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Abstract

In this paper, we investigate the gender wage differentials for Switzerland.
Using micro data from the Swiss Labour Force Survey, we apply a matching
method to decompose the wage gap in Switzerland. Compared to the traditional
Oaxaca-Blinder decomposition, this nonparametric technique does not require
any estimation of wage equations and accounts for wage differences that can be
due to differences in the support. Our estimation results show that the problem
of gender differences in the supports matter in explaining wage differentials.
We can interpret these differences as a form of “discrimination” which is
reflected in wages because women face “barriers to the entry” in accessing
certain individual characteristics that men achieve. As a consequence,
accounting for these differences in gender supports may be useful in terms of
policy implications in promoting more equality between men and women.
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1 Introduction

In Switzerland, the issue of inequality between women and men has been of policy
concern during the last decades. Both progress and stagnation are the special features in terms
of gender equality over the period 1970-2000. Some progress has been done in the access to
education (see OFS, 2003). Despite this gain, it is important to point that some significant
differences remain especially in areas involving the repartition of domestic and work tasks. In
Switzerland, the gender specialisation in different areas of life is a strong social norm (see
OFS, 2003). Along with occupational segregation, this can be a source of wage inequalities
between men and women.' Our concern in this paper is to investigate one particular aspect of

gender inequalities which is based on wage differentials between men and women.

In the international literature, a growing attention has been paid to this question of
gender wage differentials. The way of addressing this issue has typically involved the
distinction between the wage differences that can be due to different compositions of personal
characteristics (such as age and education) and the wage differences that remain after
controlling for these observed differences and that are commonly attributed to

. .. . 23
discrimination.”

One way for adjusting these observed differences between men and women involves
wage regressions. Although commonly used, this approach has some limitations. First, a
particular relationship is assumed between the explained variables and the (log of) wages
(with a potential risk of misspecification). Another, perhaps more important problem is the
“support” problem in the distribution of the covariates. Men and women may not only differ
in age, education and occupation..., but the distributions of these variables can overlap very
little. This problem of lack of common support has been ignored in most studies on gender
wage gaps. Typically, assumptions are made to extrapolate results: the behaviour of men is

projected outside the observed range to form a comparison group for women having the same

" Lalive and Stutzer (2004) investigate the importance of social norms in explaining why women do not report a
lower job satisfaction while persistent wage gaps are observed in Switzerland. In their study, wage differentials
between men and women are attributed to the social norms about appropriate salaries for women. However, we
can argue that these social norms can represent a form of barriers to the integration of women to the labour
market.

2 A definition of wage discrimination that is commonly accepted and used in the literature suggests that
discrimination against women arises when for seemingly equal work, women earn less than men (see Altonji and
Blank, 1999).



characteristics. This can lead to misleading results since individuals are compared though they
are not comparable. As an alternative, the attention is restricted to the common support only,
thus ignoring a lot of information which can be useful. In addition, the policy conclusions are
made for the whole population while the analysis is made only for its part. The importance of
the common support problem has been largely addressed in the evaluation literature (for a

detailed discussion, see for instance Lechner, 2001).

As an alternative to the parametric approach, nonparametric methods have been
proposed. In this paper, we use a nonparametric technique which is based on matching.
Matching methods have been widely used in the literature on evaluation in looking at the
impact of a treatment on an outcome variable (see for instance Heckman, Lalonde and Smith,
1999). However, matching can be used in the analysis of gender wage differentials as well. In
disentangling the explained and the unexplained components of these differentials, we have
indeed to compute the counterfactual wage that women would receive if the distribution of
their characteristics would be similar to that of men. In this paper, we use the matching
procedure and the decomposition of the wage gap along the lines of Nopo (2004). Nopo
suggests using exact matching. The advantage of this procedure is that we can simultaneously
estimate the common support and the mean counterfactual wage for the women on the
common support. In addition, the decomposition of the wage gap explicitly accounts for
differences in the supports of the distributions of characteristics. Lastly, this matching method
provides useful information on the unexplained wage gap not only at the mean, but also on the

distribution of this gap over the entire wage distribution.

However, the flexibility of this method is very costly: in the nonparametric setup, we
face the problem of dimensionality which arises when we control for many covariates. The
inclusion of many variables will indeed reduce the size of the cells and the number of
matches. Hence, this limits the distributional analysis of the unexplained component of the
wage gap. This problem is attenuated if a large dataset is available. An alternative approach to
exact (multivariate) matching would be propensity score matching which reduces a high-
dimensional estimation problem to a one-dimensional case (see Rosenbaum and Rubin, 1983).
However, in terms of efficiency, it is not clear whether propensity score matching is superior
to direct matching (see the efficiency issues discussed in details by Hahn (1998); Heckman,

Ichimura and Todd (1998)). As a consequence, we compare the results of the decomposition

? This standard decomposition has been extended by Juhn, Murphy and Pierce (1993) into a decomposition that
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based on exact matching with the results of decompositions based on more commonly used

nearest-neighbour and calliper propensity score matching algorithms.

Besides these methodological issues, taking account of gender differences in supports
may also be important for policy implications. Gender differences in supports can indeed
reflect a form of pre-labour market discrimination, because women face some “barriers to
entry” in reaching certain individual characteristics that men achieve (see Nopo, 2004). Such
barriers can for example be attributed to a different access to the education system, but also to
the fact that working women still have to carry most of the burden for housework and
childcare (see Altonji and Blank, 1999; Waldfogel, 1998).4 In the latter case, it will take a
long time to reduce the gender wage gap, since it involves a change of social norms about
men’s and women’s role on the labour market. As a consequence, measures facilitating the
duality between work and family should prove to be useful in reducing gender wage

differentials (see for instance Blau and Kahn, 2000 for the US).

The paper is organised as follows. Section 2 gives a brief overview of the existing
literature on the decomposition of the wage gap. Section 3 presents some stylised facts about
the measures aimed at promoting gender equality in Switzerland. In Section 4, data used for
the empirical application are described and some descriptive statistics on gender wage
differentials are reported. In section 5, we present the econometrical model. Then, we discuss

the results in Section 6. Section 7 concludes.

accounts for unobserved heterogeneity in addition to the classical “endowment” and “remuneration” effects.

* Altonji and Blank (1999) point the importance of “pre-market human capital differences” such as differences in
family expectations and in educational choices in explaining gender wage differences in the labour market.
Waldfogel (1998) underlines the role of some institutional factors such as the lack of maternity leave in acting as
structural barriers to the promotion of women with children in employment that is valuable in terms of work
experience and thus in terms of higher pay.



2 Wage gap decomposition: a literature overview

2.1. International overview

A wide strand of empirical literature has focused on the role of discrimination in
explaining the observed wage differentials between men and women on the labour market
(see Blau and Kahn, 1997 and Altonji and Blank, 1999 for an overview). Typically, the
question is to disentangle the part of the gap that can be explained through human capital
endowment from the part that may result from discrimination. Human capital endowment
(such as education, experience and other characteristics) is distributed differently between
men and women.” In this case, the wage differentials are explained by some characteristics
which men own and which women do not own such that these characteristics are better
rewarded on the labour market. As a consequence, if the distribution of the characteristics
between men and women were the same, the wage differentials would reduce by the amount
that is attributed to differences in human capital endowment. In the literature, this component
of the wage gap is often referred to the “explained” part. After controlling for human capital
characteristics, the remaining wage gap (or the “unexplained” part of the wage gap) is then
due to discrimination.® In accounting for this component of the gap, the counterfactual wage
that women (resp. men) would earn if they had the same characteristics as men (resp. women)

has been the key research element of the empirical literature.

Different decomposition methods have been proposed to account for the explained and
unexplained components of the wage gap. The most popular method is based on a parametric

approach. Following Blinder (1973) and Oaxaca (1973), thereafter BO, separate wage
=X,,B,+U, ) and for females (Wif =X, B, +Uif)

m

functions are estimated for males (W

with X being a vector of human capital characteristics (see Mincer’s wage equation, 1974).
The difference in average wages between men and women can be decomposed into
differences in personal characteristics (“endowment effect”) and differences in returns

(“remuneration effect”) :

> For example, in their survey on race and gender differentials in the labour market, Altonji and Blank (1999)
provide evidence that differences in personal characteristics that are likely to be related to wages such as
education, experience and family status are observed by gender for the US. In our paper, we also find gender
differences in these characteristics for Switzerland (see Section 4 for more details).

® It is partially attributed to discrimination, since it is possible that some unobserved characteristics that may
explain the wage differentials are not controlled for.



W, =W, =(X,-X,) b, +X, (B.-5/)

endowment effect remuneration effect
In this decomposition, the term X . 5, represents the counterfactual wage for women if they

were paid as men (i.e. if their characteristics were rewarded in the same way as for the
average man). The second term of the decomposition is often interpreted as wage differences
that may result from discrimination. However, the validity of this interpretation has widely
been discussed in the empirical literature: omission of observed variables, pre-labour market
discrimination, endogeneity issues that can arise in the OLS estimation of the wage regression
and the lack of the common support can make it difficult to distinguish between the different
components of the wage gap and to assign the true part of the gap that is due to

discrimination.

A potential problem inherent to the BO decomposition is the validity of the functional
form assumption about the conditional expectation of wages. In constructing the
counterfactual wage, it is assumed that it is always possible to find women who are
comparable to men in terms of observed characteristics. However, a problem of comparability
arises, because some combinations of characteristics that are common among men may not be
observed among women. This is particularly true if job characteristics such as job occupations
or degree of occupation are accounted for. As a consequence, the BO decomposition assumes
that the estimates of the wage equations are valid out of the supports of the distribution of
individual characteristics. However, some empirical evidence shows that this specification
assumption can lead to misleading results. For instance, Barsky, Bound, Charles and Lupton
(2001) account for the differences in earnings in explaining the wealth gap between black and
white households. In their study, they provide evidence that a large fraction of black
households is not observed over a sizeable portion of the white earnings distribution. With the
traditional BO decomposition which fails to account for these differences in the supports of
the distributions of the characteristics, Barsky ef al find that 20% of the average wealth gap is
explained by earnings differences. On the contrary, by focusing on comparable white/black
households only, the part of the mean wealth gap which is attributed to earnings differences
amounts to 64%. In his study about gender wage gap in Peru, Nopo (2004) reports similar
empirical evidence about the importance of differences in the supports in explaining the wage
gap. First, 30% of working women cannot be matched with any men in the data and thus
belong to the out-of-support region. Second, Nopo (2004) finds that the unexplained part of

the gender gap is over-estimated using the BO decomposition.



A second disadvantage of the BO decomposition is that it only focuses on the mean
unexplained wage differences and does not explore the distribution of these unexplained
differences. To overcome this limitation, different approaches have been used to simulate the
counterfactual wage distribution. For instance, in their study about the rising wage inequality
in the USA, Juhn, Murphy and Pierce (1993) construct the hypothetical wage distributions
using a parametric model (based on the OLS estimation of wage equations). In addition,
Donald, Green and Paarsch (2000) explore the differences in wage distributions between
Canada and the USA by using a parametric proportional hazard model. Other studies use
quantile regression methods to construct counterfactual wage distributions (see for instance
Poterba and Rueben, 1994 and Melly, 2005 for studies about public-private sector wage
differentials for respectively the US and Germany; Garcia et al, 2001 and Albrecht et al, 2004
investigate the gender wage gap using quantile regressions for respectively Spain and the
Netherlands). As an alternative to parametric strategies, the counterfactual wage distribution
can also be simulated using nonparametric techniques. For instance, in their study about wage
inequality in the USA from 1979 to 1988, DiNardo, Fortin and Lemieux (1996) study the
effect of changes in labour market institutions on the distribution of wages. They construct the
synthetic wage distribution that would have been observed in 1988 if the labour market
institutions of 1979 had remained unchanged using the observed wage distribution in 1988 by
applying kernel density methods to re-weighted samples. Similarly, Barsky et al (2001)
propose a nonparametric alternative to the usual BO decomposition. They simulate the
counterfactual wealth distribution by re-weighting white households such that their earnings
distribution coincides with the actual earnings distribution of black households. Contrary to
the study by DiNardo et al (1996), there is only one single explanatory variable in the study
by Barsky et al. This avoids the problem of dimensionality that arises in the study by DiNardo
et al. In the nonparametric setup, Nopo (2004) also investigates the distribution of the wage
gap but in presence of many explanatory variables. In addition, he proposes a new
decomposition technique that accounts for the above mentioned problem of the differences in

the supports.

2.2. Swiss studies

In the last decade, the issue of gender wage differences has been the focus of a number
of studies in Switzerland. Since the seminal work by Kugler (1988), about ten studies have

been published in this area. Table 1 gives an overview of these studies. It indicates that



different estimation methods of wage equations and different data sets have been used. This
leads not surprisingly to diverse results which do not help in the current public debate on
gender wage differences (OFS, 2003). Most studies analysing the gender wage gap in

Switzerland are based on parametric methods and use the BO decomposition for wages.

By combining data from the Health Survey, the Income and Wealth Survey and
merging them with a supplement survey on labour supply, Kugler (1988) examines the gender
wage gap for a sample of about 2500 individuals. Using the traditional BO decomposition, he
finds that 93% of the gender wage gap of 43% can be accounted for. Briiderl et al (1993) use
data from the 1987 International Social Survey Program and find a total wage gap of 81% and
an unexplained wage gap of 38%. A range of studies conduct the gender wage gap analysis
using the data from the Swiss Labour Force Survey (SLFS). Depending on the estimation
techniques and the variables used in these analyses, the studies find a gender wage gap of
20%-40% of which about 10%-20% cannot be explained by the specification used in these
studies. The study by Sousa-Poza (2003) is the only study that uses the first 11 waves from
the SLFS. After controlling for personal characteristics such as education, foreigner status,
experience and for job characteristics such as tenure, firm size and industry sector dummies,
between 50% and 60% of the wage gap still remains unexplained. This is rather different from
the result obtained in Bonjour (1997) for example. We argue that these differences are due to
differences in the specification of the wage equations. In addition, the endogeneity problem
associated with variables such as tenure is not accounted for in the study by Sousa-Poza. On
the contrary, in Bonjour (1997), different estimation techniques of the wage equations have
been proposed to take the endogeneity problem into consideration. However, all these studies
are based on the traditional BO decomposition that fails to recognise the problem of gender
differences in the supports of the explanatory variables. Since gender occupational
segregation is found to be important in the Swiss labour market (see OFS, 2003), assuming

that all working women are comparable to working men will lead to misleading results.

Bonjour and Gerfin (2001) is the only Swiss study that uses a distributional analysis:
they examine how the unexplained component of the wage gap varies over the wage
distribution. To calculate the counterfactual wage distribution, they use the proportional
hazard model proposed by Donald et al (2000) to estimate density wage functions. Their main

finding is that the unexplained component of the wage gap is distributed unequally across the



wage distribution. It is actually declining over the range of wages. This indicates that at the
lower end of the wage distribution, a large part of wage difference is due to discrimination.
On the contrary, at the upper end of the wage distribution, most of the gender gap is explained
by differences in human capital endowment. An analysis by specific variables shows that it is
a low level of education that explains why the discrimination component of the wage gap is
over-proportional at low wages. In their study, the BO decomposition is extended to explore
the distribution of the unexplained wage differences. However, this strategy still ignores the

problem of gender differences in the supports that we want to address in this paper.

In this paper, we examine the gender wage gap by using a nonparametric econometric
method which has been proposed by Nopo (2004). To our knowledge, there is no empirical
study for Switzerland that applies matching to investigate the gender wage gap. In this study,
we consider that gender is a treatment variable. In order to construct the counterfactual mean
wage of women, we then match women to the sample of men having the same observed
characteristics. Finally, the counterfactual wage is obtained by taking the average wage over
the observations for men providing a matched observation. As argued by Nopo, this matching
procedure does not require the estimation of any wage functions. As a consequence, we do not
have to face the issue of doing incorrect inferences due to assumptions that are no valid in the

out of common support region.

Table 1: Overview of the Swiss studies on the gender wage gap.

Authors Data Period Decomposition = Wage gap Unexplained
in % component in %**
Kugler (1988) 3 datasets 1981-1982  Oaxaca-Blinder 43 7
merged
Bruderl, Diekmann and Engelhardt (1993) ISSP 1987 Oaxaca-Blinder 81 38
Diekmann and Engelhardt (1995) SLFS 1991 Oaxaca-Blinder 43 16
Bonjour (1997) SLFS 1991-1993 Oaxaca-Blinder 26 [9-13]
Henneberger and Sousa-Poza (1998) SLFS 1995 Oaxaca-Blinder 29 [10-16]
Henneberger and Sousa-Poza (1999) SLFS 1997 Oaxaca-Blinder 24 [8-11]
FlGckiger and Ramirez (2000) SWSS 1994-1996 Oaxaca-Blinder 30 17
Bonjour and Gerfin (2001) SLFS 1991-1995 Oaxaca-Blinder 21 10
semiparametric® 21 8
Sousa-Poza (2002) SWSS 1998 Oaxaca-Blinder [18-28] [14-19]
Sousa-Poza (2003) SLFS 1991-2001 Oaxaca-Blinder [23-28] [50-65]

Notes: SLFS (Swiss Labour Force Survey); SWSS (Swiss Wage Structure Survey); ISSP (International Social Survey Programme);
Kugler (Health Survey, Income and Health Survey, supplementary survey on labor supply); * the numbers correspond to the 50%
quantile of the wage distribution and ** relative to the raw wage gap.
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3 Promotion of gender equality in Switzerland

3.1. Legal framework:

In terms of national legislation in equal pay and equal opportunity, Switzerland is
lagging behind the other OECD countries. The Swiss Federal Constitution was amended in
1981 and explicitly stated that women and men must be equally paid for equal work.
However, the first federal law on equal wage and equal opportunity came into force only in
July 1996. The objective of this law is to promote actually equality between men and women
(article 1). As a consequence, direct or indirect sexual discrimination in hiring/firing, in tasks’
repartition, in remuneration, in professional training and in job promotion is forbidden. In all
cases (except for hiring), it is presumed that discrimination arises when the concerned person
can show that discrimination is likely and when the employer cannot prove that there is no
discrimination (article 6). According to articles 3 and 4, the disadvantaged person can bring
an action for damages. However, the federal law does not stipulate that any office has to be
designed to make investigations when cases of discrimination arise and to bring actions for
damages in case of violation of the law. It is the responsibility of the victim to attend an action

in front of the competent authorities.

Concerning international legislation, Switzerland has ratified in 1997 the UN
Convention on the Elimination of all forms of Discrimination Against Women (CEDAW).
This ratification should help in promoting the equality between men and women in
Switzerland. However, the federal structure of Switzerland implies that the Confederation is
responsible for the application of international standards while cantons are the competent
authorities which own their own political and juridical institutions. In this case, the principle
of equality between men and women is defined on an area for which the same authority has
the competence. Even though, it is possible to appeal to the Federal Court in order to have a
uniform application of the federal law and the international standards, the Federal Court does
not intervene in actions that belong to the cantonal authority. As a consequence, the federal
structure of Switzerland poses some issues of policy coherence. This has also been stressed in
the reports of the CEDAW in January 2003. These reports underline the necessity of
coordinating the application of the Convention between the different administrative levels

(federal, cantonal and communal).
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3.2. Court practice:

The lack of coordination and transparency is reflected in the small number of actions
intended in front of the Federal Court. Since the amendment of the Constitution, only 65
actions regarding equal wage have been observed. Among them, two actions concern
employees in the private sector. The small number of suitcases is essentially due to the
difficulty of bringing proofs of the existence of discrimination, especially in terms of equal
value of the work. In addition, the length and the costs of suits can discourage women of
undertaking any action in front of the court. Moreover, some wage differentials can be found
to be legitimate. It is indeed possible that some personal and social considerations such as age
and family tasks that do not directly influence the work activity are accepted in justifying
some observed wage differentials. The differences observed in terms of wages and hours of
work are thus more explained by the difficulties which women face in combining work and
family than by differences in terms of education and human capital. The CEDAW report on
the actual measures struggling against gender discrimination leads to the conclusion that
helping the combination between work and family and promoting the repartition of family
tasks between men and women should prove to be worthwhile in increasing gender equality in
Switzerland. As a consequence, Switzerland has to pursue its efforts in encouraging more

equality between men and women.

3.3. Evolution since the last 30 years

In order to evaluate the progress and the pitfalls established in the area of equality,
regular detailed surveys by gender have to be undertaken. This is one of the main objectives
of the Federal Law of Statistic in 1992. This law explicitly mentions that statistical data have
to be systematically elaborated for each of the genders. In addition, a report giving the actual
state in the promotion of equality between women and men has to be regularly published. For
this purpose, the Federal Statistical Office has published 2 reports on equality between men
and women in 1993 and 1996. In addition, two recent OFS reports have appeared in 2003 and
2005: the report of 2003 presents some detailed indicators about gender equality in different
areas such as education, working life and wages, social security and poverty, while the report
of 2005 gives an overview of the situation in gender equality for the period from 1970 to

2000.
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These reports lead to the conclusion that progress and stagnation are observed in
measures aimed at promoting equality between women and men over the last 3 decades.
Appendix A.1 shows that gender differences with respect to education have narrowed in time.
Since 1980, the share of individuals without post-obligatory schooling has reduced by 50%.
Nowadays, women are more likely to complete apprenticeship training than two decades ago.
In addition, the proportion of women with a tertiary degree has more than doubled over this
period. Similarly, female participation rates have continuously increased over the period
1970-2000. Despite this increase, the Swiss labour market remains still segmented. Indeed,
full-time positions are primarily occupied by men while women are essentially working part-
time (see Appendix A.l). Another indicator of equality is the proportion of men and women
in different job positions. Between 1970 and 2000, the fraction of women having a
supervisory function has continuously increased (see OFS report, 2005). This evolution is
attributed to the progress in educational attendance of women. However, women remain still
confined in female dominated sectors such as health care, clerical work and services (see
Appendix A.1). The last, but not the least indicator of gender inequality concerns wage
differentials. On average, women earn less than men. The gap amounts to 21% in the private
sector and to 10% in the public sector. In both sectors, the gender wage gap has decreased
between 1994 and 1998, but it has remained at its level thereafter (see Appendix A.2). If wage

differentials exist for all economic sectors, these gaps vary a lot across the sector of activity.
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4 Data and descriptive statistics

4.1. Some facts about raw gender wage gaps

This section presents some descriptive statistics about the raw gender wage gap using
the data from the Swiss Labour Force Survey that have been used in the empirical analysis.
The general trend is that the raw gap has narrowed between 1996 and 2003: on average,
women earn 32% less than men in 1996 compared to 25% in 2003 (see Table 2).7 A further
look at the different years seems to indicate that over the period 1996-2000, the raw gap
decreases: it is the lowest in 2000 when the unemployment rate reaches its lowest level after
the recession period of the beginning of the 1990s. There is however an exception for 1997
where the raw gap is low, but the unemployment rate reaches its highest level in Switzerland.
Notably, the official statistics from the Swiss Federal Statistical Office tells us that that was
the only year from our observation window when unemployment of women was lower than
unemployment of men.® From 2001, the raw wage gap remains relatively constant. This is in

line with the recent recession observed since the beginning of this decade.

Table 2 displays the raw wage gap at some selected quantiles of the total wage
distribution and conditional on some observed characteristics. The absolute wage gap at, for
example, the 25" quantile is the difference between the wage at the 25" quantile in the male
distribution and the wage at the 25™ quantile in the female distribution. The relative wage gap
at a 25" quantile is the ratio of the absolute wage gap at the 25% quantile to the wage at the
25" quantile in the female distribution in that year. For the period 1996-2003, Table 2 shows
that men at the 25" quantile earn about 26.7% (or 4.82 CHF) more than women at the 25t
quantile of their wage distribution. The raw gender gap varies considerably across the wage
distribution and also by observed characteristics. Over the entire wage distribution, the raw
gender wage gap has a convex U-shape. By educational level, the raw gap is higher for low
educated individuals, especially at the lower end of their wage distribution. However, at the

upper end of the wage distribution, the raw gap is the highest for high educated individuals

7 The statistics presented in Table 2 are based on the selected samples used in the empirical analysis. The
population in a particular year refers to the workers of that corresponding year satisfying the sample selection
rules such as being not self-employed, not a student or a worker older than 55 (see Section 4.2).

¥ In Switzerland, two unemployment indicators are used: the statistic of unemployed registered at the regional
job placement offices and which is drawn up by the State Secretary for Economic Affairs (Seco) and the statistic
recorded by the Swiss Federal Statistical Office (SFSO) which corresponds to the ILO standard unemployment
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and the lowest for low educated individuals. This raises the question whether these
differentials still remain after controlling for observed characteristics. Table 2 further
indicates that the gap is wider in the private sector than in the public sector. Similar behaviour
of the raw wage gap is described in Melly (2005). This seems to hold over the entire wage

distribution.

Table 2: Absolute and relative raw gender wage gap at mean and selected quantiles.

mean at the 10th quantile | at the 25th quantile | at the 50th quantile | at the 75th quantile | at the 90th quantile
year in CHF in % in CHF in % in CHF in % in CHF in % in CHF in % in CHF in %
1996 7.43 31.7% 4.73 35.6% 5.43 32.9% 5.71 26.9% 7.63 28.1% 12.46 37.1%
1997 5.83 24.2% 4.59 34.1% 5.26 31.5% 5.46 25.3% 717 26.2% 10.39 30.0%
1998 6.79 28.7% 413 29.6% 4.80 27.7% 4.93 22.3% 7.16 25.9% 10.86 31.5%
1999 6.57 27.1% 4.74 33.8% 4.41 24.9% 4.92 21.9% 7.00 24.9% 10.54 30.1%
2000 5.72 22.4% 4.93 35.3% 4.56 25.6% 4.64 20.2% 7.08 24.6% 11.21 31.8%
2001 6.40 24.6% 4.93 33.5% 4.80 26.4% 5.37 23.0% 8.23 27.8% 11.48 30.5%
2002 7.04 27.5% 4.09 26.6% 4.49 24.4% 5.03 21.4% 8.35 28.2% 12.12 32.4%
2003 6.62 25.0% 3.98 25.6% 4.15 21.9% 4.99 20.7% 8.10 26.6% 12.69 33.1%
1996-2003
Total 6.65 26.0% 4.80 33.2% 4.82 26.7% 513 22.1% 7.81 26.5% 11.63 31.6%
Education
low 3.70 18.9% 4.22 36.6% 4.35 29.4% 4.66 26.1% 4.00 18.3% 3.23 11.8%
medium 3.73 14.9% 3.99 26.3% 3.74 20.1% 3.29 14.1% 3.99 14.0% 5.72 16.5%
high 7.68 22.6% 4.65 23.9% 4.71 18.8% 6.78 21.9% 9.48 24.7% 12.94 27.2%
Sector
private 7.56 31.5% 519 37.4% 5.50 32.3% 6.12 28.6% 8.73 32.0% 13.02 37.5%
public 6.96 24.7% 3.80 22.8% 4.88 23.3% 6.01 23.0% 8.67 27.1% 10.54 26.6%

Notes: own computations from SLFS data; wages refer to hourly wages; the absolute wage gap is
measured in current CHF and the relative wage gap in % of female wages.

4.2. Description of the variables used

This section presents the variables used in the empirical analysis. This study is based
on the data of the Swiss Labour Force Survey collected by the Swiss Federal Office since
1991. The Survey is carried out once a year, during the 2™ quarter (April-June). It covers the
population of persons aged 15 or more who are permanent residents in Switzerland (at least
for one year).9 The Swiss Labour Force Survey provides important internationally comparable
information on the labour market situation in Switzerland. Each year approximately 16'000

persons randomly drawn from the phone register of the Swiss PTT are interviewed.'® As a

definition. The Swiss data for the OECD statistics are provided by the SFSO and are based on the SLFS data. In
this paper, we use the unemployment definition according to the SFSO.

? Individuals living in Switzerland during a short period, the cross-border workers and the refugees are excluded.
' From 2002, the number of persons randomly chosen increased to about 40’000 persons.
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consequence, all persons having no telephone are not covered by the survey. Participation is
voluntary. Questions are asked on work activity, professional experience, working times and
conditions, job seeking, former occupation, reasons for not being economically active and
incomes. The data collected provide information about socio-demographic characteristics of

the employed, unemployed and inactive individuals.

This empirical study uses the waves from 1996 to 2003. We choose to not use the first
waves from 1991 to 1995, because gender wage gap in Switzerland has been widely studied
for this period. In addition, the sample size in each of these years was small making it
insufficient for our matching procedure. As mentioned before, approximately 16’000 persons
were interviewed each year. This sample size changes to about 40’000 persons from 2002.
That is why we prefer to focus on the second part of the decade. The data set consists of a
rotating panel: each year, one fifth of the individuals already included in the sample is
replaced and the other four fifths are re-interviewed. As a consequence, an individual can stay

in the sample for at most 5 consecutive years.

The empirical analysis concentrates on workers who are not self-employed, not in the
agricultural sector, not in a training programme (apprenticeship) or completing compulsory
military service. We do not take people in agricultural sector, because their earnings are likely
to be explained by random factors such as weather conditions. Similarly, we do not include
self-employed, because it is difficult to distinguish between returns to human capital from
returns to physical capital. In addition, we exclude students and employees older than 55,
since they are also involved in the education and retirement decisions which are different
from the employment decision. Finally, we drop all observations for which missing values are
observed.'' Hourly wages are calculated using the yearly (net) labour income and the number
of normal weekly working hours. In our study, we do not account for holidays, since they are
paid. Two points concerning our sample should be discussed briefly. First, the definition of
hourly wages is restrictive, since we are implicitly assuming that individuals employed during
the reference period are employed during the entire year. With the use of yearly labour
income, it is thus not possible to identify persons who were without a job during a part of the
year. This implies that hourly wages will be under-estimated. Second, our study concentrates

only on wage earners. We are primarily interested in the hourly wage a woman would get if

TIn 2003, the final data set contains 20’838 individuals (9’958 women and 10’880 men). For other years, see
Appendix A.4.
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the distribution of her characteristics would be similar to that of men. Selectivity issue that
arises in the estimation of women’s wage functions is beyond the scope of this paper.'* As a

consequence, our results must be interpreted conditional on the population of employees.

Although our non-parametric approach eliminates the problem of specification of
earnings equation, it does not eliminate the problem of choice of variables. Appendix A.3
presents the variables we use for the decomposition of gender wage gap. They include human
capital characteristics such as age and education, personal characteristics such as marital
status, household composition and foreign citizenship. We further control for job
characteristics with variables capturing firm size, job position, industry sector and work
experience. Overall, we control for 12 variables that are found to be important in explaining
wages in the classical literature on the gender wage gap (see the survey by Altonji and Blank,
1999). Our choice of variables is based on the human capital theory (Becker, 1974, Mincer,
1974). In the simple Mincerian wage equation, the education and experience variables are
considered to be the most important determinants of wages. We further include demographic
and job characteristics to explain earnings more precisely. Including controls for experience,
job position and industry sector may be questionable to the extent they may be an outcome of
discrimination. Despite this potential endogeneity problem, we believe that these variables
have an important role in explaining the wages and cannot be ignored in our matching
procedure. We also control for marital status and presence of young children, because we
believe that this influences labour decisions of women in Switzerland. Moreover, Waldfogel
(1998) finds evidence of a negative effect of children on women’s and men’s wages even after

controlling for labour market experience.

Table 3 presents some descriptive statistics for male and female employees. Men are
over-represented among high educated workers. There are many more married men than
married women (this is due to the sample selection of working women). This is also reflected
in women’s lower number of children. Women also have a lower level of work experience,

are more likely to be employed in small firms and less likely to have a responsibility function.

"2 In the literature, it is common to correct the selectivity bias by applying a sample selection model which takes
the participation decision of women into account. After using the Heckman’s two-stage procedure, “potential”
wages of actually non-working women can be imputed from those women who are actually working. In order to
be valid, the Heckman correction technique requires the availability of instruments that are related to the
propensity to work but not to wages. Since, in practice such exclusion restrictions are hard to find, this highlights
the potential weakness of the Heckman approach.
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Table 3: Descriptive statistics for 1996 and 2003.

year 1996 2003
Variables Women Men Women Men
Wages in CHF/hour 23.46 30.88 26.52 33.14
Socio-demographics

Age

15-24 53.85 46.15 52.24 47.76
25-29 43.14 56.86 50.32 49.68
30-34 4374 56.26 44.72 55.28
35-39 41.05 58.95 45.94 54.06
40-44 41.78 58.22 46.08 53.92
45-49 46.53 53.47 4593 54.07
50-55 44 .86 55.14 48.11 51.89
Marital status

single 46.40 53.60 47.42 52.58
married 39.92 60.08 44.53 55.47
divorced 68.95 31.05 62.60 37.40
widowed 82.26 17.74 79.81 20.19
Level of education

primary 58.03 41.97 53.09 46.91
secondary 48.34 51.66 52.11 47.89
tertiary 25.34 74.66 34.38 65.62
Foreign citizenship

Swiss 46.42 53.58 49.46 50.54
Foreign 39.09 60.91 40.31 59.69
Children

With children under 15 37.25 62.75 44,97 55.03
Without children under 15 48.74 51.26 48.68 51.32
Regional characteristics

Region of residence*

Deutschschweiz 44.01 55.99 47.12 52.88
Westschweiz 46.45 53.55 47.96 52.04
Job characteristics

Firm size

less than 20 workers 48.51 51.49 52.78 47.22
between 20 and 99 workers] 38.14 61.86 43.47 56.53
more than 99 workers 41.06 58.94 40.78 59.22
Responsibility function

without 53.52 46.48 56.58 43.42
with 30.39 69.61 33.17 66.83

Notes: own computations, Table 3 continues on the next page.
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Table 3: (...cont.).
year 1996 2003

Variables Women Men Women Men

Job characteristics

Occupation

managers 16.48 83.52 28.59 71.41
academicians 29.80 70.20 36.66 63.34
technicians 53.03 46.97 57.07 42.93
clerical workers 66.40 33.60 69.73 30.27
services 72.27 27.73 67.09 3291
operators 59.26 40.74 60.63 39.37
handworkers 11.76 88.24 15.23 84.77
assistants 18.13 81.87 14.06 85.94
Work type contract

non permanent 50.64 49.36 53.82 46.18
permanent 44.29 55.71 46.92 53.08
Public sector

no 39.09 60.91 40.28 59.72
yes 61.23 38.77 65.53 34.47
Work experience

less than 6 months 61.52 38.48 59.76 40.24
between 6 and 24 months 60.10 39.90 65.51 34.49
between 2 and 5 years 61.73 38.27 60.79 39.21
more than 5 years 40.23 59.77 43.19 56.81
Observations 2794 3069 9958 10880

Notes: own computations, results for the other years are presented in Appendix A.4.

There is a strong occupational segregation: typically female occupations are clerical and
services work, whereas men are more likely to work as operators, handworkers and assistants,
but also in higher occupation such as managers and academicians. This occupational
segregation is also reflected in women’s higher propensity to work in the public sector.
Turning to the evolution of personal and job characteristics in time, women are more similar
to men in 2003 than in 1996: the share of women with a tertiary education increases from
25.34% in 1996 to 34.38% in 2003." Similarly, women are more likely to occupy a position
with a responsibility function or a high qualified position such as manager in 2003 than in

1996. Finally, women are more likely to have a higher work experience in 2003 than in 1996.

" In addition, Appendix A.1. shows that the proportion of women with a tertiary degree is 8.3% in 2000 against
2.7% in 1980. For men, this proportion is 13.8% in 2000 against 8% in 1980. More details can be found in the
OFS reports (2003 and 2005).
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5 Decomposition of the gender wage gap using matching

We begin this section with the description of the matching procedure which we use in
the empirical analysis. In the second point, we address some issues related to our matching
estimator: in particular, we discuss the limitations of our procedure and the potential biases of

the resulting estimates.

5.1. Description of the matching procedure

This section draws on Nopo’s study. Nopo (2004) develops a simple matching
procedure to construct the counterfactual wage. Based on this procedure, Nopo suggests a
new decomposition technique that accounts for gender differences in the distribution of
individual characteristics. This approach is a fully nonparametric method, since one does no
longer need to estimate a linear wage regression function. Second, the counterfactual mean
wage is simulated only for the common support. This implies that no assumption on the out-
of-support region is required. In order to construct the counterfactual wage, Nopo (2004) uses
a matching procedure that selects two sub-samples of men and women who have the same

characteristics.

Let g"(x)=E (W|X = x,m) denote the average wage for men with characteristics x,
F" (x) the cumulative distribution function of individual characteristics x among men and

S™ the support of the distribution of characteristics for men. Define g’ (.), F’(.) and S’

similarly for women. The key idea in Nopo’s approach is that the supports of the distributions
of characteristics for women and men might not completely overlap, so that decomposing the

wage gap into two parts, the “endowment” and “remuneration” effects, has to be done for the
common support only. For this purpose, let S=5"NS’ be the common support and

Py =D (X €S |m) = L dF™ (x) be the probability measure of the set S under the distribution

dF" (.). Then, one can divide the male population into two subpopulations composed of

individuals having characteristics that belong either to the common support S or to the out of

the common support S :
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E(W|m)=E; (W|m)Ps\m+E§ (W|m)P§\m (1)
Since Ps = p(X es |m) =1- P, » We can rewrite equation (1) as following:

E(W|m)=py, [Eg (W|m) - Eq (W|m)]+ES (Wm) (1)

Similar computations can be done for women and we get the following expression:

E(W|f)=pg, | Es(W|f)=Es(W[f) |+ Es(W]f) @)

Equations (1’) and (2) permit to write the total gender wage gap A:
A=E(W|m)-E(W|f) 3)

A:[ES (W|m)—-E; (W|f)] + g, | Es (W|m)—E, (W|m)]+P§\f[ s(Wlr)-E(wlr)]

1 1 ur

Part I of this expression involves the differences of wages between men and women over the
common support only, while part II (resp. III) concerns wage differences between men (resp.

women) in and out-of-the support.

Finally, part I in equation (3) can be decomposed as in BO decomposition by adding

and subtracting the counterfactual mean wage J.S g" (x)dF{ (x) with dF{ (x) being the

density of characteristics in the subpopulation of women belonging to the common support.14
The counterfactual wage represents the average wage of women they would get if they were

paid as men possessing the same characteristics. We obtain the following expression:

E, (W|m) W|f j g" (x)dF]" ( )—J.ng (x)dF{

E,(Wm)-E,(W|f)= [ ¢"(x ~dF{ (x)]+ [ [8" (x) =g () JF (x) @
As in BO decomposition, the first and the second parts of equation (4) represent the
“explained” and the “unexplained” parts of the wage gap, but now on the common support

only. In the linear model, this corresponds to ,b’m ( -X f) and to ( ,Bm - ,3 f) X

As a consequence, the Nopo’s decomposition involves 4 components:
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A=A, +A +A, +A, (5)
with

A, = P, | Es (W|m)=Eg (W]m) ],

A = [ " (x)[dFy" (x)-dF{ (x)]

A, = [g"(x)-g" (x) J4F{ (x) and

Ay =py, [ B (WIr)-E(W]r)].

The component A stands for the part of the gap that can be explained by differences
between men in and men out of the common support, i.e. between those men whose
characteristics can be matched to women’s characteristics and those who remain unmatched.
For instance, it is possible to observe men of 35 years old with a university degree who have
been working for more than 8 years at managerial occupations, but it is not possible to find
women with a similar combination of characteristics. This component of the gap would drop

to zero if there were no man with characteristics x such that is it impossible to find a similar

woman ( Psim :0) or if unmatched men and matched men were on average equally paid

E; (W |m) =E (W |m) . The component A, has a similar interpretation between matched and

unmatched women. For this component, we cannot find men who have the same
characteristics as women. For instance, it is possible to observe Swiss married women of 45
years old with obligatory schooling and with 2-3 years of work experience, while we cannot

find similar men.

As previously mentioned the components A and A represent the “endowment” and
“remuneration” effects of the gap as in BO decomposition. The component A represents the

part of the wage gap that can be explained by differences in the distribution of human capital
variables between men and women (but over the common support). For example, it is possible
to observe both men and women with a university degree, but men are more represented in

this category than women. As a consequence, A_represents the decrease in the wage gap

should the distribution of female characteristics become the same as the distribution of male

characteristics over the common support. Lastly, the component A captures the residual part

14

dFSf (x)=dF7 (x)/ PS|m is scaled such that the integral integrates to one.
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of the wage gap. The methodological issues that arise in the matching procedure have a direct

impact on the interpretation of A . That is why we discuss this component in more details in

Section 5.2.

Contrary to the BO decomposition, we compare unmatched women not to hypothetical
(non-existing) men, but rather to observed (existing) matched women. This guarantees that we
are comparing comparable individuals. As a consequence, there is no need to make additional

assumptions out of the support. In addition, the component A in equation (5) sheds some

light on wage differences that can be attributed to the fact that some characteristics that men
typically own are not observed among women and these characteristics are highly rewarded

(if this component is positive) in the labour market.

Nopo (2004) proposes a matching procedure in order to estimate the counterfactual
wage and the four components of the decomposition. In this procedure, gender is considered
to be the treatment variable. The counterfactual wage for women stands for the wage women
would earn, had they been men.'” It is estimated by averaging the observed wage of the men
with the same characteristics. This is done under the assumption that the observed
characteristics explain the productivity and earnings of individuals. Assumptions underlying
the matching procedure are discussed further in Section 5.2. Table 4 presents the matching

algorithm.

"> To build this counterfactual, we take women without replacement and men with replacement. As an
alternative, we can take men without replacement and women with replacement in order to simulate the male
wages men would earn, had they been women. This is similar to the male and female BO wage decompositions.
We did the estimation with these two definitions of the counterfactual and we get the same qualitative results.

23



Table 4: Matching algorithm for the estimation of the four components

Stepl For each woman in the sample, do steps 2 and 3.

Step2 Select all observations from the sub-sample of men who have the same
characteristics as the woman of step 1. Do not remove these selected observations
such that they can be used again. Denote these men as matched. If no observations
are selected in this step, denote the woman chosen in step 1 as unmatched,

otherwise as matched.

Step3 Compute the counterfactual wage of the woman selected in step 1 as the weighted

average wage of the men selected in step 2.

Step4 Compute A ,A ,A, and Af using the actual wage variable, the new synthetic

wage variable and the “match” dummy variable (which is coded by 1 whenever a

woman (resp. a man) is matched to a man (resp. a woman)).

A, = p,, (unmaiched)| E, s (W M) = Eycsea (W m) |1
A= Epacrea (W) = By ored (W |m)
Ay = Ep pcred (W M) =By paned W |F )5
A, = p, (unmatched) [Efmmhe (W |f )- E, matched (W| f )] ,

where p,, (unmatched ) (resp. p; (unmatched)) are the empirical probabilities of

being unmatched conditional on being a man (resp. a woman).

Notes: matching is done with replacement (the same man can be used more than once in forming the
control group); exact matches are used (see Imbens, 2004 for a detailed survey about the different
matching methods for the estimation of treatment effects).'®

5.2. Methodological issues to our matching estimator

'® To impute the counterfactual outcomes, matching estimators use outcomes of the nearest neighbours. Given a
metric such as Euclidian or Mahalanobis distance and given the fact that matching is with or without
replacement, the objective is to choose the number of matches needed to form the control group. In case of
matching without replacement, matched pairs are formed and the average treatment effect on the treated is
obtained by averaging differences in outcomes within the pairs. In case of matching with replacement, Abadie
and Imbens (2004a) implement a matching estimator where a treated observation is matched with a fixed number
of control observations (the first M nearest neighbours). In this framework, they show that the matching
estimator is subject to a bias, because matching is not exact. The order of the bias is given by the dimension of
the continuous variables which are used for the matching procedure. Abadie and Imbens (2004a) provide an

estimator that removes this bias and which is ~/N consistent and asymptotically normal. This estimator is
implemented as an ado file in STATA (see Abadie et al, 2003).
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One of the central statistics of interest in our work is the component A . It is formally

identical to the average treatment effect on the treated (ATET) which has received great
attention in the literature about evaluation of ALMP. In our case though, treatment is being a
woman as compared to non-treatment — being a man. In order to be able to identify this
ATET, the estimation of a counterfactual outcome (wage) is required. In the evaluation
literature, the conditional independence assumption (CIA) about the treatment assignment is
made (see Lechner, 1999 and Rosenbaum and Rubin, 1983 refer to this assumption as
“unconfoundedness”). CIA means that after having controlled for observable characteristics

X, there are no variables left out that are both correlated with the potential outcome Y, and the

treatment D. The plausibility of this assumption has been largely debated in the economic
literature. However, the question is not whether we should compare treated and untreated,
rather which variables should be controlled for and this determines which individuals would

be matched.

In the gender wage gap literature, it is difficult to disentangle the wage differences that
arise from unobserved characteristics from the true discrimination. In this context, CIA would
imply that after controlling for X, there are no unobserved characteristics which are
productivity relevant to explain wages.'” All remaining wage differences would be thus
attributed to discrimination. As we discuss in Section 4, we control for education and
experience, variables that are found to be important factors of wages in the human capital
theory. In addition, education and experience differ by gender: the probability of being a man
is larger when experience is higher, since we can suspect that women will experience more
career breaks due to childbearing reasons. Similarly, we expect that men are more educated
than women. As previously mentioned, we also control for job characteristics and some
personal characteristics which we think they are important factors to determine wages.
However, we cannot be sure that we control for all productivity relevant characteristics which
are both correlated with wages and with gender. Nevertheless, we can still apply matching to

estimate the counterfactual wage. We have only to be careful in the interpretation of A, : the

resulting wage differences after controlling for X are only partially attributed to

discrimination. The component A overestimates the true effect of discrimination. Basically,

the same issues about the choice of variables arise as in the parametric setup of the BO

decomposition.
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In addition to this problem of choice of variables, we encounter the problem of
potential endogeneity in some variables just as in the parametric case. Occupation and job
position may be themselves an outcome of discrimination, and thus they should not be

controlled for. As a consequence, the component A, will underestimate the true effect of
discrimination. The implications of these methodological considerations is that the
interpretation of A should be done cautiously. Although it is formally identical to the ATET,
the interpretation of the statistic A, is somewhat different. We are not interpreting this as a
“causal” effect as for the ATET. The maximum we can do is to interpret A as an estimate of

the importance of factors other than human capital factors (discrimination, social norms) that

affect gender wage differences. On the other hand A is a measure of average wage gap

between men and women conditional on characteristics X.

' Formally, CIA means that the expected counterfactual wage of women is equal to the average observed wage
of men conditional on X.
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6 Estimation results

6.1. Differences in the in and out of the common support samples

In this section, we look more precisely at the samples of matched and unmatched
individuals. We begin with Table 5 which compares the characteristics of the observations in
and out of the common support. Then, we analyse how wages differ in the unmatched and

matched samples.

Table 5 shows how the differences between the matched and unmatched individuals in
terms of some characteristics have behaved in time. For example, among matched individuals,
the share of individuals with a tertiary education increases steadily in time: it has more than
doubled from 11.8% in 1996 to 25.3% in 2003. On the contrary, the proportion of high
educated individuals remains relatively stable in the unmatched sample. We find similar
evidence for the share of individuals with a supervisory function from the year 1997.
However, the difference is less striking than that obtained for education. An additional proof
is provided by the share of managers and academicians. In the matched sample, the fraction of
managers increases steadily from 1.6% in 1996 to 5.2% in 2003 while it has slightly increased
among unmatched individuals. This is also confirmed by the fraction of academicians which
has almost doubled over the observation period in the matched sample. Note that from 2000,
the share of academicians among matched individuals exceeds the one for the unmatched

individuals.

As a conclusion, the difference between matched and unmatched samples in terms of
high education and high job position has reduced over time. This is in line with the findings
from the OFS report (2003) that women have begun to penetrate traditionally male dominated
areas. However, the concentration of women in these areas is still lower than that of men as it
is indicated by the higher share of individuals with a good education and a good position in

the unmatched sample than in the matched sample.
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Table 5: Distribution of some characteristics in the

in and out the common support

populations

year 1996 1997 1998 1999 2000 2001 2002 2003
sample In Out In Out In Out In Out In Out In Out In Out In Out
less than 30 years old 3430 24.4038.00 24.20) 32.80 24.10| 28.60 24.10] 28.80 22.80 | 23.60 22.80 | 25.30 24.50] 23.40 25.00
between 30 and 40 years old | 31.60 33.10 | 30.80 33.20 ] 32.00 34.30 | 35.60 34.10| 35.40 33.50| 41.60 33.40 [ 33.50 32.20 | 34.30 31.50
between 40 and 50 years old 20.80 28.60 | 19.00 28.70 ] 22.20 28.80 | 22.00 29.40| 21.70 30.40 | 21.80 30.00 | 24.90 30.30 | 27.00 30.00
more than 50 years old 1330 13.90| 1220 14.00 | 13.00 12.80| 13.90 12.40] 13.10 13.20 [ 12.90 13.80| 16.30 13.00 | 15.40 13.40
married 47.60 59.80 | 44.00 58.70 | 46.20 57.50 | 46.80 57.70] 46.40 56.90 [ 52.90 56.30 | 52.20 56.30 | 54.10 54.30
tertiary level of education 11.80 25.30 | 12.80 2530 ] 15.10 26.40| 15.00 26.70] 19.50 26.00 | 22.40 27.00 | 22.80 26.70 | 25.30 29.00
with children under 15 2490 38.20|23.90 37.50] 24.80 37.20| 25.10 37.90] 25.40 38.10 | 31.60 38.00 [ 29.60 39.10] 31.30 38.20
with responsibility function 3390 39.40| 30.60 41.10] 37.50 41.00 | 40.50 41.20 | 38.20 40.50 | 34.70 40.50 [ 39.20 39.30 ] 36.70 41.90
managers 1.60 630 | 260 590 | 290 720 | 450 630 | 450 620 [ 3.60 580 | 450 7.00 | 520 7.40
academicians 11.80 15.80| 11.90 1590 13.00 16.50 | 12.60 17.50] 17.90 16.30 | 19.20 16.80 | 20.10 1520 ] 20.20 16.50
clerical workers 27.60 14.00 | 26.70 13.50 | 23.80 14.20  23.00 13.80] 17.90 14.60 [ 19.10 13.80| 17.00 13.90| 16.70 13.80
services 11.00 14.20| 11.90 1490 13.10 14.10| 11.00 14.20] 11.60 13.20 | 11.80 14.20 | 12.30 16.00 | 12.90 14.90
more than 5 years of experiencel 88.50 70.80 [ 87.10 74.80 | 86.90 75.60 | 88.90 74.20| 87.30 75.50 | 88.10 75.40 | 89.70 71.50 | 88.50 70.80

Notes: own computations.

In the rest of this section, we analyse the cumulative distribution functions of hourly
wages for the unmatched and matched samples of men and women.'® Matched individuals
refer to individuals on the common support.'® Figure 1 reports the cumulative distribution
functions of wages by gender for the years 1996 and 2003. Over the entire period 1996-2003,
matched women earn more than unmatched women and this holds over the whole wage
distribution. Compared to 1996, the wage differences between matched women and
unmatched women are smaller in 2003, especially at the lower end of the wage distribution.
However, this does not seem to hold at the upper end of the wage distribution. For men, we
observe a different pattern: unmatched men earn more than matched men in 1996. There is an
exception at the lower part of the wage distribution where differences seem to be not
significant. In 2003, matched men earn more than unmatched men, except at the upper part of
the wage distribution. The observed pattern for men can be related to the fact that the
distribution of characteristics of women shifts towards that of men over the period 1996-2003.
Indeed, there is evidence that women are more likely to be high educated or to occupy a

qualified position in 2003 than in 1996 (see OFS reports, 2003 and 2005).

' The software package STATA 8.0 was used to obtain all estimates in the paper. The sub-sampling results were
obtained using TurboMatch 1.0 — a computer program specifically developed to perform the decomposition
described in this paper. This program shows better performance as compared to a similar STATA routine and
works under Microsoft Windows operating system. (“Microsoft Windows” is a registered trademark of
Microsoft Corp.) More information is available from the authors upon request.

"1t is worth noting that the percentage of matches is between 20% and 40% and is higher for the years 2002 and
2003 which provide larger samples. This is explained by the fact that it is easier to find an exact match in larger
samples.
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Figure 1: Cumulative distribution function of wages for in and out of common support
populations

For 1996 For 2003

T

0 20 40 60 80 0 20 40 60 80
————— unmatched men matched women ————- unmatched men matched women
matchedmen ~ ————- unmatched women matchedmen ~ ————- unmatched women

Notes: own computations, hourly wages are in constant 1996 CHF.

6.2. Construction of confidence intervals

In this section, we describe the procedure used to construct the confidence intervals for

the mean unexplained gender gap (A,). As argued by Abadie and Imbens (2004), we do not

use the bootstrap technique, since it does not provide asymptotically valid confidence
intervals in case of matching with replacement. In this context, they suggest to use the sub-
sampling variance estimator (see Politis, Romano and Wolff, 1999).”° Sub-sampling differs
from bootstrap in the sense that it does not allow for observations to be included into the sub-
sample more than once. The idea of sub-sampling is to draw from the initial sample a certain
percentage of individuals and apply the matching procedure for this particular sub-sample. *!
The implementation of the matching procedure produces the four decomposition components
for that particular sub-sample. We repeat this sub-sampling procedure a thousand times which
appears to be large enough to estimate not only variances but also confidence intervals for

each of the parameters of interest.

0 Alternative estimators have been proposed by Abadie and Imbens (2004b) which are valid together with the
sub-sampling bootstrap variance estimator.

! We apply the sub-sampling procedure with the following sample sizes: 25%, 50% and 75%. As expected, the
“curse of dimensionality” is reinforced in the 25% sub-sampling: the amount of variables on which we match
remains the same, but the sample size decreases four times compared to the full sample. Results of 25% and 50%
sub-sampling are not reported in the paper, but are available from the authors upon request.
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Several points concerning the sub-sampling procedure should be discussed briefly.
First, we adopt a proportional sub-sampling procedure: we do not sub-sample from the full
sample of initial size N, because we could have a different number of women and men in each
sub-sample. In our study, we construct a sub-sample with 75% of women and 75% of men by
sampling without replacement from the samples of men and women. Second, in the sub-
sampling procedure, we do care for the weights of observations when we draw random
samples. Finally, because there is no formal proof that the estimators of the parameters of

interest are normally distributed, we estimate the bounds empirically from sub-sampling.

The matching procedure applied in this work is based on exact matching. Since the
counterfactual wage is defined for matched women only, it is possible that the four
components of the decomposition may be undefined in small samples. As a consequence, the
estimates of the standard errors and confidence intervals of the four components will be
sensitive to the size of sub-samples. In addition, the means of the parameters of interest
obtained using the full sample could be different from those obtained after sub-sampling.
Nevertheless, we find that the differences between the mean components of the wage gap
using the full sample and the mean components using sub-sampling with 75% are not
statistically significant (see Appendix A.5). This provides some evidence on consistency of
our matching estimator. Indeed if the estimator depended heavily on the number of
observations, our results would have been inconsistent. What we observe is in fact the
variability in the estimators due to the differences in the sub-sampled individuals and not due
to the differences in the sub-sample size (although the number of matches declines as
expected). As a consequence, the graphs plotting the confidence intervals are using the means
components obtained after sub-sampling. Concerning the interpretation of the unexplained
component by some characteristics, we use the means obtained after matching over the full

sample (see Table 6).

6.3. Evolution in time

Using the variables reported in Table 3, we apply the exact matching procedure to
estimate the gender wage differential in Switzerland for each year of the period 1996-2003.
Figure 2 shows the dynamics of the four components of the wage gap obtained after matching

together with the 95% confidence area (shadowed area). As expected, the confidence intervals
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are much narrower in the years 2002 and 2003 due to the significantly larger amount of

observations present in the dataset for these years.

The first graph refers to A, the part of the wage gap that would have disappeared if

the unmatched women had on average the same wages as their matched counterparts. We
observe that the variation of this component is rather small over the period of study and it

stays in the vicinity of 1 CHF. In addition, A, is statistically significant in almost all years

(the exception is for 1997). This suggests that ignoring the problem of differences in gender
supports like it is done in some evaluation studies can result in biases since incomparable
individuals are compared. In addition, restricting the analysis to the common support only can

lead to results that are not applicable to the whole population.

Figure 2: Confidence intervals of the 4 components of the wage gap
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