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Abstract

The paper investigates the links between home ownership, employment and earnings. The
motivation stems from the lack of consensus in the literature linking these outcomes. Our anal-
ysis is cast within a dynamic setting and the endogeneity of each outcome is assessed through
the estimation of a flexible panel multivariate model with random effects. The data we use are
drawn from the French sample of the EU Survey on Income and Living Conditions for the years
2004–2013. Our results show that while homeowners have longer employment and unemploy-
ment spells, they must contend with lower earnings than tenants upon reemployment. Importantly,
our results highlight the importance of distinguishing between outright and indebted home own-
ers. Indeed, the latter are found to behave more or less like tenants on the labour market. At the
aggregate level, thus, the positive relationship between home ownership and unemployment rate,
known as Oswald’s conjecture, might thus depend on the share of leveraged homeowners in the
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1. Introduction

Approximately 70% of European households were homeowners on 2014 (INSEE, 2016).

Homeownership varies from as little as 52.5% in Germany to as much as 90.3% in Slovakia.

The United Kingdom (64.8%) and France (57.6%) are intermediate-lower cases, while Mediter-

ranean countries such as Italy (73.2%) and Spain (78.8%) exhibit intermediate to high rates. The

United Stated (63.5%, U.S. census 2016) would also qualify as an intermediate case by European

standards. Some have argued that such heterogeneity may partly reflect cultural differences (Hu-

ber and Schmidt, 2022). Others claim that it may stem from a wide array of programs and public

policies that have been implemented over the years to foster access to homeownership (Andrews

and Sanchez, 2011). Programs such as subsidised loans, zero interest loans, lower down payments

rules, tax deductible mortgage interest payments, etc. are now widespread. In France, zero interest

loans (“Prêts à Taux Zéro”), tax deductible interest payments and property tax abatement on the

main residence were all designed to that end.

The rationale for favouring homeownership is manifold (Havet and Penot, 2010; Andrews and

Sanchez, 2011). Positive externalities in the form of increased health and fertility, lower crime

rates, and increased community involvement are often associated with higher rates of homeown-

ership (see, e.g. Dietz and Haurin, 2003; DiPasquale and Glaeser, 1999; Glaeser and Sacerdote,

2000, for a summary of the literature). Haurin, Parcel and Haurin (2002) also underline the ex-

istence of a positive correlation between homeownership and children test scores, though such a

correlation may simply reflect a better environment and geographic stability or the impact of some

omitted heterogeneity. Experimental evidence (Engelhardt et al., 2010) provides somewhat mixed

results when trying to account for unobserved individual characteristics favoring both homeown-

ership and the provision of social capital and local amenities.

Yet, another strand of the literature has emphasised the potentially deleterious effects of home-

ownership on the labour market. What is now conventionally referred to as “Oswald’s hypothesis”

or “Oswald’s conjecture” suggests that homeownership and unemployment are positively related

Indeed, Oswald (1996) suggested that the high unemployment rates observed in OECD countries

at the beginning of the nineties were due to increased homeownership. In his original paper, he

concluded that a 10 percentage points increase in homeownership was associated with a 2 per-

centage points increase in the unemployment rate. Oswald (1997) additionally suggested that

the differences in the unemployment rates across industrialised countries were mainly the con-

sequence of the differences in the levels of homeownership. Finally, he also argued (Oswald,
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1999) that reducing homeownership through more efficient rental markets would contribute to

reducing the unemployment rates in Europe. The positive relationship between homeownership

and unemployment at the aggregate level is mainly explained by homeowners’ lesser mobility:

Because they would incur greater mobility costs, they are more at risk of becoming unemployed

should the local labour market face an economic downturn, and are also more likely to experiment

longer unemployment spells and poorer matches while employed. In addition, different types of

externalities could strengthen these direct effects of homeownership on the labor market: "not-in-

my-backyard" behaviors (Oswald, 1999; Blanchflower and Oswald, 2013); increasing commuting

and traffic congestion costs; consumption effects due to mortgage substitution (Laamanen, 2017).

Oswald’s conjecture was based upon aggregate data on the labour and housing markets of

OECD countries (Oswald, 1996, 1997). Several studies have replicated Oswald’s analyses using

more recent data on other regions or countries. On the whole, they tend to confirm his conjecture:

The positive link between homeownership and unemployment holds across US states (Blanch-

flower and Oswald, 2013; Coulson and Fisher, 2009; Green and Hendershott, 2001), in Germany

(Lerbs, 2011; Wolf and Caruana-Galizia, 2015), and in Finland (Laamanen, 2017). One exception

is France where the converse seems to hold (Sari, 2015).

It has been acknowledged that the results based upon aggregate data might reflect composition

effects or fail to consider important confounding factors. This is why many have turned to individ-

ual data to investigate the issue. Yet, the main difficulty with such data arises from the potential

endogeneity between homeownership and outcomes of interest. Indeed, individuals who self-

select into homeownership may have unobserved characteristics that jointly affect the outcome

variables (employment probability, wage rate, duration of unemployment spells, reemployment

wage, labour market mobility, etc.). The recent literature thus considers models of unemployment

duration with self-selection into homeownership and unobserved heterogeneity in an attempt to

account for potential econometric biases. Interestingly, this literature yields mixed results. Thus,

while homeowners are found to have shorter unemployment duration than renters in Denmark

(Munch et al., 2006) and France (Brunet et al., 2012), the latter are either found to last longer in

the UK and the US (Morescalchi (2016, UK), Guler and Taskin (2018, US)) or to be no differ-

ent (Battu et al. (2008, UK), Brunet et al. (2012, US), Caliendo et al. (2015, US), Vuuren (2017,

Netherlands)).

Another strand of the literature has focused on employment spells. Home-ownership has been

found to reduce inflows into unemployment in the US and in several European countries (Bar-
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rios García, 2017; de Graaff and van Leuvensteijn, 2013; Coulson and Fisher, 2009; Munch et al.,

2008; Battu et al., 2008). Still others have focused on the relationship between homeownership

and wages. According to some (Coulson and Fisher, 2002; Caliendo et al., 2015; Munch et al.,

2008), homeowners earn higher wages than renters. Yet Coulson and Fisher (2009) conclude the

opposite while Guler and Taskin (2018) and Yang (2019) find that the former have lower reem-

ployment wages than the latter.

Most of the aforementioned papers focus on single employment/unemployment spells. In or-

der to reconcile the somewhat contradictory empirical findings, the interdependencies between

housing status, labour market status and wage rates must be properly accounted for. In partic-

ular, all three outcomes are intrinsically dynamic and exhibit substantial inertia: past outcomes

are good predictors of current ones (Employment: Heckman and Borjas (1980); Cappellari and

Jenkins (2008); Duhautois et al. (2018). Wages: Hospido (2015). Housing: Kan (2000)). While

the relevant literature has devoted much attention to the unobserved heterogeneity issue, the dy-

namic nature of the processes at stake has often been overlooked, or given minimal consideration.1

This raises the issue of distinguishing path dependency from unobserved heterogeneity (Heckman,

1981b). In this paper we jointly model home-ownership, employment and earnings within a dy-

namic framework so as to distinguish between true and spurious state dependence. Our analysis

distinguishes between outright homeowners and mortgagors since latter have been found to search

more intensively (Morescalchi, 2016; Flatau et al., 2003; Brunet et al., 2007; Baert et al., 2014).

The model incorporates unobserved heterogeneity to control for self-selection in all three equa-

tions. The individual random effects are allowed to be correlated across equations, just as are the

idiosyncratic error terms. In addition, the latter are also allowed to be autocorrelated. Finally,

since we observe many transitions both on the labour and housing markets, we model the past

selection mechanisms that led to the initial status appropriately.

The model is estimated using the French sample of the EU-SILC panel dataset for the period

ranging from 2004 to 2013. Our results are consistent with previous findings (e.g., Munch et al.,

2008) insofar as homeowners are found to enjoy longer employment spells and higher earnings.

Interestingly, it is also found that outright homeowners experience longer unemployment spells

than tenants and earn less than previously upon reemployment. On the other hand, it is also found

1As noted by (Blanchflower and Oswald, 2013, p.18), “High levels of home-ownership do not destroy jobs this year;
they tend to do so, on our estimates, the year after next. Unless these long linkages are studied, the consequences of
high levels of home-ownership are not easy to see.”
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that mortgagors and tenants behave similarly.

Contrary to the previous literature, our results are robust to the negative selection into unem-

ployment and to the endogeneity of housing tenure. They contribute to the understanding of the

interplay between labour and housing markets by putting forward the role of the mortgage market:

financial constraints borne by leveraged homeowners might counteract deterrent inertia effects in-

duced by homeownership. At the aggregate level, the relationship between homeownership and

unemployment rate might thus depend on the share of homeowners with on-going mortgages.

This result adds to previous findings from simulated or calibrated models found in the lit-

erature which have overlooked the role of mortgage constraints. In particular, Beugnot et al.

(2018) conclude from various simulations of an equilibrium labour market model à la Pissarides

that homeownership is detrimental to aggregate labour market performances only when mobil-

ity costs are high (due to ill-designed housing market regulation for example). The relationship

between homeownership and unemployment rates is reversed if mobility costs are lowered some-

how. Furthermore, in an equilibrium model that is calibrated on both US and European data, Head

and Lloyd-Ellis (2012) find that the effect of homeownership on the unemployment rate is quite

small. Indeed, A 10% reduction in the homeownership rate is associated with a reduction of un-

employment of only one-third (two-thirds) of a percentage in the US (Europe). This is because

homeownership has a significant impact in their model only when both the unemployment and the

mobility rates are high, a highly improbable configuration. Our own results shed light on the role

of mortgage debt on homeownership effects on the labour market, and in particular how mortgage

debt affects mobility under different institutional environments (Johnston et al., 2021).

Interestingly, our overall estimated homeownership effect on the reemployment probability

and wages is negative, indicating that the "outright effect" dominates the "mortgage effect" in

France for the years 2004-2013. We relate this result to the declining share of mortgagers dur-

ing this time period, and document other features of the housing market. Our findings also raise

questions at the cross-road between cultural norms and the economic system, including fiscal and

inheritance policies. In France, both cultural and fiscal institutions tend to support housing trans-

mission from parents to children, whereas the US system leads to a much more liquid view of

housing as an asset. At low levels of homeownership in the economy, increasing homeownership

entails a large share of mortgagers, and a negative relationship with aggregate unemployment. At

higher levels of homeownership, the relationship with unemployment might rest upon the under-

lying share of mortgagers. Of course, mortgage and credit system pose their own sustainability
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challenge, as the 2008 sub-prime crisis has demonstrated.

According to our results, thus, Oswalds’ conjecture appears to be valid in situations where the

proportion of outright homeowners is large. In situations were they are few, increasing the share

of homeowners (outright or mortgagors) is unlikely to impact the unemployment rate.

The outline of the paper is as follows. We provide an overview of French housing and labour

markets and describe our data in section 2. The econometric model is presented in section 3. The

estimation results are presented in section 4. The last section concludes.

2. French Housing and Labour Markets: Overview and Sample Description

Our empirical analysis focuses on the French labour and housing markets. In what follows,

we briefly describe their main features. Next, we discuss the data and the survey from which they

are drawn.

2.1. Overview of the French Housing and Labour Markets

Approximately 56% of French households were home-owners between 2004–2014, our sam-

ple period. This proportion is somewhat lower than the European average at 70% (INSEE, 2016).

While the proportion of home-owners has remained fairly constant through time, its composition

has not (Séverine et al., 2015). As shown in Figure 1(a), the share of outright homeowners was

36.2% in 2004 and amounted to 40.7% in 2014. Over the same period, the share of mortgagors

declined from 20.4% to 17.1% while the proportion of tenants remained fairly stable at approxi-

mately 39%.

In France, culture and fiscal arrangements favour ownership transmission between parents

and children through inheritance, family contribution and preferred tax treatment. Yet, for many,

home-ownership is achieved by means of a standard housing loan. Hence, loan terms, hous-

ing prices, and the labour market status of household members are core determinants of home-

ownership. Figure 1(b) depicts the evolution of mortgage interest rates and housing prices over

our sample period. As shown, the interest rate has decreased by nearly two percentage points, save

for the 2005-2008 period during which it increased by one percentage point.2 Starting in 2008, the

interest rates have decreased steadily until 2015 by as much as three percentage points from their

peak of 5.7%. As expected, housing prices and interest rates are more or less inversely related,

2The figure plots the "Taux effectif des prêts immobiliers à taux fixes accordés aux particuliers" of the Banque de
France.
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save for the period between 2006–2008 during which both were increasing.3 Housing prices have

increased by as much as 35% between the first quarter of 2004 and their peak value in 2012. As

shown in Figure 2, the mean monthly duration of mortgage loans increased by over 19.9% (from

196 months to 235 months) and was closely linked to the fluctuations in the interest rate. The

fluctuations on the housing market occurred while the labour market was relatively depressed as

the unemployment rate ranged between 7.4% to 10.2% over the same period.

Mobility is intimately related to the housing status. In 2013, for instance, among all households

who had moved at least once during the past four years, 8.2% where homeowners, 20.8% were

tenants in subsidized housing, and 48.5% were regular tenants (Delance and Vignolles, 2017). Av-

erage housing tenure was 27.2 years for outright homeowners, 7.5 years for mortgagors, 13.0 years

for tenants in subsidized housing, and only 5.7 for regular tenants (Séverine et al., 2015). During a

typical year, as many as 819,000 transactions are recorded which represents approximately 2.37%

of the entire housing stock (Arnold, 2016).

Housing mobility in France is more or less halfway between that of Northern Europe (Sweden,

Finland, Norway) and the USA, but higher than Germany and Great Britain, and certainly higher

than Southern Europe (Spain and Italy) or countries such as Poland and Slovakia (Andrews and

Sanchez, 2011). In 2014, as many as 7.3 million individuals, representing 11% of the entire

population, moved into a new dwelling. For the same year, 74% of all moves took place within

the same region, and of those, 38.2% were within the same city (Levy and Dzikowski, 2017).

The labour market in France is also “average” by European standards. Thus while the unem-

ployment rate reached 9.4% in 2017, it was as low as 3.8% in Germany, 4.2% in Norway and

4.3% in the UK, but as high as 11.2% in Italy and 17.2% in Spain. The relatively dynamic French

housing market coupled with a relatively high, but fluctuating, unemployment rate provides an

adequate environment to investigate the relationship between ownership status, earnings and un-

employment.

2.2. The Data

Our data are drawn from the French sample of the EU-SILC data set (European Union - Status

on Income and Living Conditions). The French survey itself is based upon L’enquête statistique

sur les ressources et conditions de vie (Dispositif SRCV) and is conducted from May to June every

3Housing prices are drawn from “Indice des prix des logements anciens en France métropolitaine”, Ensemble, Base
100 au premier trimestre de 2010, Série CVS, Insee.
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year since 2004. We restrict our sample window to the 2004–2013 period to insure a balanced

coverage of the 2008 financial crisis. Over 9,091 households (26,353 individuals) were surveyed

in 2004 and as many as 11,131 in 2013 (26,353 individuals).

The SRCV is a rotating panel. Each year since 2005, approximately 1/9 of all households are

replaced by an incoming group drawn from the list of all dwellings located in mainland France.

Thus approximately 1/9 of those surveyed in 2004 were still in the panel in 2012. By virtue

of its rotating design, the SRCV yields an unbalanced panel. Yet, it is representative of all the

regular households living in metropolitan France and contains detailed information on income,

living conditions, employment and ownership statuses, wealth, etc. While all individuals over

sixteen years of age are surveyed, we restrict our sample to those between 20 and 56 since they are

those most concerned with employment and housing decisions. This exclusion restriction yields a

sample of over 30,077 individuals, and all are observed for at least two consecutive years.

Table 1 presents the main characteristics of the sample. The first column reports the descriptive

statistics for the initial sample at entry (i.e. in 2004). Column (2) focuses on the characteristics

of the incoming groups while columns (3)-(5) distinguishes them according to their housing sta-

tus. As expected from a rotating design, the incoming cohorts and the original 2004 cohort are

very similar. Indeed, the means of the three dependent variables reported in columns (1) and (2)

are very close to one another. The rotating samples are slightly younger and also slightly more

educated than the original cohort. Gender, urban location and citizenship are likewise well bal-

anced across cohorts. Two features of the data are worth stressing. First, outright home-owners

and mortgagors share many characteristics except for the fact that the latter are younger and more

educated. Second, tenants are quite distinctive. They earn less, are less educated, they are much

younger and fewer are married. Likewise, they are more likely to live in a large city and fewer are

French natives.

The differences between home-owners and tenants on one hand, and between outright owners

and mortgagors on the other hand, are likely to impact their responses to exogenous shocks on the

housing and the labour markets. An increase in mortgage interest rates may prevent tenants from

purchasing a property. It will also affect mortgagors when refinancing their loans depending on

the balance and the term of their mortgage. Likewise, an economic downturn will likely have dif-

ferentiated impacts according to individual housing and labour market statuses. Responses to ex-

ogenous shocks will also be sensitive to unobserved individual characteristics and housing/labour

histories. The complex interdependencies between the two markets must be investigated in light
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of a dynamic econometric model.

3. Model Specification and Estimation

3.1. Model Specification

Consider a dynamic model that encompasses home-ownership (h), employment (e) and earn-

ings (w). Let xjit, j ∈ {h, e, w}, denote a vector of characteristics for individual i = 1, . . . n,

and where t = 1, . . . , T is a year index. Likewise, let βj and δj be vectors of parameters asso-

ciated with observed heterogeneity and past realisations of the endogenous variables (δjk ∈ IR),

respectively, for j ∈ E = {h, e, w}.

The latent dependent variable y∗jit is given by

y∗jit = x′jit βj + zj(yit−1)′ δj + rjit, (1)

for any j ∈ {h, e}, where zj(·) is a vector containing the realisations of the lagged individual out-

comes. The observed values of the endogenous variables are denoted as yit = (yhit, yeit, ywit)
′ ∈

{0, 1} × IR.

For individual i at time t, the decision j, j ∈ {h, e}, is a binary variable that can be written as

yjit = 1I [y∗jit > 0 ], (2)

where 1I [.] is an indicator function equal to 1 if the event between brackets occurs and zero other-

wise. The log of the yearly earnings at time t is

ywit = x′wit βw + zw(yit−1, yhit)
′ δw + rwit, (3)

where δw, βw and zw(·) are defined similarly as above, save for zw(·) which also depends on the

contemporaneous value of the ownership status.

3.2. Stochastic Specification

The error term, rjit, is written as the sum of a time-invariant outcome-specific unobserved

individual component, αij , and a contemporaneous residual, ujit:

rjit = αij + ujit. (4)
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As is customary, the individual effects, αij , are assumed to be independent of the observable

characteristics, xi, to be normally distributed with mean zero and variance σ2
αj , j ∈ E, and to be

independent across i ∈ {1, . . . , n} and j ∈ {h, e, w}. The contemporaneous error term is further

assumed to satisfy the following independence assumptions: ujit ⊥⊥ xi, and ujit ⊥⊥ uj′i′t′ . On

the other hand, ujit is allowed to be autoregressive (but stationary, for t > 0).4 Thus we write:

ujit = ρjujit−1 + εjit, (5)

where αij ⊥⊥ εj′it, for all j, j′ ∈ E, and εjit ⊥⊥ uj′it′ , for all t′ < t and j′ ∈ E. The time-

dependency allows to measure the impact of a shock at t on individual outcomes at t+ 1.

In any dynamic panel data model with random effects and left censoring, the initial conditions

much be appropriately accounted for. We follow Heckman (1981a) and write the initial conditions

as a reduced-form specification which allows to correlate the error terms at t = 0 with those at

t > 0. Thus let the system of equations at time t0 be written as follows:

yhi0 = 1I [x ′hi0 β
0
h + rhi0 > 0 ],

yei0 = 1I [x ′ei0 β
0
e + rei0 > 0 ], (6)

ywi0 = x′wi0 β
0
w + rwi0,

where xji0 is the vector of initial characteristics and rji0 is an error term similarly defined as

above (j ∈ E = {h, e, w}). Likewise β0
j is an appropriately dimensioned vector of parameters

(β0
j ∈ IRpj ,where pj ∈ IN ∗corresponds to the dimension of β0

j ) . The initial error terms are

assumed to satisfy the following two assumptions:

rji0 ∼ N(0, σ2
j0), where j = h, e, w; (7)

εjit ∼ N(0, σ2
εj ). (8)

As argued by Heckman (1981a), it is likely that rji0 is correlated with rj′it, j′ ∈ E, for t =

1, . . . ,T. Hence, let ραjαk denote the correlation between the random effects αij and αik, spe-

cific to equations j and k, respectively, j, k ∈ E. Let ρjk denote the correlation between the

idiosyncratic terms εjit and εkit, for all t = 1, . . . , T and i ∈ {1, . . . , n}. For the two binary

4Hyslop (1999) makes a similar assumption in the context of a single equation model.
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equations, y∗hit and y∗eit, this specification is equivalent to a dynamic probit model with random

effects. Additional assumptions must be made to insure the model is identified. Indeed, because

the two dependent variables are dichotomous we must normalize the variance of the corresponding

residuals as follows:

σ2
αj + σ2

uj = 1,

and

var(rji0) = σ2
j0 = 1, for j = h, e.

It can be shown that for j ∈ E, t > 1

var(ujit) = σ2
uj =

σ2
εj

(1− ρ2
j )
,

3.3. Model Estimation

For each individual and time period, we observe the realization of the variables yjit ∈ {0; 1},

for j = h, e, as well as the log-earnings ywit (i = 1, . . . , n and t = 0, 1, . . . , T ). The contribution

of individual i to the likelihood function is 5 :

Li(θ) =

∫
Ai

φ(r; Ω) d r, (9)

where φ(.; Ω) is the probability density function of the normal distribution with mean zero and

variance-covariance matrix Ω. The integration is computed over the error terms r that are compat-

ible with the trajectories of the endogenous variables of individual i:

Ai=
{
r∈IR3(T+1) : r=(rh0, re0, rw0, rh1, ..., rhT , ..., rw1, ..., rwT ) and ajit≤rjt≤bjit

}
.

The domain of integration depends on the realisations of the dependent variables, the vector of ex-

planatory variables, and the vector of parameters, θ (see Appendix F). The latter can be estimated

by maximising the logarithm of the simulated likelihood:

ˆ̀
N,H(θ) =

N∑
i=1

ln

(
1

H

H∑
h=1

p̃(xi;u
h
i ; θ)

)
, (10)

5The order of integration is at most 30 since we have three state variables and ten periods, i.e. j ∈ E = {h, e, w}
and t ∈ 2004 . . . 2013. The modelling of the initial conditions is reported in Appendix E for the sake of brevity
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where the drawings uhi are specific to the individual i and are i.i.d. (i = 1, . . . , n) (see Appendix

G). These are drawn in such a way as to avoid rejection.6 The main difficulty when making the

draws is to account for the fact that the endogenous variables are both qualitative and continuous

(Chang, 2009). The simulated maximum likelihood estimator of θ can be obtained maximizing the

function (10). The SML estimator will be consistent and efficient as
√
N
H −→ 0 when N −→ +∞

and H −→ +∞ (cf., for instance, Gouriéroux and Monfort, 1991, 1993, 1997; Kamionka, 1998;

Edon and Kamionka, 2008; Gilbert et al., 2011; Kamionka and Ngoc, 2016). In practice, the

number of draws is set to H = 30. Several authors have stressed that the SML estimator is near

consistent even for a relatively small H (≈ 30).

4. Results

Our model includes three endogenous variables: ownership and employment statuses, equation

(2), and earnings, equation (3). The stochastic specification is given by equations (4) and (5). The

initial conditions in equation (6) are modelled according to the approach proposed by Wooldridge

(2005).7 To ease interpretation, the parameter estimates of each endogenous equation are reported

in separate tables. Thus, Table 2 focuses on the ownership equation while Tables 3 and 4 focus

on the employment and earnings equations, respectively.8 Furthermore, each table is divided into

three panels in which we report the slope parameters, the state dependence parameters, and the

initial conditions parameters, respectively.

Tables 2–4 present three different specifications. Specification (1) is similar to empirical mod-

els customarily reported in the literature, albeit all three equations are estimated simultaneously

and explicitly account for the contemporaneous endogeneity of the ownership status in the em-

ployment and the wage equations. We distinguish between outright homeowners (Owner(100%))

and mortgagors (Owners (<100%)). Note that the specification does not account for state depen-

dence nor does it correct for the initial conditions problem. This is done in Specifications (2) and

(3). The former now includes lagged ownership and employment statuses in all three equation.

In addition, we also include an interaction term between the latter two in the employment and

wage equations. We do this in order to investigate the differential impact of being an unemployed

6The term p̃(xi;u
h
i ; θ) in equation (10) is defined in equation (G.4) of Appendix G.

7See Appendix E. The model was also estimated using Heckman (1981a)’s approach. See appendices C and F for the
details. Overall, both approaches yield qualitatively similar results. For the sake of brevity, we focus on Wooldridge’s
approach in Tables 2–4. Estimation results using Heckman’s specification are available upon request.

8The estimates of the nuisance parameters are reported in Table A.1 in Appendix A.
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owner in the previous period on current wages and employment. This is a major concern in both

the empirical and the theoretical literature. Finally, Specification (3) is similar to Specification (2)

except that the interaction between lagged ownership and employment status now distinguishes

between outright owners and mortgagors. We do this in order to investigate the claim according to

which the search intensity of the former is less than that of the latter (Morescalchi, 2016; Flatau et

al., 2003; Brunet et al., 2007; Baert et al., 2014). If the claim is valid then the parameter estimates

in the employment and wage equations should differ accordingly.

We begin our discussion of the results by stating general comments about the parameter es-

timates associated with the demographic variables. We next turn to the interactions between the

endogenous variables per se and the dynamic links between them.

4.1. Demographics

Most parameter estimates are in agreement with a priori expectations. Thus, not surprisingly,

individuals who live in couples are more likely to be homeowners (Table 2) and to be employed

(Table 3). The same applies to the more educated: They are more likely to be homeowners, to be

employed and to enjoy higher earnings. This is consistent with a large literature that concludes

likewise (see Haurin et al., 1996). The converse hold for foreigners. Their lower ownership may

arise from the fact that they are less likely to be employed (Table 3) and to have lower earnings

(Table 4). Recall that homeownership in France is mostly achieved through a combination of

mortgage and inheritance and/or family contribution Bayon and Madec (2014). The foreign born

perhaps benefit less from such mechanisms, or they may not value homeownership as much as

natives (Huber and Schmidt, 2022). Age profiles are also consistent with a priori expectations,

except perhaps with respect to the homeownership equation. Specification (1) does not control

for state dependence or initial conditions. As customarily found in the literature, the probability

of owning a house increases with age: Those in the 20–29 and 30–39 age groups have a lower

probability than those in the 40–49 age and 50+ age groups. On the other hand, once we control

for state dependence and initial conditions, the converse holds (Specifications (2) and (3)). This

result, although surprising, must be interpreted with care. Indeed, the age profile in the employ-

ment and earnings equations is consistent with the empirical literature in all three specifications:

Employment is inversely related to age, i.e. it increases until 50 and then decreases (Table 3).

Likewise, conditional on working, earnings also increase with age (Table 4). It thus follows that

the negative relationship between age and homeownership in Specifications (2) and (3) of Table 2

is found only once we condition on the initial state on the housing market and once we account for
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the intrinsic inertia on that market (Blanchflower and Oswald, 2013; Kan, 2000). Hence, it may

be that older individuals who are tenants at baseline may find it hard to secure a loan (low income

and/or poor work history) or may simply prefer not to not become a homeowner.

4.2. Home-ownership

As mentioned above, the parameter estimates of the home-ownership equation are sensitive to

the initial conditions and to state dependence. Yet, the variations in the regional mortgage interest

rates have the same expected negative impact on home-ownership in all three specifications. Recall

from Figure 1(b) that the interest rates varied considerably over our sample period (as well as

across regions). Likewise, home-ownership exhibits sizeable state dependence: being employed

and homeowner in the previous year increases the likelihood of being a homeowner the next.

Note that we do not distinguish between outright owners and mortgagors in this equation. The

parameter estimates thus apply to both.

The estimates of the last panel control for the initial employment and ownership statuses.9 All

are statistically different from zero. In particular, they show that an employed individual at t0,

irrespective of his/her tenure status, is marginally less likely to eventually become a homeowner.

On the other hand, those who already own a property at t0 are more likely to remain homeowners

in future periods.

4.3. Employment Status

The second panel of Table 3 focuses on the contemporaneous relation between home-ownership

and employment. Interestingly, the parameter estimates indicate that outright ownership and em-

ployment are not linked. The latter are no more and no less likely to be employed than tenants.

On the other hand, mortgagors are indeed found to more likely be employed each period. In

other words, they have fewer or shorter unemployment spells than tenants and outright owners.

This suggests that positive link between ownership and employment are possibly solely driven

by mortgagors (Barrios García, 2017; de Graaff and van Leuvensteijn, 2013; Coulson and Fisher,

2009; Munch et al., 2008; Battu et al., 2008). It may thus be conjectured that is not so much the

proportion of homeowners that explain lower inflows into unemployment, but the proportion of

indebted homeowners (See Baert et al., 2014; Beugnot et al., 2018).

We further investigate the link between home-ownership and employment in the third panel

of the table. Specifications (2) and (3) both include lagged employment and ownership status.

9See Wooldridge (2005), and in particular parameters λjh and λje of equation (E.2) in Appendix E.
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They differ only insofar as the the interaction term of the former does not distinguish between

ownership status whereas the latter does. In both cases, it is found not surprisingly that being

employed at time t is strongly related to the employment status at t− 1. Lagged ownership status

also matters greatly. According to Specification (2), owners (outright and mortgagors) at t− 1 are

more likely to be employed than tenants. Yet, when we interact the ownership status with a dummy

indicator for unemployment at t − 1, we find interesting results. Thus, outright owners who are

unemployed in the previous period are less likely than tenants to be employed in the current period

(χ2 = 29.30). Conversely, unemployed mortgagors are no more and no less likely to be employed

at t (χ2 = 1.75).

Specification (2) imposes that the parameter estimate of the interaction term between lagged

ownership and unemployment be the same for outright owners and mortgagors. Specification (3)

relaxes this assumption. Doing so highlights even more the outright owners and mortgagors behave

quite differently on the labour market. Thus, unemployed outright homeowners at t−1 are found to

be less likely to be employed than tenants (-0.39=.42 -0.81, χ2 = 14.32) whereas mortgagors are

more likely to be employed at t than tenants (0.07=.278-.208, χ2 = 5.26).10 This reinforces our

previous results about the relation between ownership and employment (unemployment). Indeed,

once employment and ownership dynamics are accounted for, outright homeowners are found less

likely to be employed than tenants at t if they were unemployed at t − 1, whereas the converse

holds for mortgagors. This implies that outright homeowners (mortgagors) will experiment longer

(shorter) expected unemployment spells than tenants. In a sense, ours results reconcile the em-

pirical literature that finds a positive link between unemployment duration and ownership status

(Morescalchi, 2016; Guler and Taskin, 2018), the one that concludes the opposite (Munch et al.,

2006; Brunet et al., 2012), and yet that which finds no link between the two (Battu et al., 2008;

Brunet et al., 2012; Crusson and Arnault, 2015; Vuuren, 2017). It is perhaps not so much the

proportion of homeowners that causes unemployment as the mix between outright and indebted

homeowners.

The last panel of the table once again underlines the importance of accounting for the initial

conditions. According to the last panel, the employment status at baseline is quite informative.

Those who are employed have a lower probability of employment future periods, ceteris paribus.

Interestingly, the tenure status is unrelated to future emplyment spells.

10Formally, the null hypotheses are H0 : βOwner(100%)t−1
+ βUnemployed×Owner(100%)t−1

= 0 and H0 :
βOwner(<100%)t−1

+ βUnemployed×Owner(<100%)t−1=0.
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4.4. Earnings Equation

Table 4 focuses on the (log) earnings equation. According to the second panel of Specification

(1), outright homeowners and mortgagors enjoy larger conditional expected earnings than tenants

by about 4% and 11%, respectively. This is consistent with the findings of Coulson and Fisher

(2002), Caliendo et al. (2015) and Munch et al. (2008) according to which one is more likely to

secure a loan the larger the expected discounted value of the future stream of earnings. Yet, once

we account for state dependence, the results are quite different. First, according to Specification

(2) homeowners still enjoy a wage premium. Interestingly, once we interact lagged ownership

and unemployment statuses we find that outright owners (-0.02= 0.03-0.05, χ2 = 0.51) and mort-

gagors (0.01= 0.06-0.05, χ2 = 0.19) are no more and no less penalised upon reemployment than

tenants. The less restrictive Specification (3) yields a different picture. According to the pa-

rameter estimates, outright homeowners suffer a 13% earnings loss upon reemployment (-0.13=

0.04-0.17, χ2 = 14.43). This is consistent with the results of Guler and Taskin (2018) and Yang

(2019). Mortgagors, on the other hand, enjoy a wage increase of approximately 6% upon reem-

ployment (0.06 = 0.06-0.001, χ2 = 5.26). Once again, our estimates underline the importance

of distinguishing between outright homeowners and mortgagors, as well as accounting for the dy-

namic nature of the adjustment processes. Finally, according to the initial conditions parameters,

employed individuals at baseline have a lower conditional expected earnings profile, while the

opposite holds for homeowners.

4.5. Marginal Effects

The estimates reported in Tables 2 and 3 can only be assessed with respect to their sign. They

do not represent marginal effects such as those of the earnings equation in Table 4. Table 5 thus

reports the per period marginal effects of the parameters of Specifications (2) and (3) of the home-

ownership and employment equations and are computed based on the entire stochastic specifica-

tion of the model. Note first that the marginal effects of the slope parameters are almost identical

across specifications and in both equations and most are statistically significant. In both cases, we

find sizeable dynamic dependence in home-ownership (=0.85) but much less so in employment

(=0.36). The main difference between Specifications (2) and (3) pertains to the employment equa-

tion (and the earnings equations as reported above). According to Specification (2), unemployed

outright homeowners at t − 1 are 3 percentage points less likely to work in period t than tenants.

Mortgagors are 2 percentage points less likely. According to Specification (3), outright homeown-
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ers are as much as 10 percentage points less likely to work whereas mortgagors are no different

from tenants.

4.6. Stochastic Specification

Table A.1 reports the parameter estimates of the stochastic specification. According to the

first panel, the variance of the random effects specific to the ownership status is relatively large,

indicating important unobserved heterogeneity among homeowners. The variance of the random

effect of the (log) earnings equation is relatively small which suggests there is little (conditional)

heterogeneity.

The unobserved heterogeneity components specific to the employment and earnings equations,

not surprisingly, are positively correlated in all the specifications. Workers are thus a self-selected

subset of the population. The same holds for the correlation between the random effects of the

ownership and earnings equations in Specifications (2) and (3). Interestingly, we do not observed

such correlation between the individual random components of the ownership and the employment

equations.

Our specification is flexible enough to model the autocorrelation of the error terms of each

endogenous variable. As shown, the error term of the ownership and employment equations are

negatively autocorrelated, implying that a negative shock in a given year is likely to affect pos-

itively the outcome the following year. Conversely, the error term of the earnings equation is

positively and significantly autocorrelated in all three specifications. Finally, our parameter esti-

mates suggests the error terms of all three equations are weakly correlated at best.

5. Conclusion

The motivation of this paper stems from the lack of consensus in the literature concerning

the links between homeownership, earnings and unemployment. Conflicting results may arise as

a result of failing to properly account for the endogeneity of homeownership and performances

on the labour market. In this paper we jointly model homeownership, labour market transitions

and earnings. The model incorporates unobserved heterogeneity to account for self-selection into

homeownership, employment and earnings. Individual random effects are allowed to be correlated

across all equations, just as are the idiosyncratic error terms. In addition, the latter are also allowed

to be autocorrelated.

The model is estimated using the French sample of the EU-SILC panel dataset for the period

ranging from 2004 to 2013. Importantly, our analysis distinguishes between outright and leveraged
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homeowners. Further, since we observe many transitions both on the labour and housing markets,

we model the past selection mechanisms that led to the initial status appropriately.

Our results are consistent with previous findings insofar as homeowners are found to enjoy

longer employment spells and higher earnings. Interestingly, it is also found that outright home-

owners experience longer unemployment spells than tenants and earn less than previously upon

reemployment. On the other hand, it is also found that mortgagors and tenants behave similarly.

Our results also stress the importance of accounting for unobserved heterogeneity in explaining

observed transitions on the labour and housing markets, and the relationship between earnings and

the latter two. Failure to properly account for this is likely to yield biased parameter estimates.

Our results also contribute to the understanding of the interaction between labour and housing

markets by putting forth the role of the mortgage market: financial constraints borne by lever-

aged homeowners might counteract inertia effects induced by homeownership. This issue needs

to be investigated more thoroughly in future work. At the aggregate level, thus, the relationship

between homeownership and the unemployment rate might thus depend on the share of leveraged

homeowners. Hence, Oswalds’ conjecture appears to be valid in situations where the proportion of

outright homeowners is large. In situations were they are few, increasing the share of homeowners

(outright or leveraged) is unlikely to impact the unemployment rate.
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Table 1: Sample Characteristics

2004 Rotating Group
Sample

All Outright Mortgagor Tenants
Dependent variables (1) (2) (3) (4) (5)

Homeowner 57.34 54.01 20.25 33.76 n.a
Employed 78.85 79.48 81.89 88.18 72.04
Earnings (1,000 × Euros) 18.72 19.02 21.94 22.07 15.32

Education level
High-School or less 57.17 51.48 58.83 45.21 52.84
Post-Secondary 16.10 17.76 14.56 17.97 18.89
University 26.73 30.76 26.31 36.82 28.27

Household Characteristics
20 ≤ Age ≤ 29 14.97 20.81 2.74 10.46 36.37
30 ≤ Age ≤ 39 30.61 28.43 10.12 38.78 28.89
40 ≤ Age ≤ 49 32.48 30.23 37.29 36.97 22.18
50 ≤ Age ≤ 56 21.94 20.53 49.85 13.79 12.56
Married 61.72 53.18 74.06 67.38 33.56

Gender
Women 53.60 52.32 53.63 51.03 52.68
Men 46.94 47.68 46.37 48.97 47.32

Urban area
Paris 16.69 14.57 10.48 13.53 17.13
200000 ≤ pop < 2 millions 22.99 23.80 18.26 19.24 29.59
100000 ≤ pop < 200000 5.53 5.74 4.55 4.46 7.20
50000 ≤ pop < 100000 7.02 7.07 5.27 5.96 8.68
20000 ≤ pop < 50000 5.24 5.78 5.71 4.86 6.49
10000 ≤ pop < 20000 4.66 5.25 5.45 5.52 4.96
5000 ≤ pop < 10000 4.56 4.23 4.50 4.39 4.00
pop < 5000 7.55 6.91 7.16 7.81 6.13
Rural township 25.77 26.65 38.62 34.23 15.82

Citizenship
French 93.77 94.25 96.75 96.22 91.72
Other 6.23 5.75 3.25 3.78 8.28

Number of individuals 9,678 30,077 6090 10154 13833

Note : SRCV 2004-2013. Percentages.



Table 2: Home Ownership Equation

(1) (2) (3)

Constant 0.2999*** -1.2988*** -1.2984***
(0.0594) (0.1325) (0.1328)

Woman -0.0419** -0.0125 -0.0126
(0.0165) (0.0201) (0.0205)

Married 0.5860*** 0.2367*** 0.2367***
(0.0155) (0.0206) (0.0206)

Education
Middle 0.2274*** 0.1473*** 0.1474***

(0.0214) (0.0276) (0.0276)
High 0.3452*** 0.2769*** 0.2770***

(0.0182) (0.0228) (0.0229)
Foreign -0.6690*** -0.2362*** -0.2361***

(0.0365) (0.0453) (0.0453)
Age

20–29 -0.0428 -0.0283 -0.0283
(0.0194) (0.0283) (0.0283)

40–49 0.2332*** -0.1490*** -0.1491***
(0.0145) (0.0251) (0.0251)

50+ 0.3703*** -0.2058*** -0.2059***
(0.0187) (0.0308) (0.0308)

Mean Interest rate -0.1152*** -0.1077*** -0.1077***
(regional - stock) (0.0120) (0.0256) (0.0256)

State dependence
Employedt−1 0.2453*** 0.2447***

(0.0413) (0.0417)
Ownert−1 3.3633*** 3.3629***

(0.0487) (0.0497)

Initial Conditions
Employed0 -0.0376** -0.0376**

(0.0150) (0.0151)
Owner(100%)0 0.6728*** 0.6726***

(0.0589) (0.0596)
Owner(< 100%)0 0.4073*** 0.4078***

(0.0491) (0.0499)

(*) Significant at 10% (**), at 5% (***) at 1% .



Table 3: Employment Equation

(1) (2) (3)

Constant 1.0317*** 0.4264*** 0.4214***
(0.0239) (0.0515) (0.0527)

Woman -0.5007*** -0.1954*** -0.2007***
(0.0175) (0.0174) (0.0175)

Married 0.0279 0.0335* 0.0309*
(0.0173) (0.0183) (0.0183)

Education
Middle 0.2356*** 0.1532*** 0.1504***

(0.0224) (0.0232) (0.0234)
High 0.4475*** 0.3237*** 0.3263***

(0.0197) (0.0204) (0.0204)
Foreign -0.5352*** -0.1887*** -0.1914***

(0.0358) (0.0349) (0.0349)
Age

20–29 -0.1291*** 0.0412 0.0400
(0.0218) (0.0263) (0.0263)

40–49 0.1298*** 0.0953*** 0.0971***
(0.0178) (0.0213) (0.0212)

50+ -0.1041*** -0.1822*** -0.1843***
(0.0217) (0.0244) (0.0244)

Owner(100%)t 0.0015
(0.0353)

Owner (< 100%)t 0.0752**
(0.0311)

State dependence
Employedt−1 1.4421*** 1.4456***

(0.0417) (0.0427)
Owner(100%)t−1 0.3082*** 0.4168***

(0.0633) (0.0655)
Owner(< 100%)t−1 0.3320*** 0.2785***

(0.0482) (0.0487)
(Unemployed×Owner)t−1 -0.4083***

(0.0335)
(Unemployed×Owner(100%))t−1 -0.8089***

(0.0497)
(Unemployed×Owner(< 100%))t−1 -0.2078***

(0.0376)

Initial Conditions
Employed0 -0.3547*** -0.3503***

(0.0136) (0.0138)
Owner(100%)0 -0.0306 -0.0345

(0.0626) (0.0640)
Owner(< 100%)0 0.0129 0.0133

(0.0467) (0.0469)

(*) Significant at 10% (**), at 5% (***) at 1% .



Table 4: Earnings Equation

(1) (2) (3)

Constant 9.4428*** 8.8162*** 8.8124***
(0.0155) (0.0212) (0.0212)

Woman -0.5700*** -0.3899*** -0.3907***
(0.0115) (0.0096) (0.0096)

Married 0.0077 -0.0152 -0.0152
(0.0110) (0.0093) (0.0094)

Education
Middle 0.2777*** 0.2242*** 0.2236***

(0.0152) (0.0127) (0.0127)
High 0.6054*** 0.5139*** 0.5140***

(0.0127) (0.0105) (0.0105)
Foreign -0.3096*** -0.0856*** -0.0868***

(0.0279) (0.0231) (0.0230)
Age

20—29 -0.1483*** -0.0462*** -0.0464***
(0.0140) (0.0122) (0.0122)

40–49 0.1406*** 0.0968*** 0.0970***
(0.0107) (0.0093) (0.0093)

50+ 0.2011*** 0.1576*** 0.1581***
(0.0138) (0.0119) (0.0119)

Owner(100%)t 0.0443**
(0.0198)

Owner(< 100%)t 0.1104***
(0.0165)

State dependence
Employedt−1 1.0715*** 1.0727***

(0.0140) (0.0140)
Owner(100%)t−1 0.0355* 0.0420**

(0.0201) (0.0201)
Owner(< 100%)t−1 0.0655*** 0.0627***

(0.0140) (0.0140)
(Unemployed×Owner)t−1 -0.0552***

(0.0202)
(Unemployed×Owner(100))t−1 -0.1779***

(0.0313)
(Unemployed×Owner(< 100))t−1 -0.0047

(0.0225)

Initial Conditions
Employed0 -0.2893*** -0.2868***

(0.0075) (0.0075)
Owner(100%)0 0.0715*** 0.0752***

(0.0233) (0.0233)
Owner(< 100%)0 0.1171*** 0.1166***

(0.0166) (0.0166)

(*) Significant at 10% (**), at 5% (***) at 1% .



Table 5: Marginal Effects

HOME OWNERSHIP EMPLOYMENT
SPECIFICATION (2) (3) (2) (3)

Woman -0.001 -0.001 -0.025 -0.025
(0.001) (0.001) (0.002) (0.002)

Married 0.017 0.017 0.004 0.004
(0.002) ( 0.002) (0.002) (0.002)

Education
Middle 0.010 0.010 0.019 0.018

(0.002) (0.002) (0.003) (0.003)
High 0.019 0.019 0.040 0.040

(0.002) (0.002) (0.002) (0.003)
Foreign born -0.014 -0.015 -0.024 -0.026

(0.003) (0.003) (0.005) (0.005)
Age (30–39)

20-29 -0.002 -0.002 0.005 0.005
(0.002) (0.002) (0.003) (0.003)

40-49 -0.010 -0.010 0.012 0.012
(0.002) (0.002) (0.003) (0.003)

50+ -0.013 -0.013 -0.024 -0.024
(0.002) (0.002) (0.003) (0.003)

Interest rate -0.003 -0.003
(0.001) (0.001)

State dependence
Employedt−1 0.016 0.016 0.365 0.364

(0.003) (0.002) (0.014) (0.015)
Ownert−1 0.854 0.853

(0.009) (0.009)
Owner (100%)t−1 0.037 0.049

(0.007) (0.007)
Owner (<100%)t−1 0.041 0.034

(0.006) (0.006)
(Unemployed×Owner)t−1 -0.062

(0.006)
(Unemployed×Owner(100))t−1 -0.142

(0.012)
(Unemployed×Owner(< 100))t−1 -0.029

(0.006)



Figure 1: Housing Market

(a) Housing Market Status

(b) Housing price index and interest rate
(Base=100, 1st semester, 2010)

Figure 2: Mortgage Length
(Source: Banque de France)



Appendix
A. Parameter Estimates of the Stochastic Specification

Table A.1: Stochastic Specification

RESIDUALS
rjit = αij + ujit

ujit = ρj ujit−1 + εjit
(1) (2) (3)

Standard errors of individual effects (αij)
σαh

= exp(vh)
1+exp(vh)

1.0505*** 3.2241** 3.2225*
(0.1635) (1.2934) (1.8868)

σαe
= exp(ve)

1+exp(ve)
-1.3123*** -0.0334 -0.0317
(0.1059) (0.0648) (0.0693)

σαw= exp(vw) -0.6741*** -0.0605*** -0.0583**
(0.0323) (0.0230) (0.0232)
Correlations between individual effects (αij)

ραhαe
= tanh(che) 2.8731 0.5976 0.6020

(6.4576) (1.1476) (1.5059)
ραhαw= tanh(chw) 0.8089*** 1.0394 1.0397

(0.1638) (2.4093) (3.5356)
ραeαw

= tanh(cew) 1.1799*** 0.4671*** 0.4656***
(0.0640) (0.0223) (0.0225)

Auto-Correlation of error terms (ujit)
ρh= tanh(dh) 2.1807*** -0.0895*** -0.0892***

(0.0196) (0.0266) (0.0266)
ρe= tanh(de) 0.8905*** -0.1627*** -0.1603***

(0.0503) (0.0197) (0.0199)
ρw= tanh(dw) 0.4962*** 0.4185*** 0.4183***

(0.0120) (0.0109) (0.0110)
Correlations between error terms (εjit)

ρhe= tanh(fhe) 0.0042 0.0615*** 0.0622***
(0.0234) (0.0223) (0.0224)

ρhw= tanh(fhw) 0.0193* 0.0177* 0.0173*
(0.0101) (0.0095) (0.0095)

ρew= tanh(few) -0.0076 0.0714*** 0.0717***
(0.0089) (0.0074) (0.0074)

Standard error of log of wage (uwit)
σuw

= exp(f) -0.4441*** -0.5809*** -0.5810***
(0.0082) (0.0071) (0.0071)

Number of obs 23,041

(*) Significant at 10% (**), at 5% (***) at 1% .



B. Identification

Let Uji = (uji1, uji2, · · · , ujiT )′ denote the vector of the error terms for equation j and for
periods 1 to T. Let Eji = αij 1IT for j ∈ E. Then R̃i = (U ′hi, U

′
ei, U

′
wi)
′ + (E′hi, E

′
ei, E

′
wi)
′ is a

vector of residuals for individual i, for all i = 1, . . . , n. Note that11UhiUei
Uwi

 ∼ N(0,Σ1),

where

Σ1 =

κhh Ψ(ρh, ρh) κhe Ψ(ρh, ρe) κhw Ψ(ρh, ρw)
κhe Ψ(ρe, ρh) κee Ψ(ρe, ρe) κew Ψ(ρe, ρw)
κhw Ψ(ρw, ρh) κew Ψ(ρw, ρe) κww Ψ(ρw, ρw)

 ,

and where κjk =
ρεjεk σεjσεk

(1−ρj ρk) and

Ψ(x, y) =



1 y y2 . . . yT−2 yT−1

x 1 y . . . yT−3 yT−2

...
. . .

...
...

. . .
...

xT−2 . . . 1 y
xT−1 . . . x 1


.

The variance of the vector R̃i is given by the following equation

var(R̃i) = Ω1 = Σ1 +

Σhh Σhe Σhw

Σhe Σee Σew

Σhw Σew Σww

 ,

where Σjk = ραj αkσαjσαk 1IT1I
′
T , j, k ∈ E.

We have necessarily that 0 < σ2
αj < 1 since σ2

αj + σ2
uj = 1 for all j = h, e. Note that

the parameters σεj and ρj are identified through the correlations between equation j and the time
periods 1 . . . T because the latter are identified in a multivariate probit (T ≥ 2). Thus σuj and σαj
are identified. Finally, κjk and ραjαk are identified through the correlations between equations j
and k for t = 1 . . . T . As κjk is identified, then so is the correlation ρεjεk .

Consider nowRi = (rhi0, rei0, rwi0, rhi1, . . . , rhiT , . . . , rwi1 . . . , rwiT )′. ThenRi ∼ N(0,Ω),
where

Ω =


Ω00 Ω0h Ω0e Ω0w

Ω′0h
Ω′0e Ω1

Ω′0w

 , (B.1)

where Ω00 = V ar

rhi0rei0
rwi0

 , and Ω0k = Cov


rhi0rei0
rwi0

 ,

rki1...
rkiT


′, k ∈ E. The expressions of

these variance-covariance matrices are given in Appendix C. With state dependence it is necessary
to consider the potential endogeneity of the initial variables save for the wage equation since it is
not dynamic and lagged wages are not included in the other equations. These correlations are
identified using similar arguments as above.

11See Appendix D.



In principle, it would be possible to model the correlations between the error terms of the
initial period of equations j (namely rji0) and the error terms specific to the periods t (t > 0)
of equation j′ (j′ ∈ E). Such a specification would involve an unreasonably large number of
nuisance parameters was thus not considered. Our specification of the variance-covariance matrix
(B.1) is rather similar to the one used by Hyslop (1999) for the US in a single equation model.12

Moreover, we consider another method to treat the initial conditions problem that was proposed by
Wooldridge (2005). If the two methods yield similar results, then it can legitimately be concluded
that assumption of homogeneity of the correlations between rji0 and rj′it is not restrictive.

C. Variance-covariance matrices (Heckman’ method)

Ω00 =

 1 ρ0
he ρ0

hwσw0

ρ0
he 1 ρ0

ewσw0

ρ0
hwσw0 ρ0

ewσw0 σ2
w0

 ,

Ω0k =


ρ00
hk . . . ρ00

hk

ρ00
ek . . . ρ00

ek

ρ00
wkσw0 . . . ρ00

wkσw0

 ,
k = h, e.

Ω0w =


ρ00
hw

√
σ2
αw +

σ2
εw

1−ρ2w
. . . ρ00

hw

√
σ2
αw +

σ2
εw

1−ρ2w

ρ00
ew

√
σ2
αw +

σ2
εw

1−ρ2w
. . . ρ00

ew

√
σ2
αw +

σ2
εw

1−ρ2w

ρ00
wwσw0

√
σ2
αw +

σ2
εw

1−ρ2w
. . . ρ00

wwσw0

√
σ2
αw +

σ2
εw

1−ρ2w


D. Autocorrelation (Edon and Kamionka, 2014)

1. Start from the following identity:

κ ≡ cov(ujt, ukt) = cov(ρj ujt−1 + εjt, ρk ukt−1 + εkt)

= ρεjεk σεjσεk + ρjρk cov(ujt−1, ukt−1)

so κ =
ρεjεk σεjσεk

1− ρjρk

2. Likewise,

cov(ujt, ukt−1) = cov(ρj ujt−1 + εjt, ukt−1)

= ρj κ

. . .

3. Let us assume that cov(ujt, ukt−`+1) = ρ`−1
j κ, where ` ≤ t.

12This matrix gives an account of the correlations between the individual effects of the initial observation period
with the individual effects of the other periods of time. For the same reason, the matrix Ω1 − Σ1 consists in the
variance-covariance of the individual effects.



4. We now show that cov(ujt, ukt−`) = ρ`j κ. Indeed,

cov(ujt, ukt−`) = cov(ρj ujt−1 + εjt, ukt−`)

= ρj cov(ujt−1, ukt−`)

= ρj ρ
`−1
j κ

= ρ`j κ

It can similarly be shown that cov(ukt, ujt−`) = ρ`k κ = cov(ujt−`, ukt).

E. The Initial Conditions Problem

The initial observations at time t0 do not correspond to the starting time of the data generating
process. Hence, the initial state yi0 = (yhi0, yei0, ywi0)′ is clearly not independent of the individual
effects αi = (αih, αie, αiw)′. Wooldridge (2005) suggests we consider the distribution of the
random effects α′i = (αih, αie, αiw) conditionally to yi0 and, possibly, on a set of exogenous
explanatory variables. When this conditional distribution is assumed normally distributed, and
given our previous assumptions about the error terms, the likelihood function boils down to the
product of integrals defined over multivariate normal density functions.

In practice, it is reasonable to assume that ownership status, employment and earnings are
generated by equations (1) to (3). As above, we assume that the error term ujit follow the same
autoregressive structure as in equations (5) and (8). We further assume that the conditional distri-
bution of αij is a normally distribution:

αij | yi0, xi ∼ N(λj0 + yhi0 λjh + yei0 λje, σ
2
αj ), (E.2)

where λj0, λjh and λje are some real parameters to be estimated and yi0=(yhi0, yei0, ywi0)′. It
turns out the constant λj0 cannot be separately identified from the one embedded in βj . Thus,
without lost of generality, we set λj0 = 0.

Let Σ1 = var(Ui), where Ui = (U ′hi, U
′
ei, U

′
wi)
′ and Uji = (uji1, . . . , ujiT )′. Let Ei =

(E′hi, E
′
ei, E

′
wi)
′ denote the vector of unobserved heterogeneity terms, where Eji = αij1IT for

j ∈ E. As per our previous assumptions, the variance-covariance matrix Ω1 = var(Ui+Ei) is the
same as that presented in the previous section. The contribution of individual i to the conditional
likelihood function is

Li(θ) =

∫
A′i

φ(r; Ω1) d r,

where φ(.; Ω1) is the probability density function of a normal distribution with mean zero and
variance-covariance matrix Ω1. The integration is computed over the set

A′i =
{
r ∈ IR3T : r = (rh1, . . . , rhT , . . . , rw1, . . . , rwT ) and ajit ≤ rjt ≤ bjit

}
.

Once again, the domain of integration depends on the realisations of the dependent variables, the
explanatory variables and the vector of parameters (see Appendix F).

We can estimate the vector of parameters, θ, by maximising a simulated likelihood function
similar to the one defined by the expression (10) using draws uhi = (uhi1, . . . , u

h
i3T )′ constructed

by a method similar to the one presented in Appendix G and by substituting Ω1 for Ω.
A lengthy period of observation provides much needed variations in the exogenous variables

which help identify the slope parameters of the model. In addition, observing individual house-
holds for up to ten years helps identify the nuisance parameters associated with the unobserved
heterogeneity components. Finally, the yearly entry of rotating groups within our sample helps
identify the parameter estimates of the initial conditions.



F. Domain of Integration

The expressions of the boundaries ajit, bjit, for j = h, e given by

ajit = −∞, if yjit = 0 and 0 ≤ t ≤ T,

bjit = +∞, if yjit = 1 and 0 ≤ t ≤ T.

ajit = −x′jit βj − zj(yit−1, xit−1)′δj , if yjit = 1 and 1 ≤ t ≤ T,

bjit = −x′jit βj − zj(yit−1, xit−1)′δj , if yjit = 0 and 1 ≤ t ≤ T,

aji0 = −xji0′ β0
j , if yji0 = 1,

bji0 = −xji0′ β0
j , if yji0 = 0.

For earnings, as we have to consider a continuous variable, taking into account they cannot be
observed when the individual is not employed (ywit = ., say), the boundaries are the following
ones 

awit = −∞, if yjit = . and 0 ≤ t ≤ T,

bwit = +∞, if yjit = . and 0 ≤ t ≤ T,

awit = bwit = ywit − zw(yit−1, yhit)
′δw, if ywit 6= . and 1 ≤ t ≤ T,

awi0 = bwi0 = ywi0 − xwi0′β0
w, if ywi0 6= . and t = 0.

G. Simulation of a Contribution to the Likelihood Function

Assume that r ∈ Ai (see section 3.3), where Ai ⊂ IR3(T+1) and aik ≤ rk ≤ bik, ∀ k =
1, . . . , 3(T + 1). Let L denote the total number of observations per individual (L=3(T+1)).

The contribution of individual i to the likelihood function (9) can be estimated using the ex-
pression (see (Geweke, 1991; Hajivassiliou et al., 1992; Keane, 1994; Chang, 2009):

p̂Si =
1

S

S∑
s=1

p̃(xi;u
s
i ; θ), (G.3)

where usi = (usi1, u
s
i2, . . . , u

s
iL)′ is a random draw. S is the number of draws used in the estimation

and p̃ is an unbiased simulator of probability Prob[r ∈ Ai | xi; θ], where r is the vector of error
terms for a given individual.

Let U = Γ u where Ω = Γ Γ′ is the Cholesky decomposition of the matrix Ω. The random
variable u is a drawn from the distribution N(0L, IL) and Γ is a lower triangular matrix. Assume
further that Γ = [Γjk], so that Γjk is the j, k element of the matrix Γ (j, k = 1, . . . , L). Moreover,
let ζik = aik

Γkk
, ϕik = bik

Γkk
and Γ0

jk =
Γjk
Γjj

.
For individual i, the draw s is obtained using a vector usi with length L such that usi =

(usi1, u
s
i2, . . . , u

s
iL)′.

In order to obtain the expression of the vector usi each time the likelihood function is computed
for a given value of the vector of parameters, we proceed iteratively. Hence, let δxy = 1 if x 6= y
and δxy = 0 if x = y. Note that aik = bik if and only if the endogenous variable is not censored
(we set in this case δζikϕik = 0).

The vector usi is constructed as follows:

• Let ũsi1 ∼ U(0, 1) and set

usi1 = Φ−1 [(Φ(ϕi1)− Φ(ζi1)) ũsi1 + Φ(ζi1)] δζi1ϕi1 + (1−δζi1ϕi1) ζi1



• Let ũsi2 ∼ U(0, 1) and assume that

usi2 = Φ−1
[
( Φ(ϕi2−Γ0

21 u
s
i1)

−Φ(ζi2−Γ0
21 u

s
i1) ) ũsi2 + Φ(ζi2−Γ0

21 u
s
i1)
]
δζi2ϕi2

+ (1−δζi2ϕi2)(ζi2−Γ0
21 u

s
i1)

• Let ũsiL ∼ U(0, 1) and assume further that

usiL = Φ−1
[
( Φ(ϕiL−Γ0

L (L−1) u
s
i (L−1)− . . .−Γ0

L 1 u
s
i1)

−Φ(ζiL−Γ0
L (L−1) u

s
i(L−1)− . . .−Γ0

L 1 u
s
i1) ) ũsiL

+Φ(ζiL−Γ0
L (L−1) u

s
i(L−1)− . . .−Γ0

L 1 u
s
i1)
]
δζiLϕiL

+ (1−δζiLϕiL)(ζiL−Γ0
L (L−1) u

s
i(L−1)− . . .−Γ0

L 1 u
s
i1)),

where Φ is the cumulative distribution function of the probability density function N(0, 1).
We the sequentially obtain all the components of the random draw usi .

The estimation of an individual contribution to the conditional likelihood function can be com-
puted using the empirical mean of the following terms:

p̃(xi;u
s
i ; θ) =

[
[Φ(ϕi1 − Φ(ζi1)]δζi1ϕi1 + (1−δζi1ϕi1)

1

Γ11
φ(usi1)

]
×

L∏
k=2

[[
Φ(ϕik−Γ0

k (k−1) u
s
i(k−1)− . . .−Γ0

k 1 u
s
i1)

−Φ(ζik−Γ0
k (k−1) u

s
i(k−1)− . . .−Γ0

k 1 u
s
i1)
]
δζikϕik

+(1−δζikϕik)
1

Γkk
φ(usik)

]
,

(G.4)

where xi is a vector of explanatory variables for individual i (i = 1, . . . , n) and h = 1, . . . , S. φ
is the probability density function of the N(0, 1) distribution.
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