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Abstract

This paper estimates a wage equation that includes worker- and firm fixed effects
simultaneously, using a longitudinal matched employer-employee dataset covering
virtually all Portuguese employees over a little more than two-decades. The exercise
is performed under optimal conditions by using (a) data covering the whole
population of employees and (b) adequate econometric methods and algorithms. The
variation in log real hourly wages is then decomposed into six different components
related to worker and firm characteristics (either observed or unobserved) and a
residual component. It is found that worker heterogeneity is the most important source
of wage variation (46.2 percent), due in roughly equal parts to the unobserved
component (24.2 percent) and the observed component (22 percent). Firm effects are
less important overall (29.6%), although firms’ observed characteristics do play an
important role (14.8) in explaining wage differentials.

JEL Classification: J2, J41

Keywords:  worker fixed effects, firm fixed effects, decomposition of wage
variability, high-dimension matrices, wage policies, firm performance, labor force
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. Introduction

An important research theme in labor economics is why similar workers receive
different remuneration and why similar firms pay different wages. There are two
major approaches to explaining observed wage variability, one of which relies on the
supply-side determinants of wages (viz. workers’ characteristics) and the other on
demand-side factors (their employers’ characteristics). Empirically, the strength of
each explanation can only be assessed if the characteristics of firms and workers, both
observed and unobserved, are simultaneously accommodated in wage equation
estimates.

However, the requirements of any such decomposition exercise are daunting;
specifically, the availability of longitudinal datasets combining information on firms
and their employees (namely, matched employer-employee datasets with unique
identifiers for firms and workers) and the use of appropriate panel data econometric
techniques to estimate two fixed effects — worker- and firm fixed effects — in wage
equations. If either element is missing, it is impossible correctly to disentangle the
effects of employers’ decisions from the effects of choices made by workers in the
explanation of wage variability. Fortunately, panel datasets have become available in
recent years for many countries, while econometric tools (and computing capacity)
have also improved greatly. Taken in conjunction, all these ingredients — data,
econometric techniques, and computing facilities — have made it possible to bring new
information to bear in the empirical debate on (many aspects of) wage determinants.
In particular, in their pioneering work using a French longitudinal matched employer-
employee dataset, Abowd, Kramarz, and Margolis (1999) were the first to propose an
empirical framework for estimating worker and firm effects in wage equations. They
reported that worker characteristics explained the major part of wage differentials, of
inter-industry wage differentials, and of firm-size wage differentials.

In the present treatment, we use a longitudinal matched employer-employee
dataset covering virtually all employees in Portugal. Our dataset contains a total of a
little over 27 million observations, 1986-2006, drawn from 600,000 firms and 5.5
million workers. In estimating a wage equation that includes worker and firm effects,
we use a routine that was especially developed in STATA providing an exact solution
to the least squares problem that arises when dealing with very high dimension

matrices. To our knowledge, this exercise is performed for the first time under optimal



conditions; to repeat, universal coverage of the employed population and the use of
adequate econometric tools.

The plan of the paper is as follows. By way of motivation for worker and firm
fixed effects, respectively, some basic theoretical justifications for supply-side and
demand-side determinants are first sketched in Section II. The general empirical
framework necessary to estimate wage equations with worker and firm fixed effects is
next established in Section III. A data description and barebones review of wage
setting in Portugal is contained in Section IV. Wage variability is decomposed into its
six components in Section V, the determinants of worker and firm fixed effects
investigated, and correlations between the components of compensation addressed.
Section VI assesses the relationship between firms’ wage policies and their

performance as well as labor force quality. Section VII concludes
[I. Motivation

In a labor market operating under perfect competition, each worker should receive a
wage that equals his or her marginal (revenue) product. Wage differentials should
reflect differences in worker productivity and not depend on job or employer
attributes (other than those affecting worker utility such as dangerous working
conditions that will in normal circumstances attract a compensating differential). In
turn, worker productivity has a basis in competence (whether observed or not),
typically ‘acquired’ through investments in human capital. (Here we are abstract from
unobserved intrinsic ability, and ignore related signaling models.) Workers are thus
depicted as investing in their education — a process analogous to investments in
physical capita — that subsequently yield a payoff in higher earnings. Earnings depend
then upon absolute levels of education, where the latter will include post-school
investments.

Familiarly, assessment of the overall effect of education on earnings is
conducted via the estimation of Mincerian earnings functions. In general, the first
wave of empirical research relied on supply-side explanations for wage differentials
and used ordinary least squares estimators and cross-section data.' Despite the finding
of positive well-determined associations between human capital variables and wages,
such research was typically unable to explain more than 30 percent of the variance in

wages, meaning that 70 percent was left unexplained.” And even the second wave of
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empirical research, using econometric techniques applied to panel data to deal with
unobserved worker heterogeneity, still left much of the variance in wages
unexplained.

There is no shortage of models seeking additional or alternative explanations
for wage variability, but in each case the characteristics of firms rather than those of
workers (i.e. worker competence or productivity differences) assume prime
importance. Given the plethora of such treatments,” we choose to focus here on just
two of them that pose perhaps the sharpest contrast with competitive market
conditions. The first approach has a basis in rent sharing/insider-outsider
considerations, while the second emphasizes labor market frictions.

Rent-sharing models predict that wages depend on employers’ ability to pay.
In particular, wages are predicted to have a positive correlation with firm profits, since
firms may find it profitable to share their gains with their workers and pay above the
going rate.* Recall that in the competitive framework of the standard neoclassical
labor market model, wages do not depend on the firms’ profits; rather, workers should
simply be paid the market-determined opportunity cost of their time. Closely related
to the notion of rent sharing is the insider-outsider model, in which there is a conflict
of interest between the firm’s insiders (viz. incumbent employees whose positions are
safeguarded by labor turnover costs) and outsiders comprising the unemployed or
employees working in the informal, competitive sectors of the labor market (see, for
example, Blanchflower, Oswald, and Garret, 1990). Such models show how the
different types of labor turnover costs borne by firms grant insiders market power and
how they then use it to increase their wages. Among other things, these models
explain why wages depend not only on external labor market conditions but also on
the conditions inside the firm — including its productivity, profits, degree of
competition, turnover costs and the bargaining strength of workers — and why the
wages of workers from different groups of occupations, education and seniority are
higher in some firms or industries than in others. In general, this family of models
predicts that the firms’ decisions also have an influence on wages, providing a
justification for including firm characteristics alongside worker characteristics in
wage equations.

The other explanation for wage differentials among workers with similar
characteristics considered here derives from the job search and matching literature and

emphasizes the role of labor market frictions in wage determination. Thus, the
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equilibrium job search model of Burdett and Mortensen (1998) predicts that firms
may have incentives to offer higher wages than their competitors in order to guarantee
a low quit rate and attract a large number of workers in a market characterized by the
existence of frictions — even in circumstances of homogeneous workers and firms ex-
ante This model predicts that wages are increasing in firm size and workers’ job
seniority. Modifications of the Burdett and Mortensen model either permit firm
heterogeneity or allow firms to make counter-offers to those employees who are
offered better-paying jobs elsewhere in conjunction with firm (and worker)
heterogeneity. Thus, allowing firms to differ in productivity, van den Berg and Ridder
(1998) and Bontemps, Robin, and van den Berg (1999, 2000) show how the more
productive firms offer higher wages. And in a model in which firms follow different
wage policies and internal wage differentiation, Postel-Vinay and Robin (2002)
demonstrate that allowing firms to make counter-offers wage to forestall turnover
yields a predicted wage distribution that is close to that observed in practice. But in
each case, firm characteristics assume critical importance.

For their part, matching models that also take into account the existence of
frictions in the labor market provide an explanation for wage dispersion. In the
models of Diamond (1982), Mortensen (1986), Pissarides (1985, 2000), and
Mortensen and Pissarides (1994) the wage paid is set by the employer, but workers
and firms bargain the share of the matching rent after they meet (ex-pos}. Differences
in match productivity, then, explain why similar workers (firms) may receive (pay)
different wages.’

In short, theoretical explanations for wage differentials have been posited not
only on supply-side or worker characteristics but also on demand-side or firm
characteristics. The bottom-line challenge is to include both in wage regressions, the

task of the present treatment.

lll. The General Empirical Framework to Measure Wage Differentials

The methodology applied in this paper parallels that initially developed by Abowd
and Kramarz (1999) and Abowd, Kramarz, and Margolis (1999), who presented a
statistical framework permitting worker and firm fixed effects to be estimated
simultaneously in wage regressions. However, as noted earlier, and as elaborated

upon below, we shall use a different algorithm to obtain an exact solution for the
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estimation problem.

The linear wage equation to be estimated has the form:
1nV\{jt:Xijtﬁ+5|+¢j+5ijw (1)
known in the statistical literature as a “two-factor analysis of covariance.” In this
equation, Inw;, is the natural logarithm of the real hourly wage of individual i

(i=1..N) working at firm j (j=1,..,J) at date t (t= 1...T.). There are T,

observations for each individual i and a total of N* observations. X.. is a vector of k

ijt
observed (measured) time-varying exogenous characteristics of individual i. & is the
person or worker fixed effect (capturing unobserved individual heterogeneity), and ¢,
is the firm fixed effect (capturing unobserved firm heterogeneity) for the firm at
which worker i is employed. Wage heterogeneity is related to both permanent
unmeasured differences in employees and to permanent unmeasured differences in
firms. According to this equation, there are four components that explain the wage
variability:

1. the observed time-varying characteristics of workers ( X, 5);

2. the workers’ heterogeneity or worker fixed effects (8,);

3. the firms’ heterogeneity or firm fixed effects (@, ); and,

4. aresidual component (&, ) that we assume to follow the standard assumptions.
In matrix notation, the stacked system has the form:
Y=Xp+DO+F¢p+¢. )
In this equation Y isa (N x1) vector of real hourly wage (in logs), X isa (N xKk)
matrix with k observed time-varying characteristics of individuals, D isa (N x N)
design matrix for the person effects, F is a (N xJ) design matrix for the firm
effects, 0 isa (N x1) vector of person effects, ¢ isa (J x1) vector of firm effects

and ¢ isa (N x1) vector of disturbances (we assume that mobility is exogenous, in
order to make the design matrices orthogonal to the disturbances vector). All
vectors/matrices (Y, X, D, and F) have row dimensionality equal to the total
number of observations (N").

Equations (1) and (2) can be interpreted as the conditional expectation of real



hourly wage given the observable characteristics of workers, the date of observation,
and the identity of both individuals and employing firms. Thus, the total number of
parameters to be estimated is K+ N+ J . However, it will not be possible to identify
all firm and worker fixed effects. Abowd, Kramarz, and Margolis (1999) show that in
order to identify the firm and worker fixed effects one needs to impose G restrictions
on the parameters, where G is the number of “mobility groups,” that is, the number of
groups of connected firms and individuals.

The full least squares solution to estimate the parameters in (1) solves the
following set of normal equations:

X'X XD XF|B XY

D'X D'D DF|0|=|DY 3)

FFX FD FF|¢ F'Y
Application of the conventional least squares formula to estimate all parameters
(worker fixed effects, firm fixed effects, and the coefficients of all observed time-
varying worker characteristics) requires the inversion of a high dimension matrix.
This is impossible to achieve using standard software and present-day computers.
Accordingly, special algorithms are required to estimate the full model parameters.

Abowd and Kramarz (1999) and Abowd, Kramarz, and Margolis (1999)
proposed an approximate statistical solution that corresponds to using conditional
estimation methods (based on a conditioning effects matrix, Z) providing estimators
that are as similar as possible to full least squares, but computationally tractable. More
recently, Abowd, Creecy, and Kramarz (2003) have developed an algorithm that
permits an exact solution of the least squares estimation of equations such as (1). The
user-written command a2regis the Stata implementation of this algorithm.

However, using this command to estimate our wage equation (3.1) with close
to 27 million observations, 22 explanatory variables, and two high-dimensional fixed
effects (c. 567,000 firms and 5.5 million workers) failed due to memory limitations
(even in a computer with 8 Gigabytes of RAM and running StataMP for Windows).
We therefore followed an alternative methodology that was able to provide estimates
for the regression coefficients and for both fixed effects. This procedure was
developed by Guimaraes and Portugal (2010) for the estimation of linear regression
models with two high-dimensional fixed effects. In brief, this methodology is based

on a partitioned algorithm strategy, follows an iterative procedure, and provides an



exact solution to the least squares problem. While computationally intensive given its
iterative nature, this approach nevertheless imposes minimum memory requirements.
A detailed description of this methodology and how it can be implemented to estimate
equation (1) is remitted to the Appendix. The publicly available user-written

command reg2hdfeis a Stataimplementation of the approach.

IV. The Data and the Institutional Wage Setting

Data

The Portuguese data used in this inquiry come from a longitudinal matched employer-
employee dataset known as the Tables of Personnel (or Quadros de Pessoafor the
years 1986 to 2006 (excepting 1990 and 2001). This unique dataset was created by the
Portuguese Ministry of Employment and is taken from a mandatory survey annual
survey addressed to firms with wage earners. The survey covers various firm and
establishment characteristics, as well as a set of characteristics of the workforce (see
below). Being compulsory, it does not suffer from the non-response problems that
often plague standard household and firm surveys. Further, as noted earlier, the survey
covers almost all Portuguese employees, outside of Public Administration and
domestic servants. Apart from the advantage of its comprehensive coverage, it is also
generally recognized that dataset is reliable by virtue of its public availability.

Turning to specifics, the dataset includes information on the establishment
(establishment identifier, location, industry, and employment), the firm (firm
identifier, location, industry, legal form, ownership, year of formation, employment,
sales, and capital), and its worker (social security identifier, gender, age, education,
skills, occupation, employment status, professional level, seniority, earnings {base
wage, seniority-related earnings, other regular and irregular benefits, and overtime
pay}, normal and overtime hours, time elapsed since last promotion, and classification
in the collective bargaining agreement).

For the purposes of this exercise, a subset of variables was selected, certain
new variables created, and some observations removed. The final set of variables
retained for analysis is given in Table A.1. Among the restrictions placed on the data
were the excision of those individuals who were not working full time, who were aged
less than 18 years and more than 60 years, who earned a nominal wage less than 80
percent of the legal minimum wage or above the 99.9 percent quantile in each year;

and who recorded errors in admission/birth dates, duplicate social security codes or
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other errors in their social security codes.® The final dataset for the entire period (all
19 available years) comprises 26,960,952 observations drawn from 567,739 different
firms and 5,492,332 individual workers. Descriptive statistics for the continuous
(categorical) variables are provided in Tables A.2, A.3 and A4.

I nstitutional Setting

Over our sample period, the wage bargaining system in Portugal is conventionally
characterized as having displayed a high degree of centralization and a moderate
degree of coordination (OECD, 1997). Insofar as wages are concerned, the greater
centralization that occurred since the mid-1980s via the agency of social pacts has
involved indicative wage guidelines for the national average wage increase. Although
these shape the ensuing collective bargaining, the latter still reflects the backdrop of
decentralized employers’ and workers’ organization within their confederate bodies.

That said, collective bargaining in Portugal mainly takes place at sectoral
level. Voluntary and mandatory extensions are commonplace. The former occur when
one side subscribes to an agreement to which was not a party (and gains the approval
of the other side), or more typically when employers extend the coverage of an
agreement they have signed with a particular union to the entire workforce.
Mandatory extension by state fiat is also widespread and applies in circumstances
where workers are unorganized or where bargaining for some reason fails. Note,
however, that sectoral agreements may only have an occupational scope within the
industry so that there is often more than one contract within a sector, reflecting
occupation, region, trade union affiliations or some combinations of these alternatives.

Firms can of course negotiate their own collective agreements with either one
or a number of unions or several companies can come together to bargain with the
trade unions. But such formally decentralized wage bargaining is the exception rather
than the rule. Such single-firm and multi-firm bargains as opposed to sectoral
contracts are largely restricted to public enterprises. Note that the recent increase in
multi-firm bargaining among joint stock companies is purely the result of a
privatization/reorganization process occurring in such enterprises.

Sectoral bargaining in Portugal differs from that in other nations because
Portuguese industrial relations are characterized by fragmentation and multiple
unionism. The corollary is that contents of collective agreements at once extensive
and general. They are extensive in covering a large number of categories of worker

but general in setting only minimum conditions for each — in particular, mean monthly
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wages — while dealing with few other terms and conditions. In a bargaining
framework that sets wage levels and does not cover projected wage growth,
employers have a margin to adjust their wage policies to the prevailing economic
conditions (see Cardoso and Portugal, 2005, for a discussion of the ramifications of

this de facto decentralization).

IV. The Role of Individual and Firm Heterogeneity in Wage Differentials

In order to decompose wages variability into the six components identified earlier, we
first estimated equation (1), where our explanatory variables (or observed time-
varying characteristics) are firm size, age, age squared, seniority, and seniority
squared. We also included 18 year dummies. The dependent variable is the natural

logarithm of the real hourly wage. The results are reported in Table 1.

(Table 1 near here)

Observe that the R” of this equation is higher than in standard wage
regressions. The worker fixed effects, firm fixed effects, and worker time-varying
characteristics together explain 91.4 percent of the variability in real wages. Wages
increase with age and seniority at a decreasing rate, as expected. Larger firms pay
higher wages.

In this framework, the worker fixed effects (&) include both the workers’

unobserved and observed but non-time-varying characteristics (such as gender and

education; see note 7 below). Similarly, the firm fixed effects (@;) include both the

firms’ unobserved and observed but non-time-varying characteristics (such as region,
size, industry, etc.).

We next decomposed the two estimated effects (6 and ¢;) into their

respective observed and unobserved components, by estimating the following two

regression equations:

A

g = const+Wn +¢&,, 4)

where W is a vector of non-time-varying worker characteristics (gender and five

education dummies), /7 is the associated vector of coefficients, and W77 is the worker

10



non-time-varying observed characteristics effect. Note that «,, the worker-specific

intercept — which captures the worker unobserved characteristics effect and can be

interpreted as the opportunity cost or the market valuation of worker heterogeneity —
is obtained residually by & =8 —W,7;
and,

¢j =const+Z, A +¢,, (5)

where Z; is a vector of non-time-varying firm characteristics (four region dummies,
capital ownership {viz. share of domestic capital and share of public capital}, and 28
industry dummies), A is the associated vector of coefficients, and Z A is the firm
non-time-varying observed characteristics effect.” @, the firm-specific intercept

J

(which captures the firm unobserved characteristics effect), is obtained residually, by
@ = ¢j -ZA.
We have now the following compensation components (besides the residual):

= X, [:observed firm and worker time-varying characteristics.

A

= @: worker effects (include the observed worker non-time-varying

characteristics and the unobserved worker characteristics).

= W7 : observed worker non-time-varying characteristics.
= @ :unobserved worker characteristics.
= @,: firm effects (include the observed firm non-time-varying characteristics
and the unobserved firm characteristics).
- Z jj : observed firm non-time-varying characteristics.
. (Aaj : unobserved firm characteristics.

Tables 2 and 3 report the estimation results for the worker fixed effects and the
firm fixed effects regressions, respectively, while Table 4 reports descriptive statistics
for the components of real compensation by gender.

(Table 2 near here)

Beginning with Table 2, we observe that the worker fixed effect for females is,
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on average, 17.8 percent (=1—exp(—0.19647)) smaller than for men, and that there is

an increasing premium associated with the education level: a worker who has
completed the second stage of tertiary education shows a fixed effect that is, on

average, more than twice (1.3 times orl —exp(0.84417) ) that for a worker with pre-

primary or without any level of completed education (the reference category). Overall,
these non-time-varying worker characteristics explain 38.4 percent of the variability

in worker fixed effects.

(Table 3 near here)

Similarly, we observe that the geographic location of the firm, its capital
ownership, its size (number of employees), and the industry it belongs to play
important roles in explaining the differences in the firm fixed effects. Specifically, the
firm fixed effects are on average larger in all NUTS II regions than in Norte (the
reference category). Further, we observe that the firm fixed effects tend to be higher
among firms with larger shares of non-domestic or non-public capital. Finally, there is
also strong evidence of material differences in firm fixed effects across different

industries.

(Table 4 near here)

Descriptive statistics for the components of real compensation by gender are
provided in Table 4. For all the components of real compensation, the averages for
males are higher than those for females (other than the predicted effect of individual
time-varying characteristics, such as age and seniority). The gender differences are
greater for the worker fixed effects component than for the firm fixed effects
component (18.8 percent and 5.7 percent, respectively). Within each of these two
components, gender differences are greater for the observed sub-components: 18.8
percent for the gender and education sub-component of worker fixed effects
component; and 4 percent for the firm sub-component of firm fixed effects related to
the observed characteristics (viz. region, ownership as measured by share of domestic
and of public capital, and industry). And in general, the variability of worker fixed

effects is greater than the variability of firm fixed effects. Male workers exhibit higher
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variability in all wage components (except for the education and gender sub-
component of worker fixed effects).

In Table 5, we report the correlations among the components of real hourly
wages. Of the three main components — time-varying characteristics, worker fixed
effects, and firm fixed effects — the worker fixed effects component shows the highest
correlation with log of real total compensation (0.76), followed by the firm fixed
effects component (0.67), and by the individual and firm time-varying characteristics
component (0.48). Considering the components within the firm fixed effects, the
observable part of the firm fixed effects is the most highly correlated with log of real
total compensation (0.54). The unobserved part of the firm component is less
important in determining total compensation. Both observed and unobserved
components of worker fixed effects are highly correlated with the log of real total
compensation (0.58 and 0.51, respectively). Therefore, the observable part of each
component is more highly correlated with the log of real total compensation than the

unobservable part.

(Table 5 near here)

For comparison purposes, abstracting from differences in estimation method and
explanatory variables included in regressions (1) and (2), we note that Abowd,
Kramarz, and Margolis (1999) found that the unobserved part of the worker fixed
effect was that component most highly correlated with the log of real total
compensation (0.80 or 0.73, depending on the method), and that the firm components
(either observed or unobserved) were much less important (0.21 or 0.26, depending on
the estimation method).

We also find that the correlation between the firms’ wage policies (as proxied
by the firm fixed effects) and the quality of their workforce (captured by the worker
fixed effects) is positive but not very large (0.27). However, it is much larger than that
found in the literature. For example, using the ‘persons first’ method, Abowd,
Kramarz, and Margolis (1999), report a correlation of 0.11 (see also the lower
estimates of Goux and Maurin, 1999, using Cab or Force Survey (LFS) data).

The correlations in Table 5 also suggest an interpretation in terms of sorting.
The matching and assignment literature includes models that predict complementarity

between worker and firm levels of productivity, suggesting that good workers tend to
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be found in good firms.® Our results are partly consistent with this literature (see
[Barth and Olsen, 2003). In terms of the observablecharacteristics, there is some
evidence of positive assortative matching between workers and firms, the correlation
coefficient between the corresponding components being 0.32. By the same token, we
do not find any evidence of assortative matching in terms of the unobservable
characteristics (the correlation is -0.04).”

On the whole, these results indicate that the relationship between firms’ wage
policies and the quality of the workers they select is positive but weak and that there
are certainly factors other than wage policies that explain the distribution of high-
ability workers across firms.

Finally, to measure the contribution of worker and firms characteristics, both
observed and unobserved, to wage variability, we used the following equation:

6
Inw =X B+a +Wn+g +ZA+& =) CP, (6)

p=1
where C! is the pth component ( p= 1...6) that contributes to explaining wage

variability. The contribution of each component,C, is calculated by:

Couinw .G )/Var(inw, ), (7

6
where Y’ Couinw .G} )/Var(nw, )=1.

p=1
The largest contribution to wage variability comes from worker fixed effects (46.2
percent), followed next by firm fixed effects (29.2 percent), and then by the firm and
individual time-varying characteristics component (16.0 percent). There is therefore a
residual contribution of 8.6 percent. Among the worker fixed effects, both
subcomponents make a similar contribution (24.2 percent from the unobserved worker
characteristics and 22.0 percent from the gender and education component). Among
the firm fixed effects, the observed subcomponent contributes more (14.8 percent)

than the unobserved subcomponent (14.4 percent).

V. The Relationship between Firms’ Wage Policies, Labor Force Quality,

and Performance

In this section, we seek to determine if the compensation policies followed by firms

are related to their performance. As firms differ not only in the wage policies they
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follow, but also in the average quality of their labor force, we also attempt to ascertain
whether employing high-wage workers has any relation with firm performance.

To these ends, we estimated an equation in which the dependent variable is the
log of sales per employee — a measure of productivity that gives some indication of
firm performance — and where the explanatory variables are the averages, across

firms, of the wage components estimated in the previous section, namely firms’

compensation policy components (&j and Z ].I/) and firms’ labor force quality

components, (X, 3) i» (@;);,and (W,77);. The results of this exercise are shown in

Table 6.

(Table 6 near here)

It would appear that productivity is positively affected by all compensation
policy components, principally by the worker observed characteristics component
(gender and education), by the worker unobserved characteristics component, and by
the firm observed characteristics component (region, capital ownership, size, and
industry). Accordingly, high-wage workers (those with above-average worker fixed
effects) tend to work in firms with higher productivity, as predicted by the rent-
sharing model, inter al., and high-wage firms (those with above-average firm fixed
effects) tend to be the most productive ones.

Following a similar procedure for France, Abowd, Kramarz, and Margolis
(1999) have concluded that the major impact on firms’ productivity stems from the
time-varying observed characteristics of their workers, followed next by the
unobserved component of the worker fixed effects, and then by the firm fixed effects

(again selecting the results from the “persons first” method).

VI. Conclusion

In this exercise we have used a large longitudinal matched employer-employee dataset
with close to 27 million observations to estimate a wage equation with both worker
and firm fixed effects. Our approach was motivated by supply-side and demand-side
arguments taken from alternative wage determination models and it sought at a
theoretical level to overcome major empirical frailties that arise when estimating wage

equations using data limited on at least one dimension — either firm/worker
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characteristics or the longitudinal dimension.

We deployed an econometric technique that provides an exact solution to the
least squares estimation problem arising when estimating simultaneously worker and
firm fixed effects in wage equations with high-dimension datasets. We decomposed
the log of real hourly wages into several components: observed worker time-varying
characteristics, worker heterogeneity (to include observed non-time-varying
characteristics and unobserved characteristics), firms heterogeneity (again both
observed and unobserved), and a residual component. We reported that worker
heterogeneity is the most important source of wages variability in Portugal
(contributing 46.2 percent) due in roughly equal parts to the unobserved component
(24.2 percent) and to observed non-time-varying characteristics such as gender and
education (22.0 percent). On the whole, firm effects were found to be less important
(contributing 29.2 percent), although observed characteristics such as location, capital
ownership, and industry play an important role in explaining wage differentials (14.8
percent).

We also reported that firms hiring ‘high-wage’ workers and paying higher
wages (‘high-wage’ firms) tend to be more productive firms. On the other hand, the
the connection between the firms’ compensation policies and the quality of their
workforces, in contrast with previous evidence, was shown to be positive.

These results suggest that both worker characteristics (observed or
unobserved, and which correspond to the wage component that is transferable from
job to job) and firm characteristics (observed or unobserved, which reflect the
systematic differences in wages paid to similar individuals) each play important roles
in explaining wage differentials in Portugal. The latter result provides some impetus

for theories that rely on the firm-side determinants of wages.
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Endnotes

1. Our maintained hypothesis is that returns to firm-specific training recouped through
the tenure coefficient overstate the role of such investments.

2. Mortensen (2003) refers to this degree of unexplained variability as “wage
dispersion.”

3. The reader is directed toward implicit contract theory, principal-agent models, and
efficiency wage theories.

4. The earliest rent-sharing studies used industry data (see, for example, Dickens and
Katz, 1986). Firm studies constituted the next phase (e.g. Hildreth and Oswald, 1997;
Arai, 2003). The most recent treatments have used matched employer-employee data
to control for unobserved worker abilities (see, for example, Guertzgen, 2008; and, for
an alternative approach, Card et al., 2009).

5. For treatments combining both approaches — equilibrium job search and matching —
see Quercioli (1998), Robin and Roux (1998), and Mortensen (2000). Recent
extensions include Rosholm and Svarer (2004), and Cahuc, Postel-Vinay, and Robin
(2005).

6. Individuals employed outside of mainland Portugal and those in agriculture,
hunting, forestry and fishing (as well as misclassified industries) were also excluded.
7. We assume that the variables included in Z are structural characteristics of firms.
Their changes over time are either nonexistent or too small to be considered time-
varying and to be included as explanatory variables directly in equation (1). The same
reasoning applies to the education variable for workers in equation (4). Note further
that the industry classification in Portugal changed in 1995. Because of this and given
that the regression comprises the entire period, we constructed an aggregated common
classification that comprises 29 different industries (see Table A.6).

8. The idea is developed in Becker (1973), and a literature review is provided by
Sattinger (1993).

9. In their Norwegian study, Barth and Dale-Olsen (2003, Table 1) report a positive
and significant correlation between the observables in the case of low-skilled workers
and a negative and significant correlation between the unobservables for both low-

and high-skilled workers.
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