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ABSTRACT

The Returns to Seniority in France
(and Why Are They Lower than in the United States?)’

We estimate a model of the joint participation and mobility along with the individuals’ wage
formation in France. Our model makes it possible to distinguish between unobserved person
heterogeneity and state-dependence. We estimate the model using state of the art bayesian
methods employing a long panel (1976-1995) for France. Our results clearly show that
returns to seniority are small, and for some education groups are close to zero. The
specification here is the same as that used in Buchinsky, Fougere, Kramarz and Tchernis
(2002), where the returns to seniority were found to be quite large. This result also holds
when using the method employed by Altonji and Williams (1992) for both countries. It turns
out that differences between the two countries relate to firm-to-firm mobility. Using a model of
Burdett and Coles (2003), we explain the rationale for this phenomenon. Specifically, in a
low-mobility country such as France, there is little gain in compensating workers for long
tenures because they tend to stay in the firm for most, if not all, of their career. This is true
even in cases where individuals clearly possess substantial amount of firm-specific human
capital. In contrast, for a high-mobility country such as the United States, high returns to
seniority have a clear incentive effect, and firms are induced to pay the premium associated
with firm-specific human capital to avoid losing their most productive workers.
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1 Introduction

In the past two decades, enormous progress has been made in the analysis of the wage structure.
However, there is still significant disagreement about wage growth, a key issue in labor eco-
nomics. In particular, the respective roles of general human capital, as measured by experience,
and firm-specific human capital, as measured by tenure, are still generally debated. In general,
experience and tenure increase simultaneously except when a worker moves from one firm to
another, or becomes unemployed. Hence, studying the nature of participation and firm-to-firm
mobility (or in short mobility), which, in turn, determine experience and seniority (or tenure),
respectively, should be central to the study of wages. This will allow us to better identify these
two components of human capital accumulation, which, in turn, will better serve us in assess-
ing the respective roles of general (transferable) human capital and specific (non-transferable)
human capital.

The role and relative importance of job tenure and experience on wage growth has been stud-
ied extensively. The results are generally mixed, especially for the U.S. Some authors concluded
that experience matters more than seniority in wage growth (e.g. Altonji and Shakotko (1987),
Altonji and Williams (1992 and 1997)), while others concluded that both experience and tenure
are important factor of wage growth (e.g. Topel (1991), Buchinsky, Fougere, Kramarz and Tch-
ernis (2002) BFKT, hereafter). Indeed, identifying the relative roles of tenure and experience
is a somewhat complex issue to study. In fact, it seems that various studies uncovered a num-
ber of crucial difficulties and provided varying solutions that potentially affect the ultimate
estimates.!

Empirically, it is generally agreed that there exists a positive correlation between seniority
and wages. Several economic theories have offered some explanations for the interdependence
between wage growth and job tenure. First, the role of specific job tenure on the dynamic of
wages has been studied by various human capital theories, starting with the seminal work of
Becker (1964) and Mincer (1974). The central point of this theory is the increase in earnings
that stems from individual’s investment in human capital. The structure of wages can also
be described by job matching theory (Jovanovic (1979), Miller (1984), and Jovanovic (1984)).
This theory attempts to provide explanations for both mobility of workers across firms and the
observed patterns of significant decreases in the job separation rate as job-tenure increases. The
key assumption for these types of models is that there exists a specific productivity level for
any worker-occupation match. While the worker’s wage depends on this productivity, it is, a
priori, unknown. Indeed, the specific human capital investment will be larger when the match
is less likely to be terminated (see Jovanovic (1979)). Finally, a job matching model typically
predicts an increase in the worker’s wage with job seniority.

Alternatively, the dynamic of wage changes can be explained by deferred compensation

!Few such issues are: The definition of the variables, issues about the errors in measured seniority, the
estimation methods that are used, the methods controlling for unobserved heterogeneity components in the
model, and the exogeneity assumptions that are made.



theories. The key element of these theories is the existence of a contract between the firm and
an employee, which is chosen so that the worker’s choice of effort and/or quit decision will be
optimal (see Salop and Salop (1976), or Lazear (1979, 1981, 1999)). These theories predict that
workers starting in a firm will be paid below their marginal product, whereas workers with long

tenure in the firm will be paid above their marginal product.

More recently, equilibrium wage-tenure contracts have been shown to exist within a matching
model (see Burdett and Coles (2003) or Postel-Vinay and Robin (2002) in a slightly different
context). At the equilibrium, firms post contracts that make wages increase with tenure. Some
of these models are able to characterize both workers’ mobility and the existing positive relation
between wage and tenure. For instance, the Burdett-Coles model, allows the specificities of the
wage-tenure contract to depend heavily on workers’ preferences, as well as on labor market

characteristics such job offer arrival rate.

While the relation between wage growth and mobility (or job tenure) may result from (op-
timal) choices of the firm and/or the worker, it may also simply stem from spurious duration
dependence. Indeed, if there is a correlation between job seniority and a latent variable mea-
suring worker’s productivity, and if, in addition, more productive workers have higher wages,
then there will be positive correlation between wages and job seniority, even though wages do
not directly depend on job tenure (see, for instance Abraham and Farber (1987), Lillard and
Willis (1978), and Flinn (1986)). This latter point illustrates the vital importance of being able
to control for unobserved heterogeneity components. Furthermore, it highlights the need to

control for the endogeneity of the mobility decisions, and consequently of measured job tenure.

BFKT develop a model in which costs that are induced by mobility generate state-
dependence in the mobility decision, and similarly for the participation decision (as has already
been demonstrated by Hyslop (1999)). It is well-known in the literature that due to the prob-
lems raised above the usual Ordinary Least-Squares (OLS) estimates of the returns to seniority
will be biased. There are many ways to address this problem. One solution is the use of the
instrumental variables framework as is done by Altonji and Shakotko (1987). Alternatively, one
can use panel data models that control for fixed effects (e.g. Abowd, Kramarz and Margolis
(1999)). Finally, one can take a more direct approach and jointly model the wages outcome,

along with the mobility and participation decisions (e.g. BFKT).
In this paper, we adopt the latter approach. More specifically, we control for both state-

dependence and (correlated) unobserved individual heterogeneity in the mobility and participa-
tion decisions. We also control for correlated unobserved individual heterogeneity in the wage
equation. We use a Bayesian framework, similar to that used in BFKT, using Markov Chain
Monte Carlo (MCMC) procedure that involve some Gibbs sampling steps combined with the
Metropolis-Hastings algorithm. As our model contains limited dependent endogenous variables

(i.e., participation and mobility), we also need to use some additional data augmentation steps.

We use data from the match of the French Déclaration Annuelle de Données Sociales (DADS)
panel, providing us with observations on wages for the years 1976 through 1995, with the



Echantillon Démographique Permanent (EDP) that provides time-variant and time-invariant
personal characteristics. Because we use the exact same specification as in BFKT and relatively
similar data sources, we place ourselves in a good position for comparing the returns to seniority
in France and in the U.S. The estimates of the returns to seniority appear to be in line with
those obtained by Topel (1991), and to a lesser extent with those of Altonji and Shakotko (1987)
and Altonji and Williams (1992, 1997), for the U.S. In complete contrast, estimates obtained
for France are much smaller than those obtained for the U.S. in any of the studies reported in
the literature. In fact, some of the returns to seniority in France are virtually equal to zero. In
comparison, the returns to experience are rather large and close to those estimated by BFKT.

We proceed then with an attempt to understand the rationale for the enormous differences
between the U.S. and France. For this purpose, we make use of the equilibrium search model
with wage-contracts proposed by Burdett and Coles (2003). In this model, contracts differ in
the equilibrium rates of returns to tenure, i.e., the slope of the tenure profile. Elements that
determine these slopes include: Job arrival rate (and hence workers’ propensity to move) and
risk aversion. We show that, for all values of the relative risk aversion coefficient, the larger the
job arrival rate, the steeper the wage-tenure profile. Indeed, recent estimates show that the job
arrival rate for the unemployed is about 1.71 per year in the U.S.; while it is only 0.56 per year
in France (Jolivet, Postel-Vinay and Robin (2004)). Therefore, the returns to seniority directly
reflect the patterns of mobility in the two countries.

The remainder of the paper is organized as follows. Section 2 presents the statistical model.
Section 3 explains the crucial parts of the estimation method employed here. Section 4 follows
with description of the data sources. Section 5 provides the empirical results obtained for
France, while Section 6 contrasts these results with those obtained by BFKT for the U.S. We
also provide in this section a theoretical explanation of these differences supported by additional

simulations. Finally, Section 7 briefly concludes.

2 The Statistical Model

2.1 Specification of the General Model

The main goal of our study is to examine the returns to experience and seniority. Hence,
we need to focus our attention on the obvious endogeneity of the participation and mobility
decisions, which, in turn, define experience and tenure on the job. We follow here closely BFKT,
extending on Hyslop (1999) (who focuses only on participation). The economic model that
supports our approach is a structural dynamic choice model of firm-to-firm worker’s mobility,
with the mobility costs incurred by the worker. BFKT shows that under a set of plausible
assumptions on this cost structure, this model generates first-order state dependence for the
participation and mobility processes.> Therefore, the statistical model that we estimate here

follows directly from this structural choice model of participation and mobility, whereby the

2For the specific conditions and detailed description see BFKT.
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wage equation is estimated jointly with the participation and mobility equations. The equations

for participation, mobility, and log are given, respectively, by

yie = 1(y;; >0), where (1)
Vi = VM Mit—1 + VY Yit—1 + X}t/ oY + 03/7[ + v,
mit = yi 1(mj >0), where (2)
my = Y My—1+ Xfy oM 4+ GZM’I +u;, and

Wit = yit (XJ;V(SW + JJ;V + Q,Z/VJ + 6it> s

for all years for which ¢ > 1, for ¢ = 1,...,n. The quantity ¥, is a latent variable measuring
the value of participation at time ¢, while y;; is the usual indicator function. Similarly, m},
is a latent variable measuring worker’s 7 value of moving between ¢ and ¢ + 1, and my; is an
indicator function, denoting whether or not the individual moved at the end of time ¢t. Note
that by definition, observed mobility m;; is equal to 0 when the individual does not participate
at time t. Finally, note that m; is not observed (censored) whenever a worker participates at

date t but does not participate at ¢ + 1.

The variable w;; denotes the logarithm of the annualized total real labor costs. The vari-
able X;; denotes observable time-variant, as well as the time-invariant, characteristics for the
individual. The function .J}} summarizes the worker’s past career choices at date ¢ (the exact

specification is detailed below).

The terms 0¥1, 0™ and 6"’ denote the random effects specific to the individuals, while
u, v and € are idiosyncratic error terms. In principle, there are J firms and N individuals in
the panel of length 7', but our panel is unbalanced in the sense that we do not observe all

individuals in all time periods.

Note that because lagged mobility and lagged participation must be included in the partici-
pation and mobility equations, one needs to control for the well-known initial conditions in the
first period. We follow Heckman (1981) and add for ¢ = 1 the following participation, mobility,

and wages equations, respectively

yn = 1 (ng%/ +al v > 0) (3)
mi1 = yal (X}f&% + oz;M’I + uj > 0) , and (4)



2.2 Stochastic Assumptions

The vector of individual specific effects, including those from the initial condition equations is

given by

I YI M]I oY, oW, oM,
of = (2! o™ 00 0 o).

We assume that individuals are independent, but their various individual effects may not have

the same distribution. Specifically, we assume that
oH2! ~iid. MV (0,%),
where the variance-covariance matrix %/ takes the following form:

> = D;A,D;,

A, = CC’, and (6)
1 0 0 0 0
cos; sing 0 0 0
C = COsy Sing cosg  sing sing 0 0 )
CcoS4 Sing coss sing Sins cosg  sing sins Sing 0

coSy singcosg singSing cosg  siny sing Sing cosjg  Siny Sing sing sinjg

cos; = cos(n;), formn; € 0;],
D; = diag(041,0:2,043,0i4,0455) and
Oij = eXp(-TzFIIYj)? fori:]-a"'aN; jzl”5

Note that X! is, by construction, positive definite for all values of 7’ = (1y,...,m10). In (6)
we use a Cholesky decomposition for the correlation matrix, the matrix C' can be expressed
using a trigonometric form as shown above. For the diagonal variance matrix, we use a factor
decomposition: xf denotes the factors specific to individual i.?

Finally, for the idiosyncratic error terms we assume

Vit 0 1 pym pywa
wig | ~iidN 0 || pym 1 PuwmC
€it 0 Pyw9 O Pwm o?

It is worthwhile noting that the specification of the joint distribution of the person specific
effects has direct implications for the correlation between the regressors and the corresponding
random effects. To see this, consider an individual with seniority level s;; = s. Note that s;;

can be written as:

3The 7, terms are estimated separately in a factor analysis of individual data. The variables that enter this
analysis are the sex, the year of birth, the region where the individual lives (Ile de France versus other regions),
the number of children, the marital status, the part-time status, and the unemployment rate in the department
of work.



sit = (sit—1 + 1)1 (myy = 0,y;s = 1).

This equation can be expanded by recursion to the individual’s entry year into the firm.
Since the seniority level of those currently employed depends on the sequence of past partici-
pation and mobility indicators, it must also be correlated with the person-specific effect of the

oM" and 6

wage equation HZV’I. This, in turn, is correlated with , the person-specific effects
in the mobility and participation equations, respectively. Similarly, experience and the JW
function are also correlated with 9?/’[. Given that lagged values of participation and mobility,
as well as the seniority level appear in both the participation and mobility equations, it follows
that the regressors in these two equations are also correlated, albeit in a complex fashion, with
the corresponding person-specific effects, namely GlM’I and 02/’1, respectively.

This reasoning also applies to the idiosyncratic error terms. Therefore, the individual spe-
cific effect and the idiosyncratic error term in the wage equation are both correlated with the
experience and seniority variables through the correlation of the individual effects and idiosyn-
cratic error terms across our system of equations. Putting it differently the system of equation

specified here allows for correlated random effects.

3 Estimation

As in BFKT, we adopt here a Bayesian method. The estimates provided are given by the mean
of the posterior distribution of the various parameters. We construct the posterior distribution
via the use of a Markov Chain Monte Carlo (MCMC) procedure, where in each iteration we
draw from the posterior distribution of these parameters, conditional on the data. We do
S0, because the computation of the analytical form for posterior distribution is intractable.
Specifically, we use a combination of the Gibbs Sampling algorithm, augmented by Metropolis-
Hastings whenever needed, (for example when drawing the correlation coefficients), to obtain
draws from this posterior distribution. Below we briefly explain the implementation of the

MCMC for our problem. For a more detailed description see Appendix A.

3.1 Principles of the Gibbs Sampler

Given a parameter set and the data, the Gibbs sampler relies on the recursive and repeated
computations of the conditional distribution of each parameter, conditional on all other para-
meters, and conditional on the data. We thus need to specify a prior density for each parameter.

Recall that the conditional posterior distribution for a subset of parameter vector ¢ satisfies:
(0| Py, data) o< I(data| Py ) m(e),

where P denotes the vector containing all parameters of the model, P, denotes all other

parameters, except for ¢, and m(¢) is the prior density of .



The Gibbs Sampler also allows for an easy treatment of the latent variables through the so-
called data augmentation procedure. Therefore, completion of censored observations becomes
possible. In particular, we can never observe the latent variables m}, and v}, and the wage
w;¢ is observed only if the ¢th individual works at time ¢. Censored or unobserved data are
simply “augmented ”, that is, we compute m}, and y}, based on (1)+(2), conditional on all the

parameters.

Finally, the Gibbs Sampler procedure does not involve optimization algorithms. Sequential
simulations of the conditional densities are the only computations required. There is somewhat
of a complication in this procedure when the densities have no conjugate (i.e., when the prior
and the posterior do not belong to the same family). In these cases we use the standard
Metropolis-Hastings algorithm. Specifically, in this case we cannot directly draw from the true
posterior distribution. Hence, we draw the parameters using another distribution (the proposal
distribution) and use a rejection method in order to decide whether or not to keep that draw.
In our estimation, we need to resort to the Metropolis-Hastings step when drawing elements
for the variance-covariance matrix. While for the prior distribution we use an inverse-Wishart

prior distribution for the matrix, the posterior distribution does not belong to this family.

3.2 Application to our Problem

In order to use Bayes’ rule, we first need to specify the full conditional likelihood, that is,
the density of all variables, observed and augmented, namely y,w, m,m* and y*, given all
parameters (the parameters of interest as well as the set of augmented parameters). We thus

have to properly define the parameter set and to properly “augment ”our data.

The full parameter set is given by
(05605 8" M Y5 6M 416502, Dyurs Pyms Puwmi Vi)
so that for P we have
P = (85,0070 M AT 0M 716" 0%, Py Pyms Puom i 30

where 7 = (v},...,7%) and n = (9,..., M)

When specifying the relevant set of variables corresponding to each period, special care need
to be given for the (censored) mobility variable. There are four cases depending on the values
of the couple (yit—1,¥t). For a given individual ¢ we define Xy, the complete set of endogenous

variables, conditional on all parameters and random effects, as:

X =y X + 1 (L —y) X0 4+ 01— ) X2+ (1= yo) (1 — yem1) X7°,



where

X = (v g wemp o, me)
tho = (yf,yt,m;;l) )

X = (yf,y,wy), and

XEO = (W)

For the initial year we similarly define

X1 = puXi+(1-y)XY,
Xll = (yfaylv 'LU1) ) and

The contribution of the ith individual to the conditional likelihood function is given then by*

T
L(X7|P) = (HZ(Xit“Dyj:i,t—l)) U X)),

t=2

where X, ; = (Xi, ..., Xit), Fig—1 = X;; 1, and

UXal P, Figa) = HXGHP, Figpa) ot 10 H(XGR|P, Figog) Vit 0
Z(Xi(]tl|73,]_‘i’til)(l—yi,t—l)yit Z(X’L't|737‘7'-i7t,1)(17yi7t71)(17yit)_
Thus, the full conditional likelihood is given by
S Sy va S S i
2

vdr) = () ()

N
* 5 * —Yi 1 * Yi1 w
X H (1 (y > 0))¥* (1 (y7; < O))l Y exp {—2(%1 - my:1)2} exp {—Wiw(wil - Mi1)2}

=1

T
. s 1 Yi
< T > 0" (106, < ) exp {305 = mug )} o {2 — 017}
=2
% i % 1-mj e Yi,t—1Yit Yit—1 %
X ((1 (mi,t—l >0))" (1 ([mi,t—l <0)) " 1) exp {— 21Vm (mie_q — M£—1)2} )

‘Even though our notations do not make this explicit, all our computations allow for an individual-specific
entry and exit date in the panel, that is, an unbalanced panel.



where

)
1- pgzﬂu - pgz;m - pgum + 2pywpympwm

v = )
1- /032/11)
Pym — PwmPyw Pw.m — PymPyw
Mm — « Y, ) Y, * « ) Y, Y,
it mmzt 1— pg’w < it myit> 0_(1 — paw) (wlt mwzt)a
a b
z%) = My, + O-py,w(y;kt - my;‘t)v
and the residuals’ correlations are parameterized by:
0 = (Oyw:Oym,Ouwm) s Py = c08(0yw),  Pym = c0s(0ym), and
Puwm = €08(0yw) cos(Oym) — sin(Byy) sin(Bym) cos(Bwm)-

Finally, we define the various prior distributions as follows:

5y~ N(mdgfvv(s}{)7 5(])\/[~/\/'(m534,vdéw), &Y ~ N(mgr,vgy), 8V ~N(msw,vsw),

M~ N(mgar,vgn), ’yyrv/\/'(mvy,vvy), ’YMNN(m,YAI,U,YIVI), vy~ N (my, vy),

o° ~ Inverse gamma(%, 5),

0 ~ iidU[O,ﬂ']

n; o~ [0, 7] for j =1..10, and
v~ iaN(my,v,) for j=1..5.

Based on these prior distributions and the full conditional likelihood, all posterior densities

can be evaluated (for a more detailed description see Appendix A).

4 The Data

The data on workers come from two sources, the Déclarations Annuelles de Données Sociales
(DADS) and the Echantillon Démographique Permanent (EDP) that are matched together.
Our first source, the DADS, is an administrative file based on mandatory reports of employees’
earnings by French employers to the Fiscal Administration. Hence, it matches information
on workers and on their employing firm. This data set is longitudinal and covers the period
1976-1995 for all workers employed in the private and semi-public sector who were born in
October of an even year. Finally, for all workers born in the first four days of October of an
even year, information from the EDP is also available. The EDP comprises various censuses
and demographic information. These sources are presented in more detail in the following

paragraphs.
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The DADS Data Set:

Our main data source is the DADS, a large collection of matched employer-employee infor-
mation collected by the Institut National de la Statistique et des Etudes Economiques (INSEE)
and maintained in the Division des Revenus. The data are based upon mandatory employer
reports of the gross earnings of each employee subject to French payroll taxes. These taxes
apply to all “declared” employees and to all self-employed persons, essentially all employed
persons in the economy.

The Division des Revenus prepares an extract of the DADS for scientific analysis, covering all
individuals employed in French enterprises who were born in October of even-numbered years,
with civil servants excluded.® Our extract covers the period from 1976 through 1995, with
1981, 1983, and 1990 excluded because the underlying administrative data were not sampled in
those years. Starting in 1976, the Division des Revenus kept information on the employing firm
using the newly created SIREN number from the SIRENE system®. However, before this date,
there was no available identifier of the employing firm. Each observation of the initial data set
corresponds to a unique individual-year-establishment combination. Each observation in this
initial DADS file includes an identifier that corresponds to the employee (called ID below), an
identifier that corresponds to the establishment (SIRET), and an identifier that corresponds to
the parent enterprise of the establishment (SIREN). For each individual, we have information
on the number of days during the calendar year the individual worked in the establishment
and the full-time/part-time status of the employee. In addition we also have information on
the individual’s sex, date and place of birth, occupation, total net nominal earnings during the
year and annualized net nominal earnings during the year, as well as the location and industry

of the employing establishment. The resulting data set has 13,770,082 observations.

The Echantillon Démographique Permanent:

The Division of Etudes Démographiques at INSEE maintains a large longitudinal data
set containing information on many socio-demographic variables of French individuals. All
individuals born in the first four days of the month of October of an even year are included
in this sample. All questionnaires for these individuals from the 1968, 1975, 1982, and 1990
censuses are gathered into the EDP. The exhaustive long-forms of the various censuses were
entered under electronic form only for this fraction of the population living in France (1/4 or
1/5 of the population, depending on the date). The Division des Etudes Démographiques had
to find all the censuses questionnaires for these individuals. The INSEE regional agencies were
in charge of this task. The usual socio-demographic variables are available in the EDP.”

For every individual, education, measured as the highest diploma, and the age at the end of

school are collected. Since the categories differ in the three censuses, we first created eight edu-

’Individuals employed in the civil service move almost exclusively to other positions within the civil service.
Thus the exclusion of civil servants should not affect our estimation of a worker’s market wage equation. For
greater details see Abowd, Kramarz, and Margolis (1999).

5The SIRENE system is a directory identifying all French firms and their corresponding establishments.

Tt is important to note that no earnings or income variables have ever been asked in the French censuses.
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cation groups (identical to those used in Abowd, Kramarz, and Margolis (1999), namely: (1) No
terminal degree; (2) Elementary School; (3) Junior High School; (4) High School; (5) Vocational-
Technical School (basic); (6) Vocational Technical School (advanced); (7) Technical College
and Undergraduate University; and (8) Graduate School and Other Post-Secondary Education.
Other variables that are regularly collected are: nationality (including possible naturalization
to French citizenship), country of birth, year of arrival in France, marital status, number of
children, employment status (wage-earner in the private sector, civil servant, self-employed,
unemployed, inactive, apprentice), spouse’s employment status, information on the equipment
of the house or apartment, type of city, location of the residence (region and département).® In
some of the censuses, data on parents’ education and social status were collected as well.

In addition to the Census information, all French town-halls in charge of Civil Status regis-
ters and ceremonies transmit information to INSEE for the same individuals. This information
includes any birth, death, wedding, and divorce involving an individual of the EDP. For each of
the above events, additional information on the dates, as well as the occupation of the persons
concerned, are collected. Finally, both censuses and civil status information contain the person

identifier (ID) of the individual, so the two sources of data can be merged.

Creation of the Matched Data File:

Based on the person identifier, identical in the two datasets (EDP and DADS)), it is possible
to create a file containing approximately one tenth of the original 1/25th of the population born
in October of an even year, i.e., those born in the first four days of that month. Notice that
we do not have wages of the civil-servants (even though the census information allows us to
determine whether a person is a civil-servant), or the income of self-employed individuals. The
individual-level information also contains the employing firm identifier, the so-called SIREN
number, that allows us to follow workers from firm to firm and compute the seniority variable.

This final data set has approximately 1.5 million observations.

5 The Empirical Results

5.1 Specification and Identification

First, we describe the variables included in each equation. The wage equation is standard
for most of its components and includes, in particular, a quadratic function of experience and
seniority.” It also includes the following individual characteristics: Sex, marital status, and if
unmarried an indicator for living in couple, an indicator for living in the Ile de France region
(the Paris region), the département (roughly a U.S. county) unemployment rate, an indicator

for French nationality for the person as well as for his/her parents, and cohort effects. We also

8A French “département” corresponds roughly to a county in the U.S. Several départements form a region
which is an administrative division.

9BFKT also presents estimates with a quartic specification in both experience and seniority. This issue is
addressed further below.
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include information on the job characteristics: An indicator function for part-time work, and
14 indicators for the industry of the employing firm. In addition we include a complete set of

year dummy variables.
JV

it

Finally, following the specification adopted in BFKT, we include a function, denoted
that captures the sum of all wage changes that resulted from job changes (i.e., moves between
one firm and another) prior to the current date ¢. This term allows us to control for dis-
continuous jumps in one’s wage when he/she changes jobs. The jumps are allowed to differ
depending on the level of seniority and total labor market experience at the point in time when

the individual changes jobs. Specifically,

Ji = (6§ + dhei) dir + (¢jo + D3su—1 + Deq—1) dji, | - (7)

Mt 4
=1

=1 J

~

Suppressing the ¢ subscript, the variable di4, equals 1 if the /th job lasted less than a year, and
equals 0 otherwise. Similarly, do;, = 1 if the [th job lasted between 1 and 5 years, and equals 0
otherwise, dsz;, = 1 if the lth job lasted between 5 and 10 years, and equals 0 otherwise, d4, = 1
if the Ith job lasted more than 10 years and equals 0 otherwise. The quantity M;; denotes the
number of job changes by the ith individual, up to time ¢ (not including the individual’s first
sample year). If an individual changed jobs in his/her first sample then d;; = 1, otherwise
d;1 = 0. The quantities e; and s; denote the experience and seniority in year ¢, respectively.'®
Hence, at the start of a new job, two individuals with identical characteristics, but with different
career paths enter their new job with potentially different starting wages.

Turning now to the mobility equation, most of the variables that are included in the wage
equation are also present in the mobility equation with the exclusion of the J%V function.
However, an indicator for the lagged mobility decision and indicators for having children between
the ages of 0 and 3, and for having children between the ages of 3 and 6 are included in the
mobility equation, but are not present in the wage equation.

The specification of the participation equation is very similar to that of the mobility equa-
tion. Nevertheless, because job-specific variables cannot be defined for workers who have no
job, seniority, the part-time status, and the employing industry, all present in the mobility
equation but are excluded from the participation equation. Lagged participation decision (or
employment status) is included in the participation equation, whereas this variable is meaning-
less (i.e., cannot be identified) in the mobility equation since mobility implies participation in
both year ¢ and year t — 1, as discussed above in Section 2.

Finally, the initial mobility and participation equations are simplified versions of these equa-

0Note that this specification for the term J)7 produces thirteen different regressors in the wage equation.
These regressors are: a dummy for job change in year 1, experience in year 0, the numbers of switches of jobs
that lasted less than one year, between 2 and 5 years, between 6 and 10 years, or more than 10 years, seniority at
last job change that lasted between 2 and 5 years, between 6 and 10 years, or more than 10 years, and experience
at last job change that lasted less than one year, between 2 and 5 years, between 6 and 10 years, or more than
10 years.
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tions, that is, all the variables that appear in the general participation and mobility equation are
also included in the corresponding initial conditions, except for the lagged dependent variables.

Note the specification above introduces multiple exclusion restrictions. For instance, the
industry affiliation is included in both wage and mobility equations but is excluded (for obvious
reasons) from the participation equation. Conversely, the children variables are not present in
the wage equation but are included in the two other equations. Furthermore, the J%V function
is included in the wage equation but not in the participation and mobility equations. Unfortu-
nately, there appears to be no good exclusion that would guarantee convincing identification of
the initial conditions equations, except functional form (i.e., the normality assumptions).

Below we present the estimation results, which are organized as follows. Table 1 presents the
estimation results for the wage equation for each of the four education groups. Table 2 presents
the estimation results for the participation equation, by education groups, while Table 3 does
the same for the inter-firm mobility equation. Table 4 presents the estimates of the variance-
covariance matrices for the individual-specific effects (across the five equations) and for the
idiosyncratic terms (across the three main equations).!!

Tables 5 through 8 in the next section provide a detailed comparison between the results
obtained for the U.S. and those obtained for France. Since we have essentially estimated the
same model as was estimated by BFKT, we are able to compare parameter estimates for high
school dropouts and college graduates in both countries. Table 5 presents estimates for the
college graduates in the U.S. and France. Table 6 presents similar estimates for high school
dropouts. Table 7 compares the marginal and cumulative returns to experience and seniority
at various points of the life cycle for these two groups. Finally, Table 8 presents estimates
using two other methods that have been previously used in the literature—a simple OLS and
IV method—of the returns to seniority and of the cumulative returns to seniority, for the two

groups and in the two countries.

5.2 Certificat d’Etudes Primaires Holders (High School Dropouts)

In France, apart from those quitting the education system without any diploma, the Certifi-
cat d’Etudes Primaires (CEP, hereafter) holders are those leaving the system with the lowest
possible level of education.'? They are essentially comparable to High School dropouts in the
United States.

Wage Equation:

The results for this group are presented in the first four columns of Table 1. In line 4 of
the table we clearly see that the return to seniority is small, only less than 0.3% per year in
the first few years (when the linear term is the dominating term). In contrast, the return to

experience is almost twenty times larger than the return to tenure.

"Descriptive Statistics are presented in Appendix B, Table B.1.
12There is a possibility of some confusion, although relatively small, between not having education and missing
response to the question about education in the various censuses.
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However, the results of Table 1 also show that the timing of mobility in one’s career matters.
First, time spent in a firm makes a significant difference as is indicated from the coefficient
estimates in lines 33-36. Moves after relatively short spells are rewarded. There is a 5%
increase for change that takes place in less than one year on a job and 10% if the job last
between two to five years. However, the part induced by the level of seniority (lines 37-39) is
negative. In particular, a move after a two-year spell on a job is better compensated than moves
after a five-year spell. The overall jump after 5 years is essentially zero. In comparison, a job
spell of between 6 to 10 years of seniority carries neither a penalty nor a reward. For jobs that
last more than ten years, workers lose almost 2% per year of seniority (line 39). Finally, there is
also the component of wage jump due to experience (lines 40-43). Moves early in one’s work life
have a small negative impact on wage gains. In contrast, moves that occur later in one’s career,
e.g. after 10 years of experience, add 0.6% for every year of experience, for a total of more than
6% for experience above 10 years. Overall, the loss of earning can be substantial, especially for
people who spend long spells in one firm. For example, displaced workers who spent their entire
career, of say 20 years, in a single firm face on average a wage loss of about 15% in their new firm
(i.e., from lines 36, 39, and 43 we have 100 [1 — exp {.054 — .0167 - 20 + .006 - 20}] = 85.2%). It
is important to note though, that mobility is very low in France, as Table B.1 clearly indicates:
An average CEP worker moves only once over the entire period. However, mobility across firms
is not evenly distributed over the population. Hence, benefits of voluntary mobility, as well as
difficulties that stem from involuntary moves, are confined to a relatively very small fraction of
the workers’ population.

Table 1 provides additional facts worthy of notice. Confirming results by Abowd, Kramarz,
Lengermann, and Roux (2004), inter-industry wage differences for CEP workers are compressed
relatively to the groups with higher levels of education. This is clearly one of the consequences
of minimum wage policies in France, because many workers in this group are at the very bottom

of the overall wage distribution.

Participation and Mobility Equations:

The first four columns of Tables 2 and 3 present the estimates for the participation and
mobility equations, respectively, for the CEP workers. Most of the results are not surprising
and are on the order of magnitude that one might expect. For example, having young children
lowers the probability of participation significantly, as well as the probability of a move. Also,
experience and seniority have an enormous effect on the mobility decision. Individuals with
higher experience and tenure are a lot less likely to move.

Also of major interest are the coefficients on the lagged mobility and lagged participation.
In contrast with most previous analyses (Altonji and Shakotko (1987), Altonji and Williams
(1992 and 1997), and Topel (1991)), we are able to distinguish between state-dependence and
unobserved heterogeneity. Not surprisingly, past participation and past mobility favors partici-
pation. However, lagged mobility has virtually no impact on the mobility decision. The results

in BFKT for the mobility decision imply that a move is optimal only every few years. Hence, a
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move in the previous period is associated with lower mobility in the period immediately after
(see also the France-U.S. comparison of Table 6). This lack of state-dependence in the current
results is obviously a reflection of the French labor market institutions where some workers
often go from one short-term contract to another, especially for the CEP group. Unfortunately,
as already mentioned above, our data sources provide no information on the nature of the

contract, so we cannot examine this point any further.

Stochastic Components:

The first four columns of Table 4 present estimates of variance-covariance components for
the CEP group. The individual specific effects for the five-equation model are presented in the
first panel, while the results for the residual terms of the three main equations are provided in
the second panel. The results clearly show that in terms of the individual specific effects, those
who participate more also tend to be high-wage workers. Non-participation (non-employment)
and mobility are negatively correlated in terms of individual effects but the corresponding
idiosyncratic components are positively correlated. Consequently, we find that high mobility
workers tend to be low-employment workers. However, temporary positive shock on mobility
(as measured by large draw of the idiosyncratic term) “enhances” participation. Finally, both
the idiosyncratic terms and the individual specific effects in the mobility and wage equations
are negatively correlated. This implies that high-wage workers tend to be relatively immobile.

It is important to note that most parameters in Table 4 are quite large in absolute terms and
are highly significant. This exemplifies the need for the joint estimation adopted here. Joint
estimation of these equations clearly has a strong effect on the estimated returns to seniority
and experience. Neglecting to control for the joint simultaneous effects would therefore lead to

severe bias in the estimated returns to seniority and experience.

5.3 CAP-BEP Holders (Vocational Technical School, basic)

One element that distinguishes the education systems in Continental Europe from that in the
U.S., and especially in France and Germany, is the existence of a well-developed apprenticeship
training. Indeed, this feature is well-known for Germany but it is also quite important in
France. Students who qualify for the Certificat d’ Aptitude Professionnelle (CAP) or the Brevet
d’Enseignement Professionnel (BEP) have to spend part of their education in firms, and the
rest within schools where they are taught both general and vocational subjects. There is no

real analog to this system in the U.S.

Wage Equation:

The returns to seniority coefficient, presented in Table 1 (columns 5-8), for workers with
vocational /technical education are slightly negative and barely significant. The estimates for the
parameters that correspond to the J" function (lines 33-43) are somewhat different from those
obtained for the high school dropouts. Focusing on the two components related to seniority, in

lines 33-36, we see that a move after one year in a job brings with it an average increase in wages
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of about 3%. Between 2 and 5 years this increase amounts to almost 20%, while moves after 6 to
10 years on a job correspond to an average increase of over 16%. However, the coefficients on the
seniority level are all negative (lines 37-39), so the overall jump is much smaller. For example,
an individual with 8 years of seniority has an increase of 20% — 8 - .2% = 4%. Furthermore, for
those who have long tenure on the job, say 15 years, there is a significant loss associated with
moving from one firm to another, which amounts to approximately —6% — 15 - 1.8% = —33%.
However, this severe decline is compensated somewhat because of an increase that stems from
having more experience. Therefore, for an individual who also has 15 years of experience the
overall change in wage is —6% — 15-1.8% +15-0.9% = —19.5%. Clearly, relative to the changes
observed for the high school dropouts, the losses incurred by the CAP-BEP workers are larger
and more significant.

In terms of the return to experience, the experience profile for the CAP-BEP workers is
steeper than that observed for the CEP workers, as is apparent from the results reported in
lines 2-3 of the table. That is, the CAP-BEP workers tend to accumulate human capital
on the job, which is more general and transferable across firms, while the CEP workers gain
more firm-specific human capital. Nevertheless, for both groups general human capital is far
more important than firm-specific human capital as is demonstrated by the magnitude of the

coefficient that relates to experience and seniority.

Participation and Mobility Equations:

As one might expect, the estimated coefficients for the participation and the mobility equa-
tions are quite similar to those obtained for the CEP group. In particular, lagged mobility has
no significant effect on current mobility. While for the CAP-BEP group longer experience has
a more significant effect on the participation decision (see lines 2-3), and lagged participation
has a smaller effect. That is, state-dependence is stronger for the less skilled group. The effect
of seniority on mobility is virtually the same for the two groups. That is, longer seniority on

the job significantly reduces the likelihood of a move.

Stochastic Components:
As Table 4 indicates, the results for main effects for the CAP-BEP group are again quite
similar to those obtained for the high school dropout group. In particular, as for the previous

group, high-wage workers tend to participate more and they are also a lot less likely to move.

5.4 Baccalauréat Holders (High-School Graduates)

In order to qualify for a high school diploma in France a student has to pass a national exam,
called the Baccalauréat. It is a “passport” to higher education, even though not all holders of
the Baccalauréat choose to pursue post-secondary education. There are some individuals who
choose to attend a university, but never complete the requirement toward a specific degree. We
include all these individual in the Baccalauréat Holders group, that is, this group includes all

workers who received their Baccalauréat and, in addition, may have had some college education.
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The results for this group are presented in columns 9-12 of Tables 1 through 4.

Wage Equation:

The results for this group, presented again in Table 1, display some substantial differences
relative to the other two groups discussed above. First, the return to experience is much larger,
and, in fact, it is the largest of all groups. However, the return to seniority is, essentially,
zero. The estimates for the parameters embedded in the J" function are quite similar to those
previously observed, especially for workers in the the CAP-BEP group. While moves after short
spells seems to induce wage increase (see line 33), they also carry some losses of 3.4% per year
of seniority (line 37). The overall average change for a worker with 3 years of seniority is hence
12.8% — 3 - 3.4% = 2.4%. Moves after relatively long employment spells in firms entail large
wage losses. For example moves that lasted more than 5 years carry with them a loss of about
1.5% per year of seniority. It can also be seen that the level of experience has very little effect

on the initial jump when moving to a new firm, and the effect is usually negative (lines 40-43).

Participation and Mobility Equations:

The results obtained for this group (presented in Tables 2 and 3) are largely consistent with
those obtained for the lower education groups discussed above. Nevertheless, the dependence of
mobility on lagged mobility becomes marginally negative. This result is consistent with results
previously obtained for the U.S., which are discussed below. Also, workers are less mobile
the larger their experience and seniority levels, and more pronouncedly so for the high school
graduate than for the two lower education groups. Moreover, longer experience has a more
significant effect on the participation decision (see lines 2-3) than for the two lower education
groups, while lagged participation has a smaller effect. That is, more highly educated workers
have a stronger attachment to the labor force. However, state-dependence is a much less

significant factor than for the less educated workers.

Stochastic Components:

As was previously observed for the lower education groups, we see that high-wage workers
also tend to be high-participation workers. Nevertheless, in contrast to the other two groups,
high-wage workers are only marginally low-mobility workers. Indeed, Table B.1 in Appendix B
shows that mobility for Baccalauréat holders is the highest among all four education groups,
whereas the levels of tenure and experience are the lowest. Part of the reason for these results is
that this group contains a disproportionately large number of relatively young individuals. In
contrast, the CEP group, for example, includes a relatively large fraction of mature individuals

who have, on average, significantly lower levels of education.

5.5 University and Grandes Ecoles Graduates

An important feature that distinguishes the French education system from other FKuropean
education systems, as well as from the American system, is the existence of a very selective set

of educational institutions, known as Grandes Ecoles, that work in parallel with Universities.
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The system intends to provide master degrees, mostly in engineering and in business. Unlike
the regular university system, the Grandes Ecoles system is very selective and only a relatively
small fraction of the relevant population is admitted to the various programs. We include in
this group all graduates from both regular universities, as well as graduate from the Grandes
Ecoles system, and, for simplicity, we refer to this group as the college graduate group. The

results for this education group are provided in the last four columns of Tables 1 through 4.

Wage Equation:

Interestingly, the results for the group of graduates stand in sharp contrast with those
obtained for all other education groups. The returns to experience are quite large as for the
other groups. However, there is a striking difference in the return to seniority, which is large
and significant for the college graduate group. The return to seniority is about 2.6% per year
of tenure, with very little curvature. Nevertheless, the return to seniority is small relative to
the return experience, namely only one half that of the return to experience.

Lines 33-43 also indicate that the J" function for the college graduates is quite different
from that for the other groups. In general, moves are associated with some loss that is attributed
to general experience (see lines 40-43), but it is compensated by a large positive contribution of
seniority. For example, a move after a very short employment spell in a firm (up to one year)
is associated with an average increase in wages at the new firm of over 18% (line 33). A job
change after a spell of 2 to 5 years carries with it an average increase of 5.3%, with an additional
increase of over 3% per year of seniority at the time of the move. For a spell lasting between 6
and 10 years the wage increase is even larger and amounts to 17.3%, with an additional increase
of close to 1% per year of seniority. A sizeable increase is also evident for larger spells of over
10 years. Clearly, for this highly educated group, seniority is well compensated for.

There are some other additional results worth noting for this group. First, working part-time
entails much bigger losses for individuals in this group than for individuals in all other groups.
Furthermore, there are sizeable and significant inter-industry wage differences (see lines 30-40).
These results are largely consistent with those obtained by Abowd, Kramarz, Lengermann, and
Roux (2004). In France minimum wages compress the bottom part of the wage distribution,
and wage inequality is confined mostly to the upper part of the distribution, relevant indeed
for this college-educated group. Finally, in contrast to all other education groups, it seems that
foreign born are being discriminated against relative to their French counterparts (see line 12).
While it might be true, in general, that having a higher education allows one to find a job more
easily, the wages paid to college graduates who are foreign born is on average 7.5% lower than

that paid to French born individuals.

Participation and Mobility Equations:

Similar to the results for the other education groups, lagged mobility seems to have no effect
on current mobility. Moreover, experience has virtually no effect on the likelihood of a move.
Less experienced workers are no more likely to move than their more experienced counterparts.

One possible explanation for this is that while the individuals in this group are not compensated
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for their level of experience (see the results for the J" function) they are well compensated
for their seniority , which, in turn, has a significant, yet very small, negative effect on mobility.
These results seem to indicate that career paths for engineers and other professionals entail job
changes at all ages. Furthermore, in contrast to all other groups, participation choices are only
marginally affected by having young children. This might simply indicate that individuals in
this group have a stronger attachment to the labor force and hence they choose to acquire much

higher levels of education for which they are well compensated.

Stochastic Components:

Similar to what has already been found above for the other educational groups, we find
that high-participation individuals are also high-wage individuals. In addition, for the most
highly educated workers, we also find that high-wage workers are also low-mobility workers.
Also, individuals that are faced with a positive idiosyncratic wage shock tend to be faced with
a negative mobility shock. These correlation are similar to those obtained for the other groups.
However, this is the only group for which a move entails a jump in wages, compensating them

for their seniority.

6 A Comparison with the United States

In this section, we compare our results with those obtained previously by BEFKT for the U.S. us-
ing very similar model specification. The model was estimated for three education groups: High
school dropouts, high school graduates, and college graduates, using an extract from the Panel
Study of Income Dynamics (PSID) for the years 1976-1992. Some variables included in BFKT
were not available in the panel that we use here (e.g. race), but for the most part very sim-
ilar definition were used, especially for the main variables of interest, namely seniority and

experience.

6.1 Comparison of Selected Parameters

We present here a comparison of the estimates for a subset of the parameters that are most
important. Estimates for the college graduate group are presented in Table 5, while estimates
for high school dropouts are presented in Table 6. In each table, the first four columns provide
the results for the U.S., while the last four columns report the results for France.

The first and most significant difference between the two studies is in the estimated returns
to seniority. They are large and significant in the U.S.: The linear component is around 5%
per year for both low and high-education groups. In contrast, these returns are insignificant
for all the lower educational groups in France. For the college graduates they are around 2.6%,
a lot smaller than for their American counterparts. We also see that the returns to experience
are larger in France than they are in the U.S. for the high school dropouts. For the the college-

educated workers the return to experience are very similar in both countries. Overall, the
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combined returns to experiences and seniority are much larger in the U.S. than in France for
both groups.

To meaningfully compare wage changes that are associated with a firm-to-firm move we
concentrate our discussion on the estimated components of the J" functions. Some major
differences stand out. First, the coefficient on the number of job to job switches appears to
indicate that for both education groups, job changes are better compensated in the U.S. than
they are in France. For example, for the college-educated workers, who move to a new job
from jobs that lasted more than 10 years receive a 60% ((exp {.4717} — 1) % 100) increase in
wages in their next job. In comparison, the equivalent premium in France is only 6%. This
phenomenon is even more pronounced for the high school dropouts: While French workers lose
a substantial fraction of their wage after a long tenure in a firm, their American counterparts
gain a substantial amount.

Other results on wages are worth noting as well. Inter-industry wage differentials are very
small in France for the less educated individuals, but are somewhat more spread for the college
graduates. In contrast, the U.S. inter-industry wage differentials are quite large for all education
groups (see Table 1 for France, and Table 2 of BFKT for the United States).

There are also significant differences in the mobility processes for the two countries. The
mobility process in the U.S. exhibits negative lagged dependence. That is, a worker who just
moved is less likely to move in the next period. For France, lagged mobility has virtually no
effect at all on current mobility. However, in the U.S., as well as in France, workers tend to
move early in a job, as is demonstrated by the negative coefficient on seniority in the mobility
equation.

Finally, the comparison of the variance-covariance matrices of individual effects and of the
variance-covariance matrices of idiosyncratic effects across the two countries confirms previous
findings. First, the U.S. data source (the PSID), because it is a survey, captures initial con-
ditions much better than the French data source (the DADS-EDP), which is largely based on
administrative data. More precisely, since individuals are directly interviewed in the PSID,
much better data on personal characteristics can be obtained. In France, because the data
is administrative, some variables are not available and personal characteristics are likely to
be measured with some error. For instance, civil-status and nationality variables come from
different sources that can be sometimes contradictory, even though the wage measures and
seniority measures are clearly of much better quality in the DADS. In addition, no measure of
family income, and very little information on the spouse characteristics, are available in France.
Also, imputations of seniority have to be performed in year 1976 for the French data.'® Conse-
quently, the correlations between the random terms of the initial condition equations and the
other equations are generally weaker for France.

Second, concentrating on the correlation between individual specific effects in the three main

13In practice, the conditional expectation of seniority is obtained using the “structure des salaires” survey, see
Abowd, Kramarz, and Margolis (1999) for more details.
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equations, several facts stand out. In both countries high-wage workers also tend to be high-
participation workers. Moreover, high-mobility individuals tend also to be low-wage workers in
both countries, but with a much stronger effect in the U.S. (especially for the college graduate
workers). This signifies the different roles played by mobility in the two countries as far as wage
growth is concerned. France is a country with very low mobility, while mobility across firms is
quite common in the U.S. Finally, high-participation workers also tend to be low-mobility, and

here again the effect is much stronger in the United States.

6.2 The Returns to Experience and Seniority

To summarize the overall impact of the results presented above, Table 7 presents the estimated
cumulative and marginal returns to experience, as well as the cumulative and marginal returns
to seniority in the U.S. and France at various points in the life cycle.!* The cumulative returns
to experience are large for both countries, with larger returns in France for both education
groups. In complete contrast, the cumulative returns to tenure are much larger in the U.S. For
high school dropouts we see that there is absolutely no return to seniority in France. This is
somewhat different for the college graduates, even though the cumulative returns to seniority
in France are less than half what they are in the U.S.

Note that for the high school dropouts the cumulative return to seniority at 5 years of
seniority is almost 27% in the U.S., while in France it is statistically not different from zero. At
15 years of seniority the cumulative return in the U.S. rises to 39%, while in France it remains
unchanged. That is, the marginal returns to seniority, at all levels of seniority, are virtually
zero in France and hence the cumulative returns remain zeros.

The situation for the college graduate is less pronounced, but as indicated above, the cu-
mulative returns in the U.S. are more than twice as large as those in France. For example, at
5 years of experience the return in the U.S. is almost 24%, while in France it is barely 12%.
Similarly, at 15 years of seniority the return in the U.S. is 64%, while in France it is a mere
31%. These differences are mitigated somewhat when one takes into account the return to
experiences, but the overall growth of wages in the U.S. that stems from both experience and

seniority is still much larger in the U.S. than it is in France.

6.3 Robustness and Specification Checks

We tested various specifications to assess the robustness of the results obtained here. In par-
ticular, we examined whether the differences between the U.S. and France stem from inherent
differences in the data extracts used for the two countries.

Particular attention was given to investigating to what extent the results obtained here are

Y11 all panels, the specifications include a quadratic function of experience and seniority in the wage equation.
For the U.S., BFKT compares the estimates with those obtained based on a quartic specification of experience
and education. Estimates of the cumulative returns to experience and seniority are very similar. Hence, we
resort here to a comparison based on the quadratic version only.
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induced by the specific method employed in this paper. Specifically we examine how the results
changed relative to those previously obtained in the literature. To do that we use the methods
used by Altonji and Williams (1992). We first estimated a wage regression using a simple
OLS regression. Then, we estimated the exact same equation using Altonji and Williams’s
methodology (specifically the method they label as IV1). The estimation was carried out for
both data sets—the PSID for the U.S. and the DADS-EDP for France. The results are reported
in Table 8. The top panel of the table presents the IV estimates, while the bottom panel presents
the OLS estimates.

First, the OLS estimates of the returns to seniority in France are somewhat smaller than
those obtained from our model for the college graduate group. For the high school dropouts
they are essentially the same as those obtained by our model, namely zero. For France, the IV
method yields point estimates of the returns to seniority that are lower and insignificant. That
is, all estimation methods indicate that the returns to seniority in France are quite small, and in
most cases are not significantly different from zero. The result for the returns to seniority in the
U.S. are strikingly different. The returns to seniority are larger in all specifications than those
obtained for France. For both levels of education, the IV method yields the lowest returns to
seniority (see the linear tenure effect, but most importantly, the cumulative returns). The OLS
estimates for the linear term are slightly larger than those estimated by the IV method. The
cumulative returns to seniority have a clear order: The IV method yields the lowest returns.
Our estimation method, based on a system of equations, yields the largest, while the OLS
estimates are exactly in between, for both groups and both countries.!®

To summarize, all tests show that the returns to seniority and experience are biased when
endogeneity is not accounted for. Irrespective of the method used to correct for this endogeneity,
the returns to seniority are much larger in the U.S. than in France, and more so for the least

educated individuals, who are also most likely to face higher unemployment rates.

6.4 Are the Returns to Seniority an “Incentive Device”?

A natural question arising from the above comparison of the U.S. and France can be formulated
as follows: Are the different features that seem to prevail in the two countries related? Do these
features lead to lower returns to seniority in France than in the U.S.?

The results presented above indicate that there is relatively low job-to-job mobility in France,
while there is relatively high job-to-job mobility in the U.S. In addition the risk of unemploy-
ment in France is significantly higher than that faced by the American workers. Can these
institutional differences lead to the observed differences in the returns to seniority in the two
countries?

In this section, we show that these features are indeed part of a global system and are,

BFKT also presents estimates of the returns to experience and seniority without introducing the J% function.
Cumulative returns most often decrease when JW is excluded. Similar estimates for France for high school
dropouts and college graduates (not included here for brevity) show a similar pattern: The linear component of
the return to seniority is roughly equal to zero for the former group and equal to about 1% for the latter group.
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hence, tightly connected. We use an equilibrium search model with wage-tenure contracts
to examine this question. The properties of the wage profiles implied by the model at the
stationary equilibrium are contracted using the respective differential characteristics of the two

labor markets, namely the U.S. and France.

It turns out that the labor market characteristics that have significant explanatory power
are (1) the unemployment rate; and (2)the job arrival rate. The unemployment rate in France
has always been larger than that in the U.S. For example, OECD data indicate that the unem-
ployment rates in March of 2004 were 9.4% and 5.7%, for France and the U.S., respectively. It
is also been estimated in the literature that the job offer arrival rate in the U.S. is larger that
that in most European countries. For example, Jolivet, Postel-Vinay and Robin (2004) use a
job search model to provide such estimates. Using the PSID for the U.S. they estimate the job
arrival rate to be 1.71 per annum. Similar estimates for several European countries (using the
ECHP, for 1994-2001) provide an estimate of 0.56 per annum.

The job search model we employ here has been introduced recently by Burdett and
Coles (2003). The most important feature for us in this model is the fact that it generates
a unique equilibrium wage-tenure contract. We show below that this wage-tenure contract is
such that the slope of tenure in the wage function is an increasing function of the job offer
arrival rate. That is, the return to seniority increases when the mobility rate of workers in the

economy increases.

We start by summarizing the important aspects of the model. The model is a continuous
time model in which individuals are risk adverse. Let A denote the job offers arrival rate and
let § be the arrival rate of new workers into the labor force and the outflow rate of workers
from the labor market. Let p denote the instantaneous revenue received by firms for each
worker employed and let b be the instantaneous benefit received by each unemployed worker
(p > b>0). Let u (-) denote the instantaneous utility, which is assumed to be strictly increasing
and concave. A firm is assumed to offer the same wage contract to all new workers. Also, there

is no recall of workers.

Burdett and Coles show that under certain assumptions the implied equilibrium is unique.
Also, the optimal wage-tenure contract selected by the firm offering the lower starting wage

satisfies

dt  /p—ws w(w) Jp VD—S

with the initial condition w(0) = w; and where wi, we are such that

) 2:p—w2 )
A+0 p—wy’

u(uwr) = u(p) — Y21 " \Z%ds, (10)

where [w1, we] is the support of the distribution of wages paid by the firms (w7 < b and we < p).

L S N ®
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Assume now that the utility function is constant relative risk aversion (CRRA) of the form
u(w) = w7/ (1 —0), where 0 > 0. Burdett and Coles (2003) show that the optimal wage-
tenure contract, namely the baseline salary contract, is such that there exists a tenure level
such that from that level onward the baseline salary contract is identical to the contract offered

by a high-wage firm with a higher entry wage. That is,
d>w dw\? 1 op p—w dw
S =(==) — |25 1 } g M =T 11
dt? (dt) p—w[w (o +1) P —we dt (11)
with the initial conditions w(0) = w; and

dw(0) L i /w vs) g (12)

w1 p—s

dt  p—ws u'(wy)

The differential equation (11) is highly non-linear and has to be solved numerically. This
can be done by assigning some values for the parameter vector (A, d, o, p), and solving the model

numerically (e.g. using the procedure NDSolve of Mathematica).

In order to study the shape of the wage-tenure contract curve and its sensitivity with respect
to the values of the job offers arrival rate, we used the same parameter values as Burdett and
Coles (see section 5.2 in their paper). We, set p =5, §/\ = 0.1 and b = 4.6. For each value of the
relative risk aversion coefficient (o = 0.2,0.4,0.8,1.4), we solve the system of equations (11)—
(12) numerically for a set a values of the job offer arrival rates. The results are depicted in
Figure la for ¢ = 0.2, in Figure 1b for ¢ = 0.4, in Figure 1c for ¢ = 0.8, and in Figure 1d for
o = 1.4. The figures present the wage contract profiles for the first 10 years of seniority. For
all values of the relative risk aversion coefficient, we note that the wage profiles are steeper,

especially in the first year, when the job offers arrival rates is larger.

The values of the job offer arrival rates (per year) estimated by Jolivet, Postel-Vinay and
Robin (2004) correspond to the values A = 0.005 for the U.S., and A = 0.001 for France
Regardless of the particular value of the relative risk aversion parameter, the equilibrium wage-
tenure contract curves are such that there are larger returns to seniority for the high-mobility

country, namely the U.S., than the low mobility country, namely France.

Two points are worth noting. First, we take—as firms appear to be doing—institutions that
affect mobility as given. For example, the housing market in the U.S. is a lot more developed
than in France (because of strong regulations and transaction costs in the latter country).
Also, subsidies and government interventions preventing firms from going bankrupt seem to
be more prevalent in France, dampening the forces of “creative destruction” in this country.
Consequently, French firms face a workforce that is mostly stable with little incentives to move,
even after an involuntary separation. Second, as a recent paper by Wasmer (2003) argues, it
is more likely that French firms will invest in firm-specific human capital for this exact reason.
In contrast, American firms face a workforce that is very mobile. Therefore, these firms should

rely on general human capital.
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Does this mean that the return to seniority should be larger in France than in the U.S.?
Or, putting it differently: Should French firms pay for something they get “by construction”
due to strong institutional forces? It seems that there is somewhat of a misconception that has
plagued some of the research in this area in recent years. The model discussed here provides a
useful tool for the empirical results we obtained in this paper. That is, the optimal return to

tenure when individuals are mobile should be larger than when there are not.

7 Conclusions

A central tenet of many theories in labor economics states that compensation should rise with
seniority. Nevertheless, there has been much disagreement about the empirical support for
this general claim, especially in papers that use data from the U.S. Part of the reason that the
empirical research has not lead to a conclusive answer is because of the vast disagreement about
the proper method for assessing these theories (see, among others, Altonji and Shakotko (1987),
and Topel (1991) for the United States and Abowd, Kramarz, and Margolis (1999) for France).

In this paper we reinvestigate the relations between wages, participation, and firm-to-firm
mobility in France. We contrast the result with those obtained in the BFKT analysis that
re-examined the return to seniority in the U.S., using the same data source as that used by
Topel (1991), Altonji and Shakotko (1987), and Altonji and Shakotko (1992).

We start with a structural model and estimate the return to seniority in a model in which
participation, mobility and wages are jointly determined. We include both state-dependence
parameters, as well as unobserved correlated individual specific effects in all the model’s equa-
tions. To estimate this complex structure, we use a state of the art Bayesian MCMC technique.
The model is estimated using French longitudinal data sources for the period 1976-1995 for four
separate education groups.

The results indicate that the returns to seniority are virtually zero, and potentially negative
for the low education groups. In contrast, the return for the college graduates group is positive
and significant, i.e., 2.5% per year of seniority.

We provide a detailed comparison with results previously obtained for the U.S. in BFKT,
using the exact same specification used here, and an identical estimation method. The com-
parison shows that while the returns to seniority are much lower in France than in the U.S.,
the returns to experience are very close. Furthermore, we find that in both countries there is
a significant impact on the estimated returns to seniority when one controls for wage changes
when switching from one firm to another (as is summarized by the J"W function introduced
here). Hence, we conclude that there is strong evidence that controlling for the individual’s
career path and past mobility are essential for proper estimation of the return to seniority.

Additional results show that OLS estimates of the cumulative returns to seniority are lower
than those obtained from the system of equations. Furthermore, the same results demonstrate

that instrumental variables estimation, following Altonji and Williams (1992), give the smallest
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cumulative returns to seniority among all methods used. This is true for both the U.S. and for
France. Finally, a comparison between the two countries shows that regardless of the technique
used the returns to seniority are lower in France—a low firm-to-firm mobility country—than in
the United States—a high firm-to-firm mobility country.

One interpretation of these results is that the returns to seniority are directly related to
patterns of mobility. We discuss this aspect using a theoretical framework borrowed from
Burdett and Coles (2003). The model clearly indicates that rewarding seniority is likely to play
the role of an incentive device designed to counter excessive mobility.

Consequently, the modeling approach adopted here, of jointly estimating the participation,
mobility decision along with the wage outcome has non-trivial consequences that may vary
across countries. In particular, labor market institutions, state regulations, and other state
factors affecting the local economy are likely to have far-reaching effects on the participation,
and most importantly the mobility process. This, in turn, is very likely to affect the estimated

return to seniority.
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Appendix A

A.1 Mobility equation

Parameter 7:  The parameter 7y enters myy,,, fort =2,..., 7 —1

M e = YMit—1 + X%(SM + Qf@M’I.

it*

The term in the full conditional likelihood that contains this parameter is given by

N T-1

[T T exp (g i — 21)?)

=1 t=2

where

MZT — e Pym — Pw,mpy,w( *x mylt) + Pw,m — py,mpy,w(

S Yir * 2 Wit — mwit)?
‘ 1- Pyw 0(1 - py,w)
a b
~ 271
m; (y7,2m -YiT— lsz 1) )
—27-1 ,
m
M = (yz2M27- SYir—1MjF_q)", and

* m
Aip = mg — M" + ymi 1
ok M ¢ M Inl,M * .
=my — X 07 —Q;0 —a(y; — myi}) — b(wit — My, ).

Collecting the squared and crossed terms gives

_ _ 1 —2T-1\/ —2T-1
vpet Tl yrienly N (Lm ) Lmg -, and
Vm
1=1

N
3 . ) 1 —~2T-1\' ~—2,T-1
Wost, IM,};OSt _ Vépmor, lMgmor + e § : (Lm- ) A )

Parameter 6™ :  We proceed in the same way as for the parameter v discussed above, to get

T

ost,—1 rior,— al /—\]\72’T_1 ,/—\]\//[Z’T_1
L e D ¢ XM, and

N

post,—1 4 rpost __ 1 prior,— prior 1 AAJ42 -1 szT_l

‘/5]M M ‘/JM Mé]\/f + 5= Vm X EeY) )
1
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where

_ * m M M
A = my — My +07 X,
* Ipl,M *
= my —ymit—1 — ;0 —a(y; — my;}) — b(wit — My, ).

A.2 Wage equation

Parameter 6": Note that we have to take into account that the parameter 6" enters both May,, , for
t=1..T, as well as M}, for t = 1...T'— 1. The corresponding terms in the full conditional likelihood
are given by

N

1 T 1 T-1
[Tex <2vw > virlwie = Mg >2) exp <2vm > vir(mi — W)
_ t=1

i=1
N T-1
— E W2 § W2
- Z]:[lexp ( 2Vw yzt zt X 5 ) ) exp ( 2Vm yzt zt + bX 5 ) ) )

where

wy — MY = Ay — XYW, and
B — M = Bi+bX}VsW,

which is equivalent to

Ag = wip — Qilel’w — Pywo (Yir — myzx)), and

Bit = mj — Mmr, — a(ys — my;}) — b(wy — QZ-IQI’W)-

Using analogous notation to the ones used above we have

post,—1 prior,— 1 al /Wl VAN WI’T b2 N ’“V/VLT—l ! ’“ﬁ/l,T—l
V:;W ) :V6W +W <X ) X@ +Z<XZ ) Xz , and
=1

N / N /
1 LT\ ~—1,T b ——1T-1\" — 171
post,— post __ y,prior,— prior w ) w s
Viw Méw = Viw M5W + oo v <XZ' > A, - vm E <Xi > B; :
=1 i

A.3 Participation equation

Parameter 7Y :  We have to take into account that ¥ enters both myyx fort = 2. T, My fort =2..T
and M* for t = 2...T' — 1. The corresponding terms in the full conditional likelihood are

N T T
1 1
o (= 30 = et 280 e St - 207
] t=2

1=1 t=2
al 1 & 1 & =
— il_[lexp <—2 ;(An — " Ly )* — vw tz:;yzt(th + Py w0 Ly;t) “oym ; Vit (Cittay™ Ly ),
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where

Y
Yir —my:, = A~ Ly,
Y
wit — My = Bt + py 07" Lyit, and
Y
my — My = Cy+ay Ly,
which is equivalent to
M Y Y IplY
A = yu—"Lmy — X 6" — Q007
Bit = wit — Muw,, — py,0Ait, and
Ciy = mj— My, — b(wit — May,,) — aAgt.

Using analogous notation to the notations used above, we have

N 2 2 N
. / o —2,T\/ —2T
post,—1 __ y,prior,—1 2,T 2,T py,w ) ?
Vi =V + Z (@z ) Ly + v Z (@z ) Ly,
i=1 i=1

N N
. . / o —2T\' ~2T
post,—1 4 rpost __ 1 rprior,—1 y rprior 2,T 2,T pyaw ’ ’
VRS = VR 3 (LT ) AFT - RS (L ) B
=1 =1

N
a —2T—-1\' ~2T-1
i=1

Parameter ’yM : We proceed in a similar fashion with the parameter ’)/M , to get

N
. /
t,—1 -1 2,T 2,T
VI = v e 3 (L") L
=1

2 2 N , 2 N !

PywC — 2T\ — 2T a —27T-1\/ —27-1
S (L ) Dy 4 Y (L) Ly

i=1 i=1
N
. ) /

ost,—1 ost rior,—1 rior 2,T 2,T
VISP = VAT M 4 3 (L") AP, and

PuwC N 2T\ ~2,T a N 2T7—-1\' ~2,T-1
- Lm; " ) B, ——— Lm; " C,”
Vw {2 1 ?
i=1 i=1

where

Ay = yh =" Ly — X307 —Qfo"Y,
Bit = wit — M, — py a0 (Ait), and

Cit = mj —mmz, — b(wit — M) — a(Air) .
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Parameter 6* :  We proceed the same way and we get

N 2 2 N /
t—1 _ yv2,T / v2,T P 7 o —2,T A}J/2,T
Vpos _ Vprzor + Z (Xz ) X@ + y‘}ﬂw Z <X3/ lz
=1

i—1
2 X 201\ 2Tl
+— X, X

)

N
Vpost ngst _ Vp'rw'r - Mp'mor + Z (XiyZT)/A?,T

N
Pyt N~ (7T 2T o2 g
Ty <X ~ Tm E C;

=1
where
Ay = i — 7" Ly — v Lmy — Q6"
Bit = Wit — mwit - py,wo- (Alt) )
Ci = mj— My, — b(wit — My, ) — a (Agt) .

A.4 Initial equations

Parameter 534 . Similarly, for the parameter (5(])\/[ , which enters only m}; we have

N
post,— pmor,fl 1 M
V5M V(;M 72( 1) XZ1 , and
=1
N
1 —~—\/ ~
post,— post __ y,prior,— pmor M
VRPN = VI M 4 (xX) 4,
=1

where
X I _I,M *
Anp =mj — Qa —a(y;y — my;ﬁ) — b(wi1 — M,y )

Parameter 5(1)/: We proceed the same way for (5%/ and get
N

2 2 2
et vt (B ) SR e
=1

Vpost flMpost meor - M;)}?;wr + ZX A ZX (Py, B + a 5) ’

vm
i=1
where
Ai = y;,kl - QiEaI’Yu
B = wj —my,; — py,04i, and
Ci = mfl - mmz«l - b(wil - mwil) — CLAi.
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A.5 Latent variables
Latent participation gyj: Several cases are possible here for y3;,, depending on whether y;; = 1 or

yit = 0.

1. Fort = 1...T' — 1 we have the following:
(a.) If y; = 1, then

Ui ~ N T (M Aot
VApost,—l MApost

2 2 2
TPy ab a . T Py.e a
1
VApost — ——
1+ &= + 5

(b.) If y;x = 0, then
y;(t ~ NTR— (myl_*t, 1)

2. For t =T we have the following:
(a.) If y;7 = 1, then

y;‘T ~ NTR+ (MApOSta 1- 10121,6)’

2.2
o°p ap
MApost _ (1 - Pg,e) (myfT(l + Viﬁ) + VZ;E (wiT - mwn)) .

(b.) If y;7 = 0, then
Yir ~ NTg-(my . 1).

Latent mobility mJ,: Two conditions must be checked: First, t = 1...7" — 1, and second, it must be
that y;; = 1. When these two conditions are met, we distinguish between several different cases:

1. 1If Yit+1 = 0, then
my ~ N(M, V™) and my = I(m}, > 0).

2. If yjt41 = 1, then: (a.) If ms = 1, then
mjy ~ NTr+ (M7, V™).

(b.) If my = 0, then
my ~ NTg- (M, V™).

A.6 Variance-Covariance Matrix of Residuals

Because the prior distribution is not conjugate (i.e., the posterior distribution does not belong to the
same family of distributions as the prior), we have to resort to the Metropolis-Hastings algorithm.
Variance-Covariance Matrices of Individual Effects ¥|(...); z; y, w:

The parameters 7, j =1...10 and Vjs 7 = 1...5 do not enter the full conditional likelihood. They
only enter the prior distributions. Let us denote by p the parameter we are interested in among the 7,
J=1...10 and 7;, 7 = 1...5. Then,
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1(pl(=p),0") = 1(6"|p)n"(p)

N
= (p) [ 16] 1= (p))
=1

N 1 1
x mp) [ ———exp <—29f'25’_1(p)05> :
i=1 \/det(Z!(p))

We face non-conjugate distributions therefore we use the independent Metropolis-Hastings algorithm
with the prior distribution as the instrumental distribution.

A.7 Individual effects

The likelihood terms that include 87 are given by

T
1 * Yit Yit—1 *
x [ exo (—2% - my;f) exp (— 5 (wie = Mi§)? ) exp (= S (miy = M1)?)
t=2

where
m * .
it = My, + a(y; — my;}) + b(wir — my,,), and
w o *
it = My, + 0Py (yit - my;})‘

The following notations are useful:

1. In the first term:

(g — my)? = (A — Q")

A =y — XYadg -

2. In the second term:

yir(win — Mwi1)2 = yi1(Bin — QZ‘IHI’W + PU,EUQz‘IaI’Y)Za
Bin = win = XWiad” = py co(yiy = X¥ady),

Bi = yaBa,

QL = yaQl.

3. In the third term:

(yf; — myz,)* = (Cop — Q[60T)?
Cit = yly — XYud" — v yu—1 — yMmi_1.
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4. In the fourth term:
yir(wir — M, )* = ya(Dyg — Q0" + p, .0 Q[671)?,
Dit = wit — XWi6" — p, .0Cit,
Dit = yit D,
QiIt = ythzI

5. In the fifth term:

For t > 1:
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The posterior distribution satisfies then:
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We define several projection operators. Let Py = (17,07,07,07,07), so that Po" = oY and
similarly, define P, ..., Ps, so that Po0! = oM P30 = 01V P07 = 61 and P30" = 1M,
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We also denote:

n
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Now we can write for the variance-covariance matrix:

ZQ
B =Y 0l
=1

!
_ 1.27—1 1,271
Eyr_1 = ZQ, Q; )

v=t=pi!
L « T 0
2 2 — — T
Pr,e0 2 ym 1
+(~p— + v ) 1
a 7. 1 7
V’m El V'm El (2) 9
pu,so— o
n 0 0 Eor + 7o Ear
_i_iE
V'm 27T—1
Pu,e0 T2
- — vel
+ ab E
ym 2T -1
L 0 0 v Bar 1
for the posterior mean we have
—~/
I, pvs n I ~
Zz— Q zl Zz— Q'Ll BZI Vo'l'” Zi:l Q’il Gin

Vm Zz— Qu Gzl

S, Ql'C, - Bty ol D, D; -
Vlw > Q /TlJr 7T Dt QI D; -
Vlm Zz— QzT 1 Finl

Zz— QZT 1

Wn Z?:l Qil G

37

I

117

and

Ty
Ta2
Ty3
1 b2
Ei(yw + vm)
—— 2 —_—
+ i Bor + S Ear—1

b
—meE2T71

T-1

il

!/

b n 7 —
vm Zi:l Qinl EiT—l

T53

T4

1
meE2T71_




TLLL'C  CI9T6'8 VERG'E  8G8C'8®  CGCEV'E  9E€LE'S  74E€9'E€  OV6I'8 ojer -dwoun [eooT 91
00T%'0  LETCO L9¢¥V'0  ¥6E€C0  86SE'0  8CST'0 0880  9P8T0 own-jred Gl
000G°0  €7V0S°0 888F'0  T909°0  L69%7°0  PIL90 0L9F7'0 98190 BOIE TRIIL UL QALT P
9LT¥'0  T9¢c’0 1I8cv'0  LIve'0  0CIv0  L91¢0  ¥c0v'0  €€0C0 umol e Ut oAl "¢l
evvr'0 - L0LC°0 ¢09¢0  <¢EST'0  €91€0  O¢IT'0  8eece0  ¢8IT0 SLreq ut oAl gl
790r°0  880¢'0 009¢'0  TE€ST'0  091€0  ¥¢IT0  GPce’0 96110 9OURL] 9P O UL AT "TT
RICV'T 0860 68860  €L8G°0 KGIC'T  CILOT  TLLET  961€'T UWSIPTIYY) JOo qumy ‘0T
¢cre’ 0 960T°0 €€9¢°0  6¥L00 08IE€0 <VITO0 6980 86800 9 pue ¢ Uoomildsq UaIpIiyy 6
6.¢€0  G¢cT'0 Gcoe'0  6I0T°0 I8EE0  LIET'0  608C¢°0  €980°0 € pue ( Uoomisq uaIpliys ‘8
0667°0 90,80 @8LV'0  0PS€’0 89670  0999°0  GISF'0  L¥E90 POLLIBT\ 'L
18¢¢'0  T9S0°0 ¥#8%C¢0 19900  66¢£C¢°0  €T190°0  T9¥C¢0  8¥90°0 o[dnoo Ul seAT] 9
G8C9°6 LERLGT G¥66'6 OGISLTT 66VL0T ¥IVV LT TILV'IT €ELLTC oouaLIodX ] S
V69L° L L9PC9  STLT9  9I9TTF  0Tc6'9  9686'S  8V08L  9L¥9°L SITUST, %
ge6c’0  ¢960°0 2L8cCE0  <¢ECl'0 9160  8E60°0  LEIZ0  ¢SL0°0 AqiqoN RS
66ST°'T  900LF TO86°0  €L9TF  €9¥L°0 16617  €608°0 780V ogem o] C
1667°'0 00470 #8670  ¥09¥'0  926V'0  098G°0 00050  S¥0S°0 uoredorreq T
A(TIS UBOIN  AO(T'IS UBOIN  Ad(['IS UBOJN  Ad(T'IS RO
(yegmeresoeq) (dA9-dVvD) (dan)
sojenpeIn) 039100 ‘Pern) SH QI [eUOI}BOOA synodox(] SH o[qerrep  "ON

so1)s19R)S 2ATYdILINSO(T T 9IqeL

q xipuaddy



'966T USnOIY} 96T Woy JAH-SAVA 93 ST 99I10G

:S910N]

6L5°L 1L0%¢ cov'el 965'CE SUOIJRAIOS() JO IOqUINN
LTF0'0 L1000 Z6VE€0 1TPT0 SE6T°0 06800 GLYPI0 TTT00 0L6T ToYe wiog ¢
8F9€'0 08ST'0 €L6F°0 9L¥F0 69FF0 8SLT°0 6SPE0 9%90°0 6961 Pue 0961 Usomjoq uiog  €¢
069%°0 99280 68070 €21Z0 SI9F°0 ¥80€°0 LZTH0 6CEC0 6961 PU 0GHT UooMdq UI0g &
gTSH0  2982°0 €90€°0 SPOT'0 O0I0F'0 €102°0 TOZH0 06220 6V61 PUe 0F61 Uoompoq utog — “Ig
8LE€0 FICT'0 LL1T°0 08F0'0 89Z€0 SIZT'0 96070 TLIT0 6€61 Pue 06T usomioq uiog — 0g
IP62°0 9960°0 8L02°0 TSP0'0 19220 O0FSO'0 8STF0 08€Z0 6261 9I0J9q WI0g "6
0LE€°0 90€T°0 99F€°0 96ST°0 ¥8FZ'0 T990°0 0£9Z°0 SFL00 SOOTATOS JONTRWI-UON 'S
L2020 TSPO'0 96TC0 8SG0°0 SPFT'0 €120°0 ¥€T10  SSTO0 eoueuL] pue Supfueg L7
8€ZT'0 9STO'0 06ET°0 L6100 €680°0 080000 9880°0 6.00°0 QOURINSU] "9
TELV0 €880 LI9F°0 2S00 SCIF0 ¢Tee'0 T190F0 €80Z°0 SOOIAIOS JONIR]N "G
ghee 0 1€50°0 0S50 66900 STFZ0 6290°0 S8€T°0 909070 yodsuely, g
L1620 68600 €29¢°0 ¥SST'0 L0SE'0 9EPT'0 9.9¢°0 TI19T°0 O[eSI[OYM pUR [IeINY] €T
9G8T°0  LS€0°0 0E6T°0 28€0'0 T0OZE0 6SIT'0 OFST0  ¥880°0 UOIONIISUOD) 7T
6822°0 CGG0°0 18220 TSS0'0 02920 T¥L00 TI9IE0 LTITO spoo8 uondumsuoy)  Ig
LEE€E0 L2210 98620 1690°0 89€L'0 SOST0 LSIL0 TTITO spoog yuowdmby (g
9¢FZ’0 ¥€90°0 LSTZ0 6SF0°0 9¥6Z0 09600 6000 LOOT0 Spo03 djeIpomIoNI] 6T
€OV1°0 6120°0 9.0T°0 LITO0 TLZT'0 #9100 6960°0 S600°0 £8mouy 91
CETT°0 0SI0°0 FSPT'0 91200 606T°0 6L£0°0 91020  ¥TFO0 omymoOusy LT
>®Q.am Qﬁwz >®ﬁ_”.pm Q@@E >®Q.am dez >®ﬁ_”.pm Q@@E
(yeganeresoed) (dd9-dvD) (dd0)
mwudﬂ.@d.ﬁ@ @&@SOU .U@HU mm mm ?WQOEMNOO\/ muSOQO.HD” mm w‘_@wmﬁﬂm\/ .OZ

(ponunuoy) sonsyerg eanduoso(] T g d[qEL



618°0 ¢€E€0  T90°0 @¢Tcle0  TEL0  L6C0  SGP0'0  GLLY'O TGLL0  69TF0 TS0°0 LZ09°0  €9VL0  GELTO  890°0  €8GY0 69610961 61
1g8°0  91¥'0 2S00 98090 1690 910 @900  6E8€°0 L9GL°0 9L0v'0  8¥0'0 8¢8I0 48C80  G0EF'0 €900  €6€9°0 6961-096T  '8T
G¢L'0  9¢€0 ¢50°'0  80cS'0 9560 €90°0- 6600 96€T'0  GPSS'0  €9¥1°0 €60°0  L8GE0 OPPL0  GL6CO 500 6L06°0 6V6T-0V61  “LT
989°0  4G0C0 0900 80 F¥cc'0 0€€0- G600 T1¥00- ¢€¥'0  T1G0°0- ¢90'0 90060  ¥8F'0  ¥S0°0 1800  6.6¢0 6€6T-0¢61 9T
¢e9’0  8IT'0 8900 0TLE0 6820 ¥9€0-  ¥80'0 ¥8c0'0- I8¢0 95¢°0-  GL0°0  Lv0O'O  SOP'0  €LT°0- L1900  €280°0 6c61> "Gl
:(uvaM)Dq TWIO() SIO0J 1I0YO0))
¢8c’0  LIg'0-  ¥90°0  T9%0°0 0€T0 0VE0-  T90°0 0T00°0-  90€0 68c0-  ¢L00 9LI00  €8¥'0 VLTO0-  6L0°0 0SCT°0 WYPON - 71
LEC0  ¥PE0- 6900 €8TI0°0- 6C€0 L9T°0- 6900 9980°0  GLE'O0 G6T°0-  TLOO 09%0°0 0090 ¥8T'0- €800  ¥90T°0 oy Cgr
6900 G8T0- ¥€00 ¢SL0°0- A8T0 OFI°0- g¥0'0  0v¢0'0  ¥IC0 880°0- G¥0°'0 095900  L0C°0  LS0°0- 0v0'0  ¥9.0°0 ung ¢l
:AyIeuoryeu YouolJ-uoN
120 2€C’0-  G60°0  €EST'0 29S0  LPTO- 9600  CO6T'0  L8¥0 G9T0-  F60'0  TI9€T0  T9€°0  LSE€0- G600 GG00°0 oyer dweun T
L02°0 2900 0200  8SET'0 0610 0Z0°0  FEO0  TEOT0  990°0 S8T00-  T200 89900  69T'0 G000~ €200  L8LO'0 ddURLIdP AL ‘(OT
¢OT’'0 ©900- €200  8LT00 0600 TEI'0- G200 901T0°0-  TL00 €L0°0-  LT0°0 8L000-  ¥60°0 090°0- 6100  TOTO0 odnop 6
88¢'0 ¢CITO ¢c0’0 09610 0900 0L0°0- 810°0 0.400°0- 0000 €200~ ¢10'0 91600 9¥0°0  LS0°0- Y100 6500°0- PoLLEN '8
€10  ¥ov'o  0v0O'0  08¥S'0 8IS0 89’0 8€0'0  TISE'0  ¥OELO 8920  ¥EO'0  TIIFO  €P90  ©8E0D  G€00  TFeS0 SEIN 7L
ISOT)SLIOYORIRTD A[IUIR] PUR [RNPIATPU]
89.°0- @880~ G100 L0T®0- 009°0- 90L0- €100 69990~ ¥OV'O- 1I8%'0-  TI00 GEVF'O- GLV'O- €990-  CI0O0 661S°0- smm-yred 9
000°0- TOO'0- 0000 ¥000°0- 0000 TO00- 00000 T0000- 0000 T00O- 0000 ©0OOO'O- 0000 TOOO- 0000 €0000- bs wog g
8¢0°0 9100 €000 ¥9¢0°'0 0100 ¥c00- G00'0 ¢900°0- 9000 STO°0- €000 9¥00°0- ¥IO'0 600°0- €000 L2000 A1r0TU9g %
100°0-  T100°0-  000°0  8000°0- T000- T000- 0000 6000°0- 0000~ TOO0- 0000 90000~ 0000- T000- 0000 G0000- bs edxy g
900 1¥0°0  ¥00'0  LESO'0 9600  650°0 €000  ¥9L0°0  0LOO  9¥O'0 €000  06%0°0 9900 L0 ¥OO'0O  ¥OS0'0 oowoledxy g
e8L'c  ¥eEc 1900 ©9ssc  6¥6'c V69T 090°0  PGLL'T  8El'e  ¢Se€'e  TS0'0 6199 ¥€9C  0STC LS00 LEGE'C jueysuoy T
:SOTISLI9YORIRTD qOf

XeIN UTN A9(IIS URIN XeIN Ui A9(IIS URIN XeIN Ul A9(TIS URIN\ XCIN UIN A9(TIS UeIN

sejenpelrr) 98o[[0))

(yegnereocoeyq) ‘peir) SH

(ddd-dVD) SH [BuOIed0A

(daD) symodoi( 00y YSIH

a[qeLIRA

“ON

uoryenbr 98eA\ T 9[qel,



"s109e0IpUl Ieak (pojlroderun) sepnpoul os[e uoryenbo oy T, 'sdnoid jse[ om) oY) I0J )0(‘0G PUR SUOIIRINT ()00 09
:dnois puooes o} 103 )00‘0L PUe suoneIr )00‘08 ‘000°G9 01 renbo ur-ung e Ym dnois JsIy oY) I0J suoryerd)r (0008 “Surdweg sqqrr) Aq uorpewn)sy AAroadsor

‘6LG°L PUR ‘TLOTE ‘COT'CT ‘96C‘ze oIe sdnoill uorjesnpo Inoj oyj Ioj SUOIPeAIdsqoO JO Ioqunu oYJ, ‘9661 0% 9.6T Wol JAH-SAV( I8 S9oInos eye(] :S90N
¢00°0 0200~ €000 ¢800°0- STO'0  0C0°0- ¥00°'0 TTO0'0-  610°0  T00°0 ¢00'0  ¥600°0 ¥I0O0 <€00°0- ¢00°'0 09000 sreak +0T  "¢F
100°0- 8T0°0- ¢00'0 96000- ¥IOO V¥IOO- ¥00'0  €000°0 €00°0- 8I00- ¢00'0  90T0°0- 6000 S00°0- 200’0 91000 SWIL(OT 019 TF
6000 600°0- 100°0  6€00°0- ¥00°0 <I0°0- ¢00°0 9€00°0- €000~ TIO0- 100°0  0L00°0- TOO'0 L00°0- 100°0  T€00°0- sreof g oy g TR
G00°0- ¥I0°0- T00°0 G600°0- T00°0- TIOO- T00°0  6500°0- T00°0- 900°0- T100°0  6¢00°0- ¢00°0- 800°0- 1000 6G00°0- A To0rdn  OF
:pajse] Jey) qol 10] AJLI0TUSS Pagse] U0 JUSIDIIO0))
9€0'0 0000 ¥00'0  68T0°0  ¥I00 T190°0- 8000 G¥I0°0- T00°0- L€0°0- G000 08T0°0- @00°0- ¥€0°0- 7000 29T0°0- sreak +0T  “6¢
970'0  60°0-  0T00 64000 FEO'0 ¥90°0- €100 9STO0-  FIO0 FGO0- 8000 6610°0- €£0°0 9£0°0- 6000 G000~ SI®IL(OT 039 |
890°0 8000~  0T0'0  80€0°0  EIO'0 GL00-  EI00 FFE0'0- €00°0- €90°0- 8000 9TE00-  STO0 0900- 6000 Fc00-  smwLGolg LE
:pajse] Jey) qol 10] eoustIadxe pPagde] UoO JULIdIIE0))
08¢0 ¥91°0- €90'0 ¢8G0°0  66¢°0 €8T0- ¢l0'0 TS80°0 GET'0 ¢¥co- 8700 61900- 6¥¢’0 TI¥I'0- 160°0  48€0°0 sreok +0T  "9¢
¥er'0 - 601°0- 1000 TE€LT'0 0420 ¥0€0- 180°0 LT20°0- 66€°0 090°0- 6500  GE9T'0  8TT0 GST0- L1900 PIT0'0- SIIA(OT 019 GE
6.1°0 0L0°0- 0€0'0  6¢500 87¢'0 <000 €600  €8¢T'0 7660 L0OTO ¥¢0'0 L9610 T0C0 Gc00- 0€0°0 486070 sweak ¢ 01 g g
8€¢'0 0210 G100  6¢8T°0  960°0 TTIOO- €100 T1S%0°0 9900 L00°0- 0100 TOE0°0  LOT'0  <00°0- G100 62900 A 1o0rdn  gg
:pajse] yey) yojms qol jo jue)suo))
Lc00  9€0°0- 8000 0€00°0- 6100 T€O'0-  L0OO0 6900°0- 8000 9¢0°0- G000 €800°0-  L000 8I00- €000 67000- T —2redxd g
98¢'0 T10c0- ¥.00 T¥PPI'0  T0E0 86T°0- 6900 TOV0'0 T€C'O0 8ETO- 690’0  PSI00  ¥9¢°0  61IT°0- G90°0  LL0T°0 Teok 98T "¢
:Te0k 1SITJ UT UYDHIMS (Of
1¢¢°0-  687°0- ¢€0°0  TTLE0- ¢c00- T8CO- €600 6€9T°0- G200 T6T°0- 8¢0°0 <¢060°0- 1900 ¥8T0- 0€0°0 €LS0°0- ‘Ales YO0 '0¢
6660 1900 €v0'0  ¥Iec0 T¥P0  <ITO €¥0°'0  ¢ILc0  ¥9€°0 S7v0°0- 600 OIST'0  S¢v'0  ¥L0°0- 190°0 92020 [eURUL]  "6C
¥e€’0  €70°0- 9600  ¥I9T0 670 9900 160°0  TO0%¢0 9610 ¢¥cO- ¢90'0 ¢€c0'0-  TLE0 C8T0- 7000 €010 QouRINSU  "RE
I16T°0 8¢00-  Lc0°0  LLL00 ¢Lg’0 ¢SO0 8¢0°0  LE9T'0  LOT'0O ¥80°0- €¢0'0  VITO'0 €0T°0 980°0- Ge0'0  TLTI00 SedIARS  TLG
€LC°0  L10°0- 8600 €9€T'0 €€€0 €100 0¥0'0  ¢I8T'0 €610 ¥490°0- ¢e0'0 L6900 6£C0 LEOO- GE0'0  8TOTO podsuely, 9z
€8¢°0  L¥0°0 T€0°0  ¥99T°0  80E€0 9900 T€0°0  8GLT0  TST'0  6€0°0- ¥¢0'0 80900 ¢8T0 0¢0°0- 920°0  ¥G60°0 PIOUM/TEPY 6T
LLE0  €€0°0- ¢v0’0  TIVET0  ¥EV'0  ¥CT0 ¥70°0  €LLc0  0ve’0 1600 Lc00  LEST'0  86T°0 LSO°0- ¢e0'0  L¥90°0  uomOIISUOT g
€9¢’0 7000 Ge0'0  6ver0  Gee'0 G100 8€0°0  998T°0 ¥9¢0  Lc00 8¢0°0 ¢4¥T'0 190 8¢00 0€0°0  TIPT0 uondwmsuop  ¢g
€9¢°0 0110 €600 vLec0 ¥6€0  €EITO L£0°0  06¥¢'0 990 6700 Lc0'0  GS¥T°0  €¢€0  ¢L00 1€0°0  L28T°0 juowdmby gz
¢8¢'0  8¢0°0- Ge0'0  ¥I9ET0  99€0  9¢0°0 0¥0'0  9%0¢'0 6.0 ¢60°0 420’0 998T°0  99¢°0  0¢0°0 T€0°0  LTIE€T'0  ojeIpsmuioju]  °Ig
€S0 6600 ¥60°0  98€c0  ¥LEOD OITO- 8900 V610  Goc'0 LST0- 8¢0°0 66000 99€°0 <¢ST0- G90°'0  €91T°0 £8wuyg (g
:A1ysnpuy

XeIA UIN  A9(T1S LCEY XeIA UIN  A9(T'1S LCEY XeIA UIN  A9(2S ueSN XeIA UIN  A9(°1S LCEY
soyenpelir) 9891100 (yeamereooeg) ‘peir) SH (dA9-dVD) SH [eUOIRI0A (daD) smmodoi(] [ooydg YSIH o[qerie  ‘ON

(penunjuo))) uoryenbyy odep\ T S[qe],



"S[1e19p I0J T O[R], 990G  :S9JON]
PRT'T- 6TLT-  TL00 QLVP'T- O0€L0- G66'0-  LEO0 0898°0- 997°0- ©I80- 0900 €L€9°0- 8¥0°0- 0€L0- 0600 060¥7°0- 6961-0961  "0¢
C9L'T- G0c'c- ©900 9vL6'T- G8LT- 06T'¢c-  G90°0 8E96°T- 6LS°T- 966°'T- 6900 968L°T- TPO'T- 899'T- 9900 LgI€T- 6961-096T 6T
¢80'c- 809'¢c-  0L0°0 W¥9c€'e- €196~ VOT'P-  €80°0 996L°€- T189'C- 9¢c'€-  8L00 9¥E6'C- €CL'T- 8¢c'c-  CL00  8ELG'T- 6V61-0V6T  "8T
L9T°¢- €88°C- 9800 0€csc- Tc9€- ¥6e¥v-  TIT0 FELG'C- 998'C- G4v'e-  ¥80'0 9¥PT'€- €00°C- 809°C¢- 8900 GL9TC- 6€61-066T LT
GTc'c- 8I6'C- €60°0 T899'C- LE9G- PIV'E-  LIT0 6IV0°€- CQ96'c- 84L'E-  €IT0 67Pe'e- 66cc 09L¢ 6900 OI8¥'C- 6c61> 91
181990 1I0T70))
6V¢’0  09¢°0- 021’0 LEET'O-  ¥0G'0 @6€0- 1800 GPel'0-  €9P°0 1I8€0-  €2I'0  GLIO0  @&Lv'0 88%0-  ¥PI'0 T1910°0- WUYION "GT
¢Lg’0  €Lg0-  0€T0  ¢6VT'0  T8E0 €gE0- 8600 €SO0 6890 GETO-  GIT'O  €OPE'0 G160 9.C°0-  €LT'0  €T18C°0 oyred  yl
TeT°0-  L0¥7°0- €700 €T192°0- O0F0°0- T&v'0-  ©90°0 6S7¢’0- 9€€°0- Tgl0- 9900 €0T90- AST0- <€090-  S¥0°0 Ggee0- O
:AyIeuoryeu YouolJ-uoN
Lye9 607G 98T°0 G9¥0'9 C0T'0 G80°0- G200  60TO0  T92'0 0000  L€0°0  LATT'O  88T0 ¥S0°0-  €€0°0 6990°0 9°ouelyop o[ T
8¢¢'0 9T10°0-  L€O'0  660T°0 OTIT0- 0ZE0-  0€0°0 TOTEO- 9€€0- ¥I€0-  Lg0'0 G94T¢0- €T0°0- G6T°0- G200  0L0T0- POLLBIN - "TT
90’0 8¢T'0-  9¥00  66V0°0 TE€O'0- &QEV'O-  ¢v0'0 99¢c’0- LeT'0- GLT'0-  TPO'0  0900°0- G80°0 A8T°0-  9€0°0  9¥S0°0- odnop Q1
7800 €9T°0-  T€00 ¥OEOD'0- 992°0- ¥ESG0-  C€O'0 960%7'0- FET'0 €0V0-  L20'0 8¢8C0- ¥ET0- 66V'0- 600 LBEEO- O F WIPIYD 6
LT¢°0  TE0'0-  CGEO'0  090T'0 GET'0- ¥LE0-  TEO'0 LTGE'0- G8T'O- LLZ0-  Lo0'0 G89T'0- ©gc’0- €¥P0- TE€00 6IEE0- €0 WIPIYD 'Y
8T¢'0  66T°0  S¢¥0°0 0€9€'0 €700 &ge’0- 0000 96L0°0- €LO0- T900  TPO'0 96020 T¥PP'O 89T'0  0OVO'0  000E0 OlBIN L
SOI}SLIOYORIRYD AIUIR] PUR [BLPIAIPU]
GLe'0  L0€0  0T00 FIFED €6C0 ¥2Z0 6000 00920 0E€F'0 0960 6000 T96€0 990 G8F'0 6000 €610 uonedonreq -9
09€°0  9.T°0 9200 999¢°0 ¥E€E0 CETO €00 0S¥c0 €660 GcI'0  ¥¢0'0 18020 G660 T0T'0 G200  T¥0CO AMqoN. - °G
:so[qeLreA juopuadop posde
L0€'8  L6ET  TIS0  FOSF'9  OIFL 99¥'GC  08C0 6S€F'9 0S6'6 6S€L  OPE0  VIEYS  T199°8  LEE'9 9820  LOPF'L ojel 'dwoupn  °f
7000~ ¥00°0- 0000 0¥00°0- 8000~ 600°0- 0000 8800°0- 900°0- L00'0- 0000 19000~ ¥00°0- ¥00°0- 0000 OF00'0- porenbs dxyg ‘g
96T°0  84T°'0 9000  LLLT'0O ¢4%'0 6070 9000 7POEP'O 8P€'0 6060 G000 €LC€0 6€C°0 €020 9000 TIcc0 ooworedxy g
10T°0 989°'T-  0€g'0 0S908°0- ¥¢0'0 989'T-  ¥¢c'0 L6ER'0- 9LE'0- 0ST'c-  Lgg'0 ¥e8T'T- 80€0- 9¥0'¢- 988’0 6S0CT- jrejsuony T
1SO19SLI9YORIRYD qOf
XeN U A9(T'3S ueaN XeN Uy A9(T'1S ueIN XeIN Uy A9(TIS ueIN XeIN UL AS(TIS ueaN o[qeLIRA  "ON

sejenpelrr) 98o[[0))

(yeomeresoeq) ‘peir) SH

(ddd-dVD) SH [BUOIRI0A

(daD) smodoi( [00YdG YSIH

uoryenby uoryedmnied :g 9[qel,



0EL'T 889°0- 89€0 097’0 ¢€00 LI90- 9800 6¢8¢’0- €9¢°0 ¥ELO-  GET'0 0Tsc0- €660 661'T-  8I¢'0 G607°0- 6961-0961  "CC
POE'T 6VT'T-  €9¢°0  9890°0 €80°0- 696°0-  €2I'0 04929'0- 6€2°0 ¥OO'T-  OST'O Tele'0- ¢4c’0 TIV'TI-  ATc0  0L09°0- 6561-0561 'TC
9160 €191~  69€°'0 09¢€'0- 67€0- 0€5'1-  ¢81°0 99¢6'0- 80¢'0 €9¢'1-  L8T'0 ¢8SF'0- 69€°0 0L8'T-  Lye'0 0vel'0- 6V61-0v61  "0C
0180 9681~  €L£°0 80%9°0- 0€g’0- ¥00c-  ¥9¢°0 G6ET'T- L60°0 809'1-  €€¢’0 6€IL°0- ©cl'0 89T°¢- 98¢0 G9€T'I- 6€61-0661 61
€09°0 P9¢c-  L8E0  LE96'0- TE€9'0- C6CE-  ¢LE0  G6V6'T-  660°0 L66°T-  G0E'0  L9€6°0- 9¢0°0- 8ISC-  LgE0  V6ICI- 661> Q1
189090 1I0Y0))
90L'0 Tev'0-  LPT0  8%P80°0 G6V'0 992°0-  G0T'0 99010 G€€0 €89°0-  GPT°'0 TOST'0- O0LO0'T ¢E€¥0-  80C0 ¢84C0 WO LT
I18¢°0 ¥99°0-  L9T°'0  ¢910°0 0¢v'0 L090-  GET'0 OIF0'0- 6090 8EY'0- ¢TI0 T6c00 L8880 ¥¢80-  0gc’0  LIV00 oyred 91
081T°0 ¢€¢'0- 890°0 8GE0°0- 1960 ¥S¢'0-  LLO'O  G€00'0 T1€0 ¢<Ic0- 0800 €T€0°0  16€°0 9900-  L90°0  OPST'O umQ 91
:Ay1euoryR N YouoL-UON
9¢7'0 €200 0900 89¢¢0  ¢9€0  FET'O- 1900  ¢cIT'0 Gce0 L0T'0- @900 T€600  LOV'O ¥L00- 6900 PPLT'0O O2URLIOP O  “FT
G1€'0 98¢0~ 8400 9TT00 LG0°0- LEP'O- €00 €¥PC0- 9000 TG€0-  GP0O'0 999T°0- €820 SI€0-  9.0°0 GS00°0- o[dnopy g1
¢90°0  €¥e0- 9900 029T'0- €900 @6V0-  LL0°0 ©CTc0-  8¢I'0 8¥E0-  0L0°0 6860°0- 880°0 €TI€0- TG00 00¥TO- pPoLLBIN - g1
L60°0 vLE'0-  LVO'0 ¢€80°0-  PIT'0O €8€0- 6900 OSIT0- 6800 L9¢°0-  GP00 ¥el0'0- GST°0 66€7°0- 6200 L8EE0- 9T WIPIYD  "TT
LLT0 99T°0- 600 ¢¥00'0 ¢cc'0 6Ve¢’0- 6900 ¢IS0'0- €pI'0 8ST°0-  ¥P0'0  9110°0- 2020 €PP0- 1600 61€E0- €0 WIPIYD 0T
0T€'0 ¢91°0- 1900 ¢€60'0 600 €€0'0-  9¢0°0 SSPI'0  ©6¢0 S000- LS00  @&v61°0 8PP0 0100 8500  ¥91¢°0 OBIN 6
SOI)SLIDJORIRYD AIUIR] PUR [RNPIAIPU]
w10 ¥61T°0- €700 TI9T00- 8600 T¥Pc0-  9¥0°0 8€90°0- 06T°0 <cOT0-  OVO0 LLVOO €660 GLT'O-  T90°0 09700 ANMqoN 8
:so[qerrea juopuodop po3ser|
0090  80€0  I¥O0 L6VFO0  GP9°0  8IE0  6€0°0  LELVO  GEL0  €PF0 6€0°0  ¥S09'0  8¥9°0 16860 GP00  8ELVO own-ped 7L
006'C ¥.8'C- L1690 91900 60¥'C ¥6LC- 890 ¢TSCI'0- 898'C V92T V890 LSOO TPT'E TOT'e-  IPL0  S8Igh'0  ejer 'dweupn g
¢00’0 0000 0000  0TOO'0  ¥00'0 T000-  TO00  LT00'0  €00°0 T00'0 0000  LT0OO'0 €000 0000 0000 8I00'0 porenbs ‘uwdg -G
G000 97¥0°0-  800°0 L6T0O0- Tg00 8L00-  ¢I00 4€E0°0- T00'0 090°0- 8000 €GTI€0'0- @000 090°0- 6000 GTEO'0- RUISGUETY %
1000 T00°0- 0000  €000°0 €000 0000 0000  €T00°0 1000 0000 0000 90000 1000 T00°0- 0000 10000 porenbs dxyg ‘g
¥¢0'0  LE0'0- 6000 ©L00°0- O010°0- 860°0-  ¥IOO L8€0°0- €000 €80°0-  TIO0 ¥Pe0'0- PE00 8%0°0-  ¢I00 6110°0- oowordxy g
G67'0 96%°¢c-  GC¥'0  @860'T-  6VF0  L99'T- TLT0 9GLS°0-  €TT°0-  L0T'¢-  LLE'O PE80'T-  ¥PI'0 190C-  6I€0 9€66°0- juejsuopy T
1SOTISLIDYORIRYD Of

XeIN Ut A9(I'1S URSTA] XAl Uty A9(I'1S URSTA] XA Ut A9(I'1S URSTA] XA Ut A9(I1S RSN

sejenpelrr) 98o[[0))

(yeomeresoeq) ‘peir) SH

(ddd-dVD) SH [BUOIRI0A

(dap) smodoi( [00Tdg YSIH

a[qerIep  ON

uoryenbyy ANIGOIN ¢ SR,



"S[IRJOP I0J T 9[]R], 99§  :S9JO0N]
860°0- 0LT'T- yer'0  vpLS0-  ¢8T'0  61L°0- Gcr'0  €Lvc’0-  CIT'0 €6L0- 60T°0 ¥8¥E¢0- GPL'T 061°C- 0L7'0 09100 ‘AlS UIOQ g
30T°0- 9€T'T- LyT°0  LS09°0-  6¥€0 VWL 0- I¥T°0 T1T60C0- L8800 T.LC'I- 98T°0 0.8G°0- 690'Cc G99V 1¢8°0 ¢S99L°0- [eURUL]  "CE
0060 €L0°T- 00c°0 869¢°0- €890 <680 VLT'0  88G0°0- 0€80 4T 0- 0€c’0 G900°0- G6C'¢ SVEI- 9L6°'0 48690 ooueInsuy TG
900°0- 686°0- €IT°'0 068¥V'0- 6850 8¥VE0- PIT'0 €90T°0 1090 €cl0- 9800  699T°0 LT9°T G¢S0- GLC'0  ¢L8G0 SoOIAIDS (G
02c’0-  L0€°T- evT'0  €cvl0-  TLTO ¥C6°0- €vT'0  ve6e0-  ¢IT'0 G990 20T°0 €19¢°0- 6¥V6'T 6¢T'1- 08¢0 8’770 jrodsuel],  ‘6g
T10°0 TL0°T- €cT'0  8¥eV'0-  9L9°0 <TLTO- T¢T'0  006T0 ¢LE'0 98¢ 0- 6800 ¥9¥0'0 <¢0¢'T Ll O- VL0 L6£€°0  OOUM/I®RY ST
vLEO  ¥99°0- P10  T.L9T°0- GCL0 9¢¥0- LVT°0 ¥v¢ec’ 0 8790 T140°0- ¢60°'0  66LC°0 Lgc'T 0€C1- L6C°0  L880°0  UOIPNIISUOY )7
00T°'0 68670~ €60  €01¥'0-  02S'0 0650 9¢T'0 GE€S0°0- 98¢0 LCE0- ¢O0T’'0  468¢€0°0 8EL'T LI90- G62°0 €5¢%°0 uondumsuo)  9g
290°0- 000°T- €Cr'0  €06¥7'0-  08F'0 9€9°0- GeT'0 18200~ G2T'0 €LG°0- 8600 GIcc'0- 8ES'T T9L0- €1€'0  ¢rre o juowudmby  -¢g
¢l00  ¥98°0- 9¢T'0  898¢°0- SIS0 6850 €TI0 LyL0°0-  T0C0 1670 6600 T9€T°0- G960 O0O¥9°'1- 61¢°0 TLEEC0-  OFeIpoULIU]  “F(
7L0°0-  €SV'T- ¢6T°0  G6€L°0- 860°0- 98T'C 26¢°0 PSLT'T- L¥W0- 0S¢¢C- Lve’0  VE€9e'T-  G9c’c 990°¢- 260 9950°0- A3wuy  gg
:A1psnpuy

XBIN U >®Q.um UeoN XCIN UTN >®Q.um UeoN XCIN UtiN >®Q.um UeoN XBIN UtiN >®Q.um UeoN
sojenpery) 980D (vegmereooegy) perd SH (ddd-dvD) SH [euonesop | (ddD) symodoi( [00ydg YSIH d[qeLey  ON

(ponunjuo))) :g o[qeq,



"S[1e19p I0J T O[R], 99S  :S910N]
PIT'0  LS0°0- G200  €L80°0 6100 TS0'0- 0300 TITO0  ¥SO0 TL00-  9T0°0 6600°0- 8900 FFP0OO-  9T0°0  TLTOO Mgyl
€7€'0 €70°0-  0S00 920c’0 TOZO0 6IT0- 0900 €8€0°0 %920 ©600- 400 L6OT'O 69€°0 0€00- LS00  GSPT°O wid et
0000 G€T'0-  €I0°0 4€80°0- 0000 LTT0-  ¥IO0 €9%0°0- 0000 €0T'0O-  TIO0 ¥.L90°0- 0000 60T'0-  €T0°0 969070~ 4
18€°0  ¥9€0  ¥00'0 8clE0  €TFO0  €8¢€0 Y000 ¥96€0 ¥LEO L9C0  ¢000  €99¢°0  LLE0 6920  ¢000 699270 2 11
ISULIO) DIJRIVUASOIP]

600°0- OTT'0-  TZ0'0 62900~ <©I00 T80°0-  8TO0 GLZ0'0- 880°0- ¥¥Pc’0-  LE00 L68T'O- €0T0- 6Ic0- 8200 8LSTO- “rd 01
€¢0°0 TLO0- 0200 1820°0- 600°0- TIT'0-  0CO'0 €¥90°0- 090°0- 09T°0-  LTI0'0 €TOT0- ¥20'0- 6¢1'0- 6100 LL90°0- Wy g
61¢°0 ¥¢1'0 0200 €LLT0 09¢0 6VT°0  ¢c0'0 890c0 ¥AT°0 LL00  TE00 09210 Lg€O ¥LT'0O  LE00  8ESTO "y g
6¢0'0 6¥0°0-  LI00 T1600°0- €200 ¥90°0- 9100 ¥S10°0- 0900 GEO'0-  0G0'0 GSTO'0 8300 L80°0-  ¥20'0 GTEO0- )
GE0'0 820O'0-  TIOO  G¥00°0  T¥VO'0 0GT'0-  9€0°0 89T0'0- 8800 €¥V00- 6200 ¢0T0'0 8ET'O 8000~ 0800  LOVOO moud g
0900 8L0°0-  9€0°0 €€00°0- ¢L00 0€00- €00 Syco'0  ¥SO'0 690°0-  ¥EO'O ScOO'0- 9900 €90°0- €200 180070 g g
0100 990°0-  8TI0°0 TT1€0°0- 6210 TG00~  LEO'0O Ggv0'0 9200 690°0-  9T0°0 T1920°0- €900 T¥0°0- 6100 90500 Wy g
€0T°0 6000  6T00 92900 8CT'0 ¢O00  €€0°0 9900 9€0°0 LG0°0-  TE0'0 0I00- 6VT°'0 L000- 9800 965070 "y g
€8T°0 9800 6100 P9ET'0  G6T°0 0900  €€0'0 66110 €8I0 €L0°0 €00 8ELT'0 0060 ¥.LOO 6200 8S¥T'0 Wy g
900 L10°0-  ¥I00 ¥IG0°0 8600 800°0-  ¥20'0 L6EO0 OFW00 890°0- €00 €FI0°0- LL00 L¥00- G200 #9500 g
187000 o1Ioads [eNPIATPUT

XeN N A9(T°1S RSN XeN N A9(I°1S weaN XeN urN A998 eI\ XN Uty A9(I'1S UROIN

SojRNPRIY) 939[[0))

(yemeresoeg) ‘peir) SH

(dAI-dVD) SH [BUOI}RO0A

(dap) smodoi(] [00YdG YSIH  dqeHEA  ON

SOOLIJRT\] 9OURLIBRAO) 9OURLIBA JO SIUOW[H :F S[qel



Table 5: Comparison of the United States and France, College Graduates

No. Variable

College Graduates, U.S.

College Graduates, France

Mean St.Dev Min Max Mean  St.Dev Min Max
Wage equation
Main characteristics:

1. Experience 0.0580 0.0032 0.0518 0.0643 0.0537 0.0035 0.0410 0.0667

2. Exp. squared -0.0013  0.0001 -0.0015 -0.0012 -0.0008 0.0001 -0.0010 -0.0005

3. Seniority 0.0518 0.0029 0.0460 0.0576 0.0264 0.0027 0.0157 0.0375

4. Sen. squared -0.0005 0.0001 -0.0007 -0.0004 -0.0004 0.0001 -0.0007 -0.0001
Constant of job switch that lasted:

5. Upto 1 year 0.2240 0.0172 0.1905 0.2572 0.1829 0.0150 0.1198 0.2384

6. 2 to 5 years 0.1648 0.0189 0.1274 0.2018 0.0529 0.0300 -0.0704 0.1786

7. 6 to 10 years 0.3231 0.0683 0.1861 0.4572 0.1731 0.0708 -0.1087  0.4239

8. 10+ years 0.4717 0.0869 0.3031 0.6425 0.0582 0.0530 -0.1644 0.2796
Coefficient on lagged seniority for job that lasted:

9. 2 to 5 years 0.0567 0.0070 0.0432 0.0709 0.0308 0.0102 -0.0080 0.0678
10. 6 to 10 years 0.0111  0.0097 -0.0079 0.0303 0.0079 0.0101 -0.0290 0.0457
11. 10+ years 0.0062 0.0055 -0.0050 0.0166 0.0189 0.0042 0.0004 0.0357
Coefficient on lagged experience for job that lasted:

12. Up to 1 year -0.0071  0.0016 -0.0102 -0.0040 -0.0095 0.0012 -0.0135 -0.0045
13. 2 to 5 years -0.0058  0.0016 -0.0090 -0.0027 -0.0039 0.0014 -0.0094 0.0015
14. 6 to 10 years -0.0025 0.0025 -0.0073 0.0024 -0.0096 0.0024 -0.0181 -0.0013
15. 10+ years -0.0026  0.0033 -0.0090 0.0036 -0.0082 0.0027 -0.0196 0.0018

Participation equation
16. Lagged mobility 0.3336 0.1646 0.0111 0.6274 0.2665 0.0255 0.1764 0.3501
17. Lagged participation  2.0046 0.0944 1.8178 2.1978 0.3414 0.0095 0.3067 0.3748
Mobility equation
18.  Seniority -0.0878  0.0074 -0.1024 -0.0734 -0.0197 0.0080 -0.0462 0.0049
19. Sen. squared 0.0020 0.0003 0.0015 0.0026 0.0010 0.0003 0.0000 0.0022
20. Lagged mobility -0.9019  0.0552 -1.0133 -0.7953 -0.0161 0.0432 -0.1940 0.1412
Variance-covariance elements

Individual effects:

2L Pyome 0.8040 0.0556 0.7024 0.9005 0.0214 0.0136 -0.0165 0.0674
22, Pyoy 0.5716  0.0286 0.5190 0.6224 0.1364 0.0187 0.0852 0.1834
23, Pyow 0.1335 0.0757 0.0169 0.2714 0.0525 0.0194 0.0087 0.1025
24, Pyom -0.6044 0.0773 -0.7595 -0.4892 -0.0311 0.0179 -0.0659 0.0101
25, Py 0.2896  0.0429 0.2268 0.3845 -0.0033 0.0353 -0.0775 0.0595
26.  Prow -0.1450 0.0884 -0.2586  0.0403 0.0045 0.0110 -0.0278 0.0346
27 Pomem -0.4234 0.0789 -0.5691 -0.2668 -0.0091 0.0173 -0.0491 0.0292
28. Py 0.2174 0.0553 0.1066 0.3017 0.1773 0.0200 0.1243 0.2185
29. pym -0.5061  0.0656 -0.6172 -0.3874 -0.0287 0.0200 -0.0707 0.0231
30.  Pum -0.5352  0.0590 -0.6371 -0.4131 -0.0629 0.0214 -0.1099 -0.0089
Idiosyncratic terms:

31. o2 0.2062 0.0023 0.2016 0.2104 0.3728 0.0035 0.3640 0.3869
32, pyw 0.0013 -0.0111 0.0075 0.0161 -0.0835 0.0134 -0.1350  0.0000
33, Pym -0.0005 0.0113 -0.0217 0.0188 0.2026 0.0499 -0.0427 0.3431
4. Pum -0.0496 0.0124 -0.0672 -0.0205 0.0373 0.0222 -0.0571 0.1140




Table 6: Comparison of the United States and France, High School Dropouts

No. Variable College Graduates, U.S. College Graduates, France
Mean  St.Dev Min Max Mean  St.Dev Min Max
Wage equation
Main characteristics:

1. Experience 0.0283 0.0027 0.0229 0.0334 0.0504 0.0035 0.0372 0.0658

2. Exp. squared -0.0007  0.0000 -0.0007 -0.0006 -0.0005 0.0001 -0.0007 -0.0003

3. Seniority 0.0517 0.0034 0.0455 0.0580 0.0027 0.0030 -0.0091 0.0143

4. Sen. squared -0.0005 0.0001 -0.0008 -0.0003 -0.0002 0.0001 -0.0006 0.0000
Constant of job switch that lasted:

5. Upto 1 year 0.0923 0.0144 0.0635 0.1203 0.0529 0.0146 -0.0051 0.1067

6. 2 to b5 years 0.0958 0.0219 0.0526 0.1386 0.0985 0.0298 -0.0245 0.2012

7. 6 to 10 years 0.1229 0.1027 -0.0569 0.3076 -0.0164 0.0667 -0.2545 0.2278

8. 10+ years 0.2457 0.1078 0.0474 0.4606 0.0585 0.0509 -0.1409  0.2493
Coefficient on lagged seniority for job that lasted:

9. 2to 5 years 0.0293 0.0084 0.0127 0.0456 -0.0242 0.0093 -0.0603 0.0147
10. 6 to 10 years 0.0213 0.0109 0.0003 0.0422 -0.0025 0.0090 -0.0357 0.0327
11. 10+ years 0.0350 0.0053 0.0238 0.0444 -0.0167 0.0043 -0.0341 -0.0015
Coefficient on lagged experience for job that lasted:

12. Up to 1 year 0.0009 0.0012 -0.0015 0.0033 -0.0055 0.0008 -0.0082 -0.0023
13. 2 to 5 years -0.0007 0.0016 -0.0038 0.0024 -0.0031 0.0010 -0.0071 0.0005
14. 6 to 10 years 0.0007 0.0030 -0.0049 0.0060 0.0016 0.0018 -0.0053  0.0085
15. 10+ years -0.0090 0.0029 -0.0150 -0.0035 0.0060 0.0021 -0.0017 0.0139

Participation equation
16. Lagged mobility 0.5295 0.1258 0.3043 0.7836  0.2041 0.0249 0.1008 0.2945
17. Lagged participation 1.7349 0.0660 1.5999 1.8530 0.5192 0.0090 0.4845 0.5557
Mobility equation
18.  Seniority -0.0812 0.0115 -0.1007 -0.0605 -0.0315 0.0089 -0.0603 0.0018
19. Sen. squared 0.0018 0.0003 0.0011 0.0024 0.0018 0.0004 0.0003 0.0032
20. Lagged mobility -0.7190 0.0738 -0.8544 -0.5807 0.0150 0.0509 -0.1753 0.2228
Variance-covariance elements

Individual effects:

2L Pyome -0.1020 0.1146 -0.2589  0.1067 0.0254 0.0245 -0.0472 0.0771
22, Pyoy 0.7548 0.0566 0.6525 0.8747 0.1458 0.0285 0.0742  0.2000
23, pPyow 0.3447 0.0351 0.2732 0.4142 0.0596 0.0357 -0.0066 0.1485
24, Pyom 0.0278 0.2007 -0.2908 0.2281 0.0206 0.0193 -0.0414 0.0632
25, Py 0.1972 0.0746 0.0260 0.2971  0.0087 0.0229 -0.0653  0.0545
26.  Prow 0.0646 0.0505 -0.0061 0.1794 0.0407 0.0301 -0.0079 0.1382
27 Prmem -0.0573 0.1666 -0.2619 0.2194 -0.0312 0.0236 -0.0865 0.0281
28. Pyu 0.2958 0.0282 0.2292 0.3560 0.2538 0.0369 0.1737 0.3272
29. pym -0.2100 0.1053 -0.3832 -0.0429 -0.0677 0.0185 -0.1291 -0.0241
30.  Pum -0.2744 0.0799 -0.4083 -0.1348 -0.1578 0.0282 -0.2188 -0.1027
Idiosyncratic terms:

31. o2 0.2448 0.0064 0.2331 0.2539 0.2669 0.0024 0.2591  0.2765
32, pyw -0.0055 0.0074 -0.0185 0.0072 -0.0595 0.0133 -0.1085  0.0000
33, Pym 0.0029 0.0077 -0.0117 0.0160 0.1455 0.0573 -0.0299 0.3588
4. Pum -0.0346 0.0072 -0.0497 -0.0183 0.0171 0.0160 -0.0436 0.0677




Table 7: Cumulative and Marginal Returns to Experience and Seniority
for the United States and France

Cumulative Marginal
Country and Group Years Years
5 10 15 5 10 15
Panel A: Return to Experience
United States:
1. High school dropouts 0.101 0.246  0.472 | 2.661 1.959 1.256
(0.005) (0.012) (0.022) | (0.286) (0.248) (0.215)
2. College graduates 0.256  0.446  0.567 | 4.455  3.109 1.763
(0.015) (0.029) (0.040) | (0.285) (0.253) (0.231)
France:
3. High school dropouts 0.240  0.458  0.652 | 4.575  4.112  3.648
(0.017) (0.031) (0.045) | (0.314) (0.285) (0.265)
4. College graduates 0.249 0459 0.630 |4.587 3.808  3.030
(0.016) (0.030) (0.042) | (0.303) (0.263) (0.241)
Panel B: Return to Seniority
United States:
5. High school dropouts 0.266 0.347  0.392 4.721 4.314 3.906
(0.029) (0.040) (0.050) | (0.216) (0.169) (0.156)
6. College graduates 0.236  0.449  0.637 |4.485  4.001 3.517
(0.014) (0.025) (0.034) | (0.247) (0.209) (0.205)
France:
7. High school dropouts 0.006  -0.002 -0.025 |-0.021 -0.307 -0.594
(0.014) (0.027) (0.039) | (0.269) (0.257) (0.267)
8. College graduates 0.122  0.225  0.307 | 2.245 1.849 1.453
(0.012) (0.023) (0.031) | (0.225) (0.199) (0.207)




Table 8: Comparison of Alternative Estimates of the Return to Seniority

United States

France

High school | College High school | College
dropouts graduates | dropouts graduates
Instrumental variable (Altonji-Williams):
Linear tenure 0.046 0.037 -0.004 -0.001
(0.006) (0.006) (0.003) (0.003)
Linear experience 0.055 0.058 0.036 0.051
(0.011) (0.014) (0.004) (0.004)
Cumulative returns to tenure:
2 years 0.062 0.043 -0.008 -0.002
(0.010) (0.008) (0.005) (0.007)
5 years 0.112 0.078 -0.020 -0.005
(0.017) (0.014) (0.014) (0.017)
10 years 0.131 0.092 -0.042 -0.013
(0.019) (0.015) (0.029) (0.035)
15 years 0.131 0.090 -0.064 -0.022
(0.018) (0.016) (0.046) (0.056)
20 years 0.146 0.099 -0.088 -0.034
(0.019) (0.020) (0.066) (0.080)
Ordinary least-squares:
Linear tenure 0.058 0.040 0.001 0.021
(0.006) (0.005) (0.002) (0.002)
Linear experience 0.059 0.059 0.037 0.039
(0.010) (0.008) (0.003) (0.004)
Cumulative returns to tenure:
2 years 0.099 0.068 0.003 0.041
(0.009) (0.007) (0.004) (0.005)
5 years 0.197 0.136 0.013 0.096
(0.015) (0.012) (0.009) (0.012)
10 years 0.273 0.189 0.042 0.171
(0.016) (0.013) (0.020) (0.026)
15 years 0.300 0.208 0.087 0.226
(0.017) (0.015) (0.032) (0.041)
20 years 0.328 0.223 0.147 0.260
(0.017) (0.018) (0.046) (0.059)
Our model:
Linear tenure 0.052 0.052 0.003 0.026
(0.003) (0.003) (0.003) (0.003)
Linear experience 0.028 0.058 0.050 0.054
(0.003) (0.003) (0.004) (0.004)




Figure 1: Wage Profile as a Function of Tenure (in days) and o
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Figure 1: (Continued)
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