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The Living Standards Measurement Study

The Living Standards Measurement Study (LSMS) was established by the World
Bank in 1980 to explore ways of improving the type and quality of household data
collected by statistical offices in developing countries. Its goal is to foster increased
use of household data as a basis for policy decisionmaking. Specifically, the LSMS
is worldng to develop new methods to monitor progress in raising levels of living,
to identify the consequences for households of past and proposed govermment pol-
icies, and to improve communications between survey statisticians, analysts, and
policymakers.

The LSMS Working Paper series was started to disseminate intermediate prod-
ucts from the LSMS. Publications in the series include critical surveys covering dif-
ferent aspects of the LSMS data collection program and reports on improved
methodologies for using Living Standards Survey (LSS) data. More recent publica-
tions recommend specific survey, questionnaire, and data processing designs, and
demonstrate the breadth of policy analysis that can be carried out using LSS data.
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ABSTRACT

Research on labor market duality, in the context of developing

countries, has identified the secondary segment of the labor market more with

the self-employed than with salaried employees. This derives in part from the

vagueness of the demarcation line between the two sectors of the labor market:

the various descriptions of the duality theory are less than specific about

wage workers. The wage sector has not entirely escaped attention, but, until

recently, tests for the existence of labor market duality lacked rigor.

A few recent tests derive information on the existence of duality and

the relative magnitudes of the primary and secondary sectors entirely from the

structure of the wage equation. These tests are implemented in this paper on

data from C6te d'Ivoire. Furthermore, as an innovation relevant to the

current state of the art, this paper estimates an indicator of the degree of

formality of the job that a worker holds, and integrates this indicator into

the structure of the wage equation. The information on which the indicator is

built relates to job characteristics that are often thought to distinguish the

primary from the secondary sector.

The indicator is found to have some effect on the structure of the wage

equation which therefore suggests the existence of "duality," even though duality

is measured by the indicator as a continuum, rather than as a dichotomous

split. Analysis of the spread of the indicator reveals a single mode in a

distribution that can be viewed as the mixture of two normal distributions.

Thus, the Ivorian labor market is one with a primary and a secondary pole, and

with substantial overlap between those poles so as to deny the rigorous

separation that is common in discussion about labor market duality.
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1. INTRODUCTION

Research on labor market duality, in the context of developing

countries, has focused more on the self-employed than on salaried employees.

This derives in part from the vagueness of the demarcation line between the

two sectors of the labor market. Generally, the self-employed belong in the

informal sector, but the various descriptions of the duality theory are less

than specific about wage workers.l/ The wage sector has not entirely escaped

attention, but, until recently, tests for the existence of labor market

duality lacked rigor.

At the same time, another literature on earnings of wage workers has

treated the wage sector as a homogeneous part of the labor market. As an

example and with motivating relevance for this study, in a previous paper (van

der Gaag and Vijverberg, 1989) we investigated the determinants of wages of

employees in C6te d'Ivoire. Using the well-known Mincerian framework, we

found very high returns to schooling (12 to 22 percent per year, as compared

to an average of 13 percent per year for African countries2-). Furthermore,

we found evidence that, in addition to the human capital explanation of wage

differentials, screening or credentialism plays a role in the Ivorian wage

sector. While the labor market was assumed homogeneous in the analysis, this

might well indicate an underlying dual structure.

/ See surveys by Cain (1976), Sinclair (1978), Turner (1981), Portes (1983),
Mehta (1985), Murillo and Lanzetta de Pardo (1985), Peattie (1987). Also,
ILO (1972), Hart (1973), Mazumdar (1981).

2/ See Psacharopoulos (1985).
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In a subsequent analysis (van der Gaag and Vijverberg, 1988) we

focused on differences between the public and private wage sector. Note that

standard characterizations of duality put public workers in the formal

sector. Among other things we showed that the conventional approach,

estimating wage equations on public and private samples separately, may lead

to misleading conclusions since they ignore the endogeneity of the sector

choice: individuals choose (or are chosen) to work in one sector or another,

and measured and unmeasured characteristics influence both this choice and the

productivity of the person in the sector chosen. Contrary to most previous

studies we found that wage offers in the public sector do not generally exceed

those in the private sector. As before, the private sector was treated as a

homogeneous market.

If the private sector is heterogeneous, estimating a single private-

sector wage equation is a misspecification that yields estimation results

without empirical meaning and policy recommendations without foundation -

similar to what was found relative to the public-private sector dichotomy.

Therefore, in this paper, we challenge the assumption of a

homogeneous private wage sector. Thus we enter the debate on dualism in the

labor market. Ever since Cain's influential survey article (Cain 19715),

researchers have to apologize for embarking on such an endeavor. Indieed, the

literature on this topic is riddled with pitfalls that leads one to conclude

that there is a dual labor market, while other explanations for the empirical

results are equally plausible.

One pervasive problem in the literature is the fact that often wages

of employees are used in the same sample with earnings of self-employed
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persons. The dual labor market is sometimes described that way: an informal

sector dominated by self-employment activities and a formal wage sector (see

references of footnote 1, on page 1). Obviously the tremendous conceptual

(and data) problems involved in measuring returns to labor for self-employed

workers, may all by themselves be sufficient to find "duality" in empirical

studies. In this study we will restrict the sample to include wage earners in

the private sector only. This leaves us with a relatively small sample of,

what is often thought to be, a relatively homogenous group of workers.

Consequently, our sample is biased towards not finding duality or

heterogeneity.

Conceptual problems arise when the sample available for the study is

divided on the basis of the dependent variable (e.g., low and high wage

earners), without taking the potential selectivity bias resulting from such

stratification into account (Cain, 1976). More often than not, proposals to

deal with these problems (Heckman and Hotz, 1986, Dickens and Lang, 1985)

create new ones that are equally dissatisfying. In this paper we will address

some of these problems and indicate how our approach differs from a number of

recent studies in this area. After a description of the data, we start in

Section 3 with a conventional approach, stratifying the sample into low and

high wage earners, to expose the data and the wage equations on which the

subsequent analyses will be based. In Section 4 we divide the sample on the

basis of job and firm characteristics such as unionization, paid vacation and

firm size. These characteristics, many of which are highly correlated, are

summarized in factor scores. As it turns out, the first factor is highly

correlated with those characteristics that are usually associated with the
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formal sector. We rank our observations on the basis of this factor and treat

duality as a continuum, identifying enterprises as being closer to one segment

of the market than to the other (i.e. if the market is segmented). We develop

and estimate a three equation switching regression model that provides us with

a formal statistical test of labor market duality. Though an improvement over

models used previously, this model does not provide much insight in the

underlying mechanisms that "sort" workers in one or another segment of the

market and reward them for their labor in distinctly different ways. In

Section 5 we take a first step towards such a structural model of a non-

homogeneous labor market, which is estimated in Section 6.

Our results provide evidence that the private wage sector in C8te

d'Ivoire is non-homogeneous. Section 7 discusses some implications for this

finding and concludes.



2. THE DATA

The empirical question we address throughout this paper is whether

one wage equation can adequately describe the wage determining process in the

private sector or whether there are segments within this sector where wages

are set in a distinctly different way.

The data we use stem from the C8te d'Ivoire Living Standards Survey

(CILSS, see Ainsworth and Mufioz, 1986). The survey contains information on

514 individuals who report a wage earning activity as their main job during

the seven days prior to the survey. Of these employees 300 worked in the

private sector, 295 of whom reported all information necessary for this study.

Reported earnings (generally reported by month) were divided by hours

worked per day times days worked per month3/ to obtain an hourly wage rate.

Wages include the cash value of in-kind income. The natural log of the hourly

wage rate will be the dependent variable throughout this study.

Independent variables include nationality, sex, schooling and

experience variables.-/ Definitions and summary statistics are presented in

Table 2.1. Most of the variables are self-explanatory. Total experience is

defined as age minus years of schooling (including technical training) minus

5. On average workers in our sample have over 20 years of experience (GEXPER)

3/ Or by the relevant period if earnings were reported per week, quarter or
year.

41 Regional location, a potential indicator of segmentation, was not entered
in the final analysis, since 86.4 percent of the workers reside in urban
areas, and parameter estimates were insignificant.



of which 7.4 related to the current occupation (EXPOCC). The rest, 12.9

years, is general work experience (EXPGEN). The average of the log wage is

5.55, equivalent to an average wage of CFA 593 per hour.5/

All tests performed in the remainder of this paper are conditional

upon the "correct" specification of the wage equation. Unfortunately,

knowledge of the correct specification eludes us. We have to make do with a

reasonably flexible and still tractable approximation to the "true"

function. We specify a Mincerian log wage equation that is quadratic in the

variables that are of most interest: years of schooling, years of occupation

specific experience and years of general experience. Other variables (e.g.

nationality, years of apprenticeship) enter as additive dummy variable, or in

linear form.

5/ About U.S. $1.20. Note that one adds one half of the variance of the log
wage to its mean before taking the antilog and finding the mean wage.
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Table 2.1: Definitions and Slmmary Statistics of all Variables;
N=295

Standard
Abbreviation Definition Mean Deviation

NAT 0 = Ivorian, 1 = Non-Ivorian .281 .450
FEMALE 0 = Male, 1 = Female .142 .350
YRSCH Years of Education 5.207 4.919
YRSCH-SQ Years Squared 51.227 68.315
YRSTECH Years of Technical Training .725 1.592
YRSAPP Years of Apprenticeship 1.169 2.214
EXPOCC Years of Occupation Specific Exp. 7.474 7.353
EXPOCC-SQ EXPOCC Squared 109.754 205.819
EXPGEN Years of General Experience 12.936 9.623
EXPGEN-SQ EXPGEN squared 259.621 374.540
tn W Log Hourly Wage (CFA) 5.549 1.293
GEXPER Mincerian General Experience 21.556 12.528
GEXPER-SQ GEXPER Squared 614.835 653.526
DIP-EL 1 = Elementary School Diploma, 0 = not .471 .500
DIP-HI 1 = Junior High School Diploma, 0 = not .180 .385
DIP-UPP 1 = Higher Diploma, 0 = not .085 .279
DIP-TECH 1 = Technical Diploma, 0 = not .197 .398
RRR Index for Reading, Writing, Arithmetic 1.953 1.384
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3. SEGMENTATION ACCORDING TO THE LEVEL OF WAGES

One interpretation of dual labor market theory states that low wage

earners operate in a different market than high wage earners, and that

therefore the wage equations differ. In particular, in the low wage market,

education and job tenure do not pay because the market employs mainly

unskilled workers and does not provide any on-the-job training.61

Therefore, as a first test of duality in the Ivorian private wage

sector, we split the sample into low wage earners and high wage earners using

CFA 200 as the cut-off point (which yields 122 low wage earners). The! wage

equation estimated for each subsample reads

in w. = X8. + E
1 1 1

where i = 1 if w<200 and i=2 if w2200. In wiis the natural log of the wage

in sector i, and X is a vector of exogenous variables.

The cut-off point creates a truncated sample of wage earners (Cain,

1976; Heckman and Hotz, 1986). Assuming that ei is truncated normal with zero

mean and a variance equal to aii, maximum likelihood estimates are obtained,

first for each sample separately and then under the restriction

that 0, = 02. Estimation results are presented in Table 3.1.

Looking at the last column of Table 3.1, we find that returns to

schooling are high and increasing. The experience profiles show the familiar

61 Doeringer and Piore (1971), Cain (1976), Mazumdar (1981), Taubman and
Wachter (1986).
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pattern. For instance, occupation specific experience pays 12 percent per

year in the early years, then flattens out and peaks after about 27 years.

Table 3.1: Maximum Likelihood Estimates Wage Equation
for Low and High Wage Earners; Cut-Off Point is CPA 200

(T-Values in Parentheses)

Low Wage High Wage Restricted Model
$1 02 e1 = 02

Intercept 1.950 (3.25) 4.857 (11.36) 3.187 (12.33)
FEMALE 1.185 (2.09) .250 (2.50) .513 (2.73)
NAT .533 (1.34) -.163 (-.88) .149 (.91)
YRSCH .321 (2.17) -.027 (-.54) .092 (2.16)
YRSCH-SQ/100 -1.455 (-.95) .970 (4.01) .618 (2.45)
YRSTECH .554 (1.47) .128 (3.50) .187 (4.55)
YRSAPP .102 (1.40) -.049 (-.96) -.001 (-.03)
EXPOCC .099 (1.32) .102 (3.56) .120 (4.63)
EXPOCC-SQ/100 -.042 (-.15) -.211 (-2.25) -.224 (-2.43)
EXPGEN .167 (2.88) .015 (.59) .066 (3.23)
EXPGEN-SQ/100 -.265 (-1.89) -.089 (-1.13) -.177 (-2.13)
aii 1.114 (3.31) .458 (6.23) .719 (10.67)

Log Likelihood -211.604 -229.195

N. of Obs. 122 173 295

2

A X -test indicates that the restriction 018=2 is too severe. This

result depends, among other things, on the cut-off point chosen. We

reestimated the equations with CFA 100 and CFA 400 as cut-off points. In all

cases we had to reject the hypothesis that the wage equation fitted for low

(high) wage earners adequately describes the wage determining process for high

(low) wage earners. Test results are presented in Table 3.2. Thus, on the

basis of this test we can unequivocally reject the hypothesis of a homogeneous

private wage sector.
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Table 3.2: Test Results for the Hypothesis I = 2

Unrestricted Restricted
% of Log-Likelihood Log-Likelihood 2
Sample Value Value X Statistic *

Cut-Off Point

CFA 100 21.6 -226.577 -243.110 33.07
CFA 200 40.5 -211.604 -229.195 35.18
CFA 400 64.1 -231.063 -249.718 37.31

* The critical value at a .5 percent level is 28.30.

One can raise several criticisms about this test: it is conditional

on the exact specification of the wage equation being true and on the

distributional assumption. Also, it presumes that there is a single, though

unknown cut-off level - to which one might respond that if the cut-off level

varies between individuals and misclassification occurs, the two samples are

in fact a mixture of individuals in the two markets which biases the test

statistic downward. Finally, the estimation results of the low-wage sector

are not immediately supportive of characterizations of this sector: education

and both previous and occupational experience do pay. This may well indicate

that the wage rate as such is not a good indicator of sectoral identit;y. We

will address some of these issues in the next two sections, where we cdevelop

alternative tests for duality in the labor market.
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4. AN HEDONIC APPROACH TO JOB CHARACTERIZATION

Factor Analysis of Job Characteristics

To describe segments within a labor market on the basis of the salary

level alone is unsatisfactory, even if a way can be found to test convincingly

whether high and low wages are generated by the same process. The literature

on dual labor markets has stressed the importance of industry, firm and job

characteristics other than wages, as factors related to (or responsible for)

heterogeneity in the labor market (for example, see Oster (1979), Zucker and

Rosenstein (1981), and Anderson, Butler and Sloan (1987)).

Dividing the sample on the basis of industry or firm characteristics,

however, puts all workers within a given industry or firm in the same sector

of the labor market. Of course, it is quite possible that, say, white collar

workers in one industry belong to the primary sector, while unskilled blue

collar workers in the same industry belong to the secondary sector. Thus

differences in the wage determining processes among industries probably tell

more about the industry specific needs for labor (the production process) than

about labor market segmentation.

This problem is not prevalent when one is able to split the sample on

the basis of job characteristics specific to each worker in the sample. The

CILSS contains 15 such characteristics which are defined in Table 4.1.

Note that though some of these characteristics are clearly associated

with the primary or formal sector (e.g. social security benefits), others are

ambivalent indicators of the degree of formalization of the sector (e.g.

receiving food as payment). None of them can be considered perfect indicators

of whether a job belongs to the primary or secondary sector.
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Table 4.1: Definitions and Slunnary Statistics
of Wage Jobs in the Private Sector

Job Characteristic - Percent

Is your wage subject to minimum wage legislation? 46.78
Did you sign a contract? 33.22
Do you receive paid holidays? 52.88
Are you eligible for paid sick leave? 48.14
Will you receive a retirement pension? 40.34
Will you receive social security benefits? 26.78
Is your job unionized? 38.98
Do you received food as payment? 11.86
Do you receive a housing allowance? 9.15
Do you receive a transportation allowance? 36.61
Do you receive a clothing allowance? 13.56
Are you eligible for bonus payments, qualifications, etc.? 44.07
Did either one of your parents do this job? 6.78
Is the employer a relative of yours? 8.14
Do you use your own tools at work? 12.20

All variables are yes = 1, no = 0 dummy variables.

The degree of correlation among these characteristics is high.

Therefore, we performed a factor analysis, to reduce the dimension of the

problem. The first four factors, all with an eigen value exceeding 1.0,

explain 62 percent of the total variance in these 15 variables. Table 4.2

presents factor scores for these 4 factors (after varimax rotation).

The first factor is highly correlated with minimum wage, whether or

not a contract is signed, paid holidays and sick leave, and pension and social

security benefits, and is thus clearly characteristic for what is usually

associated as the formal, or primary, sector. The other factors are less easy

to interpret, though the third one, scoring negative on most regular fringe

benefits, and positive on food as pay, parents doing the same job and using

one's own tools, comes closest to an intuitive characterization of an informal

sector job.
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Table 4.2: Factor Loadings for Job Characteristics
(After Varimax Rotation)

Factor Factor Factor Factor
Job Characteristic 1 2 3 4

Minimum wage? .827 .147 -.153 -.015
Contract? .775 -.125 -.061 .055
Paid holidays? .830 .205 -.168 -.035
Paid sick leave? .771 .320 -.147 .079
Pension? .845 .170 -.122 -.027
Social security? .744 -.008 -.060 -.030
Union? .423 .502 -.160 -.350
Food as pay? -.177 .011 .658 .160
Housing allowance? .358 -.054 -.143 .707
Transportation allowance? .531 .586 -.001 .024
Clothing allowance? .044 .823 -.094 .091
Other payments? .713 .320 -.044 -.122
Parents had job? -.100 -.034 .676 .064
Employer relative? -.312 .111 .218 .646
Own tools? -.005 -.142 .667 -.163

Although the primary focus of this paper is to investigate segmentation

of the Ivorian labor market through the earnings function, on detailed

examination of the first factor (called FC1) is worthwhile in its own right, as

it may itself show segmentation. Line A in Figure 1 shows the frequency

distribution of the first factor. As in Oster (1979), one can fit a density

function that is a mixture of two normal densities; this one is shown by

line B.71 The data show more irregular spikes than the fitted

7/ Oster (1979) collapses industry characteristics into factors. To the factor

interpreted to indicate segmentation, he fits a mixture of normal densities:

f(FC1) = c0I(FC1) + (1 - c) *2(FC1 ) where Xi standards for a normal

N (pi,a..) density.
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density,8/ but the picture is suggestive of segmentation. If one were to

split the sample in two, 44 percent would be more likely a part of the primary

sector (i.e. FC1> -.00529), and 56 percent reside in the secondary sector.9/

But note that the observed frequency curve (Line A) shows a more distinct

intermediate group than the dual-mode fitted density. Segmentation is more a

continuum of heterogeneity than mere duality.

This sets the stage for our search for "duality" evidenced in

earnings functions, in the next two subsections. First, we use FC1 as an

index of "formalization" to divide the sample of wage workers into primary

(high FC1), intermediate and secondary (low FC1) sector workers, and we

estimate wage equations on the subsamples. Second, we model this somewhat

cumbersome approach by developing a switching regression with unknown regimes,

where the sample division is determined by the data in relation to the four

factors shown above and the size of the labor force of the firm that employs

the worker in the sample.

An Hedonic Search for Heterogeneity in the Private Wage Sector

The first factor extracted from the list of job characteristics, FC1,

allows us to assign workers to a primary or secondary sector. Since, as shown

in Figure 1, there is a significant intermediate group and since we desire to

8/ A goodness-of-fit test yielded a X (9) = 165.53 value, significant at any
level. The spikes may well derive from the dichotomous nature of the variables
that compose FC1.

.9/ The cut-off value is given by that value of FC1 that solves *,1 d = 2(FC1)F
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optimize the power of the test of duality, we will separate out a group of

intermediate sector workers and then test for equality in the parameters of

the primary and secondary sector wage equations only.

While the observed frequencies in Figure 1 might give some guidance

in choosing the subsamples, the cut-off values of FC, remain arbitrary. We

therefore select three subsamples of equal size initially, and verify the

conclusions for alternative strategies afterwards. Thus for now, the cut-off

values are FC1 = -.788 and FC1 = .592.

Of course, FCI is likely to be correlated with the wage level. This

is illustrated in Figure 2, showing box plots of the log wage in each

subsample.!°1 The correlation is evidenced by the rightward shift in the wage

distribution as we move from the secondary to the primary sector. However,

the spread in wages within each sector is sufficiently large to prevent the

selection on the basis of FC1 to be equivalent to splitting the sample on the

basis of wage levels.

Table 4.3 gives estimation results of the wage equation for each of

the subsamples. The results for the secondary sector (i.e. for the first 97

observations with the lowest value for the first factor) show very little

effect of the explanatory variables on the log wage rate. The R2 is .169,

while only SEX, YRSAPP and EXPGEN have coefficients that are significatntly

different from zero at the 10 percent level or better. Returns to schooling

are lower than we have seen before, and are imprecisely estimated.

°/ The three vertical bars of the box plot indicate the lower quartile,
median and upper quartile respectively. The triangle underneath the box
denotes the mean. The horizontal lines extending from the box reach out
to the minimum on the left and the maximum on the right.
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Table 4.3: Estimation Results for the Secondary, Intermediate and the Primary Sector
(T-Values in Parenthesis)

Intermediate Secondary

Subsample: Secondary Sector Sector Primary Sector and Primary Total Sample

INTERCEPT 3.222 (7.35) 3.424 (8.50) 4.572 (10.17) 3,184 (10.57) 3.282 (14.06)

FEMALE .532 (1.96) .402 (1.54) .482 (2.43) .480 (2.47) .441 (2.96)

NAT .054 (.24) -.088 (-.42) -,212 (2.43) -.135 (-.87) -.125 (1.05)

YRSCH .136 (1.62) .156 (2.51) .041 (.71) .089 (2.16) .109 (3.28)

YRSCH-SQ/100 -.552 (-.63) .194 (.44) .569 (2.22) .626 (2.59) .500 (2.43)
YRSTECH .118 (.97) .049 (.51) .101 (2.97) ,185 (4.51) .163 (4.46)
YRSAPP .074 (1.77) .031 (.70) -.087 (-1.81) .006 (.19) .013 (.53)
EXPOCC .039 (.92) .096 (2.77) .123 (5.22) .148 (6.47) .132 (7.08)

EXPOCC-SQ/100 -.006 (-.04) -.185 (1.53) -.250 (-3.17) -.270 (-3.22) -.246 (-3.68)

EXPGEN .063 (2.10) .068 (1.91) .025 (1.08) .057 (2.79) .054 (3.36)
EXPGEN-SQ/100 -. 074 (-1.24) -. 106 (-1.09) -. 033 (-.57) -. 054 (-1.28) -. 053 (-1.44)

.ii .876 .725 .312 .730 .723

N. of Obs. 97 101 97 194 295

2
R .169 .481 .647 .630 .582

The results for the primary sector are quite different. The E2 is

.647 and all variables, with the exception of general experience (EXPGEN) show

a significant impact. The results on years of schooling are consistent: with

an earlier finding that in C8te d'Ivoire returns to years of higher education are

higher than for elementary schooling (van der Gaag and Vijverberg, 1989). Thus,

again there seems to be some tentative evidence that there are two segrnents in

the market for labor: one with lower returns to schooling and with a fLat six

percent increase for every year of general experience and one that more

resembles the Mincerian human capital model, showing high returns to education

and the usual inverted-U patterns for both occupation specific and general

experience.
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To examine the sensitivity of this conclusion to the choice of sample

division, we repeated the exercise, using various cut-off points for the

subsamples, and performed F-tests for equality of the vectors of coefficients

of the wage equations in the secondary and primary sector. Test results are

presented in Table 4.4. All tests indicated significant differences between

the two sectors, at levels of 1 percent or better.

Table 4.4: F-Test for Equality of the Wage Equations
in the Secondary and Primary Sector

Subsample Size FC1 Cut-off Value F-statistical
Lower Upper

75-148-75 -1.035 1.023 6.23
97-101-97 -.788 .592 4.51
118-59-118 -.676 .245 4.79

147-148 -.242 5.40

a' The 1 percent value equals 1.85 or lower.

A Switching Regression Model for Labor Market Duality

The approach of Section 4.2 attaches much importance to the

interpretation of FC1 in relation to segmentation. It would be much

preferable to let data suggest segmentation in relation to FC1 and other

factors. A switching regression model is an appropriate tool for such

endeavor.

Let I be an index function that determines whether an observation

belongs to the primary or secondary sector. We assume I to be a linear

function of the first four factors of the factor analysis performed in section
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4.1, and of the size of the firm where the individual is employed, as measured

by the number of workers.

I ao + ai FC1 + a2 FC2 + c 3FC3 + a4 FC4 + a5 FC5+ e

_ Fa + £ (4.1)

in w =X1 + u1 if I < 0 (4.2)

in w =XB2 + u 2 if I 2 0 (4.3)

where FC ,...,FC4 are the four factors extracted from the job characteristics

and FC5 indicates the number of workers in the place of employment.

Once a distribution is assumed for the disturbance terms, the

parameters can be estimated by maximum likelihood. We assume that

[C,u1,u2J is N (0,Y) with

G = 1C aIa 12 (4.4)

(° °12a22

012 is in fact not estimable. Note that cov(e,u1) and cov(e,u2) are assumed

equal to 0, for the following reason. Though unknown, the variable I measures

sectoral identity. If I were known, we would proceed with the division of the

overall sample into primary and secondary workers, without regard to whether

the worker's wage is high or low, ceteris paribus; i.e., we do not take into

account the value of u1 and u2. Thus, exogenous (relative to wages) sample
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division is represented by zero covariances. Duality is then evidenced by

81$ 02 and a pattern of signs of a in correspondence to the interpretation of

the factors in section 4.1.11

Dickens and Lang (1985) estimate a switching regression model of labor

market duality where workers are assumed to receive wage offers from each sector

and then choose between the sectors. Although the sectoral choice is

unobservable to the researcher, it is an endogenous choice to the worker, i.e.,

depending on the wage in.each sector, and therefore cov(s,u 2) must

be non-zero. Note that our switching equation (4.1) models classification, not

choice.12/

Estimation results are presented in Table 4.5. The primary sector

estimates are essentially the same as the regression results presented in

subsection 4.2. The results for the secondary sector, however, show more

structure than the previous regression results indicated. Years of schooling,

technical training and apprenticeship, as well as years of occupation specific

/ Suppose non-zero covariances are allowed. That permits the situation

(through cov(e,u2)>O) that a ceteris paribus low wage is automatically

classified as a secondary sector wage. Instead of the correlation between

wages and explanatory variables X, the random variables would determine

sectoral identity. Maximum likelihood estimation with unrestricted

covariances showed this to be true: the correlation coefficient between

e and u2 iterated toward unity for any set of starting values.

2/ This is not to say that choice is necessarily irrelevant. See Section 5.
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and general experience, all show significant effects on the wage rates.

2 2 13/
A X -test still rejects the restriction 81 = B2 (X [17] = 134.68) , and it is

also worth noting that the unexplained variance for the secondary sector is much

larger (.933) than for the primary sector.

The switching equation shows that a high score on factor I and the size

of the firm both significantly increase the probability of belonging to the

primary sector. Indeed, the switching equation is highly successful in splitting

the sample. Thirty two percent of the sample are at least 90 percent likely to

belong to the informal sector, and 37 percent of the sample belong to the formal

sector with a probability exceeding 90 percent.14/

Thus we have a somewhat mixed picture. Clearly, the wage equations of

the primary and secondary sector, as defined by the switching regression model,

are different. But the interpretation of the coefficients for the secondary

sector do not allow for the usual characterization of the informal

13/ As in Dickens and Lang (1985), while 82 contains 11 parameters,

a is unidentified when 81= 82 and a1l= a22. Choosing df=17 (by restricting

a = 0) amounts to selecting a conservative test criterion.

4/ At one point during this study, we tested whether public sector employees
could be interpreted as belonging to this same formal sector with probability
one. If so, their wage relationship would form an anchor for this switching
regression model, because the regime for some workers (i.e. those in the
public sector) would be known rather than unknown. The outcome of the test
was a convincing rejection at the 1 percent level of significance. Public
sector employees are therefore left out of the picture, although it is an
interesting topic of further study.
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Table 4.5: Maximum Likelihood Estimates of the Switching Regression Model

Primary Sector Secondary Sector Switching Equation

Intercept 4.518 (17.48) 2.740 (7.08) -.072 (.25)
FEMALE .271 (2.21) .290 (1.02)
NAT -.062 (.66) -.138 (.66)
YRSCH .056 (1.95) .149 (2.34)
YRSCH-SQ/100 .600 (4.10) -.359 (.62)
YRSTECH .104 (4.68) .196 (1.87)
YRSAPP -.033 (1.35) .074 (1.87)
EXPOCC .102 (5.70) .065 (1.81)
EXPOCC-SQ/100 -.207 (3.77) -.062 (.46)
EXPGEN .018 (1.52) .132 (3.48)
EXPGEN-SQ/100 -.012 (.52) -.278 (2.58)
CY. .174 (6.54) .933 (7.68)
Factor 1 1.731 (4.58)
Factor 2 .386 (1.87)
Factor 3 .046 (.23)
Factor 4 .809 (2.78)
NWORK/100 .406 (1.89)

sector as one where human capital, as measured by education and experience, is not

rewarded. We will come back to this somewhat puzzling finding in Section 6.

So far our study has empirically established the existence of

segments within the private wage sector. The models employed, however, do not

shed any light on how individuals sort themselves among (or are chosen into)

various segments of the labor market. In the next section we will make a

first step toward such a structural model of labor market segmentation.
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5. A STRUCTURAL MODEL OF LABOR MARKET SEGMENTATION

Let f be an index of "formalization" of a job in the wage sector. A

high value of f indicates that the job is more "formal", i.e. more likely to

be part of the primary sector of the labor market. If there is labor market

segmentation, potential workers will queue for the preferred sector, and they

are chosen on the basis of their individual characteristics, not all of which

are necessarily productivity related.

This two-step process (an individual first tries to obtain a

rationed/preferred job, and is then chosen from the queue) results in each

worker having a job with a specific f factor. We assume that the overall

probability of obtaining such a job is a linear function of a vector Z,

f = Z y + n (5.1)

In its simplest form f takes the values 0 and 1 for the secondary and primary

sector, respectively. More generally, f gives the "level of success" of an

individual in obtaining a job in the primary sector, and equation (5.1) allows

us to investigate which factors do play a role in this process.

One might employ equation (5.1) as a selection equation in a

switching regression model with unknown regimes. Because of the choice

element in the model, correlations between the disturbance terms are rLon-

zero. This is the model of Dickens and Lang (1985). The quality of the

estimates depends on how the issue of identification is resolved.

Identification is obtained by including in Z some variables that are riot part

of the wage equations, or by making a particular distributional assumption

about the error terms. Estimates are generally considered sensitive to the
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latter (base on econometric work on simpler models), and it is hard to find

unique variables for Z.151 The model has a further weakness in that evidence

of labor market segmentation is based entirely on the separation of wage

equations. Dickens and Lang corroborate their (U.S.) findings with

correlating the selection equation parameter estimates with conclusions from

other research about the revealed preferences of those whom they now locate in

the secondary sector. But if wage equations would not show separation on

basis of the variables (personal characteristics) in the selection equation,

it would be the end of their discussion. In a model based on similar

principles, Magnac (1988) hypothesizes that individuals are pure income

maximizers. He interprets evidence deviating from this rule of sectoral

choice as an indication of segmentation, although he does acknowledge that

sector preference beyond salary would generate the same empirical model.

Segmentation theories involve more than wages: job characteristics

play a role as well. They are integrated in the model as follows.

If f correctly represents the level of "formality" of the job, it is

likely that job characteristics usually associated with jobs in the primary

sector, and summarized in the vector F that includes the four factor scores,

FCj, j = I, ... , 4, and firm size, NWORK, are proportional to this index f.

Thus we have

F = al + a2 f + c (5.2)

where al and a2 are 5-dimensional parameter vectors.

5/ Dickens and Lang do not have any unique variable in Z and rely entirely on
the normality assumption.
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A formal test of labor market segmentation can now be derived. We

write the wage function as:

in W = X'01 + (X'f) B2 + u (5.3)

Equations (5.1) - (5.3) constitute a structural model of wage determination in

a segmented labor market. It has the form of a single cause (f), multiple

indicator (F) latent variable model, and can be estimated by maximum

likelihood or two-stage methods. If the labor market is not segmented, we

will find 02 = 0, which provides us with a formal test for segmentation. The

model provides a stronger basis for identifying B2 than the Dickens-Lang model

in that evidence on segmentation is gathered from other indicators of

segmentation in addition to wage rates. Moreover, no distributional

assumption is necessary in regard to the wage equation if two-stage methiods of

estimation are used (see the Appendix).

Note, finally, that a criticism on models like these, namely that the

dual labor market theory cannot be distinguished from the neoclassical wage

theory (Heckman and Hotz, 1986, p.529), is at least partly obviated by the

fact that the formality index represents additional information (besides

wages) that helps to distinguish between the two theories. Rejection oiE a

Null Hypothesis of homogeneity is not a generic rejection, but rather yields a

"prior" that segmentation prevails: rejection is informative now.
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6. ESTIMATES OF THE STRUCTURAL MODEL OF LABOR MARKET SEGMENTATION

For purpose of estimation, we substitute (5.1) into (5.2) and (5.3):

F = al + a2 Z'y + e (5.2')

tn W = X's1 + (Z'y) X102 + v (5.2')

where e = e + an and v = u + (XW02) n . Let us indicate the covariance

structure as:

ee ne ue
cov (e', n, u) = z' a a

ne in nu
E a aue nu uu

Estimation of the model is complicated by the nonlinearity in the

parameters evident in (5.3') and the heteroskedasticity of v. Maximum

likelihood estimation is exceedingly tedious in comparison to the following

two-stage procedure. Equation (5.2'), represents a relatively simple

nonlinear system of equations that can easily be estimated by the nonlinear

seemingly unrelated regression method proposed by Gallant (1977) and Amemiya

(1977), yielding an estimate y16/ Given y, equation (5.3t) is linear

in (0I, a'), although the variance of v still depends on 82. Thus, we can

estimate (5.3') by OLS, in which case the heteroskedasticity of v is ignored,

16/ Another estimation method would be to include (4.3') in this nonlinear
system of equations and, ignoring heteroskedasticity, to estimate the
whole system at once. In practice, the iterative search did not converge
to a solution.
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or by maximum likelihood, which includes 32 in the regression equation as well

as the heteroskedastic variance, or by GLS. The likelihood function turns out

to be unbounded,-7/ so that GLS becomes the recommended estimation method.

GLS has the advantage that we can include the information that y only

estimates y, so that the estimator of (I 032) is more efficient. The exact

formulae are given in the Appendix.

Table 6.1 reports the first-stage estimates of the nonlinear system

(5.2'). The parameter vector y is identified only if one element of a2 is

fixed. We chose a2 1. The explanatory variables (FEMALE down to DIP-TECH)

are measured in deviation from their mean. This facilitates the

interpretation of the estimates of a, and 82: for the average

person, Z'y = 0 and, from (5.3') in W is predicted to equal X'81. Moreover,

with Z measured in deviation, a1=F. Recall that F' = (FC1 ,.., FC4, NWORK):

the means of the four factors equal 0, so that a1 ,=..=ac4=0 and the number of

parameters to be estimated in the first stage is somewhat reduced.

The set of explanatory variables includes human capital variab,Les

(RRR, YRSCH, YRSTECH, and GEXPER), dummy variables indicating diploma

attainment which may measure alternatively screening or motivation, and the

7/ The problem is similar to that analyzed by Goldfeld and Quandt (1975) in
2

the context of switching regression models. Note that E(v.) = auu+

2 (X!0 2)au+ (X!02)2ann If for one observation BI is chosen such

that in W.- X1- (Zy) X = 0 and X-B2* Xk$2 for all k*i, the

covariances can be chosen such that E(vi) approaches 0 and the value of

the likelihood function approaches infinity.
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background characteristics of sex and nationality. GEXPER is the Mincerian

measure of experience which includes apprenticeship training at (presumably) the

early part of one's working life, and recent occupational experience at the most

recent stages on one's career. YRSAPP is not separately entered, as in earlier

test runs it did not contribute, and entering occupational specific experience,

EXPOCC, would be tautological in this near-model of occupational choice.

Table 6.1: Estimates of the Nonlinear System of Equation a/

A. Model Parameters
Variable Estimate Estimates

FEMALE .0117 (.10) 0. b/
NAT -.1794 (-1.90) a12 O.
RRR -.0216 (-.40) 0
YRSCH .1114 (4.14) 0.3 ° b/
YRSTECH .1023 (2.96) 0.4 ° b/
CEXPER .0491 (3.53) a15 170.7490 (5.62)
GEXPER-SQ/100 -.0166 (-.67) a2l 1. c/
DIP-EL .0055 (.03) a22 .0463 (.53)
DIP-Hl .7071 (3.92) -23 .2998 (-3.31)
DIP-UPP -.4944 (-2.22) a24 .1022 (1.17)
DIP-TECH .1279 (.79) a25 189.6220 (4.12)

B. Covariance Structure
Covariance term Estimate

.5484
Ze - -.0210 1.0066
ee eu e _ .1370 .0063 .9663
Z'1 a _ -.0472 -.0022 .0142 1.0027
eu uu 40.5687 44.7694 -4.3168 -31.7157 2718175

.2031 .0459 -.0118 .0172 25.0338 .6449

a/ Asymptotic t-statistics in parentheses.
b/ Restricted because of variable means (see text).
c/ Restricted in order to identify y.
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The estimates suggest that non-Ivorians are at a disadvantage whlen it

comes to obtaining a formal sector job. Since Z'y has a standard deviation of

.67 across the sample of workers, the disadvantage of the non-Ivorians amounts

to one-fourth of a standard deviation, i.e., -.1794/.67 = -.28. Education,

technical training and experience all contribute to obtaining formal sector

jobs. A worker with 6 years of elementary school is a full standard deviation

"closer to formality". The experience effect is constant rather than

declining: 14 years contribute a one standard deviation change in Z'y. While

an elementary schooling diploma has no effect beside that measured through

YRSCH, formal sector jobs are substantially easier to get if the worker has a

junior high diploma. The coefficient on DIP-UPP seems the only anomalous one,

but -- recall that FC1 is strongly correlated with the presence of unions --

it may well be that, as in developed countries, white collar workers obtain

jobs in union-free environments.-8/

The estimates of the a-vector indicate that it would be erroneous to

associate our predicted factor of formality f = Z'y with factor FC1 only. FC3

and NWORK are related to the extracted formality index as well, FC3 in a

8/ It should also be noted that our sample contains private sector workers
only. Well-educated works in the public sector would, according to
standard definitions of the formal sector, automatically belong to this
formal sector. Nevertheless, the negative coefficient of DIP-UPP does not
indicate possible negative selectivity bias (i.e., that educated works who
do not obtain public jobs are somehow of poorer quality and thus also
rejected by the private formal sector), since Van der Gaag and Vijverberg
(1988) report no independent contribution of DIP-UPP to the likelihood of
obtaining a public sector job. In fact, the effect of DIP-UPP on this
likelihood was insignificantly negative.
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negative fashion, as one might anticipate on basis of the correlation with the

various job characteristics (Table 4.2).

Part B of Table 6.1 reports the estimates of fee and, for future

reference, of eu and a u. The covariances among el to e4 are small, not

surprising since FC1 to FC4 are orthogonal by construction. The correlation

coefficients with e5 are small as well, which jibes with our earlier finding

that NWORK is an independent indicator that cannot be incorporated into a

factor together with other indices of a job.

Before turning to the wage equation estimates, it is instructive to

consider the frequency distribution of the estimated factor of formality

f=Z r, shown by line A in Figure 3. As in Figure 1, there is once again some

degree of separation between high-f and lower-f workers, with the thus-defined

formal sector being quite small. The frequency curve is definitely not

univariate normal,!91 but might be represented by a mixture of two normal

densities,201 in which case the 79 workers with f>.355 would most likely

belong to the formal sector. Since there is so much overlap between these

'segments", it is preferable to view segmentation as a continuum.

19/ The Kolmogorov D statistic equals .079, significant at the 1 percent
level.

20! These densities are N(-.257,.205) and N(.936,.165). A goodness-of-fit test

yields X (9) = 17.14 which falls between X20 5 = 16.92 and X202 5 = 19.02. As

Figure 3 shows, there are still some important discrepancies between the

observed and predicted frequencies.
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Having calculated Z y, we are ready to estimate 61 and 82 and test

for labor market segmentation. Table 6.2 reports the estimates based on two

different methods: OLS (with asymptotic t-statistics that are corrected for

the two-stage approach) and GLS. The latter takes into account the

heteroskedasticity inherent in the random error v (equation t5.3'1) and the

information that y is approximated by y. As explained in the Appendix, one

needs an estimate for (E' , ' , a , ao, a ) to apply GLS. The estimate
ne ue nn nu uu

of aYn turned out to be negative but insignificant. That could indicate model

misspecification or a degenerate distribution of n. A test for the latter, i.e.,

whether (s' , a , a ) = 0, yielded an F-statistic of .87. The reported results

are therefore based on the assumption that n is degenerate.211 The estimates

of u and a are reported in Table 6.1, Part B.
ue uu

By construction of Z, the estimates of 8i indicate the effect of the

explanatory variables on the log-wage for an average worker in the private

wage sector of Cote d'Ivoire. The effect is modified by an amount

of 2(Z y) for any particular individual with an estimated formality

index Z y.

211 Even though ann is negative, the variance of the error term that includes v and

the difference between y and y (vi in the Appendix) is positive for all

observations, and the covariance matrix of the entire vector v is positive

definite. So the GLS estimators is still well-defined with the assumption of a

non-degenerate n but a negative estimate of a . The estimates are virtually

identical.
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Table 6.2: Estimates of the Wage Equation in the Structural Model

Basic OLS OLS in the GLS in the OLS with

Variable Regression Struc, Model Struc. Model Factors F

Intercept 3.282 (14.06) 3.790 (4,64) 3.906 (4.82) 4.079 (16.68)

FEMALE .441 (2.96) .429 (2.56) .420 (2.52) .390 (2.84)

NAT -.125 (-1.05) -.100 (-.65) -.089 (-.59) -.032 (-.30)
YRSCH .109 (3.28) .087 (.93) .077 (.83) .073 (2.29)
YRSCH-SQ/100 .500 (2.43) .262 (.50) .240 (.46) .351 (1.77)

YSRTECH .163 (4.46) .102 (1.30) .091 (1.16) .098 (2.83)
YSRAPP .013 (.53) .007 (.22) .004 (.11) .022 (.95)

EXPOCC .132 (7.08) .109 (4.02) .106 (3.92) .061 (3.14)

EXPOCC-SQ/100 -.246 (-3.68) -.218 (-2.98) -.214 (2.93) -.092 (-1.44)
EXPGEN .054 (3.36) .050 (2.00) .048 (1.91) .042 (2.69)
EXPGEN-SQ/100 -. 053 (1.44) -. 084 (-1.54) -. 085 (-1.56) -. 051 (-1.47)

zty*

Intercept - .937 (1.70) 1.006 (1.84) -

FEMALE - -. 046 (-.23) -. 045 (-.23) -

NAT - -. 095 (-.50) -. 087 (-.46) -

YRSCH - -. 033 (-.50) -. 038 (-.57) -

YRSCH-SQ/100 - .195 (.51) .246 (.65) -

YRSTECH - -. 036 (-.57) -. 030 (-.47)

YRSAPP - -. 049 (-.81) -. 049 (-.82)
EXPOCC - .028 (.87) .027 (.86)
EXPOCC-SQ/100 - -. 066 (-.62) -. 068 (-.63)

EXPGEN - -.065 (-2.65) -.066 (-2.71)

EXPGEN-SQ/100 - .130 (1.78) .135 (1.85) _

FC1 _ _ - .502 (7.69)
FC2 _ _ - .090 (1.86)
FC3 -_ _ -. 114 (-2.29)
FC4 _ - .065 (1.30)

NWORK/100 _ - .036 (.40)

2
a .723 .710 - .600
R2 .582 .606 - .659

Tests:
1) 2 1 '''"2, 1=° 14.56 15.59

2) 82 2= .. 2 "211=0 10.84 10.93

3) 82, 4=..82 ,11=0 9.70 9.87

4) 8B2 1=822 1o=2,11 ° 10.21* 10.86*

* Significant at 2.5 percent level.
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Thus, a worker who is one standard deviation closer to extreme formality

experiences an estimated effect of $I + .67 02 while someone on standard

deviation toward the informal extreme faces an effect of 81- .67 ;2.

The two estimation methods yield very similar results, which is

encouraging in view of the fact that the estimates are imprecise. The

2
statistical inefficiency of OLS shows in the form of lower x test statistics.

In addition, we may well blame multicollinearity for high standard errors:

while trying to maintain some measure of identifiability by including other

variables in Z, there is some amount of (sometimes implicit) overlap. The Wald

test statistics, reported at the bottom of the table, are therefore low.221

Yet, the most precisely estimated elements of O., related to the

intercept (82 1) and EXPGEN (82 10 and 82 11) are jointly significant at the

2.5 percent levels.

The results are consistent throughout with those found with the

switching regression model (Section 4). Females may have a smaller advantage

in the primary sector. Rates of return to schooling increase with the level

of education and with the degree of formality. Technical training,

apprenticeship experience and general experience are all rewarded more in the

221 Test 1 is a simultaneous test on the entire 82 vector. (x 10 = 17.28).

Test 2 refers to all coefficients on interaction terms of Z'y with X,

excluding the intercept. (X 10= 15.99). Test 3 further omits SEX and NAT

from the group of coefficients under consideration, since these merely

enter as intercept shifters (X 10 13.36). Test 4 focuses on the elements
of 2ht r mr reiel simtd.(2

of 82 that are more precisely estimated. (X.025 = 9.35).
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informal sector, while the formal sector pays for occupational experience.

Moreover, the intercept is larger as formal sector wages are higher

throughout. The only estimate different from those before is the effect of

nationality, but here and in other tables in this paper, estimates are

insignificant.

It may be that the factors F contain more information in the degree

of formality of the jobs that workers hold than is contained in the

estimate Z y. One may recall that the estimated variance of e2, e3 and e4 are

close to or exceeding unity, which is the variance of the factors FC2, FC3 and

FC4. The information in these factors is thus rather poorly captured

by Z y. The last column of Table 6.2 shows the regression with the vector F

entered as explanatory variables. While contributing considerable explanatory

power they also introduce, if the structural model is a valid representation

of reality, a certain amount of simultaneity bias.231 Thus, one should treat

the estimates in the last column of Table 6.2 with caution. The magnitude of

the GLS-estimates of $1 is generally between that of the restricted OLS model

(column 1) and the model with the factors F, with the exception of YRSC(H-SQ,

YRSAPP, and EXPGEN-SQ.24/ If one believes that the information content:

23/ To the extent that simultaneity in important, the hedonic model of section

4.2 is affected. A measure of the degree of simultaneity is the estimate

of z For example, the correlation between el and u equals .342.

241 The interaction of F with the explanatory variables was insignificant: the

F-statistic equaled 1.07, with 50 and 229 degrees of freedom (F 05 =

1.42).
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of F contributes more than the simultaneity bias introduced by F, Z'y is

indeed an index of formality, albeit an imprecise one. Note finally that the

size of the work force in the working place of an individual (WORK) is

instrumental in distinguishing the degree of formality (Tables 6.1 and 4.5),

but has no effect on wages directly; either simultaneity bias is strong --

which is unlikely with an estimated correlation between e5 and u of .019 in

Table 6.1, part B -- or the variable carries information on formality. A

similar conclusion is not directly evident in relation to the factor scores

FC1 to FC4.
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7. SUMKARY AND CONCLUSION

This paper has presented four separate tests of labor market

segmentation. The first two, splitting the sample of workers by the level of

their wages or by job characteristics, are existing tests, although we combine

job characteristics more comprehensively through factor analysis. The third

test includes more information on job characteristics and allows the data to

determine the sample split. The fourth test involves a structural model

relating job characteristics to a formality index and allows one to see how

workers are sorted, by their characteristics, into the segments of the market

(segmentation being defined as a continuum) and how wages vary according to

the formality index. This test is broader than the nearest existing one in

that it bases the evidence of segmentation on more determinants than just wage

equations.

The conclusion is unanimous: segmentation exists. The Ivorian

private sector labor market is heterogeneous. The number of segments might be

two, but if so, there is so much overlap between the segments that it is more

fruitful to view segmentation as a continuum. This is subject to two

interpretations: (1) rather than two segments with a chasm between them,

there exist many segments separated by little gaps, or (2) the labor market is

a collection of closely competing submarkets, much like a hedonic market

(Tinbergen, 1951; Rosen, 1974) where the underlying divider is a so-far

unobserved productive attribute.

The LDC labor force also contains large numbers of self-employed

workers. The CILSS survey shows twice as many workers on own account and

unpaid family workers outside agriculture as there are wage employees in the
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private sector. This group of workers is also heterogeneous, with rates of

return to their labor that are lower but fairly comparable to the earnings of

comparable private sector wage workers (Vijverberg, 1988a, 1988b). Whereas

standard discussions of labor market duality draw a demarcation line at or

near the boundary between self-employed and wage workers, these studies

combine to suggest the existence of a hedonic labor market extending across

the different employment activities. Such implication raises the importance

of the self-employed sector as a form of employment buffer for macroeconomic

fluctuations.

Whether one views the labor market as segments with gaps or competing

submarkets determines whether one considers the labor market inefficient or

efficient. To fit the pieces of the puzzle better together, one needs to show

that the heterogeneity of private sector wage workers overlaps with the

heterogeneity among self-employed workers. In other words, competitive

returns in and bi-directional mobility between similar segments of the two

groups strengthens the case for the neoclassical efficient market view.

Furthermore, evidence of mobility between segments gathered from longitudinal

surveys would further help251 - but if markets are efficient, one might in

fact expected limited mobility after an optimal initial choice has been made,

except for evolutionary career developments that necessitate a job change.

Therefore, to complete the puzzle, one must show that the submarkets indeed

compete or not. These, in addition to corroborating the findings of this

paper with other samples of workers, are the topics for future research.

25/ Fields (1980), House (1984).
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APPENDIX

ECONOMETRIC ISSUES BEHIND THE STRUCTURAL MODEL OF SEGMENTATION

This Appendix provides the econometric details behind the two-stage

estimation of the structural model of labor market segmentation proposed in

Section 2 of this paper.

In the first stage of a nonlinear system of equations is estimated by

the iterative seemingly unrelated regression proposed by Gallant (1977) and

Amemiya (1977). The asymptotic distribution of the first-stage estimator is

needed for the second stage. We will use the notation of Gallant to write

this compactly.

The system of equations to be estimated is:

Fl= al + a2 ZiY ei1 2 Z .ye

where i indexes the observation (i=l, ... , n). Let us write this in implicit

form for each equation m as

m m em

where 0 is the vector of parameters in equation m (e.g., [a = [ 2 2 Y ]);

qm (e m) and em are n-dimensional vectors stacking observations; and

m m [qm(Fmit Z1 t . qm(F n Z n 0i)I.

Define Qm (om) as a (n * Pm) - sized matrix, Pm being the length

of 0 m, given as

aq (e)
QM (o = m ,m

m
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and define Q = Diag (Ql(e1), ... I Q5(e5)), a matrix of size (5n)*(pl+p2+...+p5).

Each 0 is the vector of parameters specific to equation m, but in

estimation we need to impose cross-equation restriction. Define p as the

parameter vector of interest: p' = (y', al, c4), of length r. Define Gm as

the derivative of 0m with respect to p:

cm ~mas
Gm = m

and define the (P1+....+P5)* r matrix G by C' = [GG1...G5 1].

Then, following Gallant (1977):

p - p - IIG'Q'(IZ) (£ e Z'Z) (10Z') QG'*

G'Q'(4Z) (ee GZ'Z) (102') e

with e' = (el, el, ... , e.). Since we only need y for the second stage, we

only use the first, say, k elements of this expression, k being the length

of y. Let us therefore write

y - y= A (I02) e (A.2)

In the second stage we estimate the equation

in w. X!B1 + Z!Y X!B2 + Vi

Note: 9 denotes the Kronecker product.
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where v. = ui + Xi. ni. Since we insert y for y, we actually estimate

In w= XVs + Z!Y X!8 i (A.3)

where

v =U + X!0 2 ni - (X!0 2 ) Z!(Y Y) (A.4)

i u+ X!82 ni - (X!2) Zi A (IQZ)e (A.4')

While (A.3) can be estimated by OLS, the error term v is clearly

heteroskedastic and correlated between observations, since e appears in the

formula for every vi (see equation (A.4').

For notation write:

Y = [Qn WiJ

R = [X! (Z!y)X!]

q (v v')

The OLS estimator equals (R'R)Y1 R'Y, with corrected covariance matrix

(R'R)Y' R a R (R'R)Y1 . The GLS estimator that takes into account both the

heteroskedasticity through n and the fact that y replaces y is defined

as (R n R) R Q Y, with covariance matrix (R' fl R)Y1 .

What remains are the expressions for the elements of Q and the

estimation of the covariance parameters that are used in n. From (A.4) and

(A.4') we find:
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A2 +X! 2a

a iE(vi = ay + 2 (X!02) a * (X!02)a11 1 1111 I rIU 1. 2 lu

- 2 (x!8 2 ) Z!A (IgZ.) z

-2 (X!0 2 ) ZiA (TZ) zue

2 z
+ (X!i 2 ) Zi cov (y) Zi (A.5)

where cov (y) is the (k*k) upper left block of the inverted matrix in square

brackets in equation (A.1). The covariance of the error terms of observations

i and j equals

a = E[v v.)1- (X!02) (XVB2) Z! A (IjZ) z

(X! 2) (x12) Zj A (IOZ) ne

- (X!2) Z! A (IOZ.) e
12 I. ue

- (x'X32 ) Z' A (I9Z.) u
1 ue

+ (X!0 2 ) (X18 2 ) Z! coV (y) Z. (A.6)

The elements of 9 are thus defined, but the covariance parameters

a,u a , a , Z and E are still unknown. These can be estimated. by

using the consistent OLS estimator of 82 in equation (A.6) and regressing the

squared OLS residual on the appropriate terms:

-2 -

Vi = E[vi] + error (A.7)

Additional information is available through the product of v. and emi (the

error of equation m in the first stage):
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vi emi E[vi emi + error (A.8)

where

E(v. e .) = (X!' 2) a + o
I ml I e u

m m
(A.8')

- (X!0 2) Z! A (J*Zi) e
1. 1I eem

m

where a e and aue are the mth element of Ze and u , and I is the mth
- ~ ~m m m
row of Ie . Thus, (A.7) - (A.8) is a system of 6 linear equations with

cross-equation restrictions. Note that the last terms of both (A.6) and

(A.8') are already known.
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