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1. Introduction

The literature on segregation has devoted a great deal of attention to analyzing segregation in
the case of two population subgroups (blacks-whites, high-low social position, and women-
men).! The study of segregation in a multigroup context does not have such a long tradition,
even though in recent years this topic has received increasing attention among scholars
(Silber, 1992; Boisso et al., 1994; Reardon and Firebaugh, 2002; Frankel and Volij, 2007).
These multigroup measures allow quantifying the disparities among the population subgroups
into which the economy can be partitioned and provide an aggregate or overall segregation
value (Iceland, 2004; Frankel and Volij, 2009).

Nevertheless, one may be interested in measuring not only overall segregation, which
involves simultaneous comparisons among all groups, but also the segregation of a target
population subgroup, a topic that gains special relevance in a multigroup context. To address
this issue, the literature has mainly opted to undertake pairwise comparisons. Thus, in
ethnic/racial analyses, for example, Hispanics are often contrasted with whites, but also with
blacks, Asians, or with non-Hispanics in general (Albelda, 1986; King, 1992; Reardon and
Yun, 2001; Cutler et al., 2008; Hellerstein and Neumark, 2008). Alternatively, Alonso-Villar
and Del Rio (2010a) offers an axiomatic set-up within which the segregation of a target group
(labeled as local segregation as opposed to overall segregation) can be addressed. Measuring
the segregation level of a target group does not imply, however, that the segregation of that
group can be determined without taking into account the remaining population subgroups. In
fact, within the aforementioned framework, the distribution of a target group across
organizational units is contrasted with the distribution of total population, which necessarily
includes the other demographic subgroups. This approach places emphasis on how the
different demographic groups fill the units and allows easy comparisons among groups. 2

None of these works consider, however, the fact organizational units might have different
status. In particular, in measuring occupational segregation, standard indexes do not take

account whether demographic groups tend to occupy high or low status jobs, even though

! See classical works by Duncan and Duncan (1955), Karmel and MacLachlan (1988), and Silber (1989). For
more recent proposals, see Hutchens (1991, 2004) and Chakravarty and Silber (2007).

2 Recent studies using this approach to analyze the occupational segregation of several demographic groups are
Alonso-Villar and Del Rio (2010b) and Del Rio and Alonso-Villar (2010a, b).



wage earnings vary considerably among occupations.®> A segregation measure taking into
account the status of occupations should explicitly assume that it is important not only to
determine how uneven the distribution of a group across occupations is with respect to others
but also to identify the direction of these differences. In order to illustrate the relevance of
these questions in the case of local segregation, consider the following economy with three
demographic groups (A, B, and C) of equal size and two occupations (j and k). Table 1
presents the distribution of these groups between occupations together with the corresponding

wages.

Group A | Group B | Group C | Wage

Occupation j 20 80 50 3

Occupation k 80 20 50 7

Table 1. Example

Any of the local segregation measures proposed by Alonso-Villar and Del Rio (2010a) would
conclude that demographic groups A and B share identical segregation levels since the

discrepancy between the distribution of each of them and that of total employment (150,150)

is of the same magnitude. However, some researchers would agree that the segregation
suffered by group B is of a different nature, and more disturbing, than that of group A, since
its employment is strongly concentrated in the low-paid occupation. In this regard, one might
reasonably wonder whether it is possible to develop measures that allow one to include the
status of organizational units (occupations, branches of activity, etc.) in the segregation
measurement of a demographic group. These tools should give a higher segregation value to
group B=(80,20) than to A=(20,80). Considering the salary level of occupations in the
segregation measurement of a target group means placing emphasis on individuals’ well-
being, since well-being is not be the same for those population subgroups who are strongly

concentrated in high-paid occupations rather than in low-paid occupations.

® This study focuses on occupational segregation, even though it also works for other types of segregation. For
simplicity, we use wage as a proxy for status, although a set of relevant dimensions of job status can be also used
and then summarized into one-dimensional variable.



Two recent papers have tackled the inclusion of status or prestige in the measurement of
overall segregation. Thus, Reardon (2009) offers overall measures in a multigroup context,
which are useful when organizational units can be defined by ordered categories. In doing so,
he establishes a set of desirable properties that any ordinal segregation measure should satisfy
and develops a general procedure with which to build these kind of measures.* In addition, by
following an approach more closely related to that of the literature on inequality, Hutchens
(2006, 2009) proposes overall segregation measures in the binary case taking into account
differences in the prestige of organizational units. In some cases, these measures use ordinal
classifications of units, while in others, disparities are addressed by following a cardinal scale
of prestige. These studies have opened the axiomatic debate, offering valued proposals for
empirical research; however, none of them have tackled the inclusion of status in local

segregation measurement.

To close that gap somewhat, this paper extends the local measures proposed by Alonso-Villar
and Del Rio (2010a) by incorporating the status of organizational units (in our case,
occupations) cardinally measured. So far as we know, this is the first time that status-sensitive
segregation measures, either local or overall, are offered in a multigroup context by invoking
a cardinal measure of status. These new measures are intended to be used to assess the
occupational segregation of a target group, the distribution of which departs from the
occupational structure of the economy, by penalizing its concentration in low-status
occupations. Therefore, these measures should be used to complement, rather than substitute,

previous measures.

For that purpose, Section 2 offers a reflection about the properties that a local segregation
measure taking into account the status of organizational units should satisfy and offers several
measures consistent with them. In addition, it proposes status-sensitive segregation curves and
establishes the relationship between the corresponding dominance criterion and the
aforementioned indexes. These tools are later used, in Section 3, to analyze the occupational
segregation of immigrants and natives in Spain. This illustration shows the potential of this

approach, which offers useful hints in distinguishing between occupational distributions that

* The mentioned paper also offers a reflection on previous proposals existing in the literature regarding ordinal
segregation following alternative approaches, as is the case of Meng et al. (2006).



are similar in terms of shares but differ regarding the assessment of those shares. Finally,

Section 4 offers the main conclusions.

2. Local segregation measures: The status of occupations

This paper considers an economy with J >1 occupations among which total population,

denoted by T, is distributed according to distribution t=(t,t,,...,t;), where T=th.
i
Assume that the status of occupations is represented by distribution s =(s,,...,s,), where each
: . . . t;
s; is a cardinal measure of the status of occupation j and Z—‘sj =1. Denote by
il
¢’ =(cf,cf,...c{) the distribution of target group g, where cf<t, (g=1..G).

Distribution c® could represent, for example, the number of individuals of an ethnic/racial
group or any other group of citizens in each occupation. Therefore, the economy can be
summarized by status vector s and matrix E, which represents the number of individuals of
each population subgroup in each occupation, where rows and columns correspond to

population subgroups and occupations, respectively. The total number of individuals in

occupation j is t =2c‘:’, and the total number of individuals of target group g is

9
ce=>cl.
i

G subgroups x J occupations

PR
9 9

A measure of local segregation taking into account status is a function, @, that allocates a
real number to each vector (cg ;t;s) by measuring the differences between the distribution of

target group g among occupations, c?, and the distribution of reference, t, both distributions

expressed in proportions, taking into account the status of occupations. In other words,
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distribution C—C—J is compared with t—lti according to distribution (s,,...,s,).
ce C¢ T 7T

Namely, ®,:D — R, where D:U{(c@’;t;s)eRﬂ><IR{J++><RJ++ ¢} sthj}.

J>1

2.1 Basic properties

We propose the following four basic properties for measuring local segregation in a

hierarchical context:

Property 1. Scale Invariance: Let « and f be two positive scalars such that when

(c%;t;s)e D vector (ac®; ft;s)e D, then @ (ac®; t;s)=d,(c%t;s).

Property 2. Symmetry in Groups: If (H(l),...,H(J)) represents a permutation of occupations
(L...3) and (c%t;s)e D, then @ (c°IL;HIT;SIT) =D, (c%t;s), where ¢*IT=(Cly....Cy) )

T =ty oo bragyy ) » AN STT= (S, Spyyy ) -

Property 3. Insensitivity to Proportional Divisions: If vector (cg ';t';s') € D is obtained from

t' =t

vector (c%;t;s)e D insuch a way thata) ¢®';=c®;, t';=t;, s, =s; forany j=1,..,J-1

and b) c*',=cy/M, t',=t;/M and s' =s;, for any j=J,..,J+M-1, then

]

CDS(Cg ';t';s'):CDS(cg;t;s).

The first property means that the segregation index does not change when the total number of

jobs in the economy and/or the total number of individuals of target group g vary so long as

their respective shares in each occupation remain unaltered. In other words, in measuring
local segregation, only employment shares matter, not employment levels. The second
property means that the “occupation’s name” is irrelevant so that if we enumerate occupations
in a different order, the segregation level remains unchanged. The third property states that
subdividing an occupation into several categories of equal size, both in terms of total
employment and in terms of individuals of the target group, does not affect the segregation
measurement so long as the status of the new categories coincides with that of the original

occupation.



Property 4. Sensitivity to Disequalizing Movements between Organizational Units: Consider

. . PR R o : .
two occupations, i and h, satisfying =— <", If vector (cg ';t';s)e D is obtained from
iSi hsh

vector (cg;t;s)e D in such a way that either a) ¢’'=c’-d and ¢'=c’+d (0<d SCF),

other things being equal (i.e., ¢!'=c{ Vj=ih and t;'=t; Vj), or b) t,'=t +e and

j
t,'=t,—e (0<e<t; s =s,), other things being equal (ie., c/'=c] Vvj and t;'=t,

Vvj#i,h), then @, (c?"t5s)>d, (c%t;s).

This property requires the local segregation to increase when there are disequalizing
movements between occupations. It implies, for example, that if occupation i has the same

number of jobs and status as occupation h (i.e., t, =t, and s, =s,) but a lower number of

positions for the target group (i.e., ¢! <c;), a movement of target individuals fromito h is a
disequalizing movement fostering the segregation of that group. In this case, there would be
no difference between this property and that of “movement between groups” proposed by
Alonso-Villar and Del Rio (2010a) (henceforth AV-DR), since both occupations are
considered to have the same status and, therefore, the target group has a lower presence in
occupation i regarding not only employment in that occupation, t., but also regarding
employment weighted by status, ts,. But property 4 also refers to disequalizing movements
between occupations with different status, which are not considered in AV-DR. Thus, for
example, if there is a movement of target individuals from i to h, segregation increases when

occupation i has the same number of jobs as occupation h (i.e.,t. =t,) but a higher status and

a lower number of positions for the target group (i.e.,s;>s, and ¢’ <c?). In addition, a
disequalizing movement between two occupations with the same status can be found if the
employment structure of the economy changes in such a way that the number of jobs
increases in occupation i and decreases in h (in the same amount), the former having lower
employment positions for the target group and higher (or equal) employment level weighed

by status (i.e., ¢’ <cJand ts; >t,s,).

One might consider it necessary to include an additional property to compare disequalizing
movements that differ in the status of the “receiving” occupation. Thus, it seems reasonable



that a disequalizing movement toward an occupation with a lower status fosters segregation to
a higher extent than a movement toward an occupation with the same status. Following the
property of “movements between groups with different prestige” established by Hutchens
(2006) to measure overall segregation in a binary context, the next property could be defined

in our context.

Property 5. Sensitivity to Disequalizing Movements between Organizational Units with

Different Status: Consider three occupations, i, h, and k, such that £<:—E=:—E and
i h k

s, =5, >s,. If vectors (c®’;t;s),(c®*t;s)e D are obtained from vector (ct;s)e D in such

a way that c¢’'=c’—-d and c’'=c’+d, and c’'=c’—-d and cl"=cl+d with

(0<d<c?), other things being equal, then

CDS(CQ ";t;s)—d)s(cg;t;s)>qbs(c“J ';t;s)—CDs(cg;t;s) >0.

Note, however, that property 5 is a particular case of property 4, and, therefore, if the latter is

required, there is no need for the former.

2.2 Status-sensitive local segregation curves

Keeping in mind properties 1-4, we now define local segregation curves that are sensible to
differences among occupations’ status. The dominance criterion of these curves is later shown
to be consistent with these properties. In order to propose measures that can be easily

implemented, we use wage as a proxy for occupational status. Namely, we assume that the

o . W w :
distribution of status across occupations is equal to s= (%TJ] where w; is the wage of
W W

;W

occupation jand w =" T

J
In building the new local curves, we modify the distribution of reference against which to
compare that of the target group used in AV-DR so as to incorporate the importance of each
occupation in terms of status/wages. Thus, the weight of each occupation in the new

distribution of reference is now equal to its employment level weighted by its relative wage



W.
(Wj)' Consequently, if occupation j has a wage above the average (w; > W), it has a high
status, and, therefore, the employment benchmark against which to compare that of the target

W.
group gains relevance (t; L >1;). In this way, the discrepancies between the distribution of
W

the target group and the occupational structure of the economy have a larger impact in high-
paid occupations that in low-paid. Later on, we will see that this change allows the new local

measures to satisfy the aforementioned basic properties.

According to the above, to define a status-sensitive segregation curve for target group g we

g 9
propose to compare the distribution of that group, (%%} with distribution
W,
tw  tw ki
43,222 and plot the cumulative proportion of employment, > —%  on the
Tw T W D 1

. : . . o c’
horizontal axis and the cumulative proportion of individuals of the target group, Zc—'g on

i<j
the vertical axis. In doing so, occupations have to be lined up in ascending order of the ratio

¢f/c L : : _ c?

, Which is equivalent to ranking according to—-—.°> This status-sensitive local
w; W,
(t, ﬁ) T tiﬁ

segregation curve generalizes that previously proposed by AV-DR, since the latter can be

obtained as a particular case where all of the occupations have the same wage.

. . . W
Definition: We say that the status-sensitive local segregation curve of (cg;t;jJeD
W

. . : W :
dominates in segregation that of (cg ';t';:jeD, where w=(w,,...,w,), if the status-
W

sensitive segregation curve of the former lies at no point below the latter and at some point
above.

§||E

5 H H — Wl
Note that considering S=| —,...
w

jwarrantles that Zt Zt Zt =



Next, we show the relationship between our segregation curves and segregation indexes
satisfying the aforementioned basic properties.

Proposition 1. Given vectors (cg;t;gj,(cg ';t';%jeD, the status-sensitive local
W W
. w . AU /AR .
segregation curve of (cg;t;jJ dominates that of (cg ;t;:J if and only if
0 0
9.0 W grpn W . . .
(O ;t;ﬁ <D |cC ;t;ﬁ for any local segregation index @ satisfying properties 1-4.

Proof: See Appendix

This result shows the robustness of the dominance criterion for measuring the segregation of a
demographic group when taking into account the status of occupations, since when a curve
dominates in segregation another curve, any local segregation index satisfying the above
properties will be necessarily consistent with this criterion. This makes the use of these curves
a powerful procedure for empirical analysis. However, if curves cross or if one is interested in
quantifying the extent of segregation, the use of indexes satisfying the basic properties seems

most appropriate.

2.3 Status-sensitive local segregation indexes

In what follows, we extend several local segregation measures existing in the literature by
incorporating the status of occupations. Thus, the status-sensitive segregation Gini index of a
target group can be written as the weighted sum of the differences between pairs of
occupations according to the relative presence of the target group--all ratios being expressed
in terms of weighted-status employment--divided by twice the demographic weight of the

group:

Zﬂhﬂﬂ o _ ¢
STTwWw| W W
|v—v JV_V
g _
Gf = s -
27
T

10



Given the parallelism between the classical Gini index and the Lorenz curve, one can easily
observe that this measure is equal to twice the area between the above status-sensitive local

segregation curve and the 45°-line.

The generalized entropy family of local segregation indexes proposed by AV-DR can also be
conveniently modified in order to take into account the status of occupations:

-1} ifa#0,1

W
¥, =¥, (%t—o)=
' W
c? c?/Ce

)

where « is a parameter.’® Note that when « =05, the above index is

1 w; [c] t . i . .
=7 1—2 w\erT , Which can be interpreted as the local version, in a multigroup
~\ W
J

context, of the square root index proposed by Hutchens (2006) to measure overall segregation

ifa=1

in the binary case when taking the prestige of occupations into account.’

Moreover, the index of dissimilarity proposed by Duncan and Duncan (1955), the most
popular segregation measure, can also be conveniently adapted to measure the segregation of

target group g when taking status into account:

® If we had considered local segregation indexes defined on the space of distributions (c?;t;s) , where all

components of vector C° were strictly positive, rather than positive, then another index could be defined:

W. W.
o L 2
7 (cgt—) Z W c‘:’v}ICg if @=0"
]

" The index proposed by Hutchens considers two groups of individuals (women and men, for example) and takes

W m

the following expression: O(c";c™;s) =1- ZS v ij , where w denotes women and m males.

11



g9
S LW

C* Tw

[ ——
DS_ZZ

j

: . . : w
Given the parallelism between the status-sensitive local segregation curve of vector [cg ;t;:)
W

. e . . . 9 g . .
and the Lorenz curve of fictitious distribution | & & & & | defined in the
Wl 1 1 Wl ) H WJ Ll Ll WJ
tlf tlf tJ — J
w W w W

W, w
t—= =~
w

proof of the above proposition, demonstrating that the status-sensitive Gini index of target

group g, G/, and the family of indexes ‘P, , satisfy properties 1-4 is easy. For the same

reason, it follows that local index D¢ only satisfies properties 1-3, since the classical index of

dissimilarity is not consistent with the Lorenz dominance criterion.

In addition, it is easy to see that all these status-sensitive measures, local dominance criterion
included, satisfy the following property:
W.
o ﬁj)

Property 6. Status-sensitive normalization: @, (cg ;t;s) =0 if C—‘g =T vj.

c? t
This property has two implications. First, if w;,=w, vj,h and C_Jg:?] Vj, then

D, (cg it s) =0. In other words, when all wages are equal, the index is zero if there is no local

segregation. In fact, if there is no wage dispersion, these status-sensitive local segregation

measures coincide with the local segregation measures proposed by AV-DR. Second, if
¢y t.
w, =w, for some occupations j and h and C_ng?j Vj, then @ (c%;t;s)# 0. The reason of

this is that these measures take into account not only the distribution of individuals across
occupations but also salary dispersion across occupations. When a demographic group is
distributed according to the occupational structure of the economy, these indexes depart from
zero if there is heterogeneity in occupations’ wages. Therefore, these status-sensitive

measures do not satisfy the following normalization property, focused on segregation alone:

12



¢! t
Property 7. Normalization: @ (c%;t;s)=0 if C_JQZ?J vj.

Consequently, given that the use of status-sensitive measure may lead to undesirable results
when the employment distribution of a group across occupations is equal to that of total

employment, it seems reasonable to restrict the set over which our indexes are defined as

« ¢l t
follows: D=U{(Cg;t;s)eRJ+XRJHXRJH:C?Stj‘v’j and —Ji—‘forsomej}, so that
C® T

J>1

® . :DcD-—>R. Within set D, our status-sensitive local segregation measures work

properly. Thus, the status-sensitive segregation of a demographic group increases with its
concentration in a few occupations, this increase being larger, the lower the status of these

occupations as compared with the rest.

These segregation measures are intended to complement, rather than substitute, local
segregation measures previously proposed in the literature. They should be used when one
finds that the occupational distribution of a group departs from that of the economy as a
whole since they will allow one to assess the extent of the segregation of that group by taking

status into consideration.

3. An illustration: Occupational segregation of immigrants

and natives in Spain

In order to illustrate the usefulness of the above measures, in this section, we analyze the
distributions of immigrant and native workers across occupations in the case of Spain, which
IS a country that has experienced an extraordinary expansion of its immigrant population in
the last few years. Thus, according to the Municipal Census offered by the Spanish Institute
of Statistics (INE), Spain had, in 1996, half a million immigrants, while, in 2009, this number
reached 5.6 million. This has caused Spain to achieve an immigration rate similar to that of
countries with much longer migrant traditions, such as the United Kingdom, France,
Germany, and the United States (see Figure 1, in which the estimations of the Population

Division of United Nations for 2010 are given).

13



In what follows, we quantify the occupational segregation of immigrant workers in Spain,
paying attention to whether education affects the distributions of immigrants and natives
across occupations in the same manner and how things change when taking into account the
status of occupations (measured in terms of wages). The dataset used in this paper comes
from the Spanish Labor Force Survey (EPA) conducted by the INE following EUROSTAT’s
guidelines. This survey offers labor market information for a representative sample of
households and is commonly used for international comparisons. Our data corresponds to the
second quarter of 2007,2 which is the year with the lowest unemployment rate of the whole
democratic period (from 1978-2009). Occupations are considered at a two-digit level of the
CNO-1994 (National Classification of Occupations), and the list includes 66 occupations.
The Spanish Structure Earnings Survey (also conducted by the INE following EUROSTAT’s
guidelines) for 2002 has also been used to estimate the average wage of occupations since the

aforementioned survey did not gather any information on wages.®
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Figure 1: Migrant stock as a percentage of total population in 2010 for the countries with the
highest migrant stocks. Source: United Nations (2009).

® The survey includes 70,506 workers above 16 years old.

% We have eliminated 8 occupations from the study because the Structure Earnings Survey did not gather
information about them. These occupations are management of companies without wage earners or with less
than 10 employees, fishermen and skilled fish farm workers, and members of the armed forces. Thus, the study
considers 58 out of 66 occupations.
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The distribution of immigrant workers across occupations may depart from that of natives for
several reasons (Liu et al., 2004; Parasnis, 2006). Thus, the job opportunities of newly arrived
immigrants are likely to depend on migrant networks, which may favor the concentration of
immigrants in a few occupations. In addition, differences in educational achievements and/or
language may hinder the process of assimilation for immigrants, especially if specific
knowledge is required in the receiving country (as in the case of lawyers). The residential
segregation of immigrants may also affect their job opportunities since the characteristics of
neighborhoods affect the provision of basic goods, such as education, healthcare, and
transportation (Card and Rothstein, 2007; Joassart-Marcelli, 2009).

In a recent paper, Alonso-Villar and Del Rio (2010c) considered three educational groups in
the populations of native and immigrant workers: low-educated (those who have not finished
secondary school); intermediate-educated (those who have completed secondary school); and
highly-educated (those who have a college degree).’® They concluded that the occupational
segregation of immigrants decreases with their educational level. That analysis has been
reproduced here for the list of occupations for which the Spanish Earnings Survey provides
information. The corresponding segregation curves for immigrants (denoted by 1) and natives
(denoted by N) are offered in Figure 2, and several of their local segregation measures are

given at the top of Table 2 (¥_, @ =0.1; 0.5; 1; and 2, D?, and G°).

We see that the segregation curve for immigrants approaches the 45°-line when education
augments, which implies a reduction in segregation. However, the effects of education are not
the same for immigrants and natives since the segregation curve for low-educated natives is
closer to the 45°-line than that of highly-educated natives. The higher segregation of highly-
educated natives is perhaps a consequence of the nature of the occupations requiring that kind
of skill, while the lower segregation of highly-skilled immigrants is perhaps the result of their
worst matching between qualification and job.!! In addition, we find a notorious resemblance
between the segregation curve for low-educated immigrants across occupations and that of
highly-educated natives, as corroborated in Figure 3 (where the segregation curves for both

groups without wages, denoted by low(l) and high(N), are shown).

191t also includes those who have obtained a degree in “Formacion Profesional Superior” (vocational training,
second technical college).
1 For a study of over-education of immigrants in Spain, see Fernandez and Ortega (2008).
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Figure 2. Segregation curves for immigrants (I) and natives (N) by educational level (58
occupations).

LOCAL SEGREGATION

g 9
without wages oo | Fos ¥y ¥, D G

Low-educated immigrants 1.57 0.68 0.56 0.59 0.43 0.56
Intermediate-educated immigrants 1.13 0.42 0.33 0.31 0.32 0.44
Highly-educated immigrants 0.21 0.15 0.14 0.15 0.21 0.29
Low-educated natives 1.01 0.36 0.24 0.18 0.27 0.34
Intermediate-educated natives 0.68 0.29 0.23 0.20 0.26 0.36
Highly-educated natives 0.58 0.50 0.46 0.50 0.42 0.53

LOCAL SEGREGATION
with wages \Ps,o.l \Ps,O.S \Ps,l \Ps,z Dsg ng
Low-educated immigrants 2.64 1.08 0.89 1.13 0.53 0.69
Intermediate-educated immigrants 2.00 0.75 0.61 0.68 0.44 0.59
Highly-educated immigrants 0.21 0.15 0.15 0.17 0.21 0.29
Low-educated natives 1.91 0.68 0.48 0.40 0.41 0.50
Intermediate-educated natives 1.16 0.44 0.33 0.30 0.31 0.43
Highly-educated natives 0.29 0.25 0.23 0.21 0.29 0.37

Table 2. Local segregation indexes with and without wages (58 occupations).

16




1.0

0.8

0.6

0.4

.
.
.
:
.
.
.
.
.
.
.
.
.
0.2 .
. d
.
.
.
.
.
.
.
.
.
‘

0.0

Cumulative target workers .

0.0 0.2 0.4 0.6 0.8 1.0

Cumulative employment

Low (1) Low (I) - wages =-----" 45°-line

High (N) High (N) - wages

Figure 3. Segregation curves for low-educated immigrants (low
()) and highly-educated natives (high (N)) with and without
wages (58 occupations).

Without considering the important differences between the kinds of occupations in which
each demographic group tends to work, one would conclude that highly-educated natives and
low-educated immigrants are similar in terms of segregation. However, when taking into
account the status of occupations, the performances of both groups clearly depart, as shown in
Figure 3 (see segregation curves with wages, denoted by low(l)-wages and high(N)-wages).
Therefore, the introduction of status into the analysis of segregation allows one to
discriminate between distributions that are apparently similar. Moreover, the inclusion of
status makes the relationship between segregation and education monotonic not only for
immigrants (as already happened in the case without status) but also for natives (see Table 2,
bottom rows). In addition, we find that the segregation of highly-educated immigrants barely

changes when considering wages, which suggests that they work both in low-paid and highly-
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paid jobs. However, the segregation of other immigrants increases notably. Regarding natives,
we observe that the introduction of wages notably reduces the segregation of the highly
educated, while it increases the segregation of the rest, which is particularly manifest in the

group of natives with a low education level.

4. Conclusions

Segregation analyses have mainly focused on measuring the disparities among the
occupational distributions of the demographic groups into which total population is
partitioned (overall segregation). However, one might be interested not only in this matter but
also in exploring the segregation of a target group (local segregation). In this context, the
introduction of occupational status into the analysis becomes especially relevant, since the
tendency of some demographic groups to concentrate in low pay/status jobs has an important
impact on their well-being levels. The present paper has tackled this topic in a multigroup
context by proposing an axiomatic framework through which to study the segregation of any
population subgroup when taking into account the status of occupations (cardinally
measured). This allows one to determine differences among demographic groups in terms of
not only employment shares in each occupation but also status. In doing so, this paper has
generalized the local segregation curves and indexes proposed by Alonso-Villar and Del Rio
(2010a).

Finally, the usefulness of these measures has been illustrated in our study of occupational
segregation in Spain, where these tools were used to analyze disparities in the distributive
patterns of immigrant and native workers depending on their educational levels. This analysis
has shown that the performance of low-educated immigrants in the Spanish labor market
clearly departs from that of highly-educated natives, even though the occupational segregation
levels of both groups are similar according to indexes that do not take into consideration

salary disparities among occupations.
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Appendix
PROOF OF PROPOSITION 1

First Implication

S

Assume that @_  satisfies properties 1-4 and consider distributions[cg;t;gj,
W

(cg ';t';gljeD. In what follows, we first transform vector (cg;t;gj into a fictitious
W W

“income” distribution whose Lorenz curve is equal to the segregation curve corresponding to

w : . .
(cg;t;jj, which allows us to use some well-known results from the literature on income
W

distribution. Next, by following steps analogous to those followed by Foster (1985) in a

: o : o w w
context of income distribution, we multiply distributions (cg;t;:] and (cg ';t';Tj by
W W

positive scalars in such a way that their corresponding fictitious distributions share the same

dimension and mean, while keeping segregation unaltered.

: : . . W .
It is easy to verify that the local segregation curve corresponding to (cg;t;:j is equal to the
W

. W e . . . g g 9 g
Lorenz curve corresponding to fictitious distribution | %~ & & & | The
W Wy Wy Wy
1 V—v 1 V—V J W J V_V
h— tJ‘%

same  relationship  can  be  established  between (Tcg STt ﬂj and
w

cY
yo| e TeTe' TC 1 and  between T Lcmg Y| and
T T T T e "
W W W W T
Tt{% T, W
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(C co' ¢ c o co'

=~ T . Note that y and z have
Clqu W' C¥ri W C?
Tt Tt
w w

N
1l

yuorny yerny

W T 9
T C
W

Ty T,
W

g
the same number of “individuals” (TT') and “income” mean (i—.)- Without loss of

g gr
generality in what follows, we assume that C? > (_:I_—

By using Lemma 2 proposed in Foster (1985), the Lorenz curves of the fictitious distributions

co'
: 0. W C T g W . . : e
corresponding to (c ,t,jJ and | T FC ;T't;— | coincide, since the latter is a (T ' times)
W W
T
. . " co'T .
replication of the former multiplied by a positive scalar (FF)' The same applies to

distributions (cg ';t';ﬂlj and (Tcg ';Tt';glj. Consequently, the local segregation curves of
W W

c9'

w . T . w
(cg;t;j] and | T 'T—cg;T 't;— |coincide, and also the ones corresponding to (cg ';t';T]
W C* W W'

T

and (Tcg ';Tt';%) do.
W
Assuming that the local segregation curve of [cg;t;gj dominates that of (cg ';t';ﬂl) (i.e.,
W W

the local segregation curve of the former is at no point below that of the latter), two cases can
be distinguished:

20



The local segregation curve of (cg;t;gj coincides with that of (cg ';t';glj.
W W

ce'

. ~ w . :
Consequently, the local segregation curve of | T '%CQ;T 't;— | coincides with that of
W

T

(Tcg ';Tt';glj. By using Lemma 1 proposed in Foster (1985), it follows that the ordered
w

distribution (from low to high values) corresponding to y, labeled ¥, majorizes that of

z, labeled 2, and vice versa.* In other words, distributions § and Z are identical, which

) k)
w
W w
jl Tt.] TJ
w w

w w - i
y—=,...,— |. Note that, on one hand, ®, satisfies the properties of
w

Tt,

symmetry, insensitivity to proportional subdivisions, and scale invariance, which implies
ce'
Al ! gnmn I.W A IT' g. I.W
that @, (y;e's')=®,| Tc®;Tt;— | and @ (z;e;8)=D | T'——c%T't;—|. On the
W' C? W
T

other hand, by using the scale invariance property, @S(TCQ ';Tt';glj:CDS (cg ';t';ﬂlj
w W

ce'
' g g1
and @, T'T—cg;T't;g =<Ds(cg;t;¥) (since C:—>C—). Consequently,
c? w w T T
T

W W
CDS(CQ;t;:j:CDS (cg Tth—1.
W W

12 Given two income distributions with the same dimension and ranked in ascending order, one is said to
majorize the other if and only if both distributions have the same total income, and the cumulative income level
of the former, up to next to last individual, is lower than that of the latter.
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b) The local segregation curve of (cg;t;gj is at no point below that of (cg ';t';glj and at
W W

some above. By following analogous steps to those in case a), it follows that the local
ce!

segregation curve of distribution T'%CQ;T't;g also dominates that of
W

T
(Tcg ';Tt';glj, which implies, by Lemma 3 in Foster (1985), that y is obtained from Z
w

by a finite sequence of regressive transfers. Therefore, since @, satisfies the property of
symmetry and that of movement between locations, ®@,(y;e's')>® (z;e;s). In

addition, the properties of insensitivity to proportional subdivisions of locations and scale

H H 1 1 ] 1 W ] 1 W

invariance  mean  that @ (y;e’;s’) =D, (Tcg Tt Tj =@, (cg it Tj and
W W

co
D, (z;6,5) =, T'%CQ;T't;VtV :@S[cg;t;V:VJ.Therefore, q)s(cg ';t';%)wbs(cg;t;:}
w w w w

T

Second Implication

Assume now that @ is consistent with the local segregation criterion. As mentioned above,

the local segregation curve corresponding to distribution (cg ;t;tj coincides with the Lorenz
W

. . c’ c’ c’ c’

curve of the corresponding fictitious distribution .
W, W, w w

tiil t171 t. L t. L
—_ —_ J — ) —
W W W w

W w
t— t,—>
w

Therefore, when comparing two occupational distributions, there is consistency between the
conclusions reached by using the local segregation curves and those attained with the Lorenz

curves of the fictitious distributions. In what follows, we show that index @, satisfies the four

basic properties.
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a) @, satisfies scale invariance, since the Lorenz curve of the fictitious distribution

ac? ac? act act . )
i/v \1/v \J/v \J/v coincides with that of
1 1 J J
ﬂtlf ﬂtlf ﬂtJ e ﬁtJ e
W W W W
ﬂﬁ% ﬁtJWWJ
c c c) c)
tlﬁ t % t WJ &
W ‘W W YW
tl% tl‘%J

b) ®, satisfies symmetry, since “individuals” of the fictitious distribution play

symmetric roles in the Lorenz curves.

c) @, satisfies insensitivity to proportional subdivisions because when an occupation j

: . . . : . c?

is subdivided into two occupations (j'and j" ) such that cj:’.zcjg,,:?’ and
t; o N

t,=t,. = > the Lorenz curve of the fictitious distribution does not change.

d) @, satisfies the property of sensitivity to disequalizing movements between

organizational units, since any movement from occupation i to h of the types
mentioned in property 4 leads to a sequence of regressive transfers in the fictitious
distribution, which results in an increase in inequality according to the Lorenz

criterion. As a consequence, the local segregation index @, also increases.™

3 Note that ®, also satisfies the property of sensitivity to disequalizing movements between organizational

units with different status since a movement of target individuals from occupation i to k involves a sequence
of transfers in the fictitious distribution that are more regressive than those corresponding to the movement

cl/C® c¢l/Cc® cliC®
W. < W, < W,

tifi thfh kfk
w w w

between occupations i and h (observe that

23



Acknowledgments:

Financial support from the Ministerio de Ciencia e Innovacion (grants ECO2008-03484-C02-
01/ECON and EC02010-21668-C03-03) and from FEDER is gratefully acknowledged.

References

Albelda, R. (1986): Occupational Segregation by Race and Gender, 1958-1981, Industrial
and Labor Relations Review 39(3), 404-411.

Alonso-Villar, O. and Del Rio, C. (2010a): Local versus overall segregation measures,
Mathematical Social Sciences 60, 30-38.

Alonso-Villar, O. and Del Rio, C. (2010b): Segregation of female and male workers in Spain:
Occupations and industries, Hacienda Publica Espafiola / Revista de Economia Publica
193(3), forthcoming.

Alonso-Villar, O. and Del Rio, C. (2010c): Occupational segregation of immigrants in Spain.
Papeles de Trabajo , Instituto de Estudios Fiscales, IEF PT 9/10, Madrid.

Boisso, D., Hayes, K., Hirschberg, J. and Silber, J. (1994): Occupational segregation in the
multidimensional case. Decomposition and tests of significance, Journal of Econometrics 61,
161-171.

Card, D. and Rothstein, J. 2007: Racial segregation and the black—white test score gap,
Journal of Public Economics 91, 2158-2184.

Chakravarty, S.R. and Silber, J. (2007): A generalized index of employment segregation,
Mathematical Social Sciences 53, 185-195.

Cutler, D.M, Glaeser, E.L. and Vigdor J.L. (2008): Is the melting pot still hot? Explaining the
resurgence of immigrant segregation, The Review of Economics and Statistics 90(3), 478-497.

Del Rio C. and Alonso-Villar, O. (2010a): Gender segregation in the Spanish labor market:
An alternative approach, Social Indicators Research 98 (2), 337-362.

Del Rio C. and Alonso-Villar, O. (2010b): Occupational segregation of immigrant women in
Spain, ECINEQ WP2010-165, March.

Duncan, O.D. and Duncan, B. (1955): A methodological analysis of segregation indexes,
American Sociological Review 20(2), 210-217.

Fernandez, C. and Ortega, C. (2008): Labour market assimilation of immigrants in Spain:

24



Employment at the expense of bad job-matches, Spanish Economic Review 10, 83-107

Frankel, D.M. and Volij, O. (2007): Measuring segregation. Working Paper 07009,
Department of Economics, lowa State University.

Frankel, D.M. and Volij, O. (2009): Measuring School Segregation. Unpublished paper, lowa
State University.

Foster, J.E. (1985): Inequality measurement, in H. Peyton Young (ed.), Fair Allocation,
American Mathematical Society. Proceedings of Simposia in Applied Mathematics 33, 31-68.

Hellerstein, J.K. and Neumark, D. (2008): Workplace segregation in the United States: Race,
ethnicity, and skill, The Review of Economics and Statistics 90(3), 459-477.

Hutchens, R.M. (1991): Segregation curves, Lorenz curves, and inequality in the distribution
of people across occupations, Mathematical Social Sciences 21, 31-51.

Hutchens, R.M. (2004): One measure of segregation, International Economic Review 45(2),
555-578.

Hutchens, R.M. (2006): Measuring segregation when hierarchy matters. Mimeo, ILR School,
Cornell University.

Hutchens, R.M. (2009): Occupational segregation with economic disadvantage: An
investigation of decomposable indexes, Research on Economic Inequality 17, 99-120.

Iceland, J. (2004): Beyond Black and White. Metropolitan Residential Segregation in multi-
ethnic America, Social Science Research 33, 248-271.

Joassart-Marcelli, P. (2009): The spatial determinants of wage inequality: evidence from
recent latina immigrants in Southern California, Feminist Economics 15(2), 33-72.

Karmel, T. and MacLachlan, M. (1988): Occupational sex segregation—Increasing or
decreasing?, The Economic Record 64, 187-195

King, M. C. (1992): Occupational Segregation by Race and Sex, 1940-88, Monthly Labor
Review 115, 30-37.

Liu, P.W., Zhang, J., and Chong, S.C. (2004): Occupational segregation and wage
differentials between natives and immigrants: evidence from Hong Kong, Journal of
Development Economics 73: 395-413.

Meng, G., Hall, G. B. and Roberts, S. (2006): Multi-group segregation indices for measuring
ordinal classes, Computers, Environment and Urban Systems 30, 275-299.

Parasnis, J. (2006): Segregation in the Australian labour market, Australian Economic Papers
45(4), 318-332.

25



Reardon, S. F. (2009): Measures of Ordinal Segregation, Research on Economic Inequality
17, 129-155.

Reardon, S. F. and Firebaugh, G. (2002): Measures of multigroup segregation, Sociological
Methodology 32, 33-76.

Reardon. S.F. and Yun, JT. (2001): Suburban Racial Change and Suburban School
Segregation, 1987-95, Sociology of Education 74(2), 79-101.

Silber, J. (1989): On the measurement of employment segregation, Economics Letters 30,
237-243.

Silber, J. (1992): Occupational segregation indices in the multidimensional case: A note, The
Economic Record 68, 276-277.

United Nations, Department of Economic and Social Affairs, Population Division (2009):
International Migration, 2009 Wallchart (United Nations publication, Sales No. E.09.X111.8).

26



