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Abstract

This paper deals with the quantification of the well-being loss/gain of a demographic
group associated with its occupational segregation, an issue that, as far as we know, has
not been formally tackled in the literature. For this purpose, this paper proposes several
properties to take into account when measuring this phenomenon. Building on standard
assumptions of social welfare functions, it also defines and characterizes a
parameterized family of indices that satisfy those properties. In particular, the indices
are equal to zero when either the group has no segregation or all occupations have the
same wage, and the indices increase when individuals of the group move into
occupations that have higher wages than those left behind. In addétens paribus

the indices increase more the lower the wage is of the occupation left behind, and
consider small improvements for many people to be more important than large

improvements for a few.
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1. Introduction

Segregation, the mechanism by which different gsowgzcupy different social
environments, is a widespread phenomenon bothritaly and geographically. A
good example is the different positions that woraed men hold in labor markets all
over the world. Differences by race, ethnicity, amnigrant status in the distribution
of people across organizational units (e.g., octops, sectors, neighborhoods, and
schools) are also evident. The analysis of segmyah the labor market (e.g.,
workplace segregation, occupational segregatiord srdustrial segregation) and
segregation in space (e.g., residential segregatohschool segregation) have played
an important role in studies conducted over decdesociologists and economists
concerned about the consequences that a low [éuglegration in society have for the

demographic groups that suffer it.

With respect to occupational segregation, theditee has traditionally focused on
segregation by gender and more recently has tutaeadtention to race and ethnicity,
especially in the United States. There are seveedons why researchers and policy-
makers care about this matter (Anker, 1998; Kaufr2@d0). A large part of the salary
differences between women and men is due to odomadtsegregation by sex. In the
case of the U.S., Hegewisch et al. (2010) documtras median earnings in male-
dominated occupations are still higher than theyiarfemale-dominated occupations
even after one has controlled for the skills theseupations require. Segregation also
explains salary differences by race/ethnicity (hdh, 2004). Furthermore, it often

involves worse working conditions in occupationsnittated by women or minorities.

The tendency of these groups to concentrate inpawlow-status jobs also has an
adverse impact on how others see them, and aldooanthey see themselves. This
effect reinforces stereotypes and fosters poveurityy important consequences for both
female-headed households and minorities. In additize tendency to segregate has an
adverse effect on the education of future genergtiparticularly regarding the fields of
study that boys and girls opt to enter. By another of reasoning, excluding women
and minorities from certain occupations leads teaate of human resources; the results
of which are extremely inefficient when these arghly skilled people. Moreover,
segregation imposes important rigidities, and tfadsices the ability of the market to



respond to labor changes, which is a problem irohal economy concerned with

efficiency and competitiveness.

Since the pioneer work of Duncan and Duncan (19&#)pus scholars have developed
measures aimed at quantifying segregation, sontieeaf paying increasing attention to
the challenges that arise when more than two sgeclps are involved. Thus, thanks
to works by Silber (1992), Boisso et al. (1994)aR®n and Firebaugh (2002), and
Frankel and Volij (2011), several tools can be usew to quantify overall segregation
in a multigroup context, i.e., to measure the extenwhich the distributions of the

various demographic groups simultaneously depamnt f'one another.

To explore the situation of one (or several) derapfgic groups in a multigroup
context, usually scholars have to deal with thetenaif choosing a group against which
to compare the group under consideration. Thusxample, in studies on occupational
segregation by gender and race, the distributiodAfatan American women across
occupations is traditionally contrasted with thatghite women, White men, African
American men, and, more recently, with that of ldisp women as well (King, 1992;
Reskin, 1999; Kaufman, 2010; Mintz and KrymkowsK(011; Gradin, 2013).
Alternatively, Alonso-Villar and Del Rio (2010) prose to compare the distribution of
the target group with the occupational structuréhefeconomy so that the group is said
to be segregated so long as it is overrepresentedsome occupations and
underrepresented in others, whether the lattefile@ by White men, White women, or
any minority. This segregation measurement makgmstsible to obtain a summary
value of the segregation of the group, which separicularly helpful in analyses in
which not all pair-wise comparisons move in the sadirection. Moreover, the
segregation of a group according to these meadateded local segregation measures,
Is consistent with overall segregation measurepgsed in the literature, since the latter
can be obtained as the weighted average of thegagyn of the mutually exclusive
groups into which the population can be partitignedth weights equal to the

demographic share of each group.

However, segregation measures do not quantify reithe well-being loss that
disadvantaged groups have for being concentratedowipaid (or low status)
occupations or the well-being gains of those bemghe highly paid. When one is

concerned with this matter (i.e., with the conseqas of segregation), one should not



only determine how uneven the distribution of augraacross occupations is with
respect to others but also identify the “quality’tiee occupations that the group tend to
fill or, on the contrary, not to fill. This papelinas at quantifying the well-being
loss/gain of a demographic group associated wstlogtupational segregation, an issue
that, as far as we know, has not been formallytdeigth in the literature. It is true that a
few studies have included the status of occupatiortbeir segregation measurement
(Reardon, 2009; Hutchens, 2006, 2009; Del Rio atahgb-Villar, 2012) but they
measure that particular phenomenon: the uneverribdisbn of groups across
occupations (accounting for status). None of tharantjfy, however, the well-being

loss/gain of a group associated with its segregatidich is the focus of this paper.

The disadvantaged position of a group in the labharket has been measured in the
literature in various ways. One may just deterntlme share of total earnings that the
target group has and compare it with the populatmare of the group, or deal with the
wage discrimination faced by that group. This paggproaches the problem from a
different perspective. The aim of this paper im$sess the consequences of a group’s
occupational segregation in terms of well-beind-b@ing). Thus, of all salary
disadvantages (advantages) that a group may faisepaper focuses on the penalty
(advantage) that arises from being concentratéolwrpaid (high-paid) occupations at a
higher extent than in the highly (low-) paid, amdvgage disparities within occupations

are overlooked.

To quantify the well-being loss/gain of a groupided from its segregation, this paper
proposes a family of indices parameterized by atipesnequality aversion parameter.
This family is characterized in terms of standaskumnptions of social welfare
functions. This paper also introduces several ease properties to take into account
when measuring this phenomenon and proves thaindiges hold all of them. Thus,
our indices are equal to zero when either the gh@agono segregation or all occupations
have the same wage. Our indices increase whenidogdile of the group move into
occupations that have higher wages than thosebéfind. Therefore, our indices are
positive when the group tends to fill high-paid weations and negative when the
opposite holds. Moreover, our indices are senstvenovements across occupations in
the sense thateteris paribusthey give greater emphasis to movements takiagepl
lower down in the distribution of occupations (radkby wages). In other words, they
increase more the lower the wage is of the occopdgft behind. In addition, our
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indices consider small improvements for many peéplbe more important than large
improvements for a few. Consequently, our measwiéspermit researchers to rank
different demographic groups in a given year (dsd axplore a group’s evolution over
time) using distributive value judgments that ameline with those conducted in the

literature on economic inequality.

This distributive approach differs from that folled/ by Del Rio and Alonso-Villar
(2015) (DR-AV hereafter). These authors offer ayvatuitive index that measures the
monetary loss/gain experienced by a group by bséggegated. In that index, the extra
wages earned by being overrepresented in some attoup are exactly offset by losses
of the same magnitude derived from being undersgmted in others. This is not the
case with our proposal, which does show inequalitgrsion. Our indices take into
account not only the mean wage growth derived fobianges in the distribution of the
group across occupations but also where those eksamarur, assigning a higher value
to those changes which involve a reduction in thares of the group in lower-paid
occupations. This paper shows that the DR-AV inci@x be obtained as a limit case of
our family when inequality neutrality is assumed. $howing inequality aversion, our

indices offer a complementary point of view to DR-8 proposal.

In addition, this paper shows that one member isffdmily can be built through local
and status-sensitive local segregation measures Rie and Alonso-Villar, 2012;
Alonso-Villar and Del Rio, 2010) but departs frolmein by measuring a different
concept—well-being rather than segregation—whickolves satisfying different
properties. Finally, this article shows how ouriaes relate to the total well-being of a
group resulting from both segregation and withiotgaation wage disparities with

respect to other groups.

This paper is structured as follows. Section 2 psas a set of reasonable properties for
indices measuring the well-being loss/gain of augrassociated with its segregation.
Building on standard assumptions of social welfaretions, Section 3 defines a family
of such indices and proves that it satisfies al phoperties proposed in Section 2. The
relationship between one member of this family &whl and status-sensitive (local)
segregation measures is also shown. In additias stttion explains how to build the
total well-being gain/loss of a group derived frdmoth segregation and within-

occupation disparities. The usefulness of our Wweillg indices associated with



segregation is illustrated in Section 4 using W&ta for the period 1980-2010 to
explore the situation of several gender-racialfethgroups. The differences and
similarities between our indices and the one pregosy DR-AV are also shown.

Finally, Section 5 offers the main conclusions.

2. Measuring the Well-Being Loss/Gain of a Group Associated with
its Segregation: Some Properties

To know if a measure works to quantify the welldgeloss/gain of a group associated
with its segregation, one should think about thapprties that such an index, broadly
denoted byW, should verify. In what follows, we introduce tkeproperties, both
mathematically and intuitively. These properties @mnportant because they will permit
us to give shape to a concept that, as far as we kinas not been previously delimited
in the literature.

Let's denote byt=(t,t,...t,) the distribution of total employment acrosk
occupations, bycz(q,g,...,q) the distribution of the target group across these

occupations (wherg <t Jj ), and by(w,...,w;) the occupational wage distribution.

T=>'t is the total number of workers in the economy abe > ¢ is the total
i J
number of workers in the target group.

Property 1. Monotonicity Regarding Increasing-Wage Movemeritst (c';t; w) be a
vector obtained fron{c;t;w) in such a way that '=¢ - n, ¢, '=¢ + n(0< n<gq ) :

and c;'=c¢ Oj#ik. If occupationsi and k satisfy that w <w_ (respectively,

W > w,), then® (¢t w)>W (¢t w) (respectively W (c;t;w)<W(ctw).

In other words, indeXV rises (respectively, diminishes) when individuals of the target
group move from an occupation to another with a higher (respectiosher) wage.

This seems a suitable property because the index is intended wren@aarget group’s

well-being loss/ gain and not its change in segregation., Thile group’s segregation

! The wage of an occupation could be, for exampke atverage wage of that occupation.
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increases in consequence of a higher concentritibighly paid occupations, we want
the index to reflect this change as an improverfarthe group.

Property 2. Sensitivity Againstncreasing-Wage MovementslLet (c';t; w) a vector
obtained from(c;t;w) such thatc '=¢q - n, ¢, '=¢ +n, where occupations andk
satisfy thatw, =w + x (x>0), andc,'=c, Oj#ik. Let (c";t;w) be another vector
obtained from(c;t;w) such thatc, *¢,—-n, ¢ "=¢ +n, where occupationsandh
satisfy thatw, =w, + x and alsow <w,, andc,;"=c¢ 0j# h,l (0< n< min{q c‘ﬁ})
Then, W(citw)-W(ctw>W(c;twW-w(¢twW>0.

This means that, when some individuals of the target groayermto an occupation
that has, for example, an extra wage of 10 monetary units,ltedower is the wage of
the occupation being left behind, the higher the rise in thexindeother words, we
want our index to care more for the individuals who work in thd |gsd occupations.
Property 3. Preference for Egalitarian Improvementset (c';t; w) be a vector
obtained from(c;t;w) wherec =¢ -n, ¢ '=¢ + n(0<ns c ) c'=¢ Ojzik,
and occupations and k satisfy thatw, =w + x (x>0). Let (c";t;w) be a vector
obtained from(c;t;w) such thatc,"=q -1, ¢ "=¢,+1, andc,'=c Oj#i,h, where
W, =W + nx. Then, W (citw)-W(ctw>W(c;tw-¥(¢twW>0.

Whenn target individuals move from an occupation to &eotwhich has an extra wage
of x monetary units, the index should increase more thamould do if only one
individual had moved from an occupation to anothawing an extra wage afx

monetary units. This means that the index considenall improvements in many
people to be more important than large improvemiendsfew individuals.

Property 4. Path-Independencéet (c';t;w) be a vector obtained from vectfx; t; w)
such thatc'=¢ -1, ¢ '=¢q+1, and ¢,"=c 0j#ik, where occupations and k
satisfy thatw, = w + x (x>0). Let (c";t;w) be a vector obtained frorfc;t;w) such

that c"=¢g -1, ¢,"=¢,+1, andc,"=¢ Oj#i,h while (c";t;w) is obtained from



(c"t;w) in such a way that,"=¢, -1, ¢,"=¢ "+1, andc,"=c" Oj# h,k, where
W, =W+ X, W, = W+ X, and X=X+ X%, (X, % >0).
ThenW (citw)-W(gtwW=W(c;twW-W(erW+W( ¢ ty-w( ¢t

This property is a kindf path-independencproperty (Moulin, 1987; Zoli, 2003). It
means that the change in the index is the same whether an indiwiduas from an
occupation to another which has an extra wagermbnetary units or moves gradually

to better occupations that account for a total wage increasenifs.

Property 5. Normalization If either the group has no segregation or all occupations

have the same wag#/(c;t;w) =0.

In other words, if the group has no segregation or if all catooips are equally good,

the group has no advantages or disadvantages.

Because of properties 1 and 5, beginning with a situatiorhiohathe target group has
zero segregation, if some of its members move from an occupat@motber with a
higher wage, our index will become positive, whereas it Wwdcome negative if
individuals move toward an occupation with a lower wage. ThereWnen several
movements occur, the index will be positive if the upgradinyements are more

valued than the downgrading; otherwise, it will be negdtive.

Property 6. Scale Invariancelf a andf are two positive scalars such that, < St
for any occupatiof, thenW (ac; t;w) =W (c t w).

This property means that the index does not change when thauotbér of jobs in the
economy and/or the total number of target individuals varyoisg as their respective

shares in each occupation remain unaltered. In other words, onlgyengmt shares

matter, not employment levels.

When a = 3, the above property becomes tieesnvarianceor replication invariance

property. It means that, if we have an economy in whichndt are obtained by the

2 Some of the upgrading movements may involve chaigehe index that exactly offset those in the
other direction, leading to an index value equat¢oa However, for this to be the case, the upgrading
movements have to be large enough to balance thagtading ones since, because of property 2, the
well-being derived from a monetary increase invadva highly paid occupation is not exactly offsgtab
monetary decrease of the same magnitude involviogrgaid occupation.
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replication of initial distributions, the well-bagrioss/gain of the target group does not

change, as we state in the next property.

Property 7. Replication Invariance: If a is a positive scalar, then

W(acatw)=W(ctw

Property 8. Symmetry in Occupation$f (I‘I(1),...,I‘I &) )) represents a permutation of

occupations(1,...,J), then W (cM;tN;w)=¥(ctw), where cM :(cﬂ(l),...,qm)),

tN = (ty )by ) - ANAWT = (W, W ) -

This property means that the “occupation’s nameiredevant, so that, if we enumerate

occupations in a different order, the group’s wlng loss/gain remains unchanged.

Property 9. Insensitivity to Proportional Divisionslf vector (c’;t';w') is obtained
from vector (c;t;w) such thatc’, =¢, t', =t;, w', =w for any j=1,...J-1 and
¢, =¢/M, t,=t,/M, and w; =w, for any j=J,.,J+M-1 then

Wicitiw)=w(ctw.

This property says that subdividing an occupation into seeatagories of equal size
(both in terms of total employment and in terms of targetviddals) and equal wage

does not affect the group’s well-being loss/gain.

3. A Family of Indices Measuring the Well-Being Loss/Gain
Associated with Segregation

The literature has focused on quantifying the extent of segoegatihile its

consequences in terms of well-being have received little consmerdtiere are a few
proposals that include cardinally the status of occupatiomaeasure either overall
segregation in a two-group context (Hutchens, 2006, 2009g@etregation of a group
in a multigroup context (Del Rio and Alonso-Villar, 20£2yhese measures, which
penalize the concentration of a group in low-status occupatianaptbe used to rank

demographic groups according to the well-being loss/gain aedciwith their

% Reardon (2009) offers ordinal overall measures imultigroup context. A different ordinal approash
followed by Meng et al. (2006).



segregation because they measure the extent ofégsggm but not the well-being

associated with this phenomenon, which impliesBatig a different set of properties.

In this section, we develop a procedure to buitideswith which to quantify the well-
being loss/gain of a target group derived fromsiggregation and propose a family of
such indices. This family, which is characterizadterms of standard assumptions of
social welfare functions, is later shown to satisifythe properties defined in Section 2.
The members of this family can be used to rank dgaphic groups according to the
consequences of segregation for each of them, akspiay in our empirical illustration
(Section 4).

3.1 Well-Being Indices Associated with Segregation

We define the well-being loss/gain of a demograpbroup associated with its
occupational segregation as ter capitagap that exists between the social welfare of
the group derived from its distribution across gmations and the social welfare it
would have in the case of no segregation. Therefoue proposal is to quantify the
extent to which the well-being of the group depémsn the one it would obtain in an
egalitarian situation in which the proportion obgin each occupation filled by the

target group were equal to the share of the graupa economy (i.e.(t:—jj:%). If the
group represents, for example, 20% of total workertghe economy, the egalitarian
distribution would be that in which the group acatsufor 20% of each occupation’s
employment. By dividing the gap in well-being byethumber of individuals of the
target group, the well-being loss/gain of the growes not depend on its demographic
size, which allows comparisons among different geouTherefore, our well-being

index associated with segregatitf{c; t; w) , takes this general form:

W(c;t;W)=é[W(ctW- W% 1w, 1)

whereW(.) denotes the social welfare function (SWF heotbj. We define the social

welfare associated with sta{e;t;w) by the social welfare of an artificial “income”

distribution consisting o€ individuals, each of them having an “income” eqgimathe

W.
relative wage of the occupation in which that indiaal works, given by—- in
w
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t

occupationj, wherew = Z?]W; is the average wage of the econoinywhat follows,
J

we will derive our family of indices? by imposing several conditions &

To start with, we assume some standard propedigsSWF is individualistic, strictly
increasing, symmetric, and additive (sieer alia Lambert, 1993; Cowell, 1995).
Individualistic means that our SWF depends on iicldials’ utilities and on nothing
else? Given that our SWF is strictly increasing, the sbawelfare increases when,
ceteris paribus any individual’'s income rises. Our SWF is symneetind, therefore,
any permutation of individuals does not changesth@al welfare (i.e., individuals play
identical roles). Additivity implies that our SWHRrm be expressed as the summation of
individuals’ utilities, each individual having hier own utility function, which only

depends on his/her income.

As a consequence of these properties, our SWF eanritten as the summation of
individuals’ utilities using an increasing sociaility function, U(.), which is shared by
all of them and only depends on individuals’ owname (Cowell, 1995). Given that in

our artificial income distribution all individualvorking in the same occupation have

W.
the same “income,” then our SWF takes the fod t w) = z G U(T’j
- w
J

To fully characterize our indice¥ , we need to impose two additional conditions on
U(.). First, we assume thdtl(.) is strictly concave—which is also a standard
condition—so that the social marginal utility)’, decreases with income. In other
words, an increase in an individual’'s income, Eeesqual, entails a larger changeJin

(and, therefore, i) the lower the initial income of that individual is.

How much doed&)’ decrease as income rises? This leads us to tbadseondition. We
assume thal)’ has constant elasticity, given by the parameterso that if an
individual’'s income increases by 1%, theh drops by&% no matter her/his initial
income level. As discussed by Lambert (1993), themetere reflects how sharply
curved functionU is and, therefore, it can be interpreted as aat{ue) inequality

aversion. The assumption of constant (relativefjuiadity aversion is often used in the

* Individuals’ preferences are also assumed to b@idualistic. Therefore, the utility level of each
individual only depends on his/her own income (Lamb 1993). This implies that there are no
externalities.
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literature on income inequality. Thus, for exampie,s required to warrant that
Atkinson’s inequality index is scale invariant. Bdiugh this condition is not necessary
to define a reasonablé(.), we impose it to restrict the class of possiblesuees to a
family parameterized by an inequality aversion peter, which seems especially

appealing given its intuitive interpretation.

This leads us to the following family of socialliiyi functions (see Lambert, 1993):

1-¢
&)
W w z1
U{lez at+h . ¢
+bZInﬂ £=1
% W

where the inequality aversion parameter,is a positive numbera{, &, b, >0, and
b, >0 are constants). Given that, a, b;, and b, can be changed without altering

substantial properties &f(.), we use a common normalization of those pararaghat

leads us to the following family of social utilifynctions (Cowell, 1995):

1-¢
W
Wil_|~——~ eg#1
ug(ﬁlj- e @
W.
In— e =1
"

Therefore, the SWF associated with the distributminthe target group across

occupations has the form

W(Etw =3 u,[ %] ®

where U, is given by expression (2).

As a consequence of all of the above, the familindfces with which to measure the

well-being gain/loss of a group associated wittodsupational segregation is:

12



c t
w.(ctw= Z{E Tj 4)
C

where £ >0 is the inequality aversion parameteNote that the contribution to
W_(c;t;w) of any occupation in which the group is overrepnése is positive if and

only if that occupation’s wage is higher than theerage wage of the economy.
Likewise, the contribution of any occupation in watithe group is underrepresented is

negative if and only if it offers a wage above #verage. This is so because wlenl

t. W,
andc; > C?’, the sign of®_(c;t; w) coincides with that ofn(—) , which is positive if
w

W, t
and only if -~ >1. Analogously, whens #1 and C; >C?’, the sign ofW_(c;t;w)
w

1-¢
&)
— _1
W

1-¢

W.
coincides with that of , Which is positive if and only if=- >1. Therefore,
w

underrepresentation in an occupation only penatizesndex when it occurs in highly
paid occupations while overrepresentation doestsnwit takes place in the lower-paid

jobs.

c t\w
Note that in the limit case whewe=0, W (c;t;w) = E (E'—?JJT‘ is actually thel’
: W
J

index defined by DR-AV to measure the monetary—eaatthan the well-being—
gain/loss of a group associated with its segregatide will come back to this issue
later on when we discuss the implications of asegrnmequality neutrality (i.e.£ =0)

rather than inequality aversion (i.€.> 0) in Section 3.3.

Finally, note that by following our procedure totab well-being indices we could
define the total well-being advantage/disadvanttdge a group faces in the labor

market due to both its uneven distribution acrassupations and its within-occupation

® Index W, can be interpreted in terms of wage inequalite (8@pendix A). This index can also be

obtained following another line of reasoning basmd status-sensitive segregation measures (see
Appendix B).
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wage disparities with respect to other groupsait be shown tha¥, (c; t; w) represents

the part of that total that is due to the occupetiosegregation of the group (see
Appendix C).

It is important to keep in mind that, although éamily of indices is interpreted in this
paper in the case of occupational segregationant also be used to quantify the
consequences of other types of segregation phermrsenlong as the status of

organizational units (schools, neighborhoods, e&m)be measured cardinally.

3.2 Does W, Satisfies Our Basic Properties?

The properties that we have imposed on our SWIa@msistent with the properties we

want our family of indicesW¥, (c;t;w) to satisfy, which were defined in Section 2. In

what follows, we show that our family holds alltbém.

Property 1(monotonicityregarding increasing-wage movemgnt$o prove thatW¥,

satisfies this property, note thatnifndividuals move from occupatidarto occupatiork

while the occupational structure and wages remasiltered, the change in the index

will be equal to W, (c't;w)-W¥ (th\)——[U( Y- U (—)] Since U_(.)

strictly increasing function, ify, >w , the index increases andwf < w, the opposite

holds trué®
Property 2 gensitivity againsincreasing-wage movemehtsV, satisfies this property
becauseW,_(ct,w)-W,(ctw= [U (—)-U (—)} andU,(.) is a strictly concave

and increasing function, which implies that whergesrise, as the magnitude of this

growth hold constant, the function increases |loavet lower.

Property 3 jpreference for egalitarian improvement3o proof it, note that, on the one

hand, W, (c';t;w)-W (qtv@-—{ (WTHJ U{%H and, on the other hand,

® From this proof, it follows that, whemindividuals move from an occupation to anothetvéthigher
wage, the rise in index is times the rise the index would have if only onetledse individuals had
moved.
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W W

Wg(c";t;w)—wg(qt;v@:é{ug (&an)—u{ﬁﬂﬁiven thatU,(.) is a strictly

n-1w 1 +n
concave function and also the\ﬁl— can be rewritten as—— W )3
n W n

follows that UE(W‘jxj>n—1U (V_Y
w n W

have thatﬂ{uf(wi Xj—ug(
C w

j+£ug(wj Xj. After some arithmetic, we
n W

ﬂ >l{ug( Wt nxj -U, (%Vﬂ which completes
C W W

+

sl|=

the proof.

Property 4 fath-independengeTo prove that our index satisfies this propertgie

that, on the one handy, (c;t;w)-¥, (¢t w) =%[ U, (L)EH(ZJ— UE( Wﬂ and,

w w

] -

on the other hand, ¥, (c"t;w)-W¥ (qtv\b__|: (W. j (

W, (c™tw) =W, (chtw= é{ U, (wj -U, (uﬂ :

W W

S| Ié

Property 5 iformalizatior). This property holds in the case of our familyiodices
_ ot
because, on the one hand, when the group has f;:gregsxtlon,((::—':—J and, on the

other hand, when there are no wage disparitiesa@ocupationsy, = .

With respect to properties 8dale invariancg 7 (replication invariancg 8 (symmetry
in occupationy and 9 i{hsensitivity to proportional divisionsit is easy to see that they
follow immediately from the definition of our fangibf indices.

3.3 Differences with respect to DR-AV

As mentioned above, to measure the monetary gastd a target group associated
with its occupational segregation, DR-AV have rdlyeproposed an indeX; , that can

be obtained as a limit case of our family of indicewhen

W
E=0,¥Y,(ct,w) = Z( Tj L =T . This index has a clear economic interpretation:
w

it measures theper capita monetary loss or gain of a group derived from its

overrepresentation in some occupations and undegeptation in others. To see this,
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c t
first, note thatZCLE‘—?Jjwj can be thought of as the monetary gain or loSsthiea
j

target group has as a consequence of its unevérbdi®n across occupations. This
expression takes into account only wage disparthas arise from differences across
occupations, while ignoring salary differences witbccupations. Second, dividing the

c t
above expression b, we obtain Z(E]_?]J w;, which measures thper capita
i

loss/gain of each member of the group in monetnms. This expression would enable
comparisons among groups that differed in theie,siit it would not be suitable for
comparing groups in economies with different octigmal wages. However, by
dividing this expression by the average wage ofipationsyw, we obtain the loss/gain
of each member of the group as a proportion of #varage wage, which makes it
possible to compare not only the monetary gainsé®sof different groups in an
economy but also the monetary gains/losses of grampdifferent economies. This

expression is precisely,(c;t;w).

Despite its intuitive interpretation, inde¥ (c;t; w) does not show inequality aversion
and, therefore, does not capture distributive issudich makes it to violate some of
the basic properties established in Section 2. Thate for example that, i target

individuals move from occupationto occupatiork, the change in the index will be

equal toW,(ct;w) —-W,(ct :gu This means that, according ¥8,(c; t; w),
w

the effect of moving toward an occupation that &dsgher wage does not depend on
the starting point. An increase of 100 monetaryauhas the same effect whether the
occupation left behind was high- or low-paid. Or tbther hand, the effect of an
individual’s moving to an occupation with an extvage of 100 monetary units has the
same effect as 10 individuals moving into an octiopawith an additional 10 units

paid. ThereforeW (c;t; w) index does not satisfy properties 2 and 3. On tmrary, it

Is easy to see that properties 1 and 4 throughtbttb

Consequently, index¥,(c;t;w) measures the monetary gain/loss of a target group

associated with its occupational segregation wihigefamily W, with £>0 quantifies

the well-being gain/loss of the group assuming thate is inequality aversion toward

16



inequality, which is the standard assumption in lttezature on economic inequality.
We consider that both types of indices can be tigemkssess the position of a group
associated its occupational segregation bringimgptementary points of view.

4. The Consequences of Segregation: An Illustration

To illustrate the usefulness of our family of inel¢ this section assesses the
occupational segregation of women and men of twgelaninorities in the U.S.—
Hispanics and Asians—together with Whites. We skimavevolution of our indices for
these six groups from 1980 to 2010. Our data comn fthe Integrated Public Use
Microdata Series (IPUMS-USA) provided by the MinotsPopulation Center of the
University of Minnesota (Ruggles et al., 2010). TREIMS-USA data are drawn from
the U.S. decennial censuses and the American Comym8arveys (ACS)—which
replaced the census long form and which includesimation information from 2000
on—while assigning uniform codes to variables. Tddvantage of this dataset is
precisely the harmonization of variables and codishe different datasets, which
facilitates analysis over time. In our case, theMS-USA corresponds to the decennial
censuses for the period 1980-2000 and the threesgeaple of the ACS for 2008-10.

During this period, the Census Bureau reorganitzeddcupational classification system
several times, but this dataset offers a consisteg-term classification for the whole
period based on the 1990 classification, which aot® for 387 occupations. In any
case, the harmonization process involved sevefakaents, which implies that the
classification has some empty employment occupstiorseveral years. Consequently,
the number of occupations with positive employmiemot the same every year. The
“real” number of occupations in 1980, 1990, 200ty 2008-10 are, respectively, 382,
384, 337, and 333. Fortunately, the majority of #rapty occupations have low
employment in the years in which they appear.

Analyzing the occupational segregation patternsiofethnic/racial groups in the U.S.
in the mid-2000s, Alonso-Villar et al. (2012) foutitht Asians and Hispanics, who are
two minorities that share a recent immigration pepfvere the groups with the highest
segregation while Whites were the least segreg@#sddocumented by Del Rio and
Alonso-Villar (2015), segregation has been paréidylintense for Hispanic men since
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the 1990s, while the segregation of Hispanic womeamrrently similar to that of Asian

women and slightly higher than that of Asian meze(Bigure 1).
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Asian men —ill— White women —&—White men

Figure 1. Local segregation ind@x, for several demographic groups, 1980-2010
Source: Del Rio and Alonso-Villar (2015)

To assess the segregation of these gender-rade/gtbaps in terms of well-being, we

now use the tools presented in section 3. The wégach occupation is proxied by the

average wage per hoUFigure 2 shows indeX,_ for several values of the inequality
aversion parametee(=1,2,3, and ¢ for the period 1980-2010.
First of all, W, reveals that the consequences of segregation argevior Hispanic

women than for Hispanic men (the index is alwayghéar for men), despite men being
more segregated than women (Figure 1). In any dhseindex is negative for both
groups for the whole period, which means that theaatage of those working in high-
paid occupations has never offset the large disddge of those working in the low-
paid. Moreover, both groups have worsened in tee dacad&. Second, the kind of

segregation experienced by Hispanic women is mumtsavthan that of Asian women

" For each occupation, we trim the tails of the howage distribution to prevent data contamination
from outliers. Thus, we compute the trimmed averiageach occupation eliminating all workers whose
wage is either zero or situated below the firstabove the 99th percentile of positive values irt tha
occupation.

8 Since 1980, both groups have experienced an iitigbéncrease derived from their occupational
segregation, especially men. It seems that the deapbhic growth experienced by the Hispanic
population during these years has resulted, inctis of men, in a higher concentration in low-paid
occupations donstruction laborersgardeners and groundskeepefarm workers cooks and janitors)
some of which worsened in terms of relative wagtsvever, Hispanic women had already held some of
the worst paid jobs in the economy since 1980uéekeepersashiers nursing aides, orderlies, and
attendants child care workers waiter/waitress waiter’'s assistant; food prepare workerand textile
sewing machine operatqramong others).
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despite their sharing a similar segregation lewelfact, index W, in 2008-10 is
negative for Hispanics and positive for Asians, ekhimeans that the occupational
segregation of Asian women brings the group adgmstavhereas this is not the case
for Hispanic women. Third, in the last decade, although White womed aren have
lower segregation than Asians, the consequencssgrégation are better for the latter,

since they have higher values#f, than their White counterparts.
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Figure 2. Indices¥, (multiplied by 100) for several demographic grouii380-2010

W, also reveals that, up to 2000 no female grouppuative values. In the 2000s, the

occupational segregation of Asian women begun ilmghthe group advantages given
that the index became positive. Nevertheless, tigavement experienced by White

women from 1980 to 2010 has not allowed them tpass the zero value. Finally note

® Thus, in 2008-10, Asian women not only exhibit ighhconcentration in some of the lowest paid
occupations Hairdressers and cosmetologistursing aides orderlies and attendantscashiers and
waiters/waitresy but also in some well-paid occupations suchhaslth diagnosing occupations
(physiciansanddentist$; pharmacistsandcomputer software developers

19



that the value of the index is always higher forlesahan for females of the same
race/ethnicity, which evidences the persistencthefconcentration of women in lower

paid occupations.

The evolution of each group across time with threai@ing indices is similar. In other
words, when a group improves or worsens accoradng’t, it also does so with the
other indices. What is different among indices he tmagnitude of the well-being
gains/losses of the groups and also the rankingssiain and White groups. Thus with
index W, , there were almost no differences between the-betlg gains of Asian men

during the 2000s and those of White men. Moreawih a stronger inequality aversion
(W, andW¥,), White men had a higher well-being than Asian rted this is so not as
a consequence of the latter being much worse-adfftihe former being better-off).

Something similar happens to Asian and White worfadtnough in this case Asian
women are the group that worsens). When the ingguadersion parameter is equal to

3 or 4, Asian women are no longer better-off thaertWhite counterparts during the
2000s.

For comparative purposes, Figure 3 showstitecapitamonetary gains/losses of these

groups according to the index proposed by DR-AV).(It is easy to see that the values
of index I are not too different from those of indél, , and the findings given above
regarding rankings of groups and evolution remanaltered. The main differences

between indicesV, and T involve Asian women and men. In both cases, wemes
that the values of the index are lower witH,. These lower values can be a

consequence of the fact that, according to index the gains of the privileged cannot

fully compensate the losses of the disadvantagéulevaccording to index , the
positive contributions of upgrading movements eyauffset the negative contributions

of downgrading movements of the same monetary rhadgmi

This means that, when inequality aversion is asgynie position of Asian groups is
not as good as indeix suggests. For Asian male and female groups, thitemseems
to be more important than for other demographiaugso In the case of Asians this

could be due to their high internal heterogeneiiges they are highly overrepresented
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in both low-paid and highly paid occupatiofisn consequence, the gaps between Asian
groups and their White counterparts are not aslavigh index W, as they are with
index I' , and Asian groups surpass their White counterpetes on (during the 1990s).
The differences with respect o are more evident when using, with £ >1 because,

when the inequality aversion is large enough, Whiten and women are never

surpassed by their Asian counterparts.
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Figure 3. Indext” (multiplied by 100) for several demographic group@80-2010
Source: Del Rio and Alonso-Villar (2015)

Another group whose well-being losses augment sogmtly when the inequality
aversion parameter rises is that of Hispanic wobregause of their high concentration

in low-paid occupations.

5. Conclusions

Occupational segregation analyses have focusedyraimmeasuring disparities among
the occupational distributions of the demographugs into which total population is
partitioned—a phenomenon that can be labeled asalbveegregation. One may,
however, be interested not only in this matterdisb in exploring the segregation of a
target group, which has been labeledogsl segregatiorio distinguish it from overall
or aggregated segregation. For exploring the simatf a group, the introduction of

occupations’ “guality” into the analysis becomesesally relevant because the

9 |n the case of Asian men, they are overrepreseittedeveral highly paid occupationse@lth
diagnosing occupationgphysicians and dentist$; computer software developersomputer system
analysts and computer scientists; enginearsjchief executives and public administrajoasid in a few
low-paid occupations (mainlgooksandtaxi driverg. As Wang (2004) points out, the heterogeneity of
the Asian group involves not only education butoalke occupation and sector in which different
ethnicities tend to concentrate.
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situation of a group depends not only on whetheis itnore concentrated in some
occupations than in others but also on the charstits of those occupations in terms
of status, wages, or social prestige. The tendehepme groups to concentrate in low-
paid occupations has an important impact on theii-laeing levels, and this situation

should be clearly distinguished from that of anaadaged group. It seems convenient,
therefore, not only to quantify segregation bubdts assess it in terms of well-being, a
phenomenon which, as far as we know, has not beemafly addressed in the

literature.

This paper has proposed a family of indices thaasuee the well-being gain/loss of a
target group associated with its occupational gggien, accounting for the “quality” of
occupations (here measured by the average wageththgroup tends to fill or not to
fill. This family, which satisfies several good pexties, will allow researchers to rank
groups in terms of well-being, a ranking that seesysecially useful for distinguishing
those cases which, while sharing similar segregdéwels, differ from each other in the
nature of that segregation. One should keep in niwad this family could also be
expressed in terms of alternative indicators ofupations’ “quality,” such as social
status or prestige. Moreover, one can also usefanmly to quantify the well-being
gain/loss associated with other types of segregaf(mg., residential and school
segregation) considering other quality indicatoesg. services offered in each

neighborhood or expenditure per pupil).

To illustrate our proposal, this paper has caledaeveral of our indices for women
and men of two large minorities in the U.S., namdigpanics and Asians, along with
Whites for the period 1980-2010. This has allowedd ta show that the kind of
segregation experienced by Hispanic workers is mumise than that of Asian workers
despite their sharing of significant segregatiovele. Moreover, in the last decade,
although the monetary gains of White women and associated with their segregation
were lower than that of Asians, the well-being agsed with that segregation was

higher for the former when one assumes that ind@gualersion is high enough.

22



References

Alonso-Villar, O. and Del Rio, C. (2010): “Local nsmis Overall Segregation
Measures,Mathematical Social Sciencé8, 30-38.

Alonso-Villar, O., Del Rio, C. and Gradin, C. (2012The Extent of Occupational
Segregation in the United States: Differences byeRaEthnicity, and Gender,”
Industrial Relation$1(2), 179-212.

Anker, R. (1998)Gender and Job Geneva: International Labour Office.

Boisso, D, Hayes, K., Hirschberg, J. and Silbe(1994): “Occupational segregation in
the multidimensional case. Decomposition and tedtssignificance,” Journal of
Econometric$6l, 161-171.

Cowell, F. (1995)Measuring InequalityPrentice Hall, London.

Del Rio, C. and Alonso-Villar, O. (2012): “Occupatal Segregation Measures: A Role
for Status,"Research on Economic Inequali@, 37-62.

Del Rio C. and Alonso-Villar, O. (2015): “The Evtilbn of Occupational Segregation
in the U.S., 1940-2010: The Gains and Losses ofdé&eRace/Ethnic Groups,”
Demographyforthcoming.

Duncan, O. and Duncan, B. (1955): “A Methodologi¢ahalysis of Segregation
Indexes,”American Sociological Revie20(2), 210-217.

Frankel, D.M. and Volij, O. (2011): “Measuring SdtoSegregation,”Journal of
Economic Theory46(1), 1-38.

Gradin, C. (2013): “Conditional Occupational Segtemn of Minorities in the US,”
Journal of Economic Inequality1(4), 473-493.

Hegewisch, A., Liepmann, H., Hayes, J.and Hartm&hn(2010): “Separate and Not
Equal? Gender Segregation in the Labor Market aad@ender Wage Gap.” Institute
for Women'’s Policy Research Briefing Paper, Wastiung

Huffman, M. (2004): “More Pay, More Inequality? Thefluence of Average Wage
Levels and the Racial Composition of Jobs on thecBWhite Wage Gap,Social
Science Resear@8, 498-520

Hutchens, R.M. (2006): “Measuring Segregation wHerarchy Matters. Mimeo: ILR
School, Cornell University.

Hutchens, R.M. (2009): “Occupational Segregatiothvtconomic Disadvantage: An
Investigation of Decomposable IndexeRgsearch on Economic Inequality, 99-120.

Kaufman, R. L. (2010)Race, Gender, and the Labor Market: Inequalities\Wadrk
Boulder, Colorado: Lynne Rienner Publishers.

23



King, M. (1992): “Occupational Segregation by Ramed Sex, 1940-88,Monthly
Labor Reviewi 15, 30-37.

Lambert, P. (1993)The Distribution and Redistribution of Income. A thtmatical
Analysis Manchester University Press, Manchester.

Meng, G., Hall, G. B. and Roberts, S. (2006): “Nhgitoup Segregation Indices for
Measuring Ordinal ClassesComputers, Environment and Urban Syst&Ms275-299.

Mintz, B. and Krymkowski, D. (2011): “The Intersext of Race/Ethnicity and Gender
in Occupational Segregatioryiternational Journal of Sociologg0(4), 31-58.

Moulin, H. (1987): “Equal or Proportional Divisioof a Surplus, and other Methods,”
International Journal of Game Theoh (3), 161-186.

Reardon, S. F(2009): “Measures of Ordinal SegregatiofiRésearch on Economic
Inequality17, 129-155.

Reardon, S. F. and Firebaugh, G. (2002): “Measwfedlultigroup Segregation,”
Sociological Methodolog$2, 33-76.

Reskin, B. (1999): “Occupational Segregation by dRand Ethnicity Among Women
Workers.” In Irene Browne, ed.atinas and African American Women at Work. Race,
Gender, and Economic Inequaliti83-204. New York: Russell Sage Foundation.

Ruggles, S., Alexander, T., Genadek, K., Goeken,SRhroeder, M. and Sobek. M.
(2010): “Integrated Public Use Microdata Series:rs@n 5.0" [Machine-readable
database]. Minneapolis, MN: Minnesota Populationt€e

Silber, J. (1992): “Occupational Segregation Indige the Multidimensional Case: A
Note,” The Economic Reco@B, 276-277.

Wang, Q. (2004): “Labor Market Concentration of #si Ethnic Groups in US
Metropolitan Areas: A Disaggregated Studidpulation, Space and Placd, 479-
494.

Zoli, C. (2003): “Characterizing Inequality Equieake Criteria”. Mimeo, University of
Nottingham.

24



Appendix

A. Interpreting ¥, in terms of wage inequality

W.(c;t;w) can be interpreted in terms of wage inequality wimeguality is measured

using Theil O index. Note tha¥, (c; t; w) can be expressed as

J

W (ctw= Zfr—jln {%J‘Z%'”[%]

The first term of the above expression is ieéween componewf individuals’ wage
inequality (according to the decomposability préopef Theil O inequality index) when
individuals are grouped by occupation. Thereforte,can be interpreted as the
individuals’ wage inequality (including all indivigils in the economy) that arises from
working in different occupations (while overlookingvithin-occupation wage
inequality). The second term also represents a @frizetween componerit would be
the between componenf the target group’s wage inequality assuming, twéhin each
occupation, there are no wage discrepancies betthegiarget group and other groups.
This term could be, therefore, interpreted as ttegét group’s wage inequality”

derived from its distribution across occupatioret thifer different wages.

B. Obtaining ¥, through Local and Status-sensitive Local Segregation

Indices

Alonso-Villar and Del Rio (2010) proposed severalices with which to quantify the
segregation of a target group in a multigroup cdantand labeled them as local
segregation measures to distinguish them from dveegregation measures. These

measures result from comparing the distributiora dérget group across occupations,

(cl,...,cj), with the distribution of total employment acro$isese occupations,

(t,...t;). This means that the target group is segregated,losg as it is

overrepresented in some jobs and underrepresentethéers (whether the latter are

filed by one particular demographic group or ameoth Depending on how the
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discrepancies betweanandt are taken into account, several indices can bieateto

measure the segregation of the target group. W@ Blroe only one of these indices:
¢ (¢g/C
®, (ct)=) LIn| L—],
69725 [ tJ/TJ

the one through which our well-being measure caobiained, as we will show later

on.ll

Del Rio and Alonso-Villar (2012) took a step fumhand defined several status-

sensitive local segregation indices that measure dscrepancy between the

employment distribution of the target gro@p,,....c;) and the distribution it would

have if it followed the distribution of wage revem(tlwl,...,tJWJ) across occupations

(wage differences within occupations being negtctehe corresponding status-

sensitive local segregation index in the case @éx, is:

G/C

2

Y

It is important to note that the discrepancy betwie employment distribution of the
target group across occupations and the distributtd wage revenues across
occupations is the result of two inequality sour¢bhe occupational segregation of the
target group and wage inequality across occupatiBogh factors, which are jointly
considered in this measure, determine the econposition of the target group in the
labor market. However, this index does not allowtaiguantify the group’s well-being
gain/loss associated with its segregation. The tfzat the index for a group is higher
than that of another group does not necessarilyyiriyat the former group is worse
than the latter. What it really means is that isribution across occupations is more
distant from the distribution of wage revenues ssroccupations, but this could be a
consequence of a higher concentration of the griougither low- or high-paid
occupations, since in both cases the index canadikgh value.

" This index is related to the Theil index used ia titerature of income distribution and is consiste
with the mutual information index used to quantifyerall segregation in a multigroup context (Franke
and Volij, 2011). Thus, if we partition the econoimmyo several mutually exclusive groups, the mutual
information index can be written as the weightedrage of the local segregation of each of thesepgro

according to index®, , where the weighting scheme is given by the pdjmriahares of the groups.
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Contrasting®,' with ®, seems, however, a good way of distinguishing ba#fes since
it allows assessing whether taking occupational esamto account intensifies the
unevenness of the group. If we adjust this diffeeeby the wage inequality across

occupations, given byb¥(t;t) ,** we can obtain one of the members of our family. In

fact, after some calculations, we can show that
W (ctw) =PI (c)-P (¢ h-PI(tD].

The difference between the first two terms allows us to quantifyrhaeh the status-
sensitive segregation departs from the local segregation, malkinmeéven distribution
of the group be more or less problematic depending on whether aesesfation
occurs in low- or high-paid occupations. The third term corrects éowtyge inequality

that exists among occupations and makes the index equal tewlzenathe group has no

segregation (ifP, (c;t) =0 then ®(c;t) = d,'(t; 1)) .

C. Total Well-being Advantage/Disadvantage of a Group

Apart from quantifying the well-being gain/loss of a group assediawith its
segregation, one may also be interested in quantifying the tw#l-being
advantage/disadvantage (WAD) that the group faces in the labor maagket
consequence of both occupational segregation and within-ocmupadge disparities
with respect to other groups. Following the same line of réagaf Section 3.1, this
total well-being can be measured by the following index:

xSy (Wb, (W
o E8(3}E(Y

wherew, ' denotes the average wage that the group has within occupdtiolike w;,

which is the average wage in that occupation) dEndis given by expression (2). In

other wordsWAD is the difference between the well-being the group really has and the

2 ®(t;t) can be obtained fron®)’(c;t) by replacing distributior byt.
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t
well-being it would have if there were no segremati(c, :C?‘) and in each

occupation the group received its average wage£ w, ).

. . c. [(w
By adding and subtracting the terEE‘UE (T‘] we get
- W
]

C. w '
WAD, =W, (c tw +Zj“6[u€ (_vjvj -U, (%H :
By using this decomposition, one can determineptioportion of the total well-being
advantage/disadvantage of the group that is duectopational segregation and the
proportion due to within-occupation wage dispasitigith respect to other groups. In
other words, one can find out whether segregasoan important component of the
total well-being advantage/disadvantage of the grou
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