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ABSTRACT

The determinants of labor force participation and earnings among
women in a developing country are explored. A double selectivity pro-
cedure is developed and used to deal with the possible selectivity
problems of (1) who selects into the labor force and (2) who reports
earnings. A broad definition of human capital which includes health
and nutrition in addition to education and experience is used. Sexual
discrimination is investigated by comparing returns to men and women.
Anaiysis is extended to the pluralistic nature of the labor market by
dividing it into sectors--formal, informal, domestic--to analyze
selection into sectors and compare returns to human capital factors

across sectors.
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Determinants of Women's Earnings in a Developing Country:
A Double Sclectivity Extended Human Capital Approach

In this paper we study the determinants of carnings for adult
women in an urban arca of a developing country, and mike a number of
contributions, We add to the very limited evidence about the impact
of selectivity bias in estimates for developing countries,l by con-
sidering not only selective labor force participation, but also selec-
tive report of earnings. We use a broader definition of human capital
than often is the case by including health and nutrition in addition
to education and experience. We iavestigate the possibility of sexual
discrimination. We consider labor market segmentation, which 1is
widely hypothesized to be a critical feaé;rc of developing countries.
Finally, we investigate the impact of varying family statuses and
child care responsibilities on the shadow wage of women, given that
these responrcibilities are more frequently fulfilled by adults from
cxtended families aad by older children, and given the greater
possibilities for on-the-job child care in the informal sector of the
labor market than in more developed economies.

This study is part of a large, multiyear, international, inter-
disciplinary project, the purpose of which is to gain better
understanding of the social, demographic, and economic role of women
in developing countries. The primary data base is a random sample of
4104 women in the developing Central American country of Nicaragua;
they were interviewed in 1977-1978. This sample is one of the few
available for women in developing wcountries that includes current and

retrospective integrated econcmic, demographic, and sociological



information for all degrees of urbanization in a country.? [t uluol
includes data on a subsample of matched siasters, which enables us to
control for childhocd and adolescent backpround better than has been
possible heretofore for large sociocconomic samples [rom developing
countrics.3

In the present study we focus on 1247 women who reside in Managua.
Managua is the capital, and the wost cowmercialized part of the
country; its 500,000 inhabitants constitute almost a quarter of the
country's total population. To explore possible sexual discrimination
we also consider 643 wen who live there.

We utilize a statistical model that extends Heckman's |24) treat-
ment of selectivity, and relies on the formulation of the choice pro-
cess as a trichotomy, with selection made sequentially. I enables us
to resort to a computationally tractable, cousistent estimation proce-
dure which reduces the problem to the level of simplicity of the
single selection treatment, involving univariate probit analysis and
linear regression. A detailed discussion of the statistical model and
of some alternative estimation procedures can be found in Tunali,
Behrman and Wolfe [34].

We begin by laying out the model, paying particular attention to
the treatment of selectivity. Next, we present empirical results of
the selectivity equation. In Section 2 we discuss empirical results
with additional human capital determinants in the earnings equation.
Sexual discrimination is discussed in Section 3. Pluralism as the
breakdown into segmented labor muarkets is the focus in Section 4.

Family status and child care arc discussed in Section 5. Conclusions



follow. The esacutial elements of the statintical methodology are

included in the appendix.

1. DOUBLE SELECTLVILTY

We begin with a standard model in which In earnings depend on for-
mal education and linear and quadratic terms in expericnce. We note
that the employment conditions in urban areas in Latin America such as
the one from which our sample is drawn apparently satisfy at least one
of the assumptions of most models of labor force supply better than do
the conditions in labor markets in the United States: that hours
worked can be adjusted to equate the market wage and the'shadow wage
(c.g., Heckman [26]). Casual empiricismfguggest3 that there is much
more flexibility in hours of employment in the labor markets that we
study than is the case for most samples used from the United States
and other developed economies.

Regression 1 in Table 1 is the OLS estimate of this basic In earn-
ings function for tt.: 535 women in our sample who participated in the
labor force and reported earnings. Under the necessary assumptions
for such an interpretation,4 the estimates imply a_ﬁgig&y high return
to women's education--l3z——and a significantly nonzero linear return
Eg‘ékberience.

However, the estimates in this regression may suffer from two
types of selectivity bias. First, thcre‘is the frequently analyzed

question of labor force participation, or "work inclination." Of the
dtion of labor lorce part.

1247 women in our sample, only 579 participated in the labor force. A

second possible selectivity problem that is generally ignored has to



Table 1

Various Earnings Functions for Men and Woren for Managua, 1977

__Selection Varigbles 2l
. Always in Labor rorce Reporting Sz=ple
Semple Education Experience Experiencel Protein Days I11  Hanagua Participetion Earnings Constant Size
1. Women .13 .04 -.000 4.53 237
(12.8) (2.4) (0.8) (45.8) 533
2. Vocen .15 .09 -.002 .52 ok 3.77 e
(13.1) (4.5) (2.9 (3.9) (0.9) (15.2) 533
3. Hozen .14 .09 -.002 .19 -.003 <26 .54 -.04 3.51 .27
(12.9) (4.5) (2.9) (2.1) (1.9) (3.7) (3.8) (.2) (11.7) S35
4. HMen .13 .09 -.002 .31 -.003 2.65 14.03 3.54 .33
( 8.9) (3.9) (3.5) (3.9). (1.4) (2.5) (1.9) (10.0) €32
5. Women .15 .10 -.001 .16 -.005 .50 -.65 3.53 .37
ard Men (18.3) (9.0) (6.5) (2.6) (3.1) (4.2) (1.4) (12.4) 1135
6. Wozen, .17 .06 -.001 .10 ~-.002 .21 43 -.18 3.75 2
Formal Sector ( 4.8) (2.5) (1.4) (0.38) (0.6) (2.4) (2.2) (0.5) ( 7.3) 5
7. Women, .00 .15 -.003 47 -.004 22 1.12 -.03 2.20 11
Informal Sector ( 0.1) (3.3) (2.6) (3.2) (1.6) (1.8) (2.5) (0.1) ( 2.9) 231
8. VWowen, -.00 .02 -.000 -.13 .002 -.14 .10 -.15 4,87 .03
Demestics ( 0.2) (1.3) (0.2) (1.0} (n.73 (1.1) (1.1) (0.5) (14.3) 11
NOTZ: For an extensive description of the data see Behrman, Belli, Gustalson and Wolfe (1979) and Behrman, Gustafson end wsoi (13:7).
The dopendent variable is the In of earnings in the previous two weeks in terms of 1977 cordodas (7 courdebas equals 1 U.S. 2oilaz).
Educatinn is measured by the highest grade of formal schooling completed. Experience is actuzal labor forze experience in wez (an2
not ar2 minus years of achooling minus 6, nor related calculations). Pratein is the percentage of protein taquiremanzs b e
naticnnl norms that iy satisfied, on the average, per {amily member by the previous week's diet. Ravs i1 is s nuzb $ dayz oisead
from work or from other similar activity since the previous Christmas. Always in Managna is a dursy variabla, with lu2 ef 1 for
vomnen who have lived all their lives in Managua, and 0 for all others. The Sclﬂiﬂgﬁllﬁlﬁiiihii are the inverses of the Mills ratiss
for iabor force participation and for reporting ecarnings, respectively, thar are discassed in sections 1 and 4 and in che Agpendix.
¥en is a dunny variable with a value of 1 for men and a value of 0 for women. Absolute values of the t-statistics in pirenzheses.,

rd }) ]



do with "report inclination." Among the 579 women in our sample who

articipated in the labor force, only 535 reported earningn. Unless
I » LCu s

those reporting carnings constitule a random sample of the labor force
participants, therc will be a sccond source of biag.?

To substantiate this argument, consider the following system of
equations for the ith individual in our original sample (we have

dropped the subscript i to avoid notational clutter):

(1) ¥ ".ﬁiﬁl + U "work inclination"
(2) Yy* = Ei§2 + Uy "report inclination"

]
(3) Y3 = B3X3 + g3U3 ecarnings
is a vector of regressors, ﬁj is a vector of unknown
cocfficients, j = 1,2,3 and 03 an unknown scale parameter. The resi-

duals Uy, Uy and Uj are agsumed to have zero mean and covariance

matrix
1 p P13
L=1p 1 P23

P13 P23 1 |.
— -

Y1* and Yo* are unobservables determining the subsample for which
observations on earnings are available. Providing the "work
inclination" of the individual is sufficiently large, he or she will
participate in the labor force. Given that he or she is in the labor

force, carnings will be observed if the individual's "report



inclination" in strong enouph. Individuals in the labor force may not
report carniugs cither because they are not employed or because they
celect not to regpond to inquiries about carninga in their interview.
Iutroducing the dichotomous variables Y| and Y9 to indicate the

possible outcomes, this sequential selection process can be summarized

as follows:

1 if yj* >0 "work"
Yy =
0 if Yy¥ < 0 "not. work" (4)
1" =~
1 if Yo* > 0 and Y} = 1 "report" and "work"
Yy 0 if Yo* < 0 and Y} =1 "not report" and "work"  (5)

" unobserved if Y} = 0
We observe Y3 if and only if Y, = 1, that is if and only if
Y * > 0 and Yy* > 0. (6)

Using the above representation, we can write the regression equation

of interest as

J
E(Y3| Yy = 1) = B3Xy + S3¢u3| v, = 1) 1)

BJ'_)_(j + 53E(U3l Yl* > 0, Yz* > 0).

Providing E(U3l Y3* > 0, Yo* > 0) #.0, ordinary least squares
will result in inconsistent parameter estimates, or "sclectivity
bias." Consistent estimation of the parameters of the ecarnings equa-

tion requires knowledge of the form of the conditional expectation



E(U3| Y1* 2 0, Yy* > 0), and hence the conditional distribution of
the error term. Thia calls for imposing additional structure ounto
the model. One such structure is provided by the trivariare normal
specification, as shown in the appendix. This enables ug to estimate
the unknown conditional expectation on the vight-bhand-side of ecquation
(7) up to a constant of proportionality, using the sample separation
information. The constant of proportionality and the parameters of
the earnings equation can then be estimated using linear regressioa.
We assume that the two selection rules are independent 3o our ana-
lysis (p = 0).0 That is, we assume that the unobserved variables in
the selection rule for l!abor force participation, such as unobserved
market-rewarded abilities, are not correlated with the desire for pri-
vacy and other unobscrved variables in the selection rule for
reporting earnings. In the appendix, we show that when the two selec-

tion rules are independent, the stochastic version of equation (7) has

the form
Y3 = B3X3 + 030130 + O3pp3hg + Wy (8)

with W3 as the residual term and

£(81'Xy)
Al S (98)

1-F(8;'Xy)

£(8,'%9)
A2 S (9b)

1-F(B7'Xy)

wvhere f(*) and F(*) denote the standardized univariate normal density

and distribution functions respectively. Equations (9a) and (9b) are



the familiar wnivariate expresszions of the uclcction literature, which
can be estimated uwsing probit analysia.

In Table 2, probit 1 is a sipnificantly nonzero relation for
gelection of women into the labor force. The significantly positive
ef’cet of more cducation and the significantly negative cffect of
other income both are standard vesults. The other estimates in the
aggregate probit for women's labor force participation indicate corre-
lation in labor force experience and effects of nutrition, child care,
and maritaf‘status that also are a priori plausible and that we
discuss below in Sections 2 and 5, respectively.,

Probit 1 in Table 3 is a significantly nonzero relation for seloc-
tion on reporting caraings. Determinants include education, the
linear ard quadratic experience terms’ and nutritional statug—-
positive effccts of which probably reflect the fact that those who
have more education, job experience and adequate diet are more likely
to have jobs from which to report earnings (given,i;bor force
participation). However, none of these effects is significantly non-
zero at standard levels.

Regression 2 in Table 1 gives the estimates that are obtained when
the two sclectivity terms are added to the core regression. The esti-
mates indicate that seclection on labor force participation is
significant, but not that on reporting carnings. The latter result
suggests that reporting is random, although it may only reflect the
weakness of our probit for the report inclinations. Comparison be-

tween regressions | and 2 suggests that selectivity bias in regression

1 results in some underestimate of the positive impact of education



Table 2’

Probits for Labor Force Participation or Work Inclination

(1) (2) (3) (4) (5) (&)
Werzen Viozen woza2n
Wemen in Formal ia Informal ia Yozestic
Variables Wonen Men and Men Sector Sector 2ctor

Education .07 .07 .10 .26 -.07 -.12
(5.4) (z.5) (8.8) (13.2) (4.6) {5.1)

Experience .20 .09 .17 .12 .13 .08
(12.6) (4.2) (18.1) (5.7) (7.6) (3.0)
Experience? -.005 -.002 -.003 ~-.004 -.003 -.003
(7.8) (3.7) (11.7) (3.3) (4.2) (2.3)

Protein 46 -.14 .31 -.43 .10 1.22
(4.3) (0.6) (3.4) (3.0) (0.9 (7.3)

Hedically preventable ~-.24 -.07 .15
(2.3) (0.8) (1.1)

Therapeutically treatable .37 -.15 -.03
(3.5) (1.5) (0.6)

Other income ~.43 -.15 -.51 -.19 ~.12 ~1.99
(7.5) (0.9) (10.2) (3.1) (1.6) (8.5)

Children under 5 -.60 .06 -.37 -.48 .10 -1.28
(5.1) (0.3) (3.7) (2.8) (0.8) (4.2)

Home child care .34 -.13 .22 .25 .09 .81
(2.9) (0.6) (2.3) (1.7) (0.7) (2.%8)

Single -3.60 4.62 -.58
(0.4) (0.6) (C.0)

Previously accompanied 2.30 -4.18 4.02
(0.3) (0.6) (0.1)

b



Table 2--continued

(1 (2) (3) (&) (5) (8)
Worzen Wozen woman
Women in Formal in Inforzal in Zezestiz
Variable women Men and Men Sector Sector Seczer
Constant -1.49 .57 -1.32 -.34 -1.72 -5.58
(7.9) (1.3) (8.1) (1.3) (2.5) (C.4)
2*La Likelihood Ratio 418.3 22.4 8l4.1 307.8 190.7 286.9
Szuple size 1247 643 1890 1247 1247 1247
No. participants 579 601 1180 203 257 115
NOTE: Medically preventable is a dummy variable, with a value of 1 if the individual ever has had such a
disease and O ctherwise (so is therapeutically treatable). Other income refers to ezraings frem cinac
household members who are working in the labor force, plus 2ll nonearningz income (including transfers).
Children under 5 is a durmy variable, with a value of 1 if there are children under five znd 0 ot-arwise.
Home child care is a Zummy variable, with a value of 1 if other adul:ts (e.z., extendasd fzzmily =2zders) or
children over 14 are available for home child care and 0 otherwise. Sinzle is a dummy variesble with 2
vatlue of 1 if the individual never has been accompanied, and O otherwise. Previouslv zcccosznizd is a
dummy variable with a value of 1 if the individual is not currantly accompaniad tut nas Szen pravicusly
(and currently is separated, divorced, or widowed), and 0 otherwise. Other variables are fefinzd in

Table 1.

ol



Table -3

Probits for Reporting Earnings for Men and Women in Managua, 19772

(n (2)
Variables Women Men
Education .04 - .10
(1.5) (0.1)
Experience .04 -1.70
(1.3) (0.6)
Experience? -.002 .029
(1.5) (0.4)
Protein .31 -4 .44
(1.5) (1.0)
Days ill .01 .07
(1.3) (0.4)
Medically preventable
Therapeutically treatable
Always in Managua
Other income -.03 -1.26
(0.2) (0.1)
Children under 5 42 5.03
» (1.3) (0.7)
Home child care -.15 2.90
(0.5) (0.3)

(3) (&) (5) (5)
Women Women Weman
Women in Formeal in Informal in Dc==2stic
and Men Sector Sector Sector
.07 .03 -.02 -.06
(2.8) (0.4) (0.4) (0.5)
.03 ~.13 .07 .15
(1.5) (1.3) (1.6) (0.7)
-.000 .002 -.003 .0CO
(0.1) (0.7) (1.8) (0.0)
<25 .34 .08 1.93
(1.4) (0.5) (c.2) (2.3)
01
(1.2)
.91 -.12 42
(1.6) (0.5) (0.3)
-.70 -.21 -1.23
(1.6) (0.8) (1.7)
.18 -.24 6.02
(0.4) (1.0) (0.1)
-.13 .13 -.12 ~-2.16
(1.3) (0.5 (0.6) (1.5)
.70 3.90 .50 2.12
(2.6) (0.0) (1.3) (0.9)
-.26 .57 -.22 -2.02
{0.9) (0.0) (0.5) (0.0)



Table 3--continued

(1) (2) (3) (&) (5)
Woman wczen
Women in Formal in Iniorzal
Variables Women Men and Men Sector Sactor
Single ~1.05 .53
(0.0) (0.0)
Previously accompanied -3.05 -2.83
(0.0) (0.1)
Median neighborhood income .03 1.39 .04 .00 .57
(0.5) (0.1) (0.5) (0.0) (1.0)
Neighborhood population -.00 .22 ~-.00 -.01 .00
density (1.2) (1.5) (0.7) (1.4) (0.1)
Age .00 .38 -.01 04 .01
(0.1) (0.7) (0.7) (0.9 (0.4
Number of .siblings -.11 -.11
(1.3) (2.9)
Both raisers .06 .26
(0.1) (1.0)
Constant .53 1At4 .73 5.39 3.07
(1.1) (0.4) (1.6) (0.0) (0.1)
2°Tn Likelihood Ratio 17.2 14.0 37.4 28.2 20.1
Sample size 579 601 1180 203 257
Number reportiag 535 600 1135 193 231

8The first 13 variables are defined in Tables 1 and 2
background variables generally are self-explanatory.
if the individual had two adult raisers (e.g., father
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parents, other adults) during childhood and 0 otherwise.

The additional neighborhood and fazilsy
Both raisers is a durmmy variable with a valus of 1
and mother or s

ome combination of parents, step-
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and of experience=-particularly the initial years of experience=-on

women's carninge,

2. ADDITIONAL HUMAN CAPITAL DETERMINANTS: HEALTH, KUTRITION,
AND MIGRATORY STATUS

The litcrnggre for the developed countries heavily Cmphnsizen'
human capital investments in education and experience in the determi-
nation of ecarnings. For the developing countries, however, emphasis
has been equally great on other factocs, particularly on health,
nutrition and migratory status. Leibenstein [29] and many others have
posited that poor health and nutrition ctatus cause low productivity
and low carnings for many in the develop}ng countries.d Migration is
often viewed as a form of investment in order to obtain higher wages
(e.g., Harris and Todaro [23]).

To our basic double selection In earnings model, we add variables
that represent health status (days iil) and nutrig;;n status (family
protein intake per capita). We do not investigate in this paper the
returns to migration (see Behrman and Wolfe [17]), but we do see if
the earnings function shifts for women who have always been in
Managua. A priori, we might expect such women to receive higher earn-
ings, ceteris paribus, than immigrants because they have better con-
nections with a labor market in which personal contacts are very
impprtant.

Regression 3 in Table 1 gives the resulting cstimates.

Protein input has a significantly positive impact on women's earnings,

just as on their labor force participation and their reporting of

earnings. Clearly, this dimension of nutrition scems to be important
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throuph several chamnels.  The estimated coefficient for illuess is
negative, as expected, but not quite significantly nonzero at standard
levels,  Finally, those women who‘hgxy alvays lived in Manapgua have a
aignifigqpt nngﬂ?ﬂgp increment, presumably cither for the reasons that
we discuss above or because this variable represents a background of
higher sociocconemic status. Thus these estimates support the incor-

poration of a wider spectrum of human capital for the developing

countries than is often done for the developed ones.

3. SEXUAL DISCRIMINATION

A number of observers have claimed that sexual discrimination is
fampant in laber markets of developing ééuntries (see Burvinic [21]).
We explore this question by estimating cur extended double selection
In earniqgs model for men (Table 1, regression 4) and for women and
men combined (Table 1, regression 5; the variable for always living in
Managua is not available for men and is excluded).

A variable-by-variable comparison across regressions 3, 4, and 5
suggests some interesting possibilities. The returns to education, if
anyphing, appear to be higher for women than for mcn-—gerhaps because

[

re}atively_fgw_womep have much edqgation and labor markets are
sqyewhat segmented by sex. For nutrition, the returns are higher for
men, The pattern of the coefficient estimates for family preotein
intake per capita may reflect that the men tend to have jobs in which
there is more pay-off to strength, or that they obtain a better than

average share of the household food, a common pattern in traditional

societics.?  Also of some interest is the fact that selectivity in
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terms of labor force participation apparently is important for men as

well as for women.l

To test for differences between earnings functions for men and

women we conducted F tests for the set of variables in regression 4,11

and found that there is indeed a highly significant difference. 1In
another formulation, we also included a dummy variable for sex (male)

on combined run: The coefficient was approximately 1 and significant

men earn more than women. We conclude, therefore, that there is significant
evidence consistent with discrimination against women in the form of lower

In earnings.

4, PLURALISM

A long-acknowledged characteristic of many markets in developing
countries is fragmentation, or pluralism. Systematic treatment of
such pluralism dates back at least to Lewis's [30] seminal article on
dualism.

For our study we divided the Managuan labor market into three
sectors: (1) a formal sector, in which there are implicit or explicit

N
ongoing wage contracts, usually defined working hours, often explicit
formal fringe benefits such as social security,vand often large-scale
employers; (2) an informal sector, in which there are no contracts nor
benefits like social security; here the production units are usually

small, and often operate out of the home, on the streets, in open

markets, or in other transitory quarters, frequently with many family



16

workers; (3) a domestic sector, in which women work in houscholds at
b=

domestic tasks, often rcceiving room and almost always board as part

of their payment.

In our sample we have 203 women who are in the formal sector, 257
in the informal sector, and 119 in the domestic sector. We are
interested in what determines selection into a particular sector and
whether or not the returns to various human capital variables differ
across scctors. We estimate our cxtended double selection wodel for
each of these groups, redefining the first selection to refer to selcce-
tion into a particular secctor instead of into the undifferentiate!
labor force. Probits 4,5, and 6 in Table 2 refer to this sclection.
Probits 4,5 and 6 in Table 3 refer to the inclination to report earn-
ings 1n the threce sectors, respectively. Regressions 6,7, and 8 in
Table '1 are the estimated double-sclection In earnings functions for
the three sectors.

Examination o} these relations leads to the conclusion that there
are significant differences among the three sectors. In general, the
double-selection ln carnings function is substantially more consistent
(using the adjusted R2) with variance in ln earning; in the relatively
commercialized formal sector than in the other two, and somewhat more
consistent with ln earnings variance in the informal sector than for
domestics.

On a variable-by-variable basis there are some interesting pat-
terns. Average gﬁqségipnbpanges from 7.5 years for women in.the for-
mal sector to about 3.6 yecars for women in the informal and domestic

sectors. More education increases the probability that a woman is in

the formal sector--as opposed to being out of the paid labor force;
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informal sector and domestic employment are less likely than nonpar-

T e e S e

ticipation for the more educated. The returns to education in terms

of earnings arce also much higher in the formal sector than in the

efbcr two--and, in fact, arc not gignificantly nonzero for the infor-
mal and domestic secctors,

Labor force cxperience varies from an average of 10 or 1l years
for women in the domestic and formal sectors to over 17 for those in
the informal sector. The cowbination of *he linecar and quadratic
labor force experience terms increases the probability of labor force
participation in one of these three sectors as opposed to being out of
the labor force. Among the three sectors, greater expericnce points
toward a lower probability of being a domestic. In term§ of earnings,
the highest returns ﬁoﬁCKPQEiEHSQUQLQMjn;ﬁhewinformal sector with the

formal sector next, but there is no significantly nonzero ecffect for

domestics.

A better nutritional state, as represented by family protein
intake per capita, appears to lead to higher probability of selection
into the domestic sector and out of the formal sector, as opposed
either to nonparticipation in the labor force or participation in the
informal sector. This result is at first glance somewhat surprising;
it is explained in part by simultaneity or reverse causality for
domestics, who have relatively good diets because they receive board
in the generally higher-income households in which they work. For
them, for example, the average protein index is 18% above the average
for the other two sectors. In terms of In earnings the returns to
nutrition are significantly positive only for the informal sector.
This is probably because domestics tend to receive relatively good
diets, as we note above, and formal sector workers tend to be well

enough off to be above the threshold of pgross malnourishment,
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The health variables appear to have somewvhat of a differential
impact across sectors. Having had a digease that is preventable by
medical wmeasures (e.g., vaccination) reduces the probability of being
in formal scctor cmployment, .8 opposcd to being cut of the labor
foree or in the domestic sector. Those who veport having had a
discasc that is therapeutically treatable (e.g., high blood pressure)
are more likely to be in the formal sector, as opposced to being a
domestic in the informal sector, or out of the labor force. We expect
that this pattern does not directly reflect sclectivity among the sec-
tors so much as differential knowledge regarding the identification of
therapcutically treatable discases--knowledge in part acquired in paid
or unpaid work activity. Coworkers and employers in the formal sector
are likely to be bettzr informed than are those in the other sectors.
However, none of these discase categories nor a measure of days ill
have significantly nonzero coefficient estimates in the sectoral In
earnings functions (the negative coefficient for d;;s 11l for the
informzl sector is closest).

Half of the women in the formal sector and 45% of those in the
informal sector, but only 16% in the domestic sector, have always
lived in Managua. ‘The domestic sector, thus, is dominated by
immigrants from smaller urban and rural arecas. Always having been in
Managua has a significantly positive coefficient estimate only in the
In earnings function for the formal sector (and one about as large,
but not quite significant, for the informal sector). The returns for
knowledge of the local labor market network (or having experience of
"higher quality" in Managua), therefore, appear to be greatest for the

most formal sector. The former may scem to be somewhat surprising, if



one believes that vecruitwent on the basis of quality rather than on
the basis of councctions tends to become wore important in more modern
scctors.,

The migration results may reflect hipgher quality experience of
those in the formal scctor who always worked in Managua. 1t may also
reflect the preatev availability of rents in the formal versus infor-
mal sector, which may be distributed in the form of carnings. Krueger
[28]) argues that such rents are quite important in developing
countries. It scems plausible that they miy be wore concentrated in
the formal sector in which education requirements, union membership,
and other l:arriers to entry are much more likely to be effective.

In the double selection ln carnings functions for all three
sectors, selection terms have significantly nonzero coefficicent esti-
mates only for labor force participation in the formal and informal
sectors.

Thus we find some interesting patterns across the sectors.

Returns to education and to always having been in Managua are signifi-

cant only in the formal sector. Returns to experience are significant
in both the forma) and informal sectors. Improved nutrition increases
productivity and earnings primarily in the informal sector. Domestics
are primarily migrants from other parts of the country. Some: of these

factors also affect the selection into particular sectors, as do

family and child care status. To these we now turn.

5. FAMILY STATUS AND CHILD CARE

The literature on women's labor supply for developed cconomies

places great emphasis on the opportunity costs of married women in
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terms of hougchold production, particularly where child care respon-
sibilitics are involved. A priori, such considerations would seem to
need wodification for developing countrics, because conditions differ.
The preseance of other adults in extended families, of older children,
and of domestic employces means that the opportunity costs well may be
less. There would, however, secem to be sipnificant differences among
sectors, in that oq:fpe-job child care is often a possibility in the
informal sectgijtput>not in)the formal sector. Moreover many
domestics sleep at their employer's, and are allowed to keep neither
their companions nor any or more than one or two of their children
with them. For these domestics, the opportunity costs of employment
in terms of child care and family interaction may be quite high.
Finally, many familiesiare 50 poor that';omen may participate in the
labor force no matter what the opportunity costs are in terms of child
care, in hopes of keeping the family out of extreme poverty,

The probits on labor force participation in Tagle 2 shed some
light on these issues. Probits 1 and 2 refer respectively to women
and to men. The presence of children under > significantly reduces
the probability of women participating in the labor force and the pre-
sence of home child care alternatives in the form of other adults or
older children significantly increases this probability. Neither of
these factors has a significantly nonzero impact on the labor force
participation of men. Thus this aggregate pattern is similar to that
found for women and men in more developed. countries, although home

child care is more widely available from other adults in extended

families and from older children.



Probits 4, S and 6 refer to women's labor force participation in
formal, informal, and domestic nectors, respectively. Thease disappre-
gate relations have several intercsting features related to family
gtatus and child care. The presence of children wunder 5 particularly
lowers the probability of participating in the domestic sector, as we
expected; it also lowers the probability of participating in the for-
mal sector because child care provisions are absent, and it is
impossible to combine work and on-the-job child care in that sector.
In contrast, the impact is not significantly nonzero for pa:r .. pation
in the informal scctor, also as we expected. Tor the same reasons,
the impact of home child care is different across the three sectors;
the largest impact is in the domestic sector and the swallest in the
informal sector.

Similar considerations might seem to underlie the impact of mari-
tal status. But none of the marital status variablgs have signifi-
cantly nonzero coefficient estimates. However, having higher.income
from a companion (or from other sources) greatly reduces the probabi-
lity of participation in the domestic sector and somewhat reduces that
of participation in the formal sector, since it lessens the need for
additional income.

Thus the standard child care and marital status effects on the
labor force participation of women are modified by considering the

different options among the three sectors, and by the more common

possibility of extreme poverty.
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6. CONCLUSION

We have gained many tusiphta into the factors determining labor
force participation and In earnings for women in the major wetropoli-
tan arca of a developing country. We have considered the possibility
.of double selectivity for In carnings estimates. Selectivity in
regard to labor force participation may be important, but that in
reporting carnings is generally not.

e have extended the standard human capital considerations to
include factors beyond formal education and cxperiencé. Nutritional
intake, especially of protein, has significantly positive effects on
carnings of both men and women in the aggregate, although it is
somewhat larger for the former. Health has a more marginral negative
impact on women's and men's carnings. These results suggest that poor
nutrition and health lower productivities and earnings for many adults
in our sample. Programs that led to better diets .for the poorer mem-
bers of the society, therefore, would have some pay-cff in terms of
increased productivities and greater equalization in the distribution
of caraings.

We have explored the possibility of sexual discrimination and have
found that women receive significantly lower returns fror the various
human capital investments than do men.

We have found evidence that the presence of small children has a
negative impact on the probability of labor participation of women,
but not of men. However, this effect is offset in many more house-
holds than is the case in dcvelopiﬁ;bcountrics by the jpresence of

other adults in extended families or of older children who fulfill

home child care responsibilitiea.
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Hany of thewne effects are illuminated or modificd, fiunlly, by
consideration of the pluralintic nature of the labor market. The
returns to women's education are larpe for selectior into and carnings
in the formal secctor, but not elsewhere. Knowledpe of a local labor
market network may also be rewarded more ia that sector. The returny
to experience also are significant in the formal sector, but are cven
larger in the informal sector. The rcturns to better nutritional (and
perhaps health) status are greatest in the informal sector, since

women in the formal sector tend to have above-minimal nutritional

levels and health standards owing to higher family incomes, and those
in the domestic sector tend to be above such standards owing to food
and care provided by their employers. Extreme poverty, in the form of
low income from other sources, tends to deive poorer women to par-
ticipate in the domestic sector. Child care aceds and the lack of
home child care alternatives lead to selection out of the labor force,
but particularly out of the formal and domestic sezlors, since on-the-
job child care is generally a possibility in the informal sector.

Tn developing countries, women play a large role in determining
the current income distribution and in shaping the conditions under
which the next generation is being raised. Even leaving aside
questions of efficiency, productivity, and equality of opportunity for
the present gencration, therefore, in casting light on the factors
that may affect their labor force participation and their earnings, we

are providing information that is directly relevant to a critical

policy area.



APPENDIX

In this appendix, the problem of estimation under two sample
selection rules is tackled within a missing data framework, with the
truncated normal distribution providing the distributional
specification. Our approach is based on an extension of leckman's
[24]) model and relies on the formulation of the choice process as a
trichotomy, with selection made sequentially. The qualitative struc-
ture of our model generalizes Amemiya's [2) univariate sequential
unordered norimal model by accounting for possible dependence between
the two selection rules. Catsiapis and Robinson [22] treat the
prcblem in essentially the same manner, and arrive at our constrained
modcl through a direct extension of lleckman's two-step procedure.
Poirier [32]) analyzes a slightly different two-selection problem,
where two individuals facing the same choice set arrive at separate,
possibly interrelated, but individually unobservable decisions, the
joint out-zome of which takes the toirw of a dichotomous observable
variable.

We begin by reproducing the model in the text. For the

ith individual in our original sample we have:
Yi* = B1'X) + Uy "work inclination" (A1)
Yo* = By'Xy + Uy "report inclination" (A2)

B3'X3 + 03Uy earnings (A3)
23 23 393

<
(%)
"



where X ia a vector of regrensors, Bi is a vector of unknown coef-

-]

ficients and uq denotes a scale paramcter. The residuala are assumed

to be normally digstributed with zero mean and covariance matrix

1 P o13)
E =1 p 1 P23
P13 P23 1 J

-—

Our main ob’ective is to estimate the parameters of equation (3),
with the unobscrvable continuous random variables Y}* and Yo* dcter;
mining the subsample (or selecting individuals) for which complete
observations satisfying equation (A3) are available. Using the dicho-
tomous variables Y; and Yy to indicate the outcome of the selection
processes in cquations (Al) and (A2), we can classify the individuals

in the original sample as follows:

(
1 if Y4, >0 "work"

Yy =§ (A4)

0 if Yj* £ 0 '"not work"

\
4
1 if Yo* > 0 and Y; = 1 '"report" and "work"
Yy = g 0 if Yo* { D and Y| = 1 "not report" and "work" (AS)

Lunobserved if vY; =0
We observe earnings (Y3) if and only if Y, = 1, that is if and only if:

Yi* > 0 and Yp* > 0. (A6)



Under gelection

ith individual will

IH

p, = ]’r(Y1

u

= )
p ]r(Y2

s/
It

Pr(Y2

where F(*) and G(*)

normal distribution
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rules (A4) and (AY), probabilirty Py that the
fall into the j“l subsample is piven by:

0) = Pr(Yf < 0) = PriU <~ 8 X)) "I-FQ"_;_)EI) (A7)

0) = Pr(Y’l'f >0, Yz}' < 0) (A8)
' ' ' '

= Pr(U) >-B X, Uy < =B,X,) = G(B X,, -B,X,; p)

1) = Pr(Y71'< >0, Y& > 0) (A9)

]

' ' '
- \ - = .
Pr(U; > =B Xy Uy > =B,X,) = G{B,X ,,8,X 5 p)

denote the standardized univariate and bivariate

functions respectively. Note that the par-

titioning of the original sample is indeed complete:

j=1

~—

3 ' 1 ' | '
L P, =1-F(BX)+GB X, =BXy; p) + GB X, BXy5 p)

L '
=1 - F(§ X))+ F(BX)=I

Equations (A7) end (A8) contain all available information for the

individuals who do not work and for the individuals who work but do

not report, while as for individuals who work and report, in addition

to (A9), the dependent variable Y3, earnings is observed. Under our

trivariate normal specification, the probability density function for

Y3 is given vy:

B.X. . B.X
$(Y,) =%—£;2‘2L;1‘1 1 hu U=

3

r

03 1’72 03 1
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where h(*) denotes the trivariate density for U, and Py is defined in
(A9). Denoting the subsample of those who do not work by §1, thosc
vho work but do not report by 82 and those who work and report by 83,

the likelihood function for the entire sample has the form

] [ ] .
L= ;1[1 - F(B, X)) - qlI G(B)Xy» =B,X,5 p)e (A10)
1 92
] ]
B8,X, B.X
—2=2 —~1=1 1
n/st I - l\(Ul,U2,23)dUldU2
§ —=© o 3
3
where
23 75y Yy 7 By

The complicated nature of the likelihood function and the large number
of parameters to be estimated make the full information procedure
extremely difficult. With this in mind, we now turn to a com-
putationally simpler two-step procedﬁre in the spirit of Heckman [24].
The sequential selection process partitions the original random
sample into three mutually exclusive nonrandom subsamples, containing

= 0, and tlose with Y, = 1. Since

those with Y 2

1

83 consists of individuals for whom Y3 is observed, the regression

= (0, those with Y2

equation of interest may be written as:

' .
B(Yy | ¥, = 1) = 8%, + o, (U 3! Y, =1 (A11)

=B X, + 03E(U

*
3%, Yl > 0, Y, * > 0).

3
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lNence, providing E(U3| Yl* > 0, Y2* > 0) £ 9, ordinary leant
squares will result in inconsiutent parameter catimates, or
"yoiectivity bian." We utilize the normalitly assumption to rewrite

the conditional expectation on the right hand side (cf. [27]), pp. 86-87)

as:

+* % ! '
EU [ Y, > 0, Y," > 0) = u(uy |u, > -8 X ,U,>-8X)  (Al2)

2 LIRS
= 0)3.,E(U) | U >C, U, >C)
Pr3e BV, 1 U > ¢u w5 )

where C. = -8!X., j = 1,2 and
J =J]

ook = Pii ~ PikP ik 1
] [(l-pii)(l-pji)] /2

The two expectations on the right hand side of equation (Al2) may in

turn be expressed as (c.f. [33], p. 406)

E, = E(UJu; > €, Uy > C)) = _1__{f(c2)[1-P(C’l‘)] + of<cl)[l—1=‘(c5)l} (a13)

P

Ey

- E(Uz[ul >C, Uy > Cy) = I_i_f(cl)[l-lf(cg)] + p£(C,) [1-F(C}) J}' (Al4)
3

where

Cl - pC2

- pz]Li
¢, - pC
2 1
Cﬁ -m -
2 - 9218
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In view of (A1) aud (A14), cquation (All) is hipghly nonlincac. As a
convenicnt short cut, we first exploit the qualitative structure of
the model to obtain enfimntuﬂ of. El and E2, and then substitute the
estimated values of the conditional expectations into ecquation (A12)
to obtain estimates for the remaining parameters of (All) using linear
regression. We now describe the two steps explicitly, first for the

original model, then for a constrained version with p = 0.

TWO-STEP ESTIMATION ~ THE UNCONSTRAINED MODEL

(1) Maximum Likelihood Estimation: We utilize the sample separa-

tion information (that is, data on Y, and YZ) together with specifica-

tion (A7) - (A9), and obtain the likeliho»d function

! ' 1 L]
Ly=T [1 - F(B,X )] « 7w G(B,X;, =B,X,5 0) *m G(B Xy s ByXyi p)  (AL5)

S1 82 83

. . . . 13
which depicts the qualitative structure of our model.

Subject to the identification condition that Xj includes one

variable excluded from 52 (see Tunali, Behrman, Wolfe (34}, pp. 9~10),

maximization of (Al5) will yield consistent estimates_gl,.gz, P,

hence Cl’ CZ’ CY, C% and P3. Substituting these into (Al3) and (Al4)

-~

Rives the estimated expectations Ey and E2.

(2) Linear Regression: Inserting the estimated expectations into

the stochastic version of (All) we get

. [ ~ N .
Y3 = 2353'* 03013.221 + 03923.1E2 + 03V3 (Al6)

- ' -~ -~
EBZ.+ Ylgl + YZEZ + 0333
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sre v EY . be - T‘ » - l:‘ N r k& A e
where V3 V3 4 Yl(Ll Ll) + Yz(l,2 LZ) nnd l.(V.J l\l >0, Yz > 0) 0.

This ia then fitted by linear vepression of Y3 nn_§3, El and E, for

the individuals in S,. Couvistency of the eatimates follows from

3
Slutsky's theorem.
Under selection, the standard least squares cstimator of the popu-

lation variance for Y3 (sce [34), p. 8 for the exact variance) will be

inconsistent, in view of the fact that

*

by =
g 0) =0

* 2 , x * 2 n
vy, [Y," >0, ¥ 3 VO YT >0, v, > 0) ¢ o = Var(Y,).

This implies that O35 Pyq and P, cannot be identified using the esti-

~ a ~

mated standard error of the regression together with Yo Y2 and p,

TWO-STEP ESTIMATION - THE CONSTRAIKED MODEL (p = 0)

We now consider a constrained form of our structural model, where
vwe assume p = 0. The assumed independence between the two decision
rules reduces the trichotomy in (A7) - (A9) to the normal unordered

response model discussed by Amemiya [2], p. 366:

+* !
Po=1-F(§X) (A17)
+* [} 1)

Py = [1 - F(B,X,)] - F(8,X,) (A18)
= F(B,%,) -+ F(8, )
Py = F(8,%,)) - F(B,X,) (A19

For this model, a two-step procedure for estimating the structure

would run as follows:
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(1) Maximom Likelihood Botination (Probit Analynin): With (A7) -
(A19), the likelihood function in (A15) Lactors, giving the apecial
form:

S S, 18

' ] 1 '
L= [1 - F(@ X 0 FB,X)D) -1 [L - F(B8,X,) * L F(B,X,)  (A20)
1 253 5 53

maximization of which is ecquivalent to doing two independent probit
analyses, without any further loss in efficiency. The first maximiza-

tion involves the full sample, split on Y,:

Ly =u [1-F@ X))+ 1 F(B X)) (A21)

5) 5,*53

-

and provides a consistent estimate of El' The second involves the

subsample with Y1 = 1, split on Y2:
|} |}
Ly =m [1 - F(B, X)) * 1 F(B,X,) (A22 )
52 83

giving a consistent estimate for.gz.

The expectations in (Al3) and (Al4) reduce to familiar univariate

expressions
f(Cz)
Ay & ————
1" T- Ry, (A23)
f(C
. Y

2" 1 -'p(cz) (A24)
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~

consistent eatimates for which can be calculated uwsing ﬂl and Bz to

A

construct Cl and CZ' Note thal. estiwmates of Al are obtained from the

entire sample, while individunls that fall into S, and 54 alone are

utilized to estimate Ay

(2) Lincar Repreasion: Denoting those estimates of (A23) and

(A24) by Al and AZ respectively, we use linear regression on subsample

S3 to fit

] a ~

A, + oW

3 7 B3¥X5 F 040 52+ 0g0p5) ) + oW, (A25)

Y
] -
2 x *
235 + lel + YZAZ + o3w3

= * - * - * * =
where Wy = V3 + YF(A) = 3)) + 50, - )) and E(Vy [ Y3 >0, Y5> 0) =0
as before. Consistency follows from Slutsky's theorem.

It can be shown that for the constrained model with p = 0,

-—

2 2 2 2
* o - - -
Var (V3!Y] > 0, Y5 > 0) [(1 pl3 p23) + pl3(l + C]XI A]) (A26)

2
+ p23(1 + CZXZ - Xg)]

0<1+ch, -2 ¢ j=1,2 (A27)
= iy T M=

implying Var (V3| YT >0, Y; > 0) < 032). Denoting the standard least
squares estimate of the variance at the second step by V(W3), a con-

sistent estimate for 04 can be obtained by rearranging equation (A26)

* *
and recalling Yo % 03Ph3, Y| T 03040
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Y 2 A . _ _ . -]: . -~ _
o, - V(H3) - Y, T % (CAy xl) v} ; i (c2 2 \2)
s )

where T3 denotes the number of observations in S3.  This estimate is
guaranteed to be positive in view of (A27). Consistent estimates for
P23 and P13 can now be obtained using ?5, ?f and 83.

Finally, we consider the rclationship of the constrained model
with Heckman's single-sclection set-up. The assumption of indepen-
dence cnables us to treat the sclection problem along the traditicnal
line, with two scparate first-step probits that lead into a second
step where we include two constructed variables along Heckman's lines
to correct for selectivity in the regression equation. Note, however,
that the sequential aspect of the selection process is prescrved
despite independence. In fact, the constrained model can be extended
to account for any number of selection rules, providing selection is
sequential and sample scparation information at ecach stage 1is
available. Estimation under this specific kind of multiple selection
will follow the lines discussed above. It should be kept in mind that
collinearity in the regression equation is likely to be a problem
unless nonoverlapping exclusions are available in the selection
equations.

The limiting distribution of the two-step estimator for the
constrained model can Bé developed along the line pursued in Heckman
[251. Given the expression for the exact variance, extension of
Heckman's [24]) approximate GLS procedure to the multiple selection
problem is straightforward. Note that this procedure does not utilize

the relationship between the cocfficients of A's in the regression
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equation and the reaidual variance. The resuiting estimates are not

agymptotically efficient, and the gain in efficiency over the OLS

estimaten is not likely to be worth the computational burden.



()
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NOTES

lin recent yeara there has been a flood of estimates of such rela-
tions for women in the United States and other developed countries,
with particular emphasias on the sample seclectivity problem. Maddala

[31) and Wales and Woodland [35] provide surveys of this literature.

2We describe the sample 1n some detail in Behrman, Belli,
Gustafson, and Wolfe [3] and Bchrman, Gustafson and Wolfe [4].

3We use this special "sisters" featurc of the data in Behrman and
Wolfe [14, 15, 16]. Other project studies that are completed or in
procese include Behrman and Wolfe [6, 7, 8, 9, 10], Blaﬁ (19, 20],
Wolfe, Behrman and Flesher [36], and Ybé?ra [37].

AThese assumptions include the existence of ncar-perfect capital
markets and the absence of important omitted variables that are corre-
laged with schooling. See Behrman, Hrubec, Taubman and Wales [5]) for
an extensive discussion and for evidence that the latter does not hold
for white U.S. males.

50ften such migsing data are assumed to be random. For explora-
tion of alternative approaches to the randomly missing data problem,
see Wolfe, Behrman and Flesher [36].

§The correlation betwcen the predicted values of our selection
variables in fact is quite low (0.14).

"The coefficient cstimate of the quddratic experience term 1is
negative, but the total impact of experience becomes negative only
after 20 years of experience, which is more than mos:. of the women in

the sample have.



81u Behrman and Wolfe [11, 12], we connider the determinants of
health and nutrition statuas.

IThe accond, intrafamilial distribution possibility is probably
consistent with some other regressions (which we do not reproduce
here), in which we find cevidence that religiously married women
receive higher returns to the family protein per capita variable than
do other accompanied (but not religioualy married) women. In unions
that are formally sanctioned by religious marriages, the role of the
woman may be stronger and she may receive a larger share of the better
food than in other unions. Another interesting factor is that the
data are collected by surveying women in this traditional society and
women's responses may be affected by the stability of their
relationship.

0jiowever this coefficient estimate is less robust under specifi-

cation change than are the others.,

HThe regression for women i identical to that in panel 3 except
that the variable for always in Managua is dropped. The regression
for the combined group is the same as in panel 5. If an additive
dummy variable is included in addition, the F-test indicates no signi-

ficant difference.

12While at first glance, it may appear that we should rank the

sectors, and do a series of sequential choices, we do not see an

unambiguous way of carrying this out. Instead, we treated the choice
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problem involving selection into the three scctors separately, to be
able to isolate the differential role of the selcction variables in
the three sectors.

13Not:e that this likelihood function is different from that of a
bivariate probit. In Tunali, Behrman and Wolfe [34] we further simplify
the first step and reduce it to two independent probits, without constraining
the model to the case where p = 0. For a discussion of this modificd

approach, see pages 11, 12, and 23 of [34].
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