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Abstract

Recent work using linked employer—employee data has shown, among
other results, that person and ..rm heterogeneity in wages each explain
about half of inter-industry wage dizerentials. One puzzling feature of
this decomposition is the pattern of correlations: intra-industry cor-
relation between ..rm and worker erects is often negative, while it is
always positive at the inter-industry level. No extant theory can ex-
plain this combination of results. We investigate a tractable parametric
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structural economic model of unobserved heterogeneity among workers
and ..rms. The model is estimated using aggregate moments derived
from least squares estimates of the underlying person and ..rm ezects.
Keywords: Inter-industry wage dizerentials, ..rm-size wage diceren-
tials, linked employer-employee data.
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1 Motivation

The persistence of inter-industry and ..rm-size wage dixerences has been
widely documented in the empirical literature.® Using linked longitudinal
employer—employee data (as documented by Abowd and Kramarz (1999a,b))
researchers have been able to study these dicerences at the ..rm and em-
ployee levels. Following Abowd et al. (1999b), wages can be decomposed
into a worker ecect (in turn, with both explained and unexplained com-
ponents) and a ..rm exect. Abowd et al. (2001) and Abowd and Kramarz
(2000) have show the relative importance of each of those eaects on wages:
individual and ..rm heterogeneity in wages each explain about half of the
inter-industry wage dicerentials. A puzzle has surfaced from these studies:
worker ezects and ..rm exects are negatively and signi..cantly correlated at
the intra-industry level, while they are positively correlated at the inter-
industry level.

Hence, it appears that workers with a large person ecect are attracted
to or selected by industries with high average ..rm ewcects; however, inside
each industry the workers with high person ecects are selected by ..rms
with low ..rm exects.? The di¢culty may lie in the abstract nature of the
..rm eaect. Unobserved worker heterogeneity might still be observed by the
workers and ..rms and, hence, compensated in the labor market in the same
manner as observable heterogeneity among workers. Firm-level heterogene-
ity in wages is more di€cult to explain with classical pro..t maximization.
The estimated ..rm eaects might, then, be due to sorting by comparative ad-
vantage in the labor market (see Roy (1951), Heckman and Sedlacek (1985,
1990), Heckman and Honoré (1990)). The sorting induced by comparative
advantage converts personal heterogeneity into ..rm heterogeneity (literally,
task-speci..c productivity). Hence, the observed correlations between person
and ..rm ezects might be due to a statistical artifact in the estimation: if
there are not independent sources of personal and ..rm heterogeneity the
distinction between the two types of statistical ecects is arbitrary.

To shed some light on this problem, we will consider a relatively simple
model with two true sources of heterogeneity: underlying productivity dif-
ferences among the workers and technological variation within and between

'Krueger and Summers (1987, 1988) for example.
2All of these statements control for observable personal characteristics.



industries. We parameterize the model so that the structural relation be-
tween the distributions of heterogeneity (induced by optimal sorting of the
workers and optimal adoption of technology) is directly related to the sta-
tistical moments that arise when one estimates the components of wage rate
heterogeneity directly by least squares. Thus, the underlying parameters
can be estimated from the observed moments of the person and ..rm exects
between and within industries. Our model of worker heterogeneity is in the
same spirit as Gibbons and Katz (1992), where true productivity is unob-
served by the ..rm but a sorting equilibrium fully reveals the dixerences.
Firm heterogeneity arises from dicerences in production functions that im-
ply dicerences in optimal hiring patterns and systematic wage dicerences,
which we model using two dicerent kinds of incentive contracts (in the spirit
of Paarsch and Shearer (2000)).

We proceed as follows: in section 2 we develop the exact statistical for-
mulas for the estimation of worker and ..rm excects in a multi-sector economy.
In section 3 we propose a model of wage setting, incorporating both incentive
wage and e€ciency wage characteristics, that can be expressed completely
in the statistical framework of section 2. In section 4 we develop the nec-
essary statistical tools, relegating most of the derivations to the appendix.
Section 5 presents the results and the last section concludes.

2 A Puzzle: Good Workers in Bad Firms

Consider the following equation:
IOgWi;t = Xi;t_ + Ui +AgroupJ(i;t) + it @

where wij.t denotes the annualized total labor cost for worker i at date t,
Xit denotes time-varying observed characteristics for person i, | denotes
a person ecect, Agroup JG:v denotes a .rm eaect, groupJ (i; t) denotes the
employing ..rm for worker i at date t, and "j a statistical residual that is
assumed to be orthogonal to the other components of equation (1). There
are no restrictions on the covariance structure of the design of the observed
characteristics, the worker eaects and the ..rm ezects.

The literature has generally associated pj with unobserved personal char-
acteristics and Agroupj(i;t) with the ..rm-speci..c compensation policy (how-
ever, see Abowd and Kramarz (1999a) for a discussion). Using this per-
spective, a high-wage worker is one with | greater than average and a
high-wage ..rm is one with Agroup J(i:n) greater than average. The estimated
components have no direct structural interpretation; however, when we use
the terms high-wage and low-wage worker/..rm in reference to the egects in
equation (1) because they are directly measured.

Abowd et al. (1999b) estimated an approximation to the linear model
using French data, whereas Abowd et al. (1999a) estimated the same model



using data source for the State of Washington. Recently, Abowd et al. (2002)
estimated the exact least squares solution for this problem using the original
French and Washington data and ALM-2002 estimate this model with data
from the LEHD program at the US Census Bureau. In this article we will
use results from AKLR-2002, which are based on updated French data and
American data from the LEHD Program at the US Census (citations...).

Table 1 shows the decomposition the components of equation (1) for
France and the United States. The row labeled “total” show the indicated
statistic computed using all of the available observations. The row labeled
“between” shows the same statistic but computed between 2-digit industrial
sectors (95 for France, 81 for the US), weighting each sector by the num-
ber of observations in that industry. The row labeled “within” shows the
statistics computed within each sector then averaged using the same sector-
level weights as the*between” row. Two striking features of this table are:
the strong positive correlation of worker and ..rm ecects across sectors (ex-
pected if workers sort themselves across industries), and the strong negative
correlation within sectors (for France) of these two exects. The average
within-sector correlation is zero in the US; however, this masks considerable
sectoral heterogeneity. In France, the within sector correlation between the
person and ..rm egects from equation (1) is consistently negative. In the
US, the average and (weighted) median are both approximately zero; how-
ever, as Figure 1 shows, there are many sectors in US where the correlation
within-sector is negative.

A positive correlation between estimated person and ..rm exects at the
level of industrial sectors is consistent with sorting of the workers by com-
parative advantage (Roy (1951), ?Heckman and Honoré (1990)). In this
interpretation, there is only one source of heterogeneity in the wage rate be-
cause the workers whose underlying productivity gives them a comparative
advantage at certain technologies are sorted to the ..rms that use this tech-
nology. Variation in technology within sector and between sectors produces
the same positive correlation. One the other hand, negative correlation be-
tween person and ..rm exects within sector cannot be readily reconciled with
the Roy model of worker selection .

3 A Simple Theoretical Example

In this section we develop a simple model of sorting based on
comparative advantage. Such models imply that the underlying
person and ..rm exects in wage rates are perfectly correlated.

We start from a simpli..ed version of the marriage market model, as
presented in Becker (1973), applied to a production environment. Let us
assume that worker i is endowed with quality g; and that ..rm j is endowed



with productive characteristics represented by an index gj, so that the pro-
duction derived from the match is Yi; = £(gi;q;). In the simplest framework,
assuming that output is increasing in both arguments, Becker (1973, p. 826)
shows that positive assortive mating is optimal if

0%y _ 0
@di@q;

In particular, assuming that production is Cobb-Douglas, and that the out-
side options of the workers and the ..rms are normalized to zero, and that
the wage paid is a ..xed fraction of output, we can write

logwij =° +®logqi + logg;: )

In this setting our estimating equation (1) is structurally similar to (2). The
resulting estimates would deliver structural estimates of workers’ qualities
and ..rms productive characteristics. In addition, because of the positive
assortive mating, the resulting correlation between the estimated person
and ..rm ewxects would be positive (and large). Furthermore, this property
would be true at every level of the economy, e.g. both between and within
sectors, or between and within occupations. This property holds in other
assignment models (Sattinger 1975, Teulings 1995, Shimer 2002).

4 General Formulas for Worker and Firm Egects

In this section we show how we can derive worker and ..rm ecect
in an economy with only two types of workers and a continuum
of ..rms dizering by size and production technology.

Let the economy consist of two types of workers. This is not as limiting
as it sounds, for it may only represent an heterogeneity inside a particular
class of workers, i.e., once we consider eaects net of observables.

The economy is divided in a ..nite number K of industries. The workers
are hired by a continuum of ..rms, indexed by the share x of type 1 workers
each ..rm hires, the size t of the ..rm, and the industry k. In industry k,
there is a mass (density) 1 (Xx;t) of ..rms of type (k;Xx;1t).

We omit from what follows the k index except when it is necessary. The

economy as a whole is represented by the space — = f—q;:::; —gg with
-k =[0; 1] £R™, the space de..niRg each industry. There is a quantity (or
number) J = _ dtof ..rms, Jx = . d1, in each industry. Firm (x; t) hires

t of type 1 workers, and (1 j X)t of type 2. We write _ xtd1(x;t) =M and

_(@ § x)tdr(x;t) = N so that there are M + N workers in the economy.
Type 1 workers earn w(x;t;K) in ..rm (x;t) in industry k while type 2 earn
u(x; t; k); the wage only depends on the industry, the share of type 1 workers,
and the size of the ..rm.



As in Abowd et al. (1999b) (henceforth AKM99) we write the individual
wage in each period of time as the sum of a person ecect and a ..rm ecect.
INWiGine =i+ Ajin + i)

However we consider here only the limiting (and purely theoretical) case
where the number of time periods goes to in..nity and the workers visit er-
godically all ..rms and all industries. This frees us from the identi..cation
problem discussed in detail in the above paper. Moreover, the exects esti-
mated in AKM99 would converge in probability to the theoretical values we
show below.

In this case, even though the type of the worker is not directly known
by the econometrician, observing the workers jump from job to job provides
enough information to be able to reduce the problem to the following. Find
W, U (worker ecects) and A(k; x;t) (..rm egect in industry k for a ..rm of
size chiring a proportion x of type 1 workers) that solve

h i
min - xtWt) i Wi AGGD)"+ (@i tueat) i Ui AGD)® di0cD):
This is equivalent to minimizing the sum of squared residuals in ordinary
least squares. The solutions to this problem are unique up to a constant.
We show that:

Theorem 1. Under integrability assumptions on w and u, the solutions are
of the type

_ i XL i xwxit)

o x(@ixt = ©)

_ X1 i x)tu(x;t) o
U=—= x(1 § X)t T @
A(x;t) = x(W(x; 1) § W) + (1§ x)(u(xt) jU) jo ®)

where the integrals are all taken on — with respect to the measure 1, and ©
is an arbitrary constant (we will set @ =0 in the rest of the paper).

Proof. Set U =0 for the time beipg, ag the solgtions are only identi..ed up
to a constant. Let us write J(W; A) = _W(W; A)(x; t) d1(x;t). J is de..ned
on REL2(—; %), and may take the value +1. It is clear that % is convex in
its two arguments (as sum of two squares); hence J is also convex, and can
be show to be strictly convex if w(x;t) j u(x;t) is not a constant. Hence
it has a unique minimum under this assumption, characterized by the ..rst

order constraints 7

Xtwx;t) i W j A(x;1)dr(xt)=0  (6)
. _
xt(WOt) § Wi AQG ) + (1§ )tuet) i AGt) =0  (7)



Hence W = R Xtw i A)dlzR xtdB and A = x(w § W) + (1 i X)u.
Replacing A by this last value in gquation  and simgplifying with the fact
that xt=Mij x(1jix)tand x?tw= xtwij x(1iX)w provesthe
theorem. (|

Remark 2 (Some special cases). If all ..rms hire the same number of both
types of workers, the distribution 1 for all k is +;-,.,, a Dirac distribution
of ..ITpS of equal sizelgnd same number of type 1 workers. This leads to
W =", wR, U= uc=k, A =3(wk i W+ ug j &), where w is the
wage in industry K.

The case where the distribution  has all mass int at t = 2 and w(x;t) =
u(x;t) ++ leads to W = U +# and A(x;t) = u(x) j U.

We de..ne the ..rm-employee exects covariances cov(ﬁ; A) as

R - R R .
(xtw +(1Ri XtUAX; ) dE  (xtW +R(1 i )tu)dr AR(X; t)dr
td1 ! td® td1

©))

For total covariance the integrals are taken over —, for within-sector covari-
ance over —, for all k, and the between-sector covariance is the discrete
covariance between the means (i.e. integrals) on the —,. Total covariance is
as usual the sum of between-sector and within-sector covariances.

5 AN Economic Model

In this section we build a very simple model of production that
can allow for positive or negative correlations.

5.1 Setup and equilibrium

We consider an economy with a continuum of ..rms indexed by j in an
arbitrary space. Each ..rm must ..Il two types of jobs (1 and 2) to be
able to produce a unique good of price p. Firms dizcer by their production
function, which exogenously ..xes the size of the ..rm and the amount of a
..xed production factor. Thus they will hire dicerent quantities of workers
in each type of jobs.

Fj(Kj; Ngj; N2j) = min (aKjNgj; b (Kj) N2j) ;

where K; is the exogenously ..xed production factor speci...c to each ..rm (we
could think of it as some sort of capital, or as some history-dependent pro-
duction structure), b (K;j) is the (possibly sector dependent) productivity
of jobs of type 2. The size of each ..rm is ..xed to Nj.

The production in each job is separable from the production of all other
jobs. The ..rm ozers two types of contracts corresponding to the two tech-
niques of production: incentive and ..xed wages.



In the ..rst type of contract workers are paid an incentive wage wi. In
the second type of contract workers are paid a ..xed wage w». The ..rst type
of contract—incentive pay—is used to compensate workers in type 1 jobs;
the second type of contract—..xed pay—is used to compensate workers in
type 2 jobs.

In the economy, there are two types of workers as in the previous section,
endowed with a cost of ecort -1 and -2 > -1. This type is known to the
worker but not to the ..rm. Firms post a number of contracts for each type
of job; workers apply to one job in one ..rm. We will look for the equilibria
of the underlying game that have the following properties:

2 type 1 workers apply to type 1 jobs;
2 type 2 workers apply to type 2 jobs;
2 .rms maximize pro..ts given workers’ behavior.

The utility of a worker of type i ina ..rm j with wage w depends on the
amount of extra exort e she exerts above the minimum amount of ecort &
enforceable by the ..rm:

Ui(w;e) =w j & j %-ie2
where 1 is the utility cost of work for minimum eaort.®> Workers are risk
neutral, and have an outside opportunity worth u in utility units. Workers in
a ..xed wage job will only produce the amount corresponding to the minimum
exort level &, and thus will be willing to work for any wage greater than
U+ 18

Workers in an incentive pay job optimally choose their ecort level ac-
cording to the piece rate ®. Productivity in the job is a random variable
Y% with mean *; and second moment 3/412, observed after the contracts have
been signed but before production occurs. The optimal ecort is therefore
e = ®Y%=-j, expected output is ;& + ®%JZ:-i and expected utility of a type
i worker in type 1 job is

32
Uin = ®1é+®22—/:41 ité
"1

Workers in a ..xed pay job only work the minimum ecort level & and are
paid &+ 1&. It is possible for & to depend on both the sector and the capital
of the ..rm.

Assumption 1. The minimum ecort & in type 1 jobs does not depend on
the ..rm’s capital Kj (but it may be industry dependent), while in type 2
jobs & (K;) is increasing in the ..rm’s capital for type 2 jobs, inside each
sector k.

3We follow Paarsch and Shearer (2000) for the description of the utility function.



Assumption 2. The pro..t that the ..rm extracts from a type 1 job is de-
creasing in the piece rate ®, for all values of ® such that the employee receives
at least her reservation utility.

This ensures the fact that ® will be chosen so that the utility of type 1
workers in type 1 jobs is the reservation utility, and hence is constant in
each industry. This is not a strong constraint since the pro..t is a concave
parabola attaining its maximum at p=2 j 1ék(Kj)'i:%J2.

Theorem 3. Under assumptions 1 and 2, type 2 workers will choose the
..xed wage job and will be indicerent between all ..rms; type 1 workers will
choose incentive pay jobs and will also be indicerent between all ..rms. Firms
maximize pro..t for each type job.

Proof. By assumption 2, the ..rm sets ® so that U;.;; =T. But U1 < Uj
for a given ®, since -1 < -,. Thus type 2 workers will not choose a type
1 job because they would receive a lower utility, while type 1 workers are
indizerent between the two types of jobs (we could always set Uy.y =T +
" > 1T > Uy so that type 1 workers strictly prefer type 1 jobs). Notice
that, since Up:1 is increasing in ®, this is the minimal value accepted by
the workers. Firms’ pro..t on type 2 jobs is decreasing in the wage wz, SO
pro..t is maximized for the minimal value of w, accepted by the workers, i.e.
U+ & (K;j). O

Assumption 3. The elasticity of productivity in the second type of job is
less than 1, i.e. b (K)K=b(K) <1, for all K.

Theorem 4. Under assumptions 1, 2 and 3, under the constraint that K;
and Nj are exogenously ..xed, the ..rm’s choice of Ny; is decreasing in Kj
while ..rm’s choice of Ny is increasing in Kj.

Proof. Due to the Leontiea speci..cation of the output function, maximizing

) b (KN aKjNj e

output per worker leads to Nyj = aK; b (Ky) and Npj = e +b‘60(2<1)) Dif
.. . o @Nz. _ Njabk (Kj) KDKj

ferentiating with respect to Kj gives 0K; — (@K +be(K; )2 1i be(K;)

which is negative by assumption 3. The derivative of Nij with respect to K;
is the opposite of the derivative of N2j above, which concludes our proof. [l

Notice that —L in each industry is independent of Nj, and is decreasing
in Kj. Therefore we can invert this relationship and write Kj as a function

of x ~ %‘ (as in section 2), and use t ~ N;
J
Main results

2 Wage for type 1 workers is constant in each sector, potentially dicerent
across sectors.



2 Wage for type 2 workers is decreasing in the share of good workers, by
assumption 3.

2 Firms can be indexed by the pair consisting of the share of type 1
workers and the size of the ..rm; if we assume these to be drawn from
a bivariate distribution, we may use the results of section 2.

5.2 Covariances induced by a simpler model

We interpret the previous results in the terms used in section 2, with a
simplifying assumption on the distribution of (Xx; t).

We assume in this subsection that given x there is only one size of ..rm
in each industry. Thus we can use X as the index of ..rms in this economy,
and write t = ¢ k(X). If ¢ is increasing, then inside each industry Nix (type
1 workers in ..rm X) increases with x, whereas Nax decreases.

Lemma 5. Inside each industry, the total person ecect for each ..rm (xXtW +
(1 § X)tU in the notations of section 2) will be increasing in X.

The shape of the ..rm ewgect is ambiguous. Under the assumptions
1 through 3, the ..rm ecect will be decreasing inside each sector if (1 j
X)¢ (X)(u(x) i U) is decreasing (in the notations of the ..rst section). This
holds if (1 j x)¢ (X) is not too decreasing.

Lemma 6. Inside each sector, the ..rm egect can be decreasing in X.

These lemmas show that the covariance between ..rm and person ecects
inside each sector can be negative (the ..rm exect is decreasing in X while
the person ewmect is increasing in x). Thus within-industry correlations can
be negative in this model, provided some assumptions on capital, minimum
ecort and size of the ..rm hold.

The between-industry correlation is governed by the mean in each sector
of the person and the ..rm ecect. If sectors are ranked by mean size of ..rms,
then it is possible for the mean person ecect to increase with the mean size
of the ..rm, while the mean ..rm exect is increasing, for example if by (K,)
is increasing with k.

6 Estimating the Model

This section presents a parameterization of the wages and the
distribution of ..rms in the economy.

We draw on the implied structure of wages from section 3 and on the
..rm and worker ecects from section 2.

10



6.1 Parametric setup

In the notations of section 1, we assume the following speci..cation:

Wage type 1 w(x;t;k) =w,, the wage is constant in each industry (K)

Wage type 2 u(X;t; K) = ugk +UuyX + Uy logt+ uzxlogt (4K)
We expect u; < 0 from the incentive argument and u, > 0 from the
results on ..rm-size wage dicerentials.

Distribution of ..rm sizes is assumed to be log-normal in each sector,
f(tjk) = log-normal(®; %2) (2K)

Distribution of share of type 1 workers conditional on ..rm size is a
Beta distribution with parameters depending on the size of the ..rm,
sector varying; f(xjt; k) = Beta(pk(t); gk(t)) with pk(t) = pok + pikt,

0k (t) = Gok + qakt (4K)
Sector sizes in number of ..rms, J|RF{or all k The size of each sector in
terms of workers is given by Jx  tF () F(xjt) dxdt. (K)

The total number of unknown pagameters is therefore 12K. Identi..able
parameters: 12K j 1, since only Jk= o Jwe is identi..ed.

The measure 1 used in section 2 would therefore be 1 (x; t) = Jk F (tjk)f (Xjt; K).
Formulas for the log-normal and the beta densities are given in appendix
Al

We will use the following moments to ..t the parameters:

Intra-industry variances and covariances of ..rmand person ezects (3K)

Intra-industry variances and covariances by size of ..rm (BKT)
if we partition ..rms in T categories according to size.

Total moments available: 3(T + 1)K. Therefore we must have T _ 3 to
be able to identify the parameters.

6.2 Correlation formulas

Given this parametric structure, we can construct the function & : R12K ¥
R¥T*DK that, given the parameters (Wi; Ujk; Jk; Lx; ¥; pj; 0j) 2 R2K, cal-
culates the covariances and variances of the underlying model. By asymp-
totic least squares we will therefore be able to ..nd the parameters that best
..t the observed moments.

We will show ..rst that all the double integrals appearing in section 2
can be simpli..ed to simple integrals, and that all covariances can be written
as simple functions of a ..nite number of simple integrals.

11



RR
De..nition 7. We write S(g(X; T)jk) the integral e g(x; HF (H)F(xjt) dxdt
for arbitrary integrable g.

Theorem 8. Any integral of the type S(X'g(T)jk) can be calculated as a
simple integral; we have

zz y N
SNk~ XgOFOF (1) dxdt = R+g(t)Bg)((gt_)F;:1’((1)(;))f(tjk)dt:
) ©)
Proof.
Z7z . ) Z ) Z 1ka(t)+iil(1 i X)qk(t)il
_kxg(t)f(t)f(XJt)dxdt—ZRg(t)f(tjk) 0 B0 o X
_ . B(pk(t) +1; qe(t))
" e 0T T @700
_ BEk(t) +i;qk (), ..
= OB @) Tkt
(|

Since B(p + 1;q9) = ==B(p; q) and B(p; q) = B(q;p) the ratios of the

P+
i i ion B+ — _pE+ADE(p+ifl)
beta functions has an explicit expression =g " = ot raria 0

Setting y = logt the integral is fairly easy to calculate numerically, since
eYf(eY) is gaussian, p(e¥) = po + p;e¥ and q(e¥) = qp +qqeY.
YA M 11

S(X'TI(log TY"jk) = &¥(log T)"R(y; DA y;:k Yoo
R 4]

with R(y; i) a rational fraction in &/, R(y; i) ~ —&%

6.2.1 The person ecects

RR
We show that ~ x(1 i X)t(6)F(x; t) dxdt, with () equal to w(x;t), u(x;t)
and 1, are written as sums of SCX'TJjk) terms.

We have
zZ >~ 2z
x(1 i X)tw(x;t)f (x;t) dxdt = Jk X(1 i X)tw(x; t; k) f (xjt)F(t) dxdt
K
x 'Z Z 1 s
= Wi Jk tF(t;k)  x(1 j X)F(xjt) dx dt (1)
R+ 0
= WikkS[X@A i X)TjK] (12)
k £ o
= wJk SCXTJK) i SCX2Tjk) (13)
K

12



and

zZ >
X(1 j X)tf(x; t)dxdt = JKS[X(1 § X)TjK] (14)
k £ o}
= Jk S(XTjK) i SCX?Tjk) (15)
k

Thus W is the between-gector mean of the wages of type 1 workers,
weighed across sectors by Jx S(XTjK) i S(X°TjK) .
For the workers of type 2 we have

X(1 § X)tu(x; t)F(x; t) dxdt
YA
= Ji X(1 § X)t(ugk + UgyX + Uy log t + ug xlogt)f (xjt)f (t) dxdt
k
_ < uoS(XT) +upS(XT log T) § usS(X®T) j usS(X°T log T)

k"k +(Us T U)SOET) + (Us § U)SOKT logT)

where we have dropped the  indices for simplicity.

6.2.2 Firm ecects
Firm ecects are given by the formula
Al t k) = x(w(x £ K) § W) + (1§ XUt k) § U) (16)
=x(wWk i W)+ @ i X)(Uok i U+ uikX+ uxlogt +usxlogt)
=Ugk 1 U+ Wk +U i W+ Ug i Ug)X i UX®
+ uk logt+ (Uak i Uxk)xlogt j uax?logt (17)

6.2.3 Variances and covariances

The total worker ecect in a ..rm (X; t) is equal to

HOGT) = tum (X 1) = xtW + (1 § X)tU (18)
Since i xtf (x;t) dxdt = M and RR(1 i X)tF (x;t) dxdt = N, we have
1S __ 1 : :
H= ST) - M+N n(x; O F(x; t) dxdt
1 (19)
ZZ= M+ N (MW +NU)
var j = (XtW2 + (1 § X)tUS)F(xt) dxdt § ()2
M +N ! ! 20)
__MN iy
=M+ N)Z(W i : .
var(uiigy = S0 7y 5 STy )2 (21)

S(Tjiky  ~ ' S(Tjk)
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The mean ..rm egect, as weighed by the size of each ..rm, is

A= S(TA)
S(T)
A sl
X 1
= JKS(Tjk) ¢
k H - qa
XJS (Ugk T U)T + (W +U § W + Uy i Ug)XT K-
. K i U X 2T +uyTlog T + (Ugk i Uk )XT log T ug X2T log T
The variance is equal to
A L
X 1
varA = JkS(Tjk) IS(TA?K) § (B (22)
K k

and its full formula is given in the appendix A.3.
The covariances are de..ned as

cov(y; Ajk) = lek) Wkt i S(Hik)) A 1) 1 S(AJK)F () F (1) dxat

but again the formula for the cross product is in the appendix.

7 Estimation

7.1 The Data

We use data from the Déclarations annuelles des donnés sociales (DADS),
a 1/25th sample of the French work force with information from 1976-1996,
and data from the Longitudinal Employer-Household Dynamics Program
(LEHD), universe data for four large American states with information from
1990-2000.

The person and ..rm ecects in equation (1) were estimated using the pro-
cedure described in ACK 2002, an exact least squares solution that calculates
all identi..able person and ..rm ecects by ..xed-eaect methods. Data from
both sources were then aggregated using the same procedure. Observations
were categorized into 2-digit industry groups (2-digit 1987 SIC for the US,

NAP-100 for France). The ..rst four moments of the pair ui;Agroup J(ict)
were calculated within and between these industry groups. The structural
model was ..t to the ..rst two moments. The third and fourth moments are
used for standard error calculations.

7.2 The Procedure

We are thus left with the problem of estimating 12K j 1 parameters by
.tting a function that needs the evaluation of 19 numerical integrals, not

14



infeasible but computationally intensive. The following simpli..cations are
made:

2 the parameters of the distribution of ..rms’ sizes are estimated on the
observed distribution of sizes on a given year (1989 ?), as well as the
number of ..rms in each sector (that is to say, 1, %2 and Ji are ..tted);

2 as a ..rst step the integrals are evaluated by Gauss-Legendre quadra-
ture; once convergence has been attained, the process is started again
with Simpson-type integration;

We implement the minimization by standard non-linear least square rou-
tines.

7.3 The Results

In each industry there is a distribution of wages and of ..rm structures (u
and x). To sum up this information we calculate the mean of these two
variables in each size category, for all industries. This is done as follows:

RR

op IXF (X; 1) dxdt

RR tf (x; t) dxdt
L(x; DF(X; t) dxdt
Tt (x; t) dxdt

X

Thus % is the average number of type 1 workers, and & is the potential
mean wage of type 2 workers. Other measures are possible, for instance

A0 § U (x;t) dxdt.
i TOc) dxdt the actual mean wage of type 2 workers.

7.3.1 Analyzing the Results

Regression analysis, explaining & as a function of size, %, industry dummies.

Dicerent results for France and the States. Importance of weighting each
industry by the number of persons.

Table 2: distribution of parameters in France

Table 3: distribution of parameters in the US

Figure 2: Fit of model for France with large industries only

Figure 3: Fit of model for France with all industries

Figure 4: Fit of model for US with large industries only

Figure 5: Fit of model for US with all industries

7.3.2 Discussion of the results

[..nite sample bias]
Problem: with reduced mobility, downward bias on the correlation be-
tween ..rm and worker exects.

15



Intuition of bias.

X
Wit = ®; + " 3¢50 + it = ®j + i+ i
i=1
Model within persons:
X3 -
Wit =Wit i Wie = 75 Hed e el Ve
j=1
= (ee)ftehw
X
® = wii Ajijm
i=1
Xi . ¢ . .
®i i® =i R Ty EHet e
j=1

cov®i; "ycin) = Cov(®i; Tagin) +Ccov(®i i ®i Macy 1 T aciy)
+cov(®i i ®i; " 3¢ip) + COV®i; Ry T ")

Hyp: Second line is negligible (estimation error is orthogonal to true value).

0] 1
) Xi L - A
cov(® i ®i; i V) = jcov@ i T "—Ji¢+ i "o T "o
i=1
: ) C . . ¢
= igvar( i Ti) i Heov Ny TNy i T
i&jo
3P i ¢ .
with jo = J(i; t);because cov("it; *j, i "j,) = 0. Itispossible thatcov e, 7 i "j it Njo 0

is close to zero, in particular for workers who spend most of their dull and
unproductive lives in one ..rm (low mobility). Hence negative bias...
Questions:
Quantify bias using the observed mobility pattern in the data ?
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A Appendix

A.1 Distributions

Distributions: log-normal (*,%2)
K T
F() = Pm—lexp i==(ogt j 1)? (23)
- 2]/43742 t p 1 2%2 g 1

Beta (p,q)
XA g X))t i(p+0q)
B(p;a) i@i)

where B(p;q) is the beta function and f(x;t; k) = JkF(Xjt;K)F(t;K); Ik is
the size (in ..rms) of sector k.

fixj) = XL x)dit (24)

A.2 Exact formulas

We have the following equalities:

S(1jk) = 1
. %2
S(T7jK) = exp( + n?=E)
32
S(T 09 Tjk) = (3 + ¥) exp(® + &)

372
S(T(log TY2jK) = (A& + %& + 21, %2 + ¥it) exp(* + _“le)
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A.3 Variance and covariance of the ..rm and worker ecects

S(TA?jk) = S(T (U i uo)?
i2TXU ju)U § W jup+us +wp)
+TXZ(Ue® +us® +(U i W +wp)® +2u3(2U § W +Wp) i 2ug(U i W +2uy + W)
i 2TX3ur(U i W j Up + Uz +wp)
+TX*uf
+2T logT (§j U + up)uz
+2T X logT ((§U + up)uz +u2(2U § W j 2up +uy +wp))
+2TX?logT (u2(§jU +W +ug i 2u1 j wo) +us(2U § W j 2ug +uy + wp))
+2TX3log T (ur(uz i 2uz) + u3(iU +W +Up i Wo))
+2TX*log T uyug
+T (log T)? uz? + 2T X (log T)? ua( j Uz + U3)
+TX2(logT)? (u2? i 4uaus + us?)
+2T X3 (log T)? (u2 i Us)us
+TX* (log T)?us?jk)

S(UAJK) = S(T U (i U + wo)
+TX((i2U +W)ug+U QU j 2W + ug +Wp))
+TX2((U § Wup+ (§2U +W)ug i (U i W)U § W + wp))
+TX3(U §j W)us
+ TlogT Uusz
+TXlogT ((§2U +W)uz +Uuz)
+TX2?logT (U i W)uz + (§2U +W)us3)
+TX3logT (U j W)ugjk)
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B Appendix Results

B.1 Correlations in France

Table 1. Correlation between Firm and Worker Egects in
France

Correlation Industry name

-0.529 Reparations Diverses

-0.508 Boulangerie-Patisserie

-0.501 travail Mecanique du Bois

-0.499 Industrie de I’Ameublement

-0.479 Reparation et Commerce de I’Automobile

-0.453 Industrie du Cuir

-0.44 Ind. de Mise en Oeuvre du Batiment, et Genie Civil et Agricole
-0.437 Recuperation

-0.409 Commerce de Detail Non-Aliment. Specialise

-0.407 Production Materiaux de Construction et Ceramique
-0.403 Industrie Textile

-0.402 Industrie de I’Habillement

-0.397 Travail des Metaux

-0.392 Commerce de Detail Aliment. de Proximite ou Special.
-0.391 Industrie de la Chaussure

-0.387 Fabrication de Machines-Outils

-0.384 Industrie Laitiere

-0.377 Fab. d’Instruments, Materiels de Precision

-0.37 Fabrication de Machines Agricoles

-0.36 Production des Mineraux Divers

-0.357 Services Divers (Marchands)

-0.351 Commerce de Gros Inter-Industriel

-0.348 Sante (Services Marchands)

-0.347 Auxiliaires Financiers et d’Assurance

-0.344 Industrie de la Viande

-0.344 Commerce de Gros Alimentaire

-0.341 Transports Routiers, Transports Urbains, Tr. par Conduite
-0.338 Industries Diverses

-0.331 Industrie du Caoutchouc

-0.325 Hotels-Cafes-Restaurants

-0.32 Fabrication de Materiel de Manutention pour Mines, Siderurgie, Genie Civil
-0.313 Production d”Equipement Industriel

-0.31 Fonderie

-0.309 Recherche (Services Non-Marchands)

-0.309 Enseignement (Services Non-Marchands)

-0.308 Premiere Transformation de I’Acier
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Table 1: (continued)

Correlation Industry name

-0.303 Extraction, Preparation de Minerais de Fer

-0.294 Action Sociale (Services Marchands)

-0.29 Construction navale

-0.286 Industrie du Papier et du Carton

-0.285 Travail du Grain

-0.282 Location et Credit-Bail Immobiliers

-0.279 Transformation des Matieres Plastiques

-0.277 Commerce de Gros Non-Alimentaire

-0.272 Transports Maritmes, Navigation Cotiere

-0.269 Fabrication de Conserves

-0.269 Enseignement (Services Marchands)

-0.263 Recherche (Services Marchands)

-0.259 Location et Credit-Bail Mobiliers

-0.259 Imprimerie-Presse-Edition

-0.259 Commerce de Detail Non-Aliment. Non-Specialise
-0.256 Industrie des Fils et Fibres Arti..ciels et Synthetiques
-0.254 Services Recre. Cult., Sportifs (Non-Marchands)
-0.254 Fabrication de Produits Alimentaires Divers

-0.251 Industrie de I’Armement

-0.251 Fabrication de Materiel Electrique

-0.243 Fabrication d’Equipement Menager

-0.243 Activites Annexes des Transports et Entrepots
-0.237 Industrie du Verre

-0.236 Promoteurs et Societes Immobilieres

-0.233 Prevoyance et Securite Sociale

-0.232 Agriculture

-0.228 Parachimie

-0.227 Services Divers a la Collectivite (Non-Marchands)
-0.225 Navigation Interieure

-0.219 Fabrication de Materiel Electronique Menager et Prof.
-0.216 Action Sociale (Services Non-Marchands)

-0.206 Auxiliaures de Transport, Agences de Voyage

-0.202 Commerce de Detail d’Alimentation Generale de Grande Surface
-0.175 Construction de Vehicules Atumobiles et autres Mat. Transp. Terr.
-0.17 Transports Aeriens

-0.17 Intermediaires du Commerce

-0.166 Holdings

-0.157 Industrie Pharmaceutique

-0.157 Assurances

-0.143 Organismes Financiers
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Table 1: (continued)

Correlation Industry name

-0.141 Industrie Chimique de Base

-0.137 Construction Aeronautique

-0.136 Services Recreatifs, Culturels, Sportifs (Marchands)

-0.134 Distribution d’Eau et Chauzage Urbain

-0.121 Metallurgie, Premiere Transformation des Metaux Non-Ferreux
-0.115 Fabrication de Boissons et Alcools

-0.114 Production de Petrole et de Gaz Naturel

-0.113 Administration Generale

-0.112 Production et Distribution d’Electricite

-0.0805 Transformation du Tabac

-0.0802 Distribution de Gaz

-0.0799 Sante (Services Non-Marchands)

-0.0713 Fabrication de Machines de Bureau et de Materiel de Traitement Informatique
-0.0685 Siderurgie

-0.0668 Activites d’Etudes, Conseil, Assistance

-0.0601 Telecommunications et Postes

-0.0061 Production de Combustibles Mineraux Solides

0.00247 Extraction, Preparation Minerais Non-Ferreux

0.00294 Transports Ferroviaires
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Table 2: Correlation between Firm and Worker Egects in the
us

Correlation Industry name

-0.34 Private Households

-0.23 Transportation by Air

-0.184 89 777

-0.172 Administration Of Environmental Quality And Housing Programs
-0.157 Communications

-0.152 Coal Mining

-0.138 Agricultural Production

-0.135 Miscalleneous Repair Services

-0.134 Motor Freight Transportation and Warehousing

-0.13 Primary Metal Industries

-0.128 Pipelines, except Natural Gas

-0.124 Personal Services

-0.112 Apparel and Accessory Stores

-0.108 Public Finance, Taxation, And Monetary Policy

-0.102 Insurance Agents, Brokers and Services

-0.0994 Electric, Gas and Sanitary Services

-0.0992 Petroleum Re..ning and Related Industries

-0.0936 Fishing, Hunting, Trapping

-0.0935 Legal Services

-0.0914 National Security And International Acairs

-0.0849 Stone, Clay Glass and Concrete Products

-0.0799 Mining and Quarrying of Non-Metallic Minerals (except Fuel)
-0.0781 Miscalleneous Retail

-0.0778 Metal Mining

-0.0744 Building Construction General Contractors And Operative Builders
-0.0707 Educational Services

-0.0665 Eating and Drinking Places

-0.0572 Fabricated Metal Products, ex. Machinery and Transp. Egpt
-0.0566 Transportation Equipment

-0.052 Building Materials, Hardware, Garden Supply, And Mobile Home Dealers
-0.0515 U.S. Postal Services

-0.046 Justice, Public Order, And Safety

-0.0438 Autmotive Repair, Services and Parking

-0.0434 Home Furniture, Furnishings and Eqgpt Stores

-0.0428 Construction, Special Trade Contractors

-0.0345 Museums, Art Galleries and Botanical and Zoo. Gardens
-0.0327 Health Services

-0.0315 Membership Organizations

-0.0302 Heavy Construction other than Bldg Construction

-0.0204 Lumber and Wbod Products, except Furniture
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Table 2: (continued)

Correlation Industry name

-0.0189 Wholesale Trade, Durable Goods

-0.0166 Executive, Legislative, And General Government, Except Finance
-0.0162 Industrial and Commercial Machinery and Computer Eqpt
-0.0146 Food Stores

-0.0141 Transportation Services

-0.0111 Textile Mill Products

-0.00933 Amusement and Recreation Services

-0.00622 Real Estate
-0.00227 Printing, Publishing and Allied Industries

0.00203 Misc. Manufacturing Industries

0.00244 Food and Kindred Products

0.00287 Paper and Allied Products

0.00522 Administration Of Economic Programs

0.00757 Administration Of Human Resource Programs
0.00824 Insurance Carriers

0.00947 Furniture and Fixtures

0.0109 Forestry

0.0117 Wholesale Trade, Non-Durable Goods

0.0124 Automotive Dealers and Gasoline Service Stations
0.0155 Oil and Gas Extraction

0.0157 Social Services

0.0201 Depository Institutions

0.0202 Rubber and Misc. Plastic Products

0.0256 Agricultural Production Crops

0.0278 Non-Depository Credit Institutions

0.0293 Engineering, Accouting, Research, Management...
0.0323 General Merchanise Stores

0.0328 Leather and Leather Products

0.0375 Non-depository Credit Institutions

0.0408 Chemicals and Allied Products

0.0548 Hotels, Rooming Houses, Camping and Other Lodging Places
0.0602 Measuring, Analyzing and Controlling Instruments...
0.0683 Local and Suburban Transit and Interurban Highway...
0.0704 Holdings and Other Investment O ¢ces

0.0851 Motion Pictures

0.117 Agricultural Services

0.127 Tobacco Products

0.137 Apparel and other Finished Prod...

0.17 Electronic and Elect. Eqpt and Component ex. Computer Eqpt
0.211 Business Services
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Table 2: (continued)

Correlation Industry name

0.223 Railroad Transportation

25



