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1. Introduction

Most segregation studies existing in the literature focus on the case of two population
subgroups (blacks/whites, high/low social position, women/men), either proposing ad hoc
measures that are used for empirical analysis (as the popular index of dissimilarity introduced
by Duncan and Duncan, 1955; the modified version proposed by Karmel and Maclachlan,
1988; and the Gini index of segregation proposed by Silber, 1989), or axiomatically deriving
segregation indexes (Hutchens, 1991, 2004; Chakravarty and Silber, 2007, among others).* In
this binary context, segregation measures usually compare the distribution of one demographic
group across categories with the distribution of the other group. Thus, when studying school
segregation by race, the distribution of black students across schools is usually compared with
that of whites (Duncan and Duncan, 1955; James and Taeuber, 1985),% while when focusing on
occupational segregation by gender the distribution of female workers is compared with that of
males (Hutchens, 2001, 2004; Chakravarty and Silber, 2007). According to this literature,
segregation exists so long as one distribution departs from the other, which should be better
interpreted as overall or aggregate segregation since both demographic groups are jointly
considered. In recent years, the study of overall segregation in the case of multiple population
subgroups has received increasing attention among scholars (Reardon and Firebaugh, 2002;
Frankel and Volij, 2007). This permits the study of overall segregation in a more complex

context where the number of groups is higher than two.

However, one can be interested not only in measuring aggregate segregation, but also in
exploring the segregation of a target group. Alonso-Villar and Del Rio (2008) tackle this matter
in a multigroup context by proposing an axiomatic framework in which to study the
segregation of any population subgroup (local segregation). In a context of segregation in the
labor market, they propose to compare the distribution of the target group among categories
with the distribution of total employment. This approach permits one to emphasize the (labor)
demand side, since the weight of each category (occupations/sectors) is measured in terms of
total employment, i.e., the benchmark against which to compare the distribution of any

demographic group is the job structure of the economy.

! For a revision of occupational segregation measures, see Fliickiger and Silber (1999). James and Taueber (1985)
also offer an interesting discussion of segregation indexes in the case of school segregation.
2 Jenkins et al. (20086) also follow this approach to study social segregation in secondary schools.



Measuring the segregation level of a given group does not imply, however, that the segregation
of that group can be determined without taking into account the remaining population
subgroups. Segregation is indeed a phenomenon that requires considering the relative position
of individuals with respect to others, as happens when measuring poverty according to a
relative approach. In fact, both phenomena have more in common than one might expect at
first sight. Thus, in order to quantify the relative poverty level of a country, the income level of
the whole population is usually taken into account in order to calculate the poverty line (i.e.,
the income level of reference). Certainly, if the income level of a group changes, the poverty
level of other groups may be altered because of the threshold shift. However, this
interdependence among groups does not prevent one from finding out the poverty level that a
target group suffers (by using, for example, the decomposability property of the popular family
of indexes proposed by Foster, Greer, and Thorbecke, 1984). Analogously, if the distribution
of a demographic group across organizational units varies, this change may affect not only the
segregation level of this group, but also that of other groups, since the distribution of reference
(that of the whole population) may have been modified. As in the case of relative poverty, we
maintain that the segregation level of a target group can be calculated and that it is a powerful
approach to go deeper in the study of segregation. In fact, the measurement of female
segregation in the labor market is not a new topic in the literature since in a binary context
there is a previous proposal. In this regard, three decades ago, Moir and Selby Smith (1979)
offered a variation of the index of dissimilarity to measure the industrial segregation of female
workers in the Australian labor market.® However, as far as we know, only Alonso-Villar and
Del Rio (2008) have explored this issue axiomatically in a multigroup case, while proposing

new indices that satisfy basic properties.

The aim of this paper is to study segregation in the Spanish labor market for both male and
female workers, paying special attention to industrial segregation. Therefore, as opposed to
previous studies, such as Mora and Ruiz-Castillo (2003, 2004), and Otero and Gradin (2001),
this paper measures the segregation of each demographic group separately, rather than
measuring overall segregation. This allows us to determine the specific pattern of female and
male employment structures.* For this purpose, this paper uses additively decomposable
indices, together with local segregation curves, recently proposed in the literature (Alonso-

*By following the same reasoning, Lewis (1982) defined an analogous index to measure male segregation.
* This paper also departs from that of Del Rio and Alonso-Villar (2009), since they do not take into account the
industrial dimension.



Villar and Del Rio, 2008; Del Rio and Alonso-Villar, 2009), which allows us to go further in

the empirical analysis.

The paper is structured as follows. Section 2 introduces several local segregation measures and
their decompositions, whilst offering a reflection about this measurement. Section 3 presents
the empirical analysis. In doing so, firstly, a classification of sectors in four large groups
(agriculture-fishing, industry, construction and services), and a two-digit classification of
occupations are used, which gives rise to over two hundred categories of jobs. Secondly, a
deeper analysis of the occupational segregation within each large sector is undertaken. Thirdly,
industrial segregation across branches of activity at a two-digit level is tackled. Finally, Section

4 presents the main conclusions.

2. Measuring local segregation

When segregation in the labor market is analyzed, the indexes commonly used quantify overall
segregation. However, one can be interested not only in measuring aggregate segregation, but
also in exploring the segregation of a target group. Alonso-Villar and Del Rio (2008) tackle
this matter in a multigroup context by proposing an axiomatic framework in which to study the
segregation of any population subgroup. In this regard, a local segregation curve for each target
group is put forward and new indexes consistent with it are proposed. In particular, a class of
decomposable segregation indexes (related to the generalized entropy family) consistent with
non-crossing local segregation curves is characterized in terms of basic axioms. In what

follows, we present the notation and introduce these tools.

Consider an economy with O >1 occupations, P>1 sectors and T >1 jobs so that vector

(ty t,,..1op) represents the distribution of jobs among occupations-sectors (i.e., a common

occupation is considered a different category depending on the sector it belongs to) and

T :Ztop. In other words, t, is the number of jobs in the economy corresponding to
0,p

occupation o and sector p. Assume that we are interested in analyzing the segregation of a

target group that has the following distribution among occupation-sectors (c,;,C,,,...,Cop ), and

denote by C the total number of individuals belonging to this group. Then, C :Zcop and
0,p

¢, <t _, since this group represents a subset of total workers. Distribution ¢ could represent,

op = “op’



for example, the number of women (or men) employed in each occupation-sector but also the

number of individuals of an ethnic or social group or whatever group of citizens that interests

us. For the sake of simplicity we rename the above vectors as follows: t=(t,t,,...,t;) and

c=(c,cC,,...C; ), where J =OxP.

Local segregation curves

In the context of segregation by sex, traditional segregation curves represent the cumulative
proportion of female workers corresponding to the cumulative share of male workers, once the
categories (occupations, industries, etc.) have been ranked by increasing gender ratios (the
number of women divided by the number of men in each category). Therefore, these curves
actually measure overall segregation, rather than female segregation. To analyze the
segregation of any demographic group, Alonso-Villar and Del Rio (2008) propose to use what

they call a local segregation curve. Thus, to calculate this local segregation curve, first, the

. . . . . G
categories (occupations-sectors) have to be ranked in ascending order of the ratio t—‘

i
(j=1...,J) and, second, the cumulative proportion of employment, Zt—' is plotted on the
i<j
horizontal axis and the cumulative proportion of individuals of the target group (female
workers, for example), Z&, is plotted on the vertical axis. Therefore, this curve can be
i<
written as

2.

S e (7)) = ISJT '

t. . . . .
where 7, EZ—' is the proportion of cumulative employment represented by the first j

i<j

categories. Therefore, the first decile of the distribution represents 10% of the less-feminized

jobs of the economy (that is, those belonging to occupations-sectors with the lowest t—’ ratios).
j

The second cumulative decile represents 20% of the less-feminized jobs, and so on. If the

segregation curve of a population subgroup dominates that of another (i.e., if the segregation



curve of the former lies at no point below the latter and at some point above), we may say that

it has lower segregation.’

In what follows we show several examples in order to compare local segregation with overall

segregation. In the first example, we consider an economy with 100 female workers and 300

jobs distributed among categories according to vector (c;t)=(10,40,50;90,60,150). In Figure

1, we plot the segregation curve S*(C;t) obtained from comparing the female distribution ¢ with

the employment distribution t. From these distributions we can also obtain the number of male
workers in each category and compare that distribution with the female distribution, so that we
can obtain the traditional segregation curve S. This curve is also plotted in Figure 1, even
though in this case the horizontal axis represents the cumulative proportion of male workers
instead of total employment. We observe that S™ is closer to the equity line, which is
reasonable since it compares the female distribution to the employment distribution, which
includes female workers, while S compares the former with the male distribution. Therefore,
the local segregation curve of a given target group gives rise to lower segregation than the

overall segregation curve of the economy.®

% Intuition suggests that in the binary case, if one group has more members than the other, the segregation curve of
the former cannot be dominated by that of the latter. This matter seems less problematic when there are more than
two target groups. In any case, we should note that, even in the binary case, we cannot conclude which group
suffers more segregation by just knowing its weight in the economy, since segregation curves can cross (see the
Appendix).

® In the case of segregation by sex, total employment is the result of adding female and male workers, so that

curve S can be obtained by calculating S” for distribution (c;t—c)- In example 1 vector
(c,t—c) :(10,40,50;80, 20,100). However, if we were interested in other types of segregation involving more

than 2 groups of individuals--for instance female segregation by age, or race segregation, etc.--both approaches

would substantially differ.
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Figure 1. Segregation curves S and S in example 1.

To understand better the differences between these curves, example 2 posits that the number

and distribution of jobs, in addition to the distribution of female workers, are the same as in

example 1, but now there are 120 women. Thus, (c';t')=(12,48,60;90,60,150). In this

scenario the distribution of total employment among categories and that of female workers

have not changed; therefore, S” does not vary (see Figure 2). In other words, female
segregation remains the same because there have been changes neither in their distribution nor
in the employment structure. However, S has varied, since there has been a change in the
distribution of male workers among categories, which moved from representing 40% in the
first category, 10% in the second and 50% in the third, to 43%, 7% and 50%, respectively. We
cannot deny that the economy has experienced a change when moving from example 1 to 2,
but we find it interesting to distinguish between changes that affect the target group from those
that do not. Female segregation should not vary so long as the employment and female labor
force structures remain unaltered. If we are interested in other target groups (for example that
of male workers), it is possible to measure their segregation by using the corresponding

segregation curve.
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Figure 2. Segregation curves S* and S in examples 1 and 2.

In what follows we show another scenario in which changes in the distributions lead to changes
in the segregation level when using S”, but not when using S . Imagine now that the number of
jobs in the economy remains constant, but that category one loses 6 jobs in favor of category
two. This means that the employment share decreases in category one, which represented 30%
of jobs in example 1 and 28% now, and increases in category two (20% against 22%). Assume
also that there are 120 female workers, like in example 2, with a distribution among categories
that keeps the same female shares as before, so that the first category still represents 10% of

female jobs, the second represents 40%, and the third, 50%. Thus,

(c™t")=(12,48,60;84,66,150). If we calculate curve S~ for examples 1 and 3, we observe
that they are different (see Figure 3). In particular, S*(C..;t..) > S*(C;t), which implies that female

segregation is higher in the first example. How can we explain this fact? When comparing

(c;t) with (c"t"), we note that there has been a job reduction in category 1--where female

workers had a low presence--and a growth in category 2--where women had a higher presence.
Thus, the female segregation level decreases, since distribution c¢’” is closer to distribution t”’
than c to t. It follows, then, that this segregation measurement does not care about situations
where a category has a high female employment share while another has a low female share so
long as they are consistent with the overall job distribution.
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Figure 3. Segregation curves S"and S in examples 1 and 3.

Del Rio and Alonso-Villar (2009) offer a form of decomposing local segregation curves
according to a partition of categories into several classes, which parallels the one proposed by

Bishop et al. (2003) to decompose the Lorenz curve by population subgroups.

Without loss of generality, let occupations-sectors be classified into two mutually exclusive

classes, so that (c;t) = (c*,c*;t',t*) . Define indicator G/ so that G/ =1 if category j belongs to
class 1 and G/ =0 otherwise. Indicator G; can be defined analogously. By using vectorc',

vector ¢ can be built as the one resulting from enlarging c¢' with zero-values for those

occupations-sectors that are not included in class 1, i.e. ¢ =(c,G},...,c,G;’) . Analogously, we
can build vector ¢. The expression:

¢ Sp®)

SC, =——
CS (C;t)(Tj)

1)

measures the contribution of class k (k =1,2) to the value of the segregation curve S™ in the

corresponding percentile, where the first quotient represents the proportion of individuals of

> .¢G,
the target group who work in class k, and S~Eék't)(ri)= isJC represents the pseudo-

k



segregation curve for fictitious distribution (¢;t) once categories have been ranked according

. C; . . . .
to ratios t—’ " For instance, assume that we focus now on the occupational-industrial
i
segregation of female workers, and consider that the categories are classified into four large
classes: agriculture-fishing, industry, construction, and services. The above decomposition
allows us to calculate the contribution of each class to each cumulative decile. In other words,
we can determine the proportion of jobs in the first decile belonging to agriculture, industry,

construction, and services; the proportion of jobs in the second cumulative decile that

corresponds to each large sector, and so on. Moreover, function S” . also enables us to

(€%;t)
determine how individuals of the target group working in categories included in class k are

distributed among cumulative and non-cumulative deciles. In this regard, expression

S *

Sterny (73 70D =S 1y (7)) (2)

indicates the proportion of the target individuals working in class k in each non-cumulative
decile. In the above example, this analysis permits us to find out whether the distribution of
service employment across non-cumulative deciles of total employment, ranked from low- to

high-feminization rates, differs from that of industry employment.

Local segregation indexes

Alonso-Villar and Del Rio (2008) also propose several segregation measures consistent with

non-intersecting S~ curves so that when comparing two different distributions, if the
segregation curve of one of them dominates that of the other, then any segregation index of the
target group satisfying some axiomatic properties (scale invariance, symmetry in groups,
movement between groups, and insensitivity to proportional divisions) would take a higher
value when it is evaluated at the dominated distribution.? This makes the use of these curves a
quite robust procedure. However, if one is interested in quantifying the extent of segregation,
the use of indexes satisfying the above basic properties seems the most appropriate. In

particular, in the aforementioned paper the following measures are proposed:

” Note that S~261_ does not represent the segregation curve of the distribution (c';t*), nor that of fictitious

t)
distribution (¢*;t), since the ranking of occupations-sectors is that of the original distribution (c;t).
® In the Appendix, these properties are defined.
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where the first measure is a variant of the classic Gini index and the second represents a family

@, (cit) =

of indexes related to the generalized entropy family (acan be interpreted as a segregation
aversion parameter).” These indexes, together with the index proposed by Moir and Selby
Smith (1979)

.1
D'==
>

5y
7|C T

will be used later in the paper to analyze female and male segregation in Spain.™

An advantage of the family of indexes @, is that its members are decomposable. In particular,
they are decomposable by subgroups of categories. Given a partition of categories in K classes,
let us denote by C* the number of individuals of the target group who work in class k
(k=1,...,K), and by c* the distribution of the target group among the categories included in
that class, so that (c;t) =(c',...,c;t%,...,t) . Then, the generalized entropy family of indexes

can be decomposed in two components:

d)a(cl,...,cK;tl,...,tK)=Z(%j [T?j D, (c;t)+ @, (C,....CTH...TY)
k

where the first addend of the above formula represents the within component, i.e. the weighted
sum of segregation inside each class, while the second addend reflects the between component,
i.e., the differences among classes.

® Indexes @, (C;t), where a0, are defined on the space of employment distributions (C;t) where all
components of vector C are positive. If all components were strictly positive, then another index could be used:
t. t/T
@ (c;t)=) 2In| L— |if a=0.
(G Zj:T (Cj /CJ
“Both D" and G take values within the interval [0,1), while @, can be easily transformed in order to take
values within that interval.
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3. Segregation in Spain

The data used in this paper comes from the Spanish Current Population Survey (EPA)
conducted by the Spanish Institute of Statistics (INE), and corresponds to the second quarter of
the year 2007. Occupations and industries are considered at a two-digit level of the CNO-1994
(National Classification of Occupations) and CNAE-1993 (National Classification of
Economic Activities), respectively. The list includes 66 occupations and 60 branches of
activity, ™ the latter can be aggregated into four large sectors: agriculture-fishing, industry,

construction and services.'?

First, we analyze the distributions of female and male workers when taking into account,
simultaneously, differences in the 66 occupations and in the 4 aggregate sectors.” In this
respect, a common occupation is considered a different category depending on whether it
belongs to agriculture, industry, construction or services. Even though the cross between
occupations and branches would lead to a larger number of categories (66 occupations
multiplied by 4 sectors makes 264), we analyze only the 221 categories in which there is

employment.
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Figure 4. Occupational-industrial segregation curves (221 categories).

™ The top 10 most feminized and masculinized occupations and branches are shown in the Appendix (Tables A3
and A4).

2 Two out of sixty branches have been eliminated from the analysis since one of them had not employees
(extraction of uranium and thorium ores), and the other had odd figures (extraterritorial institutions).

Bin 2007, women represented 41% of workers, while men represented 59%.
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Dy, D5 0, D, D" G"
FEMALE WORKERS 0.73 0.46 0.34 0.28 0.33 0.43
MALE WORKERS 0.21 0.18 0.16 0.14 0.23 0.30

Table 1. Occupational-industrial segregation indexes (221 categories)

When considering these 221 categories, the local segregation curves show that the distribution
of male workers dominates that of females, since the curve corresponding to the former is
above that of the latter (see Figure 4). Therefore, the occupational-industrial segregation of
female workers is higher than that of males for any segregation index consistent with these
curves. In fact, all indexes in Table 1 show remarkable increases when comparing the male and

female distributions. One of them even triples their value (®,,), while others double it (D,

with a=0.5, 1, 2). In any case, the analysis also suggests a non-negligible inequality in the

distribution of men workers across occupations and sectors (even though the causes of this
phenomenon may substantially differ from that of female segregation).

3.1 Partition by large sectors

By using the decomposition of index @, in the within-group and between-group components,

shown in Section 2, we find that partitioning the 221 categories into 4 large sectors
(agriculture-fishing, industry, construction and services) appears to be relevant in explaining
segregation in Spain, since the between-group component represents 35.7% in the case of
females and 26.6% in males (see Table 2). In other words, differences between the four large
sectors explain about 36% and 27% of female and male segregation in the labor market,

respectively.**

When decomposing the female segregation curve (as explained in Section 2, expression (2))
we find that the distribution of female workers across ventiles substantially differs among
sectors (see Figure 5). In this regard, while agriculture-fishing and industry have important
weights in the first three ventiles, which represent the less-feminized jobs of the economy,
construction and services are mainly concentrated in the top ventiles, which represent the most-
feminized jobs. In other words, women working in construction and services tend to
concentrate in female-dominated occupations, while in industry and agriculture, the degree of

concentration of women in female-dominated occupations is lower. In fact, 63.4% of the

14 As can be seen in Table 2, 85.6% of females work in the service sector, while less than 10% works in industry.
With respect to males, 52.8% of them work in services, while over 41.6% are evenly distributed between industry
and construction.

13



female labor force employed in agriculture-fishing is in the third ventile of the female
distribution (see Table A5 in the Appendix). This percentage rises to 93.7% if one is jointly
considering the second and third ventiles, which suggests that there are not many feminized
occupations within this sector. In industry, the third ventile also represents a high percentage of
the female employment in this sector (45.2%), although the fourth and fifth ventiles have, in
this case, higher values than in agriculture. On the contrary, a large proportion of the females
working in construction and services concentrate in the most feminized occupations (36.9%

and 44.8%, respectively).”

Females Males

80+

60

401

20

Agriculture-fishing Industry Construction Services Agriculture-fishing Industry Construction Services

‘lVemiIe 1 DVentile 2 @Ventile 3 @Ventile 4 @Ventile 5 \ ‘.ventile 1 DOVentile 2 @ Ventile 3 @ Ventile 4 BVentile 5 \

Figure 5. Distribution of each sector across non-cumulative ventiles (221 categories).

When studying the distribution of male workers, we find that most of the men who are in the
first decile of the corresponding segregation curve, actually 93.9% of them, work in services
(see Table A6 in the Appendix, which shows the decomposition of each cumulative decile by
sector, as defined in Section 2, expression (1)). In other words, most of the men working in the
most feminized occupations of the economy are in the service sector. On the other hand, the
distribution of agriculture-fishing across non-cumulative ventiles (Section 2, expression (2))
shows that most of the male staff works in occupations with an intermediate-high level of

masculinization (see Figure 5). In fact, the third and forth ventiles jointly represent 92% of the

3 In the case of construction, the occupations are: Domestic employees and other indoor cleaning personnel;
Assistant clerks; and Administrative management support professionals. In the case of services, these occupations
are: Domestic employees and other indoor cleaning personnel; Personnel services workers; Professions
associated with a 1* cycle university degree in natural and health sciences, except in optics, physiotherapy and
related services; Professions associated with a 1% cycle university degree in teaching; and Assistant clerks (with
customer service tasks not classified previously).
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male employment in the sector (see Table A5 in the Appendix). Industry has a similar pattern,
even though the fifth ventile represents now a higher value than in the case of agriculture. In
construction, the situation is more extreme, since 87.7% of its male employment is
concentrated in the most male-dominated occupations of the economy (in the fifth ventile). On
the contrary, in the service sector, the distribution of male employment across ventiles is more

equalitarian. This suggests that the degree of masculinization of this sector is lower.

3.2 Occupational segregation within each large sector

In what follows, the occupational segregation of each large sector is analyzed separately, i.e.,
the benchmark distribution for each sector is now the employment distribution of that sector
across 66 categories. Figure 6 shows that occupational segregation of women is higher in
construction, while male segregation is higher in the service sector (i.e., the corresponding

segregation curve is dominated by the other curves).

Cumulatiive females
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Figure 6. Occupational segregation within each sector (66 categories).

Most indices also suggest that the agriculture-fishing sector has the lowest occupational
segregation level for both women and men, especially for the latter (see Table 2). Note that
when comparing female and male occupational segregation, most indexes show that
segregation in the service sector is slightly higher for men, while in the remaining sectors,

including industry, segregation is much higher for women.
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Within-Between Distribution of
* " decomposition female and male
Doy | Pos | P | P, | DT | G of D, workers between
sectors
FEMALE 64.31% - 35.69%
WORKERS 0 0 100%
Agriculture- 1 46 | 014 | 010 | 0,09 | 016 | 0.21 2.93%
fishing
Industry 0.56 0.44 | 0.37 | 0.36 | 0.34 | 0.46 9.69%
Construction 2.23 177 | 1.87 | 425 | 0.79 | 0.87 1.84%
Services 0.30 0.21 | 0.17 | 0.14 | 0.22 | 0.30 85.55%
MALE WORKERS 73.47% - 26.53% 100%
Agfrif#i'r:gre' 002 | 002 | 001|001 | 006|008 5.63%
Industry 0.06 0.05 [ 0.05 | 0.04 | 0.11 | 0.15 20.27%
Construction 0.03 0.03 | 0.02 | 0.02 | 0.05 | 0.05 21.32%
Services 0.24 0.21 [ 019 | 0.18 | 0.25 | 0.34 52.77%

Table 2. Occupational segregation indexes (66 categories) and distribution of female and male workers
between sectors.

3.3 Industrial segregation by branches of activity

This subsection provides a deeper analysis of industrial segregation by focusing on the
distribution of employment across 58 branches of activity. The analysis suggests that industrial
segregation within each large sector is also higher for women and, in fact, some indexes
duplicate when comparing them with that of males (see Table 3). The industrial segregation
level is, however, lower than that of occupational segregation (compare Tables 2 and 3). This
result is in line with that obtained by Deutsch, Flickiger and Silber (1994) for Switzerland
when using Oppenheimer’s (1969) approach.

Within-Between Distribution of
* * decomposition female and male
Py | Pos | P, | P, | D" | G of @, workers
between sectors
FEMALE WORKERS 39.12% - 60.88% 100%
Agriculture-fishing | 0.01 | 0.01 | 0.01 | 0.01 | 0.04 | 0.04 2.93%
Industry 0.13 | 0.13 | 0.14 | 0.15 | 0.22 | 0.29 9.69%
Construction - - - - - - 1.84%
Services 0.09 | 0.08 | 0.08 | 0.07 | 0.14 | 0.20 85.55%
MALE WORKERS 55.96% - 44.04% 100%
Agriculture-fishing | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.01 5.63%
Industry 0.02 | 0.02 | 0.02 | 0.02 | 0.07 | 0.10 20.27%
Construction - - - - - - 21.32%
Services 0.11 | 0.10 | 0.09 | 0.09 | 0.16 | 0.23 52.77%

Table 3. Industrial segregation indexes (58 categories), decomposition of @, , and distribution of
female and male workers across sectors.'®

1° Table 3 does not show the values of the indexes for the construction sector because it has only one branch of
activity. We should also note that the agricultural sector has only three branches.
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Note that the classification of branches of activity into the four large sectors appears as
relevant, since the decomposition of index @, into the between-group and within-group
components shows that the former explains approximately 60.9% of industrial segregation of
female workers (Table 3, column 7). This partition is also relevant for explaining male

segregation, since the between-group component is 44%.

Males

Females

Agriculture-fishing Industry Construction Services Agriculture-fishing Industry Construction Services

‘IVentiIe 1 OVentie 2 @Ventile 3 @Ventile 4 BVentie 5 ‘ ‘.Vemile 1 DVentile 2 @Ventile 3 @Ventile 4 BVentile 5

Figure 7. Distribution of each sector across non-cumulative ventiles (58 categories).

When decomposing the industrial segregation curves of women and men (which are not

included in the text) by large sectors, we observe that (see Figure 7):

a) Females working in construction are all in the first ventile, since this is the most
masculinized branch of the economy. Something similar happens in agriculture-fishing,
since 100% of its female employment is in the second ventile. Women working in the
industry also work in branches lowly feminized (especially in the second and third
ventiles). On the contrary, in the service sector female workers concentrate in branches
highly feminized (41.3% of them are in the fifth ventile).

b) Regarding males, the service sector is dispersed among branches, some more masculinized
and others less. In the industry, the pattern is less even, since male employment is mainly

concentrated in ventile 4.
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4. Final remarks

Traditional analyses on gender segregation in the labor market focus on measuring overall
segregation. This paper has offered a different perspective by measuring the segregation of
women and men separately. Following this approach, we found that even though male workers
are far from being homogeneously distributed across occupations and industries, unevenness is
much higher for women. We have also shown that in the service sector, the occupational
segregation of male workers is slightly higher than that of females, while in the remaining
large sectors (industry, agriculture-fishing and construction) segregation is much higher for
women. In addition, the analysis suggests that women working in construction and services
tend to concentrate in the most female-dominated occupations, while in industry and
agriculture, the degree of concentration in those occupations is lower, especially in the former
sector. Regarding males, the study reveals that in the construction sector, male employment is
concentrated in the most male-dominated occupations, while the service sector is more evenly
distributed across jobs. This finding does not contradict, however, the fact that most of the men
working in the most feminized jobs of the economy belongs to the service sector. Finally, the
results regarding industrial segregation by branches of activity indicate that this phenomenon

has a lower extent than occupational segregation, for both women and men.
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Appendix

A: A simple analysis of local segregation curves in a binary context

The following examples illustrate that even in the binary case, one cannot conclude either
which group suffers more segregation, or the relative position of their local segregation curves,
by just knowing their weights in the economy. Thus, these examples show that even though
male workers represent over fifty percent of the labor force, the occupational segregation curve
of this group does not dominate that of female workers (their curves cross). As a consequence,

the use of local segregation indexes becomes necessary.

Example 1:
Females Males Total
Occupations
1 20 130 150
2 40 130 170
3 147 3 150
Total 207 263 470

Table Al. Distribution of workers across occupations (example 1)

Local Segregation Curves

1
0,9 /
0,8
07 /
0,6 /
0,5
041
031
0,2
01 iy
0 Ié/\

0 0,2 04 0,6 08 1

‘—0— Females —m— Males ‘

Figure Al. Female and male segregation curves in example 1.

In this example, male represent 56% of total employment, and that the slope of the female
segregation curve is higher than that of males both at the origin and at the end. When
calculating the entropy family of local segregation indexes, we observe that:

®,(c";t)=0.3314 < @,(c";t) =0.3326

®,(c™;t)=0.3563 > @, (c™;t) =0.2207 .
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Therefore, according to index @, men are more segregated than women, but according to

index @, , the opposite holds.

Example 2:
Females Males Total
Occupations
1 20 160 180
2 160 70 230
3 70 30 100
Total 250 260 510

Table A2. Distribution of workers across occupations (example 2)

Local Segregation Curves

1 /

0,9

08 /

0,7

0,6

05

04

03
0.2

0.1

0 02 04 0,6 08 1

‘ —e—Females —=—Males ‘

Figure A2. Female and male segregation curves in example 2.

In this case, the slope of the female segregation curve is lower than that of males both at the
origin and at the end. Note that even though the proportion of male workers is higher than that
of females (51% against 49%), we cannot conclude that the male group has lower segregation.
In fact, when calculating the entropy family of local segregation indexes, we observe that:
®,(c";t)=0.2050 > @, (c";t) =0.1420
®,(c";t) =0.1440 < d,(c";t)=0.1678.
Therefore, according to index @, women are more segregated than men, but according to

index @, , the opposite holds.

22



B: List of axioms
In what follows, we show a list of desirable properties for any measure of local segregation,

®:D—> R, where D :U{(Cg;t)eRJ+ xR’ . :C) sthj} and g represents the target group.

J>1

Axiom 1. Scale Invariance: Let « and # be two positive scalars such that when (cg;t)e D

vector (ac’; Bt)e D, then @ (ac?; Bt)=d(c%;t).

Axiom 2. Symmetry in Groups: If (TI(1),..,I1(J)) represents a permutation of occupations
(L...d) and (c%t)eD, then @(c°IT;tiT)=d(c%;t), where c*TI=(cy,....CH,,) and

I(J)

T = (g gy ) -

Axiom 3. Movement between Groups: If vector (c°';t)e D is obtained from vector (c%;t)e D
in such a way that a) ¢’'=c’-d and ¢/ '=c+d (O<d écig), where i and h are two
occupations  satisfying that t =t and c’<c); and b) c}'=c] Vj=ih;

thenCID(cg ';t)>CD(cg;t).

Axiom 5. Insensitivity to Proportional Divisions: If vector (cg ';t') € D is obtained from vector

(c;t)eD in such a way that a) c®'=c%, t' =t

for any j=1..J-1; and b)

¢!y =ci/M, t';=t,/M forany j=1J,.,J+M -1, then ®(c®;t')=d(c%t).
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C: Tables

Employment ratio Female employment ratio
(%) (%)
The 10 most-feminized occupations
91. Domestic employees and other indoor cleaning 6.59 93.73
personnel
51. Personnel services workers 3.97 86.67
27. Professions associated with a 1% cycle university
degree in natural and health sciences, except in optics, 1.08 84.21
physiotherapy and related services
- - - St - -
28. Prc_>fe55|on§ associated with a 1™ cycle university 192 75.92
degree in teaching
44, _A§S|stant _cIerks (with custumer service tasks not 276 74.88
classified previously)
45. Employees in direct contact with the public in travel
. L 1.05 74.30
agencies, receptionists, telephone operators
43. A_s_S|stant (_:Ierks (without custumer service tasks not 207 73.33
classified previously)
46. Cashlgrs, tellers gnd other similar personnel in direct 193 79 48
contact with the public
53. Retail workers and the like 5.00 70.70
32. _ Technl_man_s in chllq _educatlon, flight instructors, 0.22 67.12
vehicle navigation and driving
The 10 most-masculinized occupations
70. Work site managers and foremen 0.58 0.63
71. Workers at structural construction works and the like 5.13 0.97
75. Welders, auto body workers, metal structure fitters,
X 1.69 1.16
blacksmiths, tool manufacturers
73. Metallurgy and mechanical workshop foremen 0.24 1.22
76. Mechanics and adjusters for electric and electronic
. - 2.57 1.44
machinery and equipment
85. Locomotive machinist, operators of agricultural
- . . 1.32 1.71
machinery and mobile heavy equipment, and seamen
72. Workers dedicated to finishing constructions and the
. - 3.76 1.98
like (painters and related workers)
96. Construction laborers 241 3.07
74. Extractive industry workers 0.14 3.61
86. Drivers of vehicles for urban or road transport 3.81 3.61

Table A3. The most- and least-feminized occupations: Employment share in each occupation, and
proportion of female workers, with respect to total employment, in each occupation.
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Employment ratio Female employment ratio
(%) (%)

The 10 most-feminized branches

95. Households that employ domestic personnel 3.77 92.10

93. Various personal services activities: washing, dry
cleaning and dying of leather and cloth garments;
hairdressing and other beauty treatments; physical fitness
activities; funeral parlors and related activities

1.42 78.66

85. Health and veterinary activities; social services:
includes medical, hospital, dentistry, and veterinarian 5.95 76.68
activities and social work with or without accommodation

18. Clothing and fur industry: tailoring of leather clothes,
work clothes and other outer and underwear and
accessories; preparation and dying of furs for furriers
and manufacture of furriery articles

0.49 75.49

80. Education: primary, secondary and higher education:
also including driving schools, adult education, and other 5.64 64.90
types of education

52. Retail trade except trade of motor vehicles,
motorcycles and mopeds; repair of personal effects and
household equipment: also includes the repair of 9.42 61.99
footwear, electrical appliances, watches and clocks and
jewellery and other small repairs

67. Activities auxiliary to financial intermediation:
administration of financial markets and stock market

L RO o : . 0.24 58.29
activities; activities auxiliary to insurance and pension
funds
55. Catering: includes hotels, motels, hostels, campsites, 794 5535

restaurants, bars, canteens

74. Other business activities: legal, accounting,
bookkeeping and auditing activities, fiscal consultancy, 7.45 54.01
market research and public opinion surveys, etc.

66. Insurance and pension plans, except compulsory

. . 0.63 52.70
social security
The 10 most-masculinized branches
45.Construction 13.33 5.66
14. Extraction of non-metallic and non-energetic ores 0.23 7.46
27. Metallurgy 0.58 8.24
10. Extraction and agglomeration of coal, lignite and peat 0.04 10.10
60. Land transport; transport of pipes 2.99 10.89
20. _Wood an.d cork industry, except furniture, basket 0.47 11.98
making and wickerwork
28. _Manufacture of metal products, except machinery and 182 12.79
equipment
90. Public health activities 0.41 12.99
_29. Machinery and mechanical equipment construction 131 14.39
industry
41. Collection, purification and distribution of water 0.21 14.69

Table A4. The most- and least-feminized branches of activity: Employment share of each branch and
proportion of female workers, with respect to total employment, in each branch.
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Ventile 1 Ventile 2 Ventile 3 Ventile 4 Ventile 5 Total
FEMALE WORKERS
Agriculture-fishing 0.84 30.31 63.37 3.08 2.40 100
Industry 2.10 16.30 45.20 18.34 18.06 100
Construction 5.63 18.75 10.67 28.05 36.90 100
Services 0.66 7.22 14.22 33.10 44.80 100
MALE WORKERS

Agriculture-fishing 1.13 1.42 46.32 45.94 5.19 100
Industry 212 4.40 31.15 30.11 32.22 100
Construction 0.69 1.16 1.72 8.74 87.69 100
Services 9.22 21.48 22.14 32.42 14.74 100

Table A5. Distribution of each sector across non-cumulative ventiles in percentages (221 categories).

FEMALE Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile
WORKERS 1 2 3 4 5 6 7 8 9 10
ﬁgﬁ;ﬁ;'t“re' 370 | 227 | 1641 | 921 | 1520 | 973 | 662 | 483 | 376 | 293
Industry 37.04 22.73 21.21 18.02 26.66 21.63 15.86 13.42 12.12 9.69
Construction 14.81 11.36 6.06 4.55 3.12 2.25 1.61 1.96 2.26 1.84
Services 44.44 63.64 56.31 68.22 55.02 66.40 75.92 79.79 81.86 85.54
Total 100 100 100 100 100 100 100 100 100 100

MALE Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile | Decile
WORKERS 1 2 3 4 5 6 7 8 9 10
ﬁsg;i'ﬁ;”“re' 068 | 109 | 093 | 078 | 073 | 705 | 630 | 801 | 672 | 563
Industry 4.76 7.82 8.02 7.31 10.96 19.57 20.04 20.60 18.78 20.27
Construction 0.68 2.73 3.36 2.16 1.71 1.95 3.33 3.93 14.68 21.32
Services 93.88 88.36 87.69 89.75 86.60 71.43 70.32 67.46 59.82 52.78
Total 100 100 100 100 100 100 100 100 100 100

Table A6. Distribution of workers, in each cumulative decile, across sectors in percentages (221 categories).

26



9901

9902

9903

9904
9905

9906
9907
0001

0002
0003

0004
0005

0006
0007

0008

0009

0010

0011

0012

0013

0101

0102

0103

0104

0105

0106

Relacion de Documentos de Traballo publicados

Philippe Polomé: Experimental E vidence on Voting Manipulation in
Referendum Contingent Valuation with Induced Vaue
Xosé M. Gonzdlez e Daniel Miles: Andlisis Envolvente de Datos. Un Estudio de
Sensibilidad

Philippe Polomé: Combining contingent valuation and revealed preferences by
simulated maximum likelihood

Eva Rodriguez: Social value of health programs. is the age a relevant factor?
Carlos Gradin e M2 Soledad Girdldez: Incorporacion labora delamujer en
Espafa: efecto sobre ladesiqualdad en larenta familiar

Carlos Gradin: Polarization by sub-populationsin Spain, 1973-91

Carlos Gradin: Polarization and inequality in Spain: 1973-91

Olga Alonso e José Maria Chamorro: How do producer services affect the
location of manufacturing firms?. The role of informacion accesibility

Coral del Rio Otero: Desiqualdad Intermedia Paretiana

Miguel Rodriguez Méndez: Margins, Unions and the Business Cyclein High nd
L ow Concentrated Industries

Olga Alonso Villar: Large metropoliesin the Third World: an explanation
XuliaGonzalez e Daniel Miles: Wage Inequality in a Developing Country:
Decrease of Minimum Wage or Increase of Education Returns

Daniel Miles: Infecuenciade las Comprasy Errores de Medida

Lucy Amigo: Integracién de los Mercados de Cambio:
Andlisis rentabilidad-riesgo de la cotizacién Peseta/Dolar

Eduardo L. Giménez e Manuel Gonzalez-Gémez: Efficient Allocation of Land
Between Productive Use and Recreational Use.

Manuel Gonzalez-Gémez, P.Polomé e A. Prada Blanco: Sesgo sobre la
Informacion Obteniday la Estimacidn de Beneficios en Entrevistas a Visitantes
de un Espacio Natural

M. Xoseé Vazquez Rodriguez e Carmelo Ledn: Preferencias Imprecisasy
Contexto en la Vaoracion de Cambios en la Salud.

Begofia Alvarez: Can we Identify Fraudulent Behaviour?. An Aplication to
Sickness Absence in Spain

XuliaGonzalez, Xosé M. Gonzalez e Daniel Miles: LaTransicién dela
Universidad al Trabajo: una Aproximacion Empirica.

Olga Cant6: Climbing out of poverty, Falling back in: Low Incomes” Stability in
Spain
Arancha Murillas: Investment and Development of Fishing Resources. A Rea
Options Approach
Arancha Murillas. Sole Ownership and Common Property Under Management
Flexibility: Valuation, Optimal Exploitation and Regulation

Olga Alonso Villar; Jos&-Maria Chamorro Rivas e Xulia Gonzalez Cerdeira: An
andlisis of the Geographic Concentratin of Industry in Spain

Antonio Molina Abraldes e Juan Pinto-Clapés. A Complete Characterization of
Pareto Optimality for General OLG Economies
José Maria Chamorro Rivas. Communications technology and the incentives of
firms to suburbanize

Lucy Amigo Dobafio e Francisco Rodriguez de Prado: Incidencia del efecto dia
en los valores tecnol gicos en Espaiia




0107

0108
0109

0110

0111

0112

0201

0202

0203

0204

0205

0206
0207

0208

0209

0210
0301

0302

0303

0304

0305

0306

0307

0308

Eva Rodriguez-Miguez; C. Herrero e J. L. Pinto-Prades: Using apoint system in
the management of waiting lists: the case of cataracts

Xose M. Gonzdlez e D. Miles: Andlisis de los incentivos en el empleo publico
Begofia Alvarez e D. Miles: Gender effect on housework allocation: evidence
from spanish two-earned couples

Pilar Abad: Transmision de volatilidad alo largo de |a estructura temporal de
swaps. evidenciainternacional

Pilar Abad: Inestabilidad en larelacion entre los tipos forward y 0s tipos de
contado futuros en la estructura temporal del mercado de swaps de tipos de
interés

Xulia Gonzdlez, Consuelo Pazo e Jordi Jaumandreu: Barriers to innovation and
subsidies effectiveness

Olga Cant6, Coral del Rio e Carlos Gradin: What hel ps households with children
in leaving poverty?: Evidence from Spain in contrast with other EU countries
OlgaAlonso-Villar, José Maria Chamorro-Rivas e Xulia Gonzélez:
Aqgglomeration eocnomies in manufacturing industries. the case of Spain

Lucy Amigo Dobario, Marcos Alvarez Diaz e Francisco Rodriguez de Prado:
Efficiency in the spanish stock market. A test of the weak hypothesis based on
cluster prediction technique

Jaime Alonso-Carrera e Maria Jesus Freire-Serén: Multiple equilibria, fiscal
policy, and human capital accumulation

Marcos Alvarez Diaz e Alberto Alvarez: Prediccién no-lineal de tipos de
cambio. Aplicacion de un algoritmo genético

MariaJ. Moral: Optimal multiproduct pricesin differenciated product market
Jaime Alonso-Carreray Baltasar Manzano: Andlisis dindmico del coste de
bienestar del sistema impositivo espafiol. Una explotacion cuantitativa

Xulia Gonzalez e Consuelo Paz6: Firms R& D dilemma: to undertake or not to
undertake R& D

Begoria Alvarez: The use of medicines in a comparative study across European
interview-based surveys

Begoria Alvarez: Family illness, work absence and gender

Marcos Alvarez-Diaz e Alberto Alvarez: Prediccion no-lineal detipos de
cambio: algoritmos genéticos, redes neuronaesy fusién de datos

Marcos Alvarez-Diaz, Manuel Gonzélez Gémez e Alberto Alvarez: Using data-
driven prediction methods in a hedonic regression problem

Marcos Alvarez-Diaz e Lucy Amigo Dobafio: Prediccion no lineal en el mercado
de valores tecnol 6gicos espariol. Una verificacion de |a hipotesis débil de
eficiencia

Arantza Murillas Maza: Option value and optimal rotation policies for
aguaculture explotations

Arantza Murillas Maza: | nterdependence between pollution and fish resource
harvest policies

Pilar Abad: Un contraste alternativo de la hipétesis de |as expectativas en Swaps
de tipos de interés

Xulio Pardellas de Blas e Carmen Padin Fabeiro: A tourist destination planning
and design model: application to the area around the Mifio river in the south of
Galiciaand the north of Portugal

Lucy Amigo Dobario e Francisco Rodriguez de Prado: Alteraciones en €l
comportamiento bursétil de |as acciones de empresas tecnol égicas inducidas por
gl vencimiento de derivados




0309

0310

0311

0312

0313

0401

0402

0403
0404

0405

0406

0407
0408

0409

0410

0411

0412

0501

0502

0503

0504

0601

0602

0603

Raguel Arévalo Tomé e José Maria Chamorro Rivas: A Quality Index for
Spanish Housing

Xulia Gonzalez e Ruben Tansini: Eficiencia técnicaen laindustria espafiola:
tamano, |+D y localizacién

Jaime Alonso Carrera e Jos&-Maria Chamorro Rivas. Environmental fiscal
competition under product differenciation and endogeous firm location

José Carlos Alvarez Villamarin, M2 José Caride Estévez e X 0sé Manuel
Gonzdez Martinez. Demanda de transporte. Efectos del cambio en la oferta
ferroviariadel corredor GaliciaaMadrid

José Carlos Alvarez Villamarin, M2 José Caride Estévez e X osé Manuel
Gonzalez Martinez: Analisis coste-beneficio de la conexion Galicia=Madrid con
un servicio de AltaVelocidad.

Maria José Caride e Eduardo L. Giménez: Thaler’s “all-you-can-eat” puzzle:
two alternative explanations.

Begofia Alvarez e Daniel Miles: Husbands Housework Time: Does Wives Paid
Employment Make a Difference?

Maria José Caride e Eduardo L. Giménez: Leisure and Travel Choice.

Raquel Arévalo Tomé e José Maria Chamorro-Rivas. Credible collusionin a
model of spatial competition.

Coral del Rio Otero, Carlos Gradin Lago e Olga Cant6 Sanchez: El enfoque
distributivo en el andlisis de ladiscriminacion salarial por razodn de género.
Olga Alonso Villar: Ciudadesy globalizacion en la Nueva Geografia
Econdmica.

Olga Alonso Villar: The effects of transport costs revisited

Xavier Labandeirae Miguel Rodriguez: The effects of a sudden CO, reduction
in Spain.

Gema Alvarez Llorente, M2 Soledad Otero Girdldez, Alberto Rodriguez Casal e
Jacobo de Ufia Alvarez: Laduracién del desempleo de lamujer casadaen
Galicia.

Jacobo de Ufia-Alvarez, Gema Alvarez-L | orente e M2 Soledad Otero-Girddez:
Estimation of time spent in unemployment for married women: An application at

regional level.
M2 José Moral: Model os empiricos de oligopolio con producto diferenciado: un

panorama.
M2 José Moral: An approach to the demand of durable and differentiated

products.

Raquel Arévalo-Tomé e José-Maria Chamorro-Rivas: Location as an instrument
for social welfare improvement in a spatial model of Cournot competition.

Olga Alonso-Villar: The effects of transport costs within the new economic
geography.

Raquel Arévalo Tomé, M2 Soledad Otero Girdldez e Jacobo de Ufia Alvarez:
Estimacion de la duracion residencial apartir del periodo de ocupacion
declarado por |os hogares espafiol es.

Olga Alonso-Villar, Coral de Rio e Luis Tohariac Un andlisis espacial del
desempleo anivel municipal.

Xulia Gonzalez, Consuelo Pazd: Do public subsidies stimulate private R& D
spending?

Lucy Amigo Dobario: Anomalias de los mercados financieros. Anadlisis de las
empresas gallegas que cotizan en el mercado de renta variable.

Daniel Miles Touya: Can we teach civic attitudes?




0604

0605

0606
0607
0608
0701
0702
0703
0704
0801
0802
0803
0804
0805
0901
0902
0903

0904

0905

Jacobo de Ufia Alvarez, Raquel Arévalo Tomé e M2 Soledad Otero Girdldez:
Advances in the estimation of households duration of residence.

Pilar Abad Romero, Begofia Alvarez Garcia, Eva Rodriguez Miguez e Antonio
Rodriguez Sampayo: Una aplicacion de |os sistemas de puntos en |a priorizacion
de pacientes en lista de espera quirdrgica

Coral del Rio, Carlos Gradin e Olga Canté: Pobrezay discriminacion salarial por
razén de género en Espafia.

XuliaGonzalez : Some empirical regularities on vertical restraints.

José Maria Chamorro Rivas: Shopping hours and bundling as an entry barrier.
Lucy Amigo Dobafio e M2 Dolores Garza Gil: Laflota artesanal gallega.
Andlisis de la cadena de distribucion.

Coral del Rio e Olga Alonso-Villar: Diferencias entre mujeresy hombres en e
mercado de trabajo: desempleo y salarios.

Coral del Rio e Olga Alonso-Villar: Unareflexion sobre las medidas de
desigualdad intermedias.

Begofia Alvarez e Marcos Vera-Hernandez: Unravelling the determinants of the
non-use of health care.

Olga Alonso-Villar: What are we assuming when using inequality measures to
quantify geographic concentration?

Olga Alonso-Villar e Coral del Rio: Local versus overall segregation measures.
Raguel Arévalo Tomé, Loly Ferrero Martinez, M2 Soledad Otero Girdldez e
Jacobo de Ufia Alvarez: Movilidad residencial en Espafia: un andlisis
longitudinal.

Olga Alonso-Villar e Coral del Rio: An aternative inequality-based
concentration measure.

Pablo del Rio e Xavier Labandeira: Barriers to the introduction of market-based
instruments in climate policies: an integrated theoretical framework.

Olga Alonso-Villar e Coral del Rio: Geographic Concentration of Economic
Activity: An aggregate index.

Olga Alonso-Villar: Measuring geographic concentration: Lorenz curves and
their decompositions.

Begofia Alvarez e Eva Rodriguez-Miguez: Patients self-interest bias. Empirical
evidence from a priority-setting experiment.

Coral del Rio e Olga Alonso-Villar: Gender segregation in the Spanish labor
market: An alternative approach.

Olga Alonso-Villar e Coral del Rio: Industrial segregation of female and male
workers in Spain.




