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Abstract:

This article studies the trend in wage discrimimatin Spain from 1995 to 2002, when the
third plan for equal opportunities for men and wameas in action. To account for the
criticism of Heckman, Lochner, and Todd (2008), fwst introduce a novel approach to the
analysis of wage discrimination with methods tha @bust to model (mis-) specification.
Following their idea, we apply semiparametric methtor the Oaxaca-Blinder decomposition
of wage differentials between men and women. Weerekt the methodology to
semiparametric quantile estimation. The study mmleted by some descriptive analysis, also
based on nonparametric techniques. We find thailewhe wage gap has diminished from
1995 to 2002 this is mainly due the smaller gapetarns of endowments for wages above the
median, and due to the endowments of women for Hoawed particularly high wages.
Respective the quantiles, in contrast to other Eémiver states, the Spanish wage gap is
widest for low wages but almost U-shaped in 2002mas this was not that evident in 1995.
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1- INTRODUCTION

For the past thirty years much attention has beet {o wage discrimination; in the US the
focus has been more on discrimination due to ratee in Europe it has been mainly on
gender discrimination. This article concentrateshanlatter, investigating trends in the gender
pay gap in Spain from the nineties to the beginmhghe new millennium, when different
political activities where undertaken to enforcadgr equality in the EU and inside Spain.

The labor market in Spain has changed enormousiy feconomic, legislative and social
viewpoints in the last 35 years, since the advdntdemocracy in 1975. Apart from the
transition to democracy, another driving force behthe changes in the labor market in Spain
was the country’s entry into the European Uniod9@6. Changes had to be made in the 80s
prior to enter into the EU, and further importahaiweges took place throughout the 90s. These
changes affected both societal and economic aspects

Furthermore, Spain has experienced considerabl®eauo growth over the last thirty years.

The economy boomed from 1986 to 1990, averagingabftial growth. After a Europe-wide

recession in the early 1990s, the Spanish econeswymed moderate growth in 1994, which
continued (up to the international financial ciisteanks to the advantages provided by
enormous quantities of economic aid from the Elhisias had one of the highest growth
rates of any EU country in several years of thdistliperiod. Unemployment in the Spanish
labor market in the late 70s was at a level claséuli employment. In 1976 the rate was

4.64% for men, and 4.94% for women. Unemploymertregased sharply in the 80s,

especially among women, and peaked in the earlya®@0.51% for men (first quarter of

1994) and 31.96% for women (fourth quarter of 1994he situation began to improve in the
second half of the 90s, but to a lesser degreavéonen. At the end of this period women
were in a more precarious situation than men.

Many changes in legislation governing the treatm@ntmmen and women were introduced
between the 70s and the 90s. There has been gxisingeneral belief that one of the
fundamental characteristics of the Spanish labaketavas, and maybe is, the persistent and
strong wage discrimination due to gender; for ailainjob, men are clearly paid more than
women. The equality principle was enshrined in detil4 of the Spanish Constitution of
1978, which clearly prohibited discrimination orognds of gender. The Workers’ Statute Act
of 1980 (amended several times since that) contaimsmber of rules on the equal treatment
of men and women. Wage equality for work of equallug was established in Article 28.
Moreover, the 3rd Plan for Equal Opportunities Nggn and Women (1997-2000) recognized
the need to incorporate more women into remunefratsal, the persistence of unjustifiable
wage inequalities for women already working, anel éxistence of large-scale segregation of
female employment. To palliate this unequal sitirgta number of actions were taken under



the Plan to provide women with real access to eympémt with full social and economic
rights by encouraging structural changes and toameftions that favored this purpose, with
special emphasis on the reconciliation of familyl amorking life. In total, there were four
Plans for Equal Opportunities until today, the #ityi plans for the Employment (with a
special emphasis on gender equality) in 1998, astdto forget the EU Strategy Plan for
gender equality from June 7 of 2000.

As well as national policy, there is a large bodyEaropean legislation on equal treatment
and labor market access of women and men. Amontgetfiglative advances that deserve to
be pointed out is the inclusion of the principlenoh-discrimination on grounds of gender as
one of the objectives of the EU. In 1997 the MemBttes jointly decided to implement a

new strategy for employment in which equal oppdties should be an important and explicit

component since it is one of the pillars of thedglines for employment in the Union. Partly,

this has been done quite successfully such thatwhge-gap has been converging, i.e.
decreasing (especially) in the Mediterranean EUntrieas which today have a smaller gap
than the other members, see OCDE (2002). HowelN¢histhas had a positive impact mainly

on the discrimination in the public sector wheraay one can hardly find a pay-gap anymore
in Spain, see Ullibarri (2003) and Alaez, Longas] dlllibarri (2009).

Another point worth highlighting is that consideealsocial changes took place over the
period under study, such as the emancipation of emoand their massive incorporation into
the labor market (there was a great increase ofdteof female participation in the labor
force among the 25-54 age group, with an employmaetup from less than 30% in 1976 to
over 40% in 1995) and also an increase in the leveducation of women. Theory says that
the societal discrimination in Spain entails statéd discrimination in endowments and
experience (or loyalty towards the enterprise) Whic turn is used to pay women lower
wages especially at the entry and during the fiestrs of professional activity. De la Rica,
Dolado, and Lloreng2008) argue that this would only hold for low edtedd women but
vanish over time, whereas high educated women widrtsimilar entry salaries as men but
then reach the so-called glass ceilings which atdated by low educated women; compare
also with del Rio, Gradin, and Canto (2011). Oves tast 35 years Spanish women have
dedicated much more time to studying (at preseatgbrcentage of women studying at
university is higher than that of men), which issaeason why women enter the labor market
later. To mention is the Spanish Law for the Coatdn of Family and Labor from 1999.
Another demographic outcome worth describing i€ fscamparing 1995 to 2002) women
marry later, which considerably delays the age litlwthey have their first child. This has
allowed women to achieve some success as a labme ém the one hand, and reduced the
fertility rate to the lowest level in the history $pain, and actually alsoone of the lowest in
the world. When the total fertility rate was only8@ in 1990, it even went down to 1.17 in



1995 and recovered 1.26 in 2002 but mainly thaaks $trong immigration which contributed
with a fertility rate of 2.05. Note that in theieview for Europe, Arulampalam, Booth and
Bryan (2007) emphasized the need of child careigimvto fight the pay gap.

As mentioned above, most of these elements entail@dssive incorporation of women into
the labor market. Albeit for different reasons, tharket has not been able to absorb this
increase of labor force, resulting in an excessfavhale labor supply although labor
participation in the mid nineties in Spain was digaelow the European level. This translates
to some degree into a situation of discriminatigaiast women on the labor market: it is
known that their unemployment rates are higher thase of men in most sectors, the jobs
that women take do not involve the same degreesgansibility or decision-making power
as those of men, and women's participation is déichib a few sectors of the economy. This
can seriously affect the pay gap as for the Spanthstrial sector of which we know that the
wage dispersion has increased dramatically, seeextample Fernandez, Montuenga, and
Romeu (2000) or Alaez and Ullibarri (2001). Somehfer contribution in this direction are
Garcia, Hernandez, and Lopez-Nicolas (2001), Sifa@i0), Simén, Sanroma, and Ramos
(2008), Aldez, Longas, and Ullibarri (2003), sesdliller (2009) for an US study. Various
papers show that the Spanish wage gap remainsl@otahinly in the private sector on which
we therefore will concentrate. A different sepamathas been considerd in De la Rica, Dolado
and Llorens (2008) which partitioned their popwatiby education. They found (along the
wage scale) a decreasing gap for lower educatediramdasing one for highly educated
women. For a pooled sample this could result inghbpe on the wage scale, similar to what
they showed in their Figure 1a.

Our approach differs from these articles in sevaggects, in particular, the inter-temporal
decomposition, the model 'robustness’ (i.e. theigmametric modelling, cf. the criticism of
Heckmann, Lochner, and Todd, 2008), the decompaositi the pay gap into a part due to
endowments and another due to the returns of endotamwhich could be considered as
‘pure’ discrimination, etc. The next section introgls our semiparametric method (instead of a
parametric) Mincer equation, for measuring soudnss degrees of discrimination. Section 3
describes the data used and the trends in wagelgapgen men and women through the
estimation of density functions and descriptivetistias. Section 4 presents the regression
results obtained for wage gap in the mean anddrirtbtome percentiles. Section 5 concludes
and discusses further issues like possible setebiases.

2. METHODOLOGY: A SEMIPARAMETRIC DECOMPOSITION OF THE WAGE GAP

Typically, the analysis of wage discrimination eoyd either the wage decomposition
attributed to Oaxaca (1973) and Blinder (1973)har one introduced by Juhn, Murphy and



Pierce (1991), sometimes combined with the distidimal approach of counterfactual wage
quantiles (see e.g. Machado and Mata, 2005). THerehce between the two former
mentioned methods lies basically in the way in Wwhice discrimination is identified or, in
other words, how wage differences are decomposddirdarpreted. In this study we have
opted for the first, including extensions to quientiegression. We are interested in the
development of the gender pay gap within a specdimtry, a question for which Oaxaca and
Blinder’s approach is easier to interprédere, the gap between the wages of men and women
Is separated into two parts. The first is explaitgdthe difference between the observed
productive characteristics, the second lies inedgifices in the structure of the model, and is
therefore not explained. This not explained partusually considered as the wage
discrimination by gender in the labor market.

A first limitation of the classical approach on whiwe focus is the specification of the wage
equation. Although this problem is well known fbetMincer equation, see Heckmann et al.
(2008), Ichimura and Todd (2007), see also Lem{@@06), when it comes to the analysis of
wage discrimination, the existing approaches oftege rather simple parametric
specifications. Certainly, if the parametric mogethosen in an approximately correct form,
the paradigm of the probability (Fisher, 1922) pdeg¢ estimators with good statistical
properties. Unfortunately, the risk of incorrectesiication is substantial, such that the
statistical properties of the estimators obtainedeu the probability paradigm are often very
poor, and the conclusions of the analysis mighhberrect. To get around this problem, some
people use quadratic or higher order polynomialafe and experience, other add interaction
or artificial cohort effect, etc. without justifyinthe (order of) polynomials. Furthermore,
interactions of regressors are mostly ignored oiteqgspecifically modeled. Instead of
supposing that the regression function belongs fination space characterized by a rather
small number of parameters, we assume that it isl@ment in a bigger function space, like
for example that one of sufficiently often diffetiaible functions. We use semi-parametric
estimation techniques which combine flexibility aheé possibility of modelling.

In this work we present an approach that offeralgarnative to the classical specification of
the regression equation. Instead of using equétipra most flexible form would be

AW) =gV )+oV)u

whereW stands for waged/ are the explaining covariategV) the standard deviation of the
possibly heteroscedastic residual, and therefore the standardized residual. Furihés,an
arbitrary nonparametric but smooth function, whereaenotes a transformation such that we

! The alternative semiparametric extension of Jutah. ¢1991) is discussed in a note by Moral-Arnd a
Sperlich (2008). That method would for example $geeially appropriate for country specific diffeces
between the income distributions to later complaeegender pay gaps of these countries, see forp&dau
and Kahn (1992, 2003).



get additive errors, say. It is generally accepted that for wage equatittiesiogarithm is a
reasonable choice fax. If part, sayX, of the covariate¥=(X,Z) are dummy variables which
(besides possible interaction) can have only ateohsmpact on wage, we should consider a
semiparametric version of (3), namely

InW, =X, 8 +g (z )+U, (4)

where X, is the set of observable qualitative charactesslummy variables) of that worker,
Z; further endowmentdJ; an error termj an unknown vector of parameters, &fd a non-

parametric function. With the superscript "w" refleg to women and "m" to men, we
consider the following system of equations:

|nVV|m = Ximﬂm + gm(zlm)+Ulm, |nVV|W — xiWﬁW + gW(ZIW)+U|W, (5)

but will supress in the following the individualisdex i (unless it is indispensable) for the
sake of notation. Then, like Oaxaca-Blinder, weregp the difference between the two
equations for year t as

i -nw =(x - + o) - onle)+ [l - )+ o) a2 @
which allows us to obtain a first approximation tok wage discrimination that exists in
certain countries. This total difference can beodggosed into two elements. The first two
summands, also called “the explained part” arewthge gap due to personal characteristics
(or endowments), which are measured for men andvtomen in the same way, e.g. age,
experience, level of studies, etc. The third angrtfo summands, the elements in brackets,
represent the non explained part, and they refleeztwage difference which is caused by
unobserved but different “wage structures” (or atatled "differences in returns") between
the two genders.

The adaptation of the model of Oaxaca-Blinder fa inter temporal comparison of wage
disparities (compare Smith and Welch (1989) or Wegtbn (1993)) shows the advantage of
using different wage structures for an arbitraryrdoy in two different time periods. Starting
with equation (6) for a country in the time periodm 1995 to 2002, the difference in wage
discrimination between these years can be written a

Doz - D95 = (Dx_oz - DX_%),B(?; + Dgg;(zoz) - Dg(r)nz(zgs) + DX_%(,H(;; - :89“;)"' Dg(r)nz(zgs)_ Dggn;(zgs)

effectof observedendowments effectof observedreturns

+ (@ _X_s\a/\é)‘]ﬂoz + Dgoz(zc\;vz)_ Dgoz(zg\tls)"' X%(Dﬁoz - Dﬁgs) + Dgoz(zgmé)_ Dggs(zs\)/\tls) (7)

effectof womersendowments effectof differencein observedeturns




with the differential DZ:X_{”—X_tW for t=1995 and 2002 respectively, and similarly

defined LJ S, (which is typically assumed to be positive). Wagféecences are expressed for

each year byD, =logW,"™ —logW," . Furthermore, we usOg"(z.)=g"(z")-g"(z¥), and

S

Og, (2")=g"(z")-g"(z¥), etc. for t,s = 1995 and / or 2000 respectivelgcling this

decomposition, the differences between these tvaosyare caused by four factors: The first
reflects the differences which can be observed éetvthe individual qualities (endowments)

of men and women. The second reflects the diffeenn valuations (or returns) of those

individual characteristics at the two different ¢éisn The third represents the differences in
individual characteristics of women between the tyears. The fourth characterizes the

differences in valuations (or returns) that areepbsd for the same characteristics between
men and women.

We are aware of criticism like that this would slifypthe level of disaggregation of wage

discrimination see Cotton (1988), Neumark (1988)Qaxaca and Ransom (1994). They
propose to consider a discrimination-free wagecsiine, say for 2002, and look for example
at the resulting differences for year t. The semapeetric analogue to their idea would be

(ﬁ_—ﬁ)ﬂ& ¥ (95?2 z")-o5(z")+ B ,
#XP (8 - 52)+ lamlzr)- ootz xv(8s - ao)+ 0o @) an@?)

where g,, and £, represent a hypothetical wage structure for 2002eu the absence of

(10)

discrimination. In practice one typically takes aighted average o, and g,, andg;,

andf;, respectively. These, however, are certainly stivcchoices; the maybe most

common practice is to stick to the wage structdnmaen so that we are back in equation (6).

A more serious limitation is that our above introdd decomposition provides information
only on the conditional mean, which implies that tize of the wage gap and the weights of
the factors that make it up are constant througtioeitwage scale. To avoid this problem,
different method which analyse the wage gap by me#wuantiles have been developed, see
Buchinsky (1998), Martins and Pereira (2004), Sakelu (2004), Garcia et al. (2001).
Another way of avoiding the limitation indicated this paragraph are the approached
proposed by Di Nardo, Fortin, and Lemieux (1996Batcher and Di Nardo (2002) looking
directly at densities. We will propose below semapaetric extensions of Machado and Mata
(2005). Other semiparametric approaches can balfouGole and Green (1992), and Stengos
and Sun (2008). For quantiles, the semiparamep@cication of equation (4) for men at
time pointt is given by:



QW |xm.zr )= xay + gp(zr), (11)

where Qe( ) represents the quantile of orde#* of the wage density function conditioned by

X" andZ". For the case of having a pure parametric spatific, Koenker and Basset

(1978) and Buchinsky (1998) introduced a GMM estonato obtain the regression
parameters of interest. For the purely non-parametetting readers are referred to the
approaches taken by Yu and Jones (1998) and HalffVind Yao (1999), who proposed the
estimation of the conditional distribution functidfor the selection of the optimal bandwidth
in the estimation procedure see Ruppert (1997).sEariparametric quantile regression Cole
and Green (1992), and Stengos and Sun (2008) geeklan estimation method for the
parametric part as well as for the non-parametrie. Our quantile regression approach
extends the concept of Machado and Mata (2005), prbpose a decomposition process that
combines quantile regression and bootstrap. Fgsgntile regression is used to obtain
estimates of the conditional quantiles given in)(Ihe second idea involved is the theorem
of probability integral transformation from elemant statistics: If the random variable U has

a uniform distribution on [0,1], therIF‘l(U) has distribution F. Therefore, for any given
X.,Z; and the random variablézu[o,l], X" By +gg*(z;") has the same distribution as
InWHW‘X;“,Z;". If Xg',Z, is fixed and we take random variables from X, ¥ tobe
population, X" B," + g;“(zim) has the same distribution &sW,". The estimation process is
formally represented by the following steps:

- Generate a random sample of size j with uniforstribution on [0,1]:u,,...,u;

- Estimate for each gender j different coefficieatsl non-parametric functions of the quantile
regression;8™, g™ ( ).BY,a%( ), i=1,....,
- Generate for each gender a random sample of sith replacement from the values of X,

Z, denoted by{ X", Z"}_and{X", Z*}’,

- Obtain {InV\~/im = X"Br + @T(Zm)}ij:l and {InV\~/iW =X\"BY + ggy(ziw)}jzl as a random
sample of size j from the marginal distributionslofwW in accordance with equation (11)

- Generate a random sample of the counter-factuatridition as follows:
{InVﬂ\wliCf = )Zim,@uvi” + @:Y(Zm)}ijzl is a random sample of the wage distribution thifitexist for
women if all explanatory variables are distribusescthey are for men.

Now the wage gap between the genders can be desechpnto the contribution of the
coefficients and the contribution of the "covargitasing the technique of Machado and Mata



(2005), who analysed changes in wage density. Topldy the comparisons of the
decomposition of Oaxaca, we can decompose the itpgaint the wage distribution:

Q, (Inw™)-Q, [Inw*) = |Q, INW™) -, (nW*' )|+|Q, (nW*' )-Q, (nW* |+ residual (12)

The first term on the right hand side is the cdnition of the parameters to the wage gap
between thed —th quantile for men and thé —th quantile for women. The second is the
contribution of the explanatory variables. The daal contains the simulation errors that
appear when many simulations are carried out. Asgyuhat the quantile equation (11) is

correctly specified, the error term disappearsrtgagtically) in (12).

3. DATA AND DESCRIPTIVE STATISTICS

The data used in this paper come from $twicture of Earnings Survé$ES) conducted by
INE (the Spanish National Institute of Statistiaghich employs a method similar to that used
in surveys of wage structures in other Europeamtt@as. The SES consists of a two-level
sampling of Spanish companies (stratified samplmghe first stage for local units, and
systematic sampling for the selection of workersthatse unitsf. For 1995 there was a
stratified sample of 161423 workers, and for 2062 tbtal sample was of 161370 including
only those who had full-time contracts and brandes existed in both years (losing only
some still pretty small and recent branches). HBus/ey collects information on non-self-
employed workers who work at establishments witteast 10 workers and covers a wide
range of private sectors (industry, constructioommerce, the hotel & catering business,
transport, financial intermediation, etc.) excluglinhe primary sector. We once more
emphasize that we concentrate on discriminatichenprivate sector for reasons discussed in
the introduction, compare Aldez and Ullibarri (2p@lso for the limitations arising.

< about here Table 1 >

Tables 1 (and 2a,2b) summarize the variables wadadn our model. As can be seen from
there, the notion of "loyalty" or "tenure" (likeehcentral endowment in the study of De la
Rica et al, 2008) might be more appropriate thatpédence" to describe what is actually
measured. However, it must be noted that interoagtare not counted, so this variable really
reflects working time. Second, for Spain the defece between experience in a particular job
and loyalty to the firm is often negligible sincegpdh has the lowest mobility of any
industrialized country in the world. Third, in Spdoyalty is typically more important for
salary purposes than what is commonly understodéxaeerience”. Finally, note that by law
(in force for the whole period of interest) womenaeturn to their job (at least at the same

2 Note that for all estimation steps, including flee descriptive statistics, one has to accounthistratification
by including the sampling weights.



level) after a maternity break of up to three yedis our knowledge, women in Spain often
make use of this opportunity and typically do nse¢ this break to change firms afterwards.

Note further that the list of covariates in Tables the result of a previous model selection not
documented here. A less typical variable in thidkof studies isnternational markebut it
turned out to be clearly significant. It refledist the company is under the pressure of global
competition but is certainly also correlated witbes As shown in Section 4, these covariates
give always an Rlarger than 50% for both genders and periods etudAlthough we still
obtain Rs larger than 49% when excluding occupation dummies prefer to have them
included on account of its importance for the Sglangap decomposition; recall our
discussion in the introduction and e.g. Aldez atigbarri (2001) or Fernandez, Montuenga,
and Romeu (2000).

3.1 SOME BASIC EVIDENCE

From Table 2a we see mainly 3 basic and expectds. fairst, the proportion of female labor
participation has increased substantially from 1898002 even though women are still more
focusing on the public than on the private secpmitly because of less notable wage
discrimination, see Ullibarri (2003) and Alaez €{2009), and partly because of the better
compatibility with family; see also De la Rica dt(2008) or Arulampalam et al (2007).
Second, no matter whether we look at the obseniagmam or maximum wage, the mean or
the median, thinking in percentages the genderimgaages has seemingly decreased quite a
bit. What we cannot see from this table is whethey is due to the (improved) endowments
of women or whether this is due to a reduction afyev discrimination. Third, the standard
deviation is not a good indicator; in general orauld expect a smaller standard deviation for
women than for men in 1995 and quite a similar ion2002. But recalling that we have only
people from the private sector in our sample, &y @xplanation is that many of the female
with middle-income preferred the public sector wimaty have risen the income dispersion for
the remaining.

< about here Table 2a and Table 2b >

Table 2b exposes three quite interesting featufedbeochanges in the Spanish labor force
characteristics which are typical for Sothern Eeap states, cf. Arulampalam et al (2007),
Alaez et al (2009), Simon (2010) or the OCDE (20@2)st, that "experience” has lowered
just means that the originally very low mobility 8pain has increased from 1995 to 2002.
Thereby, the here existing gender gap in experigloeeased. Second, taking together the
educational levels 1 and 2 we see that women haweonitstripped men by far. It was about
the same level for the highest degree in 1995abaady then about 20% higher for women in
educational level 1. Third, women have caught upespect to achieving long-term contracts

10



which have an important positive impact on wagenglbasically all studies which are cited
here and provided that information.

3.2 THE DISTRIBUTIONS OF LOG WAGES

The study of wage data is based on two elememss; flescriptive statistics give information
about position, dispersion and form of distributiamd second, a visual tool of the density
functions applying nonparametric kernel estimation.

The logarithm of the hourly wage is used, calculads the annual gross income divided by
the number of hours worked in the year. The nonpatac density estimators consist of
estimating f(x) without assuming that it belongstpre-established parametric family:

==Y K(X_Xij (13)

with n being the total number of data availablerg;lé is the width of the window aid ) is
a kernel function. For more details, see Hardlailld, Sperlich, and Werwatz (2004).

< about here Figures 1 and Figures 2 >

Figure 1 and 2 show the densities of the wage per m logarithm for men and women
separately for both years and their changes oweg.tNote that even though we face log
wages, they can hardly be considered as being synmom@gures 1 for 1995 and 2002 seem
to show that women tend to be located more on dftehnd side. Moreover, as the wage
increases, their density always is below that ofi.n@oncerning the trend in wages over time,
Figures 2 shows that there was a general increashel wage for women, but no clear
increase for men. The mode of the density for wormdocated more to the right in 2002 than
it was in 1995, but for men it seems that no simieowth took place. Unquestionably, the
mean increased between 1995 and 2002 with empbiagise case of women. Note that this
outcome and trend is also mentioned by most oabwye cited articles but has not been that
clearly demonstrated so far.

3.3 ADISTRIBUTION BASED COMPARISON OF WAGES

When no particular structure is considered, thetmadimentary, most flexible model that
comes to mind is the joint distribution of variabia terms of their density. As the counterpart
for the mixture of continuous and discrete datan@re involved we restrict ourselves to
illustrating the relationship between log wages agd and years of experience, respectively.
To that end we use an extension of the nonparasra#nsity estimator given in the previous
section. If we have two variables (x,y) fopbbservations, density f(x, y) can be estimated by

f(x, y) = nhlh z KX(X;‘Xi jKy{y;Yi ] , Ky Ky kernels with windows size,, hy  (14)

y
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< about here Figures 3 to Figures 6 >

The joint density for log-wage and age (not showrginly revealed that the densities are
much more peaked for women (at the age of aboan80dog-wage of about 2) than they are
for men. Figures 3 to 6 show the results for the-tiimensional densities for log-wage (in the
3-D plots increasing from right to left for the saéf presentation) and experience in 1995 and
2002. The contours for men and women refer to tmesdensity values. A cross line
perpendicular to any point on the year axis givesrditional distribution of the wage for a
certain number of years. Keeping this in mind, oard are observed that run from north to
south with a peak at about 0 to 4 years and abdat bg-wages. For less than 5 years of
experience all densities are much more spread (fregative to >3 log-wages), and skewed to
the left, while for experience above 10 years thgpwage spread is much smaller ranging
from 0.5 to 2 in 1995 and from 1 to 4 in 2002, exdjvely. Different authors like e.g. De la
Rica et al (2008) argue that the shorter tenurev@hen caused by societal discrimination,
leads to lower women's wages at the lower parhefdistributiod. And indeed, especially
when comparing the income distributions in 1995rf@n vs. women with an experience of
less than 10 years we see this hypothesis straragifirmed (for experience 0-2 the density
goes up and down much earlier and faster for worfmnexperience 2-10 we see a clear
spread towards lower wages for women which is netet for men). The supposition that this
gap would disappear for high tenure is less cldsenchecking the wage-scale (in accordance
to Figure 1). While these findings still seem tddhtor 2002, they are definitely much less
evident. Certainly, one might now argue that theeldetected differences may be explained
by other factors than discrimination. In order &sttthis, we now turn to the regression
analysis of mean income and quantiles of the incdisteibution.

4. REGRESSION RESULTS

We will proceed in tow steps. We first carry outhaan regression analysis and the resulting
wage gap decomposition, as introduced in SectioAfterward, we do the semiparametric
guantile analysis which has also been introducedansection.

4.1 MEAN REGRESSION

As already discussed, there are several possibkesaf the aforesaid wage gap. On the one
hand there is labor segregation, due to which womuen paid poorly because they are
employed in bad jobs. On the other hand it candes shat employers offer different wages
for workers with quite similar abilities. This wagdspersion within a company is less
accentuated when sectorial collective bargainirgjrisnger and when wage limits are fixed by

% More specifically, they argue thatrhployers may use statistical discrimination in exsgtting in order to pay
a lower proportion of the training cost for womdran for men:'
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the government or by agreements between union®m@pibyers' associations. To account as
much as possible for these different sources wiidied apart from the endowments of the
individuals also occupational dummies and the ssabprofessional activity.

< about here Table 3 >

Recall the mean regression based method introducegection 2. As all covariates are
dummies except experience and age, only these tatteenter into the nonparametric part.
Our first step consists of separately estimatingaéiqn (5) for both years. Table 3 shows the
coefficient estimates. Most of them are significdrite variables that positively influence the
wage of a worker are: belonging to a large comphayjng university education, and having
a long-term contract. Most striking here is thaghtithe returns to educational level went
down significantly from 1995 to 2002, so right thevhere women have improved nfosn
terms of sectors, energy supply (E) and the firnsector (J) influence wages strongly
positively, whereas the influence of being in thaeh and catering business (H) is clearly
negative. Note that all coefficients related tougations show negative signs simply because
‘manager’ is our reference group. The ranking esthestimates are in accordance with what
intuition would expect. As far as they are comphgatith similar studies for Spain, they do
not contradict to their findings, see for examphlr¢a et al (2001), Simoén (2010), Alaez et al
(2009), De la Rica et 42008) and others. Direct comparisons are hardbsipte as they all
use different years and samples, different cowesjaand all work with (log-)linear models,
typically not allowing for interactions.

< about here Figures 7 and 8 >

The estimated joint impacts of experience and agethe nonparametric functiogg ) are
plotted in Figures 7 and 8, separated by year andey. Asg()is a function from two to one
dimension, it is presented as a 2-dimensional Ipjaee on the joint support of the covariates
ExperienceandAge They show that both covariates have a stronggihowt linear impact on
log-wages, independently of type and years. No mapaclusions can be drawn for studies
concerning the marginal impacts as interactionsnste dominate — something ignored in
most of the parametric studies! Looking at men #93, we observe for people with low
experience that wages increase log-linearly with algnost until 65. For people with higher
experience, the impact of age is already flat feogte older than 50, or even decreases. In
contrast, experience has a clear positive impacbésically all ages below 65. In 2002, this
has changed a bit. Now, log-wages seem to incralasest throughout (except for the oldest

* We are certainly aware of the quite abundantditee on over qualification which may justify tffiisttening of
return to education without charging it to gendiscdmination. However, most of the literature welw on this
concerning Spain investigates several years b&f®8é. For a more recent study, see Budria and Negjide
(2006).

® The estimates af( ) were obtained with window sizes equal to 1.5 tiB#german’s rule of thumb.
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where experience has no significant impact once &bove 25) for both covariates with
additional positive synergy effects, i.e. exhilgtia clear interaction. When we consider
women in 1995, we observe a quite different imgacture than we did for men, especially
that the impact of age is inversely U-shaped (ext@pvery experienced and aged working
women), and that for female workers experience eshadready in 1995 increasing log-wages
throughout. A maybe most striking finding is that 2002 the general form @f( ) is now
similar to that of men (except maybe for very oldmerf) though on different scales; we
detect the same general positive marginal effefcégye and experience as well as the positive
synergy (i.e. interaction) effect. Moreover, abb®ts, bumps, and valleys we see in the log-
wage surface for women in 2002 we can equally wetiect for men in 2002, just on a
different scale (what is partly expected accordmghe hypothesis of De la Rica et al (2008)
that the wage gap decreases for increasing tenure).

< about here Table 4 >

To study the past and actual wage discriminati@bld 4 shows the decomposition for 2002
and 1995 along equation (6). As can be seen ttier@yage gap between men and women has
reduced from 0.3404 in 1995 to still 0.2389 lodariic points in 2002, most of which is due
to elements that cannot be explained (in neithetheke two years). Moreover, in the
explained part we see that as a result of theiowntents women should actually earn about
the same on average. In other words, the discrimim@unexplained part) is still evident (i.e.
men earn about 23.8% more than identically qualifi®men). In view of all components, we
must state that there was still a high degree @endiscrimination in Spain in 2002 although
the observed total pay gap has reduced a lot cadparl995.

< about here Table 5 >

Recall that Table 2b gave an ambiguous image ofdtheelopment of endowments: while
women had clearly outstripped men in 2002 concegreducation, they did not succeed to
improve their situation with respect to experieénaed long term contracts, what is clearly in
coherence with our discussion in the introductind the statements of therein quoted articles
(recall our discussion of child care or De la Retal (2008) concerning social and statistical
discrimination). To relate once again these desedpstatistics of endowments with wage,
see Table 5. It shows the results of the deconiposif the trend in the wage gap from 1995
to 2002 along equation (7). One of the main conehssthat can be drawn is that the wage
gap dropped by 0.101 logarithmic points betweesdhgears, from about 34% higher wages
for men in 1995 to about 24% in 2002. At first glise this looks like good news, but if we

® There are very few old women with high experiefreeall that this means tenure) which give a qditierent
shape to the curve at the upper right. Our gerstatééments refer certainly to the mass of obsemati

" This is clear because in average women study hangfer, see their educational level 2 in Tabletizhe that
rests from tenure.
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look at the components, a remarkable fact is thastnpart of the reduction is due to the
reduction of the differences in observed endowmbatazeen men and women and feminine
endowments (with a value of -0.0972, and -0.02&®peetively). This implies that women
considerably improved their characteristics (highevels of study, more experience,
acquisition of posts at better paying companies \aitid better contracts) compared to 1995
on the one hand, but also in comparison to merherother hand. These results show that in
the reference period women improved a great delative terms compared to men and also
in absolute terms according to an analysis of ceamyer time. But that means also that with
respect to the valuation of these characterissiag, "observed returns”, the situation of wage
discrimination in Spain has unfortunately changely slightly over these eight years.

Before coming to the analysis of income quantiles, should briefly answer the question

whether the use of the sophisticated semiparamatathod was justified. We tested the

validity of the alternative (log-)linear parametaoalysis. We applied the nonparametric test
of Hardle, Mammen and Mdller (1998), see also Harell al (2004). For both years and

gender groups the parametric null hypothesis odgaviage equation had p-values clearly
below 10% (based on bootstrap estimates of critiahles). Notice that this may not just be
due to nonlinearities but moreover due to the okeskr(compare Figures 7 and 8) strong
interactions in our regressions. In any case, fihding is important as it might (at least

partly) be the reason for results deviating frotmeotarticle's findings.

4.2 THE ANALYSIS INCOME QUANTILES

A limitation of all above analysis is that it isdeal on average values, which prevents us from
observing the trend in wage gaps along with théridigion of wages. Table 6 shows the
estimated wage differentials for quantiles 0.150®5, 0.75 and 0.9 along the decomposition
introduced in equation (12). All results are obgaiusing the estimation methods described in
Section 2.

< about here Table 6 >

We see that for the highest wages the drop in tgevgap between 1995 and 2002 is higher
than for the rest of the quantiles. This is easélgn in the 75th and B@uantiles, which have

a value of about 0.30 points in 1995 and about 2Q002. Note that, interestingly, in
contrast to many other EU Member States (cf. Arglalam, Booth, and Bryan, 2007), where
the total observed gap increases monotonously tiwéglguantiles, in Spain we observe a ‘W-
shape’ for 1995, and a kind of asymmetric (mostgrdasing) U-shape in 2002, compare
once again with Figure la of De la Rica et al (300®8e situation observed here, in which
gender pay gaps are typically wider at the end a@nthe top of the wage distribution, is
known as the "sticky floors" and "glass ceiling$he latter one has reduced a lot in 2002
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compared to 1995 but the floors stay quite stiakywwomen, compare with Rio, Gradin, and
Canto (2011) for 1995.

When analyzing inequality between men and womes, rifetaphor typically describes the
barrier to further advancement once women havénattaa certain level. From there on they
see their male counterparts promoted while theynate The "sticky floor" is simply the
opposite scenario of the "glass ceiling”. Here ¢jags widen at the bottom of the wage
distribution, an effect that has even aggravatedSpain from 1995 to 2002. Booth,
Francesconi, and Frank (2003) define this as theatsdn where men and women with
identical endowments might be appointed to the gaayescale, but the women are appointed
at the bottom and men further up the scale. Théaeagtion for these two effects can be rather
complex: it involves the interplay of several fastdike different reservation wages etc., cf.
the arguments of De la Rica et al (2008). RecaMlly that due to the nature of our sample,
the “sticky floor” effect observed here cannot bevoked by irregular immigrants or
clandestine employment. However, it can certairdyififluenced by regular immigration as
suggested when thinking of the work of Butcher Bxitdardo (2002).

Several papers based on Spanish data from the meddnineties claim a U-shape, being
widest for high wages. For 1995, our data and saraipetric model find rather a W-shape
being widest for low income groups. A look at thecdmposition of the total observed gap
confirms our general findings above, but now sdedrdor the different quantiles. The
conclusion that most of the wage gap for the distion is due to the valuation or “returns” to
endowments in both years is even true for all gleemtHowever, it seems that the gap has
become significantly smaller for the higher wageugs. As for endowments, the trend in the
gap has hardly changed, whereas the absolute veldea lot. For example, for the "0
quantile the value has fallen by 4 points, for 288 and 98 quantile even by 5 to 6 points.
Only for the middle-high wages (5nd 58' quantile) the gap increase from 1995 to 2002,
and here even by more than 100%. Certainly, inageepooled over the quantiles), these
findings confirm our statements from above: womewehimproved their endowments but
discrimination (gap due to returns) goes on. Ir#gmgly, this phenomenon is quite unequally
distributed over the income groups. Note that weeh#t found any comparable results in the
other articles as they typically considered spepatitions of their population or found at
most U-shapes based on log-linear models withdatantions.

5. CONCLUSIONS AND FURTHER DISCUSSION

This paper examines the structure of the wage gamén and women in the private sectors
in Spain during the period from 1995 to 2002. Amotiger findings, a first simple descriptive
analysis including nonparametric density estimasbows that, though wages seem to have
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increased for both genders in the period of refsgenhe growth in women's earnings is
especially strong. Nevertheless, a notable payigapll existent. This, so far, coincides with
the statements of similar but purely parametridistst

As for the trend in the wage gap, this articleadtices, justifies and applies different flexible
semiparametric extensions of the regression basednaposition of Oaxaca-Blinder and its
modifications. Our application of these new methtalsSpain indicates a decrease in the
gender pay gap over the period from 1995 to 2Q62aiperiod where many efforts have been
made to combat discrimination including the pay ,gapcall our discussion in the
Introduction. However, this decrease is basicallg tb the fact that women improved their
endowments in absolute and relative terms compareten from 1995 to 2002. What in our
opinion is especially striking here, is that wonseeducational level is even clearly above that
of men, even if not so for long term contracts arperienc& While it was comparable at the
beginning of the observed period, women outstrippgeh by far in higher education.
Unfortunately, the returns changed accordingly sthett women's effort to catch up in this
respect has not been rewarded accordingly. Moremeeran say that in general, with regard
to the valuation (or pricing) of women’s endowmeiatsnajor political challenge still remains.
Recall that, is there a selection bias, we havg estimated the lower bound; the actual
discrimination might even be more serious thenaés® our discussion below.

Extending our new methods of decomposition to cediattual quantile estimation (cf.
Machado and Mata, 2005), we have been able to shedyrend in the wage gap along with
the distribution of wages. Apart from some partities of Spain (compared to other EU
members) we find that discrimination is much magaus in rather low and rather high paid
jobs than for jobs with median wages. While theHage in 2002 is consistent with most of
the studies we found to this topic, we found wigaps at the bottom than at the top (in 2002)
and even a W-shape for 1995. However, this mightllee to the selection of the particular
population but is not necessarily just due to tbmiparametric modelling. Having in mind
that all the other articles use different populasiocovariates and neglect interactions, they are
hardly comparable with our results. Both, the gap tb endowments (going back to social
discrimination) as well as the gap due to returmgage discrimination) is quite
inhomogeneously distributed over the quantilesrastdnonotonically rising or falling.

A possible criticism (see Garcia et al, 2001) cons¢he problem of endogenous selection in
labor force. If all relevant information can be suarized, say in a covariate vector T, and the
error distribution including covariance structurere&s known, see Heckman (1980), then this
correction could be reduced to the inclusion of ewnelement in our regression. The
corresponding extension of our semiparametric moaeses no problems for identification or

8 see our discussion from above on the negativeletion between educational level and experience.
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estimation. That is, such an extension would gdiyelee feasible for our semiparametric
method though computationally demanding, especiilliso the selection bias correction has
to be done semiparametrically (else one needs gdgums similar to the Heckman (1980) or
Tobit- approaches). However, the problem in practie the 'if'. In our application we
disregard this extension due to several probleme. @ason is that we could not find a good
instrument T. “Good” means that such an extensimulsl not increase the variances of our
estimates more significantly than changing the nesiiobn results. Actually, in
semiparametrics we often face the problem that neoarections for possible biases increase
the variance to an extent that in the end one losesvhen looking at the mean squared error
— the most relevant criterion for the quality ddtgtical inference. We also found that most of
the papers on the gender pay gap did not correet possible selection bias: they either argue
that it is negligible or they simply ignore it. Auige careful study in this direction was
performed by De la Rica, Dolado, and Llorens (20@Bgy considered potential selection
biases separately, partitioning their sample bydgeneducational level, and age. For the
considered year 1994 they found a significant sieledias only for young women with low
education. Not surprisingly, this single signifitaelection bias was positive. A careful study
of our above formulae reveals that in case of p@sielection, all our numerical results on
the gender pay gap can be considered as lower boninthe actual gap. Consequently, a
correction for this possible selection bias woubd change our findings qualitatively but only
quantitatively. This also holds true for our fingithat the gender pay gap has decreased from
1995 to 2002, because the much higher female ladaticipation in 2002 indicates a smaller
selection bias (compared to 1995) resulting inaa@r lower bound than that for 1995.
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Table 1: Table of variables, in brackets the clugsed as reference group.

Wage Gross hourly earnings from employment

Ln(wage) The natural logarithm of wage

Experience Length of service in the actual entegymumber of years
Age Number of years of the employee

Intern. Market Dummy: 1 if products are mostly soldside Spain
(Loc-national Marketpummy:1 if products are mostly sold in local orioaal market
Enterprise size 1 Dummy: 1 if between 16 and 25leyaes in the enterprise
Enterprise size 2 Dummy: 1 if 25 or more employiegbe enterprise
(Enterprise size 0) Dummy: 1 if less than 16 erypbs

Ed. level 1 Dummy: 1 if high school or apprentiagpdivel studies are held
Ed. Level 2 Dummy: 1 if university studies are held

(Ed. Level 0) Dummy: 1 if elementary studies arlelhe

Long term Dummy: 1 if contract is long-term

(Short term) Dummy:1 if contract is short-term

C Mining and quarrying industry

D Manufacturing industry

E Energy

F Construction

G Wholesale and retail trade, repair of motor vielsic

H Accommodation and food service activities

I Transportation and storage

J Finance and insurance

(K) Renting and other auxiliary activities

Professional Professionals

Tecnic Associate professionals and technicians

Clerk Clerical support workers

Services Service and sales workers

Operators Plant and machine operators and assambler

Nonskilled Non skilled workers

(Managers) Managers

Table 2a: Descriptive statistics of In(wage/hoarp002 and 1995

2002 1995
Male Female Male Female
Number of data 120317 41053 126743 34680
Min -1.3325 -0.2794 -1.0076 -3.409
Max 5.3772 5.0052 4.864 4.2527
Mean 2.3676 2.1287 2.1884 1.8482
Median 2.2728 2.0204 2.1219 1.7665
Standard deviation 0.6344 0.5855 0.6138 0.6367
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Table 2b: Descriptive statistics of endowments@f2and 1995

2002 1995

Male Female Male Female

Mean 9.886 7.748 12.237 9.4945

experience Median 5.333 3.75 9.001 6.000
St.dev. 10.399 9.000 10.2774 9.0723
Educ.level 1 Mean 0.5568 0.5448 0.5284 0.6584
St.dev. 0.4968 0.4980 0.4991 0.4742
Educ.level 2 Mean 0.1718 0.3100 0.1209 0.1353
St.dev. 0.3772 0.4625 0.3260 0.3421

Long term Mean 0.7948 0.7722 0.7964 0.7296
St.dev. 0.4037 0.4193 0.4026 0.4441

Table 3: Coefficient estimates and goodness ofdasure, equation (5)

Year 2002 1995
Male Female Male Female
Param| s.e. Param sel. Param. sle. Param.

Intern.market 0.0654 0.0033 0.0834 0.0053 0.0623 0.0032 0.0559 0.0061
Company sizel 0.0979 0.0036 0.0670 0.0056 0.1055 0.0033 0.0596 0.0066
Company size2 0.2613 0.0037 0.2028 0.0054 0.2816 0.0034 0.1920 0.0066
Educ. Level 1 0.1138 0.0034 0.0515 0.0050 0.1047 0.0028 0.1016 0.0064
Educ. Level 2 0.2098 0.0051 0.1823 0.0063 0.3508 0.0052 0.2773 0.0099
Long term 0.3062 0.0037 0.3053 0.0050 0.3166 0.0041 0.2801 0.0070
C 0.2427 0.0087 0.1540 0.0282 0.1236 0.0096 0.0998 0.0334
D 0.0705 0.0042 0.0475 0.0056 -0.0054 0.0060 0.0212 0.0095
E 0.3155 0.0077 0.2743 0.0169 0.2970 0.0084 0.2297 0.0196
F 0.1498 0.0056 0.1089 0.0144 0.0439 0.0071 0.0788 0.0174
G 0.0437 0.0058 -0.0254 0.0067 -0.0255 0.0070 -0.0637 0.0108
H -0.0811 0.0081 0.0027 0.0089 -0.1165 0.0086 -0.0403 0.0135
| 0.1258 0.0058 0.1143 0.0093 0.0786 0.0072 0.1530 0.0125
J 0.2768 0.0065 0.3208 0.0080 0.1611 0.0071 0.2520 0.0112
Professional -0.2361 0.0082 -0.1991 0.0152 -0.2475 0.0071 -0.1423 0.0205
Tecnic -0.4517 0.0075 -0.4742 0.0151 -0.3526 0.0062 -0.3342 0.0190
Clerk -0.7097 0.0081 -0.6895 0.0153 -0.5882 0.0064 -0.5426 0.0184
Services -0.7592 0.0091 -0.7637 0.0158 -0.6514 0.0080 -0.6283 0.0198
Operators -0.7185 0.0079 -0.8528 0.0172 -0.6324 0.0063 -0.7982 0.0198
Nonskilled -0.7407 0.0078 -0.8653 0.0162 -0.6365 0.0062 -0.7761 0.0192
R"2 0.5674 0.5853 0.5604 0.5596

Table 4. Decomposition of Gender Pay Gap in Sgd02 and 1995, equation (6)

Description Estimates

Year 2002 1995
Observed gap 0. 2389 0.3403
Due to:

Observed endowmentg 0. 0009 0.0921
Unexplained 0. 2380 0.2482
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Table 5: Decomposition of the gender pay gap inrf§d®#95-2002, equation (7)

Description Estimates
Observed change -0.1014
Due to:

Observed endowments -0.0972
Observed returns 0.0015
Effect of women’s endowments -0.0288
Effect of differences in the observed return 0.0232

Table 6: Evolution of the decomposition of the ghpgjuantiles: equation (12)

Quantiles | year 10th 25th 58 75" 90th
Total observed| 2002 | 0.3024 0.2282 0.2105  0.2012 0.2259
gap 1995 | 0.3497 0.2879 0.3496 0.3095% 0.3326
Due to 2002 | -0.0476 | 0.0273 0.0554 0.014 0.0675
endowments | 1995 | -0.0044 | 0.0802 0.0187 0.005 0.1180
Unexplained | 2002 | 0.3500 0.2009 0.1551 0.1872 0.1584
(due to returns)| 1995 | 0.3541 0.2077 0.3309 0.304% 0.2146

Figure 1: Densities of In(wage/hour) in 2002 (leftid 1995 (right)
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Figure 2: Densities of In(wage/hour), evolution:095 of male (left) and female (right)
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Figure 3: Density of In(wage/hour) and Experient&995 (male)
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Figure 5: Density of In(wage/hour) and Experienc2002 (male)
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Figure 7: Nonparametric functianof equations (5) and (6). Year 1995
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