisis.
Second, understanding the redistributive effect of mispricing in the housing market is
of interest. Whereas it might mitigate the wealth inequality if the poorest homeown-
ers benefit from these price deviations, it might also raise difficulty in transitioning to
homeownership. Third, while we highlight that first-time owners are likely to trade off
housing quality, it might generate a loss for society when lowering gas emissions. Indeed,
if financially constrained households live in housing units with low quality, especially with
thermal insulation, it represents an important friction for reducing our gas emissions as
a society.
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A Descriptive Statistics

A.1 Purchase Price Evolution per Category

Figure A.1: Median Price per Purchaser Category

Notes: For each purchaser category, we represent the median price of housing transaction per quarter. The median housing
price is expressed in euros.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.2 Relative Importance of Each Category on the Transaction

Sample

Figure A.2: Number of Purchaser per Quarter in France

Notes: For each purchaser category, we represent the number of housing transaction per quarter.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.3 Purchaser Structure for Each Mutation Number for Repeat

Sales

Figure A.3: Purchaser Structure for Each Mutation Number for Repeat Sales

Notes: We report the share of purchaser category within the repeat sales sample. We distinguish the purchasers structure
according to whether it is the first, the second or the third sale of the housing units over our studied period.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.4 Number of Housing Units According to the Number of Sales

Table A.4: Number of Housing Units According to the Number of Sales

Number of Sales Number of Housing Share of Transactions

1 5,766,392 88.21%
2 726,012 11.11%
3 44,748 0.68%

Notes: We report the number (and the share) of housing units be-
ing sold according to the number sales between 2012 and 2018.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.5 Distribution of Duration Between Two Sales

Figure A.5: Distribution of Duration between Two Sales

Notes: We report the distribution of housing units according to their duration between the two sales. For each housing
unit, we appraise the duration between the two sales. The observation unit is the housing.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.6 Distribution of Relative Capital Gains

Figure A.6: Distribution of Realized Capital Gains

Notes: We report the distribution of relative capital gains in percent. For each housing unit, we appraise the capital gains
by subtracting the purchase price to the selling price. The observation unit is the housing. The blue line represents the
median capital gains, whereas the red line is the average one.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.7 Descriptive Statistics about Full Transaction Sample

Table A.7: Descriptive Statistics about Purchase by Category

Category N Mean Std. Dev. Median Q1 Q3

A - Purchase Price

Simple Purchaser-Seller 1,335,056 236,230 164,400 200,000 134,900 290,500
Multi Purchaser-Seller 663,718 262,780 213,730 208,060 129,000 329,080
FTO 3,041,768 179,410 125,550 152,500 105,000 218,200
Companies 316,691 224,980 240,980 155,500 90,000 269,000
Small Inv. 1,572,677 183,700 155,200 147,000 87,000 228,450
Big Inv 250,639 184,670 181,570 135,000 76,000 227,000
Consumer-Investor 89,228 277,190 221,820 220,000 140,000 342,330

B - Housing Size

Simple Purchaser-Seller 1,335,056 95.9 40.0 90.0 70.0 115.0
Multi Purchaser-Seller 663,718 91.0 48.0 84.0 59.0 115.0
FTO 3,041,768 80.5 35.8 76.0 57.0 98.0
Companies 316,691 79.4 50.8 68.0 45.0 99.0
Small Inv. 1,572,677 71.7 41.6 64.0 41.0 91.0
Big Inv 250,639 67.6 44.3 59.0 36.0 85.0
Consumer-Investor 89,228 97.9 48.1 90.0 66.0 120.0

C - Price per square metres

Simple Purchaser-Seller 1,335,056 2,615 1,648 2,216 1,536 3,209
Multi Purchaser-Seller 663,718 3,083 1,974 2,600 1,719 3,855
FTO 3,041,768 2,481 1,689 2,026 1,372 3,055
Companies 316,691 3,058 2,226 2,420 1,456 3,929
Small Inv. 1,572,677 2,840 1,884 2,396 1,500 3,641
Big Inv 250,639 2,994 2,079 2,500 1,480 3,866
Consumer-Investor 89,228 3,002 1,966 2,489 1,667 3,718

Notes: We report descriptive statistics about purchase price (top panel), housing size (middle
panel) and price per square metres (bottom panel) for each purchaser category. The transaction
sample concerns all housing transactions between 2012 and 2018 at the country level.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.8 Descriptive Statistics about Repeat Sales Sample

Table A.8: Descriptive Statistics about Purchase by Category

Category N Mean Std. Dev. Median Q1 Q3

A - Purchase Price

Simple Purchaser-Seller 289,268 224,300 151,040 190,000 130,000 274,550
Multi Purchaser-Seller 119,899 250,930 199,300 200,000 125,880 312,000
FTO 625,946 183,680 117,950 158,800 113,000 221,000
Companies 45,330 219,690 226,240 156,000 94,000 260,000
Small Inv. 248,389 185,700 151,910 148,000 90,000 231,300
Big Inv 33,455 187,380 179,720 135,740 79,000 232,000
Consumer-Investor 16,728 264,620 203,550 212,800 140,000 325,100

B - Housing Size

Simple Purchaser-Seller 289,268 90.1 37.8 85.0 65.0 108.0
Multi Purchaser-Seller 119,899 85.3 45.0 80.0 54.0 107.0
FTO 625,946 76.3 32.9 72.0 55.0 92.0
Companies 45,330 73.9 48.2 64.0 40.0 92.0
Small Inv. 248,389 69.0 39.8 63.0 39.0 89.0
Big Inv 33,455 64.5 42.4 55.0 33.0 83.0
Consumer-Investor 16,728 92.1 44.4 85.0 63.0 114.0

C - Price per square metres

Simple Purchaser-Seller 289,268 2,672 1,688 2,250 1,578 3,236
Multi Purchaser-Seller 119,899 3,167 2,025 2,631 1,783 3,905
FTO 625,946 2,690 1,785 2,200 1,533 3,225
Companies 45,330 3,231 2,269 2,571 1,617 4,071
Small Inv. 248,389 2,976 1,969 2,451 1,633 3,671
Big Inv 33,455 3,171 2,178 2,585 1,625 4,000
Consumer-Investor 16,728 3,082 2,002 2,530 1,741 3,776

Notes: We report descriptive statistics about purchase price (top panel), housing size (middle
panel) and price per square metres (bottom panel) for each purchaser category. The transac-
tion sample concerns all housing transactions being sold at least twice between 2012 and 2018
at the country level.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.9 Spatial Distribution of Tenure Status

Figure A.9: Share of Housing per Tenure Status (2018)

Notes: We report the share of tenure status at the municipality level in 2018. We distinguish main residence of homeowners,
rental housing, vacant housing and secondary homes. The share is expressed in percent. We add in red the nine most
important urban areas in France.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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A.10 Spatial Dispersion for Alternative Categories

Figure A.10: Spatial Dispersion for Alternative Categories

Notes: We represent the local deviation to the country average of categories within the purchasers’ structure. Positive
values (respectively negative) in red means that the category is overrepresented (underrepresented) within the purchaser
structure at the municipality level. The deviation is normalized using standard deviation relative to the category. We select
all transactions between 2011 and 2021. We also represent in black the perimeter of the nine most important urban areas
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B Additional Results

B.1 Selection Model: Overlap

Figure B.1: Probability Distribution According to Sample of Interest

Notes: We report the distribution of the estimated probability to be included in the final sample for two population:
housing units being sold only once (red line) and housing units being sold at least twice (blue line). The latter observations
constitute the final sample of housing transaction. The estimation is performed based on the REML estimation of the
logistic regression defined in Equation (1).
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B.2 Second Step Regression: Control Variables

Figure B.2: WLS Results for Building Age Category

Notes: We report control variables for building age at the time of transactions for the full model (column 6, Table 1).
Standard errors at the 95% confidence intervals are also reported. The reference category is 20–24 years.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B.3 Second Step Regression: Control Variables

Figure B.3: WLS Results for Date

Notes: We report control variables for quarter dummies for the full model (column 6, Table 1). Standard errors at the 95%
confidence intervals are also reported. The reference category is the first period of the sample.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B.4 Second Step Regression: Alternative Results with Distance

Control

Table B.4: WLS Results for Purchase Price Differences with Distance Controls

Dependent variable: Purchase price (log)

Covariate (1) (2) (3) (4) (5)
Category (ref. Simple Purchaser-Seller)

Multi Purchaser-Seller – – – 0.015∗∗∗ 0.009∗∗∗
(0.001) (0.001)

FTO – – – 0.024∗∗∗ 0.034∗∗∗
(0.002) (0.001)

Companies – – – -0.008∗∗∗ 0.010∗∗∗
(0.002) (0.002)

Small Inv. – – – 0.030∗∗∗ 0.027∗∗∗
(0.002) (0.001)

Big Inv – – – 0.016∗∗∗ 0.009∗∗∗
(0.004) (0.002)

Consumer-Investor – – – 0.023∗∗∗ 0.014∗∗∗
(0.003) (0.002)

Tenure status: Own-occupied (ref.)

Rent – -0.407∗∗∗ – – -0.032∗∗∗
(0.017) (0.002)

Vacant – -0.275∗∗∗ – – -0.037∗∗∗
(0.012) (0.002)

Other – -0.189∗∗∗ – – -0.012∗∗∗
(0.035) (0.003)

Distance: <5km (ref.)

5km-20k -0.073∗∗∗ -0.062∗∗∗ 0.018∗∗∗ 0.017∗∗∗ 0.016∗∗∗
(0.012) (0.009) (0.002) (0.002) (0.001)

21km-50km -0.163∗∗∗ -0.137∗∗∗ 0.028∗∗∗ 0.027∗∗∗ 0.022∗∗∗
(0.025) (0.023) (0.002) (0.002) (0.001)

51km-200km -0.238∗∗∗ -0.199∗∗∗ 0.037∗∗∗ 0.036∗∗∗ 0.029∗∗∗
(0.030) (0.028) (0.002) (0.002) (0.001)

>200km -0.036 -0.018 0.039∗∗∗ 0.039∗∗∗ 0.038∗∗∗
(0.022) (0.024) (0.003) (0.003) (0.002)

N 2,047,504 2,047,504 2,047,504 2,047,504 2,047,504
R2 0.013 0.130 0.938 0.938 0.959
Adj. R2 0.013 0.130 0.910 0.910 0.940
Within R2 – – 0.004 0.006 0.339
Housing Control No No FE FE FE
Quarter Control No Yes Yes Yes Yes
Selection Bias Control No No No No Heckman
SE Clustered Two-Way Two-Way Two-Way Two-Way Two-Way

Notes: We report the results from the estimation of Equation (2) with the purchase price as main depend-
ent variables. Compared to the main results, it includes a distance parameter to account for information
asymmetries based on distance. Results are estimated using WLS with standard errors being two-way
clustered (municipality and quarterly). Standard error are reported between parentheses.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1
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B.5 Robustness Checks: Duration Approach

Table B.5: OLS Results with Restricted Sample According to Duration between Two
Sales

Dependent Variable: Price (log transformation)

Covariate 2 year 3 year 4 year 5 year

Category (ref. Simple Buyer–Seller)
Multi Purchaser-Seller -0.006∗∗ 0.005∗∗ 0.009∗∗∗ 0.010∗∗∗

(0.002) (0.002) (0.002) (0.001)
FTO 0.043∗∗∗ 0.049∗∗∗ 0.047∗∗∗ 0.043∗∗∗

(0.002) (0.002) (0.002) (0.002)
Companies -0.009 0.007∗ 0.015∗∗∗ 0.018∗∗∗

(0.007) (0.004) (0.003) (0.003)
Small Inv. 0.024∗∗∗ 0.035∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.002) (0.002) (0.001) (0.001)
Big Inv -0.005 0.009∗ 0.016∗∗∗ 0.016∗∗∗

(0.006) (0.005) (0.004) (0.003)
Consumer-Investor 0.000 0.007∗ 0.013∗∗∗ 0.012∗∗∗

(0.005) (0.004) (0.003) (0.003)

N 333,465 623,480 991,211 1,366,190
R2 0.956 0.958 0.959 0.959
Adj. R2 0.944 0.943 0.943 0.943
Within R2 0.008 0.010 0.009 0.008

Notes: We report results for WLS estimation of Equation (2) with restricted samples as
robustness checks. We restrict our sample to housing transactions for which the duration
is lower than respectively to two, three, four and five years. We report only difference
between purchaser category in comparison to the category of reference, being simple pur-
chaser sellers. We report in parentheses two-way clustered standard errors.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B.6 Robustness Checks: Price Variation Approach

Table B.6: OLS Results with Restricted Sample According to Price Evolution between
Two Sales

Dependent Variable: Price (log transformation)

Covariate 2.5 % 5 % 10 % 15 %

Category (ref. Simple Buyer–Seller)
Multi Purchaser-Seller 0.004∗∗∗ 0.006∗∗∗ 0.010∗∗∗ 0.010∗∗∗

(0.001) (0.001) (0.001) (0.001)
FTO 0.031∗∗∗ 0.023∗∗∗ 0.021∗∗∗ 0.024∗∗∗

(0.002) (0.002) (0.001) (0.001)
Companies 0.033∗∗∗ 0.027∗∗∗ 0.021∗∗∗ 0.019∗∗∗

(0.002) (0.002) (0.002) (0.002)
Small Inv. 0.026∗∗∗ 0.021∗∗∗ 0.021∗∗∗ 0.023∗∗∗

(0.002) (0.002) (0.001) (0.001)
Big Inv 0.019∗∗∗ 0.015∗∗∗ 0.013∗∗∗ 0.013∗∗∗

(0.003) (0.002) (0.003) (0.002)
Consumer-Investor 0.011∗∗∗ 0.011∗∗∗ 0.014∗∗∗ 0.016∗∗∗

(0.003) (0.002) (0.002) (0.002)

N 1,048,852 1,571,390 2,017,581 2,159,256
R2 0.976 0.977 0.973 0.969
Adj. R2 0.966 0.967 0.962 0.956
Within R2 0.008 0.005 0.003 0.003

Notes: We report results for WLS estimation of Equation (2) with restricted samples as ro-
bustness checks. We restrict our sample to housing transactions for which the average price
increase annually by less than 2.5%, 5%, 10%, 15%. We report only difference between pur-
chaser category in comparison to the category of reference, being simple purchaser sellers.
We report in parentheses two-way clustered standard errors.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
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B.7 Capital Gains: Results with Level Difference as Alternative

Outcome

Table B.7: WLS Results for Capital Gains Heterogeneity According to Each Group with
Level Outcome

Difference

Covariate (1) (2) (3) (4) (5) (6) (7)

Multi Purchaser-Seller 6,919.0∗∗ 8,179.7∗∗∗ 7,507.6∗∗∗ 6,896.3∗∗∗ 1,314.9∗∗∗ – -1,085.6∗∗
(2,726.8) (2,122.9) (1,890.1) (1,683.7) (396.3) (480.1)

FTO -5,830.1∗∗∗ -3,928.2∗∗∗ -6,871.0∗∗∗ -6,891.4∗∗∗ -3,477.6∗∗∗ – -7,215.9∗∗∗
(833.3) (828.9) (1,429.1) (1,418.7) (687.4) (806.6)

Companies 3,567.4 8,475.9∗∗ 8,063.5∗∗ 6,272.1∗∗ -1,262.4 – -6,862.0∗∗∗
(3,947.8) (3,771.1) (3,569.0) (2,916.8) (1,148.3) (707.0)

Small Inv. -6,373.2∗∗∗ -742.3 -2,762.9∗∗∗ -3,739.0∗∗∗ -2,444.4∗∗∗ – -6,730.2∗∗∗
(925.7) (589.6) (592.2) (802.1) (425.2) (238.3)

Big Inv -2,240.5∗ 4,824.3∗∗∗ 3,759.9∗∗∗ 2,195.1∗∗ -77.8 – -5,592.8∗∗∗
(1,250.0) (757.5) (704.7) (831.0) (579.4) (585.5)

Consumer-Investor 10,074.8∗∗ 9,499.9∗∗∗ 9,194.0∗∗ 8,599.6∗∗∗ 2,390.9 – 563.3
(3,984.8) (3,498.0) (3,400.3) (3,133.2) (1,631.5) (1,259.5)

Individual Deviation – – – – – -2,853.4∗∗∗ -2,863.2∗∗∗
(216.0) (216.7)

N 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158
R2 0.004 0.032 0.075 0.080 0.294 0.535 0.537
Adj. R2 0.004 0.032 0.075 0.080 0.280 0.526 0.527
Within R2 – – 0.032 0.038 0.094 0.404 0.406
Housing Control No Yes Yes Yes Yes Yes Yes
Time Control No No Yes Yes Yes Yes Yes
Muni FE No No No No Yes Yes Yes
Heckman Correction No No No Yes Yes Yes Yes

Notes: We report results for WLS estimation of Equation (3) with level differences as alternative outcome. The first three
columns only include housing characteristics and purchaser categories, whereas the last two include the individual deviation
(namely the residuals of Equation (2)). We report only the difference between the purchaser category in comparison to the
category of reference, being simple purchaser sellers and the individual deviation. We report in parentheses standard errors
using a 1,000-iteration procedure. The estimation is performed on paired housing transactions about housing being sold at
least twice between 2012 and 2021 at the country level to compute capital gains.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1
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B.8 Capital Gains: Results with Future Price as Alternative Out-

come

Table B.8: WLS Results for Capital Gains Heterogeneity According to Each Group with
Future Price Outcome

Future Selling Price

Covariate (1) (2) (3) (4) (5) (6) (7)

Multi Purchaser-Seller 0.034 0.088∗∗∗ 0.083∗∗∗ 0.091∗∗∗ 0.020∗∗∗ – 0.014∗∗∗
(0.030) (0.014) (0.014) (0.012) (0.002) (0.002)

FTO -0.163∗∗∗ -0.092∗∗∗ -0.109∗∗∗ -0.109∗∗∗ -0.040∗∗∗ – -0.050∗∗∗
(0.015) (0.008) (0.008) (0.008) (0.002) (0.003)

Companies -0.078∗ 0.087∗∗∗ 0.083∗∗∗ 0.107∗∗∗ 0.013∗∗ – -0.002
(0.045) (0.029) (0.029) (0.023) (0.005) (0.005)

Small Inv. -0.272∗∗∗ -0.090∗∗∗ -0.103∗∗∗ -0.090∗∗∗ -0.035∗∗∗ – -0.046∗∗∗
(0.024) (0.010) (0.010) (0.014) (0.003) (0.003)

Big Inv -0.298∗∗∗ -0.069∗∗∗ -0.078∗∗∗ -0.056∗∗∗ -0.038∗∗∗ – -0.052∗∗∗
(0.037) (0.011) (0.011) (0.011) (0.004) (0.005)

Consumer-Investor 0.114∗∗∗ 0.108∗∗∗ 0.104∗∗∗ 0.112∗∗∗ 0.033∗∗∗ – 0.028∗∗∗
(0.026) (0.020) (0.021) (0.019) (0.004) (0.004)

Individual Deviation – – – – – -0.007∗∗∗ -0.008∗∗∗
(0.000) (0.000)

N 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158 1,378,158
R2 0.025 0.237 0.250 0.261 0.810 0.827 0.829
Adj. R2 0.025 0.237 0.250 0.261 0.806 0.824 0.825
Within R2 – – 0.237 0.249 0.660 0.691 0.694
Housing Control No Yes Yes Yes Yes Yes Yes
Time Control No No Yes Yes Yes Yes Yes
Muni FE No No No No Yes Yes Yes
Heckman Correction No No No Yes Yes Yes Yes

Notes: We report results for WLS estimation of Equation (3) with selling price as alternative outcome. The first
three columns only include housing characteristics and purchaser categories, whereas the last two include the in-
dividual deviation (namely the residuals of Equation (2)). We report only the difference between the purchaser
category in comparison to the category of reference, being simple purchaser sellers and the individual deviation.
We report in parentheses standard errors using a 1,000-iteration procedure. The estimation is performed on paired
housing transactions about housing being sold at least twice between 2012 and 2021 at the country level to com-
pute capital gains.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1

41



B.9 Capital Gains: Results with Removal of Likely Renovation

Works

Table B.9: WLS Results for Capital Gains Heterogeneity According to Each Group with
Restriction of Sample

Difference

Covariate (1) (2) (3) (4) (5) (6) (7)

Multi Purchaser-Seller 119 15 -1,048 -1,589∗∗ -3,011∗∗∗ – -3,939∗∗∗
(1,239) (1,057) (837) (733) (353) (358)

FTO -2,527∗∗∗ -3,180∗∗∗ -6,579∗∗∗ -6,702∗∗∗ -5,286∗∗∗ – -6,720∗∗∗
(887) (1,007) (1,438) (1,459) (836) (854)

Companies -12,109∗∗∗ -10,414∗∗∗ -11,803∗∗∗ -13,320∗∗∗ -15,104∗∗∗ – -14,000∗∗∗
(1,226) (1,321) (1,142) (1,266) (1,589) (1,480)

Small Inv. -5,553∗∗∗ -5,057∗∗∗ -7,554∗∗∗ -8,496∗∗∗ -7,186∗∗∗ – -8,721∗∗∗
(871) (704) (961) (1,169) (748) (724)

Big Inv -5,678∗∗∗ -4,794∗∗∗ -6,366∗∗∗ -7,710∗∗∗ -8,009∗∗∗ – -8,457∗∗∗
(596) (641) (752) (1,073) (1,468) (1,252)

Consumer-Investor -3,135∗∗ -3,091∗∗ -3,681∗∗∗ -4,155∗∗∗ -5,430∗∗∗ – -5,496∗∗∗
(1,477) (1,279) (1,088) (1,007) (699) (616)

Individual Deviation – – – – – -2,800∗∗∗ -2,805∗∗∗
(214) (214)

N 656,507 656,507 656,507 656,507 656,507 656,507 656,507
R2 0.004 0.018 0.113 0.122 0.240 0.482 0.488
Adj. R2 0.004 0.018 0.113 0.122 0.211 0.462 0.468
Within R2 – – 0.021 0.031 0.032 0.340 0.347
Housing Control No Yes Yes Yes Yes Yes Yes
Time Control No No Yes Yes Yes Yes Yes
Muni FE No No No No Yes Yes Yes
Heckman Correction No No No No No No No

Notes: We report results for WLS estimation of Equation (3) while restricting the sample of interest. We remove obser-
vations likely to be subjected to renovation works, using first residuals under -0.2 as criteria. The first three columns only
include housing characteristics and purchaser categories, whereas the last two include the individual deviation (namely
the residuals of Equation (2)). We report only the difference between the purchaser category in comparison to the cat-
egory of reference, being simple purchaser sellers and the individual deviation. We report in parentheses standard errors
using a 1,000-iteration procedure. The estimation is performed on paired housing transactions about housing being sold
at least twice between 2012 and 2021 at the country level to compute capital gains.
Sources: Authors’ Calculation from DV3F and Property Tax Files.
∗∗∗ p < 0.01, ∗∗ p < 0.05 ∗ p < 0.1
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