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This DPhil thesis comprises three empirical essays that survey the evolution of gender
differences in the labour market of urban Colombia since the 1980s. The first essay
examines the evolution of gender segregation using occupational indices between 1986
and 2004, and presents a decomposition of their changes over time using a technique
proposed by Deutsch et al. (2006). We find that a substantial proportion of the
reduction in segregation indices is driven by changes in both the employment structure
of occupations and the increasing participation of female labour observed over these
years. The second essay assesses the effects of occupational segregation on the gender
wage gap in urban Colombia between 1984 and 1999. The empirical strategy involves
the estimation of a counterfactual distribution of female workers across occupations, as
if they had been treated the same as their male counterparts. This provides a basis to
formulate a decomposition of the gender wage gap in which the explained and
unexplained portions of the gender distribution of jobs are explicitly incorporated. The
results indicate that the unequal distribution of women and men across occupations
actually helps, on average, to reduce gender pay differences in urban Colombia,
particularly in the ‘informal’ segment where the labour income differential between
women and men is the largest. The third and final essay examines the effects of trade
liberalisation on the gender composition of employment across manufacturing
industries in urban Colombia from 1981 to 2000. The empirical strategy involves a
comparison of estimates drawn from different panel data techniques. As a main
finding, we verify that increasing trade flows are associated with higher proportions of
female employment.
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Introduction

This thesis comprises three empirical essays on the evolution of gender differences in
the labour market using more than two decades of data from urban Colombia. In this
sense, these data provide the basis to assess how long-term social and economic trends
regarding the differentiated situation of women in the labour market have evolved in a
semi-industrialised economy. The discussion revolves around three key gender aspects
in the Colombian labour market, namely, (i) occupational segregation, (ii) gender wage
differences, and (iii) female employment allocation across industries. These three

issues constitute the backbone of the empirical chapters comprising this thesis.

In addition to a brief description of the chapters, we also provide in this introduction a
succinct portrayal of the country and the main data sources used within the thesis. The
main statistical source for the analyses presented in Chapters 1 and 2 are the
microdata drawn from the National Household Survey, which was gathered on a
quarterly basis between 1984 and 2000.! The household survey data have already
been extensively used in empirical research on Colombia. The primary use of this
information by the Colombian government is the measurement of employment levels
in the main metropolitan areas of the country in order to provide statistically
representative estimates for the urban population based on a stratified clustered multi-
stage sampling design (DANE, 2004). These data are also used by many international
agencies, including the International Labour Organisation, the Economic Commission
for Latin America and the Caribbean, the United Nations and the World Bank, to
provide estimates of labour market participation rates and welfare indicators for the

urban population of this country. In order to facilitate comparisons over time, we

L After this year, household surveys are gathered permanently (not quarterly) using a different

survey design.



restricted the sample to those cities regularly surveyed in all quarterly waves from the
mid 1980s to 2000. These are represented by the seven metropolitan areas of Bogota,

Medellin, Cali, Barranquilla, Bucaramanga, Manizales and Pasto.

In Chapter 3 we use data from the Annual Manufacturing Survey collected by the
Colombian Statistical Bureau (DANE, from its acronym in Spanish) as a census amongst
all firms with more than ten employees, as well as firms with fewer than ten workers
but with a production value above a given threshold. This survey is used for multiple
purposes including national accounts, monitoring the performance of manufacturing
industries in this country, and has also been widely used in applied econometric
research (Cfr. Eslava et al,, 2009, Roberts and Skoufias, 1997, Roberts and Tybout,
1997). For the purposes of this research, data from this survey can only be grouped
and compared across the same ISIC Rev.2 codes between 1981 and 2000. Although it
reports employment data disaggregated by gender and skill level, the survey does not
provide information on labour costs (or wages) for men and women separately. In

Chapter 3 we also use tariffs and trade data from the National Planning Department.

We now turn attention to some background information about urban Colombia.
According to the Human Development Report for 2006, Colombia is a medium human
development country with a life expectancy of about 73 years, an adult literacy rate
close to 93 per cent (UNDP, 2006), and a GDP per capita of US$5,682 at purchasing
power parity.2 The country has experienced an improvement in most of its
development indicators over the last decades. Its GDP per capita grew at an annual rate

of 1.3 per cent between 1986 and 2004, although it is still below the average for Latin

2 According to World Bank, World Development Indicators (WDI) October 2008, ESDS

International (Mimas), University of Manchester (Last Access: 13 October 2008).



America and the Caribbean.3 The human development index for urban areas in this
country rose from 0.774 in 1991 to 0.794 in 2001 (PNUD, 2003) and by 2004 access to
drinking water and sanitation was above 96 per cent of the urban population of the
country.* Similarly, the percentage of the population with incomes below the national
poverty line in the seven main cities of Colombia decreased from 59.9 per cent in 1990
to 48.0 per cent in 2004 with extreme poverty falling from 14.6 per cent to 12.0 per

cent over the same period (Isaza et al., 2010).

The urban population in the seven main metropolitan areas of Colombia has exhibited
a substantial demographic change over the last decades due to a strong decline in
fertility rates and growth in life expectancy. Consequently, the composition of the
labour market has also witnessed some marked changes in the seven main
metropolitan areas of this country. While the proportion of those of working age by
Colombian standards (12 years old and more) grew from 73.2 to 77.7 per cent between
1986 and 2004, such an increase in absolute numbers meant an addition of 4.7 million
people, equivalent to an increment of 62.4 per cent in the number of potential

workers.5

Colombia has undertaken an intensive process of market-oriented reforms since 1990,
comprising a comprehensive package of trade liberalisation policies as well as a major
restructuring of government functions, including privatisations and decentralisation of
government functions and resources towards provinces (or departamentos) and

municipalities (see Edwards, 2001 for a comprehensive review). The process of

3 According to World Bank (/bid), this is 70.1 per cent of the average for Latin America and the
Caribbean in 2004.

4 World Bank, (Op. Cit.).

5 Population estimates based on household survey microdata for the seven largest metropolitan

areas.



economic reform in Colombia has been accompanied by some progressive
developments with an emphasis on the incorporation of gender and women'’s issues in
Colombian legislation. The constitutional reform of 1991 established an inclusive
policy of women in decision-making positions within public administration (Art.41), an
explicit mandate to guarantee equal rights and opportunities for both gender groups,
and the obligation of the State to assist and protect women in vulnerable situations
(e.g., those in unemployment or acting as household heads (Article 43)). The 1991
constitution also endorsed the enforcement of international conventions on labour and

their provisions in regard to gender equality (Article 53).

As indicated above, the main body of the research undertaken for this thesis is

contained within three empirical chapters, which are now briefly outlined in turn.

In Chapter 1, we examine the evolution of gender segregation indices by occupation in
the urban labour markets of Colombia between 1986 and 2004. For this purpose, we
implement three different measures of occupational segregation for several sub-groups
of the labour force in terms of age, schooling levels, sector of employment (government
vs. private sector), and segment of employment (formal vs. informal). In addition to the
conventional and widely used Duncan and Duncan (1955) dissimilarity index, we
compute other measures of horizontal occupational segregation by gender, comprising
the Gini coefficient based on the distribution of jobs by gender (see Deutsch et al,,
1994) and the Karmel & MacLachlan (1988) index of labour market segregation.
However, the analysis of segregation measures by occupation over time is subject to a
number of methodological difficulties. On the one hand, segregation indices are
sensitive to the number of occupations used in their computation, so the finer the
classification of occupations, the higher the corresponding index value. On the other
hand, absolute difference measures such as the Duncan and Duncan (1955)

dissimilarity index are sensitive to changes in both female labour force participation



and the structure of occupations. In order to address these issues, we implement a
decomposition technique of segregation indices proposed by Deutsch et al. (2006) in
which the effect of changes in ‘net segregation’, that is changes in the share of women
within particular occupations, is separated from changes in ‘gross segregation’ in both,

the gender composition of the overall labour force and the structure of occupations.

Although this study is focused on just one country, it exploits the advantage of having
compatible data from household micro-level data surveys covering 19 years on 82
occupational groupings. We find that a substantial proportion of the reduction in
segregation indices for this country is driven by changes in both the employment
structure of occupations and the increasing female labour participation observed over
these years, while changes in the gender composition of occupations have favoured

mainly government employees and those with university education.

Chapter 2 is devoted to the analysis of the effects of occupational segregation on the
gender wage gap in urban Colombia where improvements across both dimensions of
gender inequality have been observed since the mid-1980s. In particular, we
investigate whether female occupational intensity can be related to lower wages and
whether the segregated nature of the distribution of jobs by gender explains some part
of the gender pay gap in this country. On the one hand, our empirical strategy involves
the estimation of a counterfactual distribution of female employment once the decision
to participate in the labour market has been taken. We do this with a multinomial logit
model in which the dependent variable is categorical in nature and comprises 23
occupation categories in the formal and 16 in the informal sector. Using the
multinomial logit coefficients for the male subsample, we estimate a counterfactual
distribution of female jobs (in the hypothetical scenario they were treated in the labour
market in the same way as their male counterparts for the purposes of occupational

allocation) to identify which portion of the wage gap can be attributed to both the



explained and unexplained components of occupational segregation within an Oaxaca-
Blinder decomposition framework. On the other hand, we also calculate log wage
equations in which the percentage of female workers in a given occupation is included
as an explanatory variable in addition to controls for occupation fixed effects. We find
that the effects of occupational segregation on the magnitude of gender wage
differences are modest, at the same time most of the unexplained portion of the gender
wage gap is attributable to the presumable discriminatory treatment of human capital
characteristics such as formal schooling and years of potential labour force experience.
We find also that female occupation intensity is associated with lower wages for
women in the formal sector across all years reviewed in this chapter, a result that is in

line with the empirical findings from similar applications in other countries.

In Chapter 3 we exploit a natural experiment provided by the trade liberalisation that
occurred in Colombia at the beginning of the 1990s to see its possible effects on the
gender composition of the workforce across manufacturing industries. In order to
account for the effects of changes in capital technology, our empirical strategy controls
for different types of capital stock per worker (namely, machinery, office equipment
and transport equipment) within a fixed-effects instrumental-variables framework in
which estimates drawn from a variety of instruments are compared.6 We also include a
concentration index variable in order to account for changes in the degree of market
power in order to assess Becker’s hypothesis in relation to labour market
discrimination, according to which increasing competition should erode monopolistic
rents and reduce costly discrimination against women in the labour market. Our
findings confirm that increasing levels of trade openness in the terms of both import

penetration and export orientation tend to be associated with higher shares of female

® Estimates are also compared with dynamic panel coefficients based on the Generalised Method of

Moments (GMM) proposed by Arellano and Bover (1995) and Blundell and Bond (1998).



employment although this effect appears to be differentiated in terms of skill level.
Equally we find that manufacturing industries with higher levels of industry
concentration tend to have lower female shares of jobs. Our variables for different
types of the stock of capital per worker suggest that machinery and office equipment
are associated with higher shares of female jobs, particularly in the white-collar

workers category.
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Chapter 1: Occupational Segregation by Gender -An Empirical

Analysis for Urban Colombia (1986-2004)

1.1 Introduction

Gender discrimination in the labour market has several dimensions. The more widely
studied is the gender wage gap itself while others, such as occupational gender
segregation, have merited less attention in the empirical literature. This may be
explained by methodological problems arising from the appropriate choice of the
occupational aggregation level, as well as changes to the classifications of occupations
over time. Despite these difficulties, differences in the pattern of jobs performed by
men and women and their evolution over recent decades are still an important issue in

the study of labour markets.

The existing literature suggests large and persistent gender differences in the
distribution of jobs typically performed by men and women in all regions of the world
although, the degree of occupational horizontal segregation by gender has exhibited a
substantial decrease in recent decades (Deutsch et al., 2002, Tzannatos, 1999, Baunach,
2002, Anker et al., 2003, Semyonov and Jones, 1999). There is less agreement, however,
on how to measure occupational segregation. It has been found that the Duncan and
Duncan (1955) dissimilarity index and other absolute difference measures are sensitive
to the number of occupations used in their computation (see Melkas and Anker
(1997)). Another problem with conventional measures of segregation is that they are
influenced by increases in the number of men and women entering the labour force and
by the extent of female labour force participation. Blackburn and Harman (2005) found

that in some developed countries, such as Sweden and Finland, high levels of
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occupational gender based segregation co-exist with high degrees of gender equality
and low levels of the gender wage gaps. As argued by Semyonov and Jones (1999), in
the gender analysis of occupations, nominal (or horizontal) segregation as measured by
dissimilarity indexes is conceptually different from occupational inequality (or vertical
segregation) and may be influenced in a different way by the labour market structure
and the level of socio-economic development. From a statistical point of view, all of this
suggests that measures of occupational segregation are sensitive not only to changes in
female labour participation but also to changes in the structure of occupations. This is
problematic from a policy analysis perspective, since changes in segregation indices
over time may not be entirely explained by changes in the gender composition of

particular occupations.

This chapter is devoted to enhancing understanding about the evolution of horizontal
gender based occupational segregation over time through an empirical application
using data from urban areas of Colombia over the period 1986 to 2004. In addition to
the conventional Duncan and Duncan (1955) dissimilarity index, this chapter presents
other measures of horizontal occupational segregation by gender comprising the Gini
coefficient based on the distribution of jobs by gender (see Deutsch et al., 1994)) and
the Karmel & MacLachlan (1988) index of labour market segregation. In order to
address some of the biases mentioned above on segregation measures, we implement a
decomposition technique proposed by Deutsch et al (2006) in which in the effect of
changes in ‘net segregation’, this is changes in the share of women within particular
occupations, is separated from changes in ‘gross segregation’ in both the gender
composition of the overall labour force and the structure of occupations. Although this
study is focused on only one country, it exploits the advantage of having compatible
data from household micro-level data surveys covering 19 years on 82 occupational
groupings. The remainder of the chapter is organized as follows. The next section

presents a review of the existing literature on gender segregation in the labour market
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and its measurement. The third describes the data while the fourth provides some
contextual background on Colombia. The fifth section reports the empirical results
using three different measures of horizontal gender-based occupational segregation in
urban Colombia and presents an analytical decomposition of their changes between

1986 and 2004. The final section offers some concluding remarks.

1.2. Literature Review

1.2.1 Gender-based occupational segregation: some basic concepts

A precise definition of occupational gender segregation should distinguish between
three overlapping concepts: exposure, concentration and segregation (Blackburn and
Jarman, 2005). Exposure is related to the degree of social contact and interaction that
one gender group has with those from the other in the labour sphere. A high degree of
occupational segregation by gender implies that male workers enjoy a low exposure to
women. Concentration relates to the composition of the labour force by gender and is
measured in one or more occupations. By definition, concentration can only be equal
for men and women in the case that both gender groups are equally represented in
absolute numbers. Segregation relates to the existence of a differentiated pattern of
occupations predominantly performed by either women or men. Gender-based
occupational segregation is clearly linked to gender inequality in the labour market. In
this context, horizontal and vertical dimensions should be distinguished. Semyonov and
Jones (1999) suggest that horizontal and vertical segregation should be interpreted as
two different theoretical concepts. Based on data from a cross-sectional analysis of 56

countries, they conclude that the structural characteristics of the labour market affect
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both dimensions of gender segregation in different ways. For instance, while increasing
female labour participation tends to be associated with lower levels of horizontal
segregation, they find that in those countries where women comprise a large
proportion of the labour force their access to ‘high-status’ occupations appears more

restricted.

Blackburn and Jarman (2005) note the paradoxical case for some developed countries
(e.g., Sweden and Finland) of high levels of horizontal segregation by gender co-existing
with high degrees of gender equality and small gender pay gaps. In short, they explain
that although women and men enjoy equal access to education and training
opportunities, female career paths tend to specialize in female dominated jobs where
their access to managerial positions is higher. In this way, high levels of horizontal
segregation may be possible with high levels of gender equality in terms of gender pay

gaps and female representation in managerial positions.”

1.2.2 Measuring occupational segregation: methodological issues

The dissimilarity index (hereafter, DI) is the most popular measure of horizontal
occupational segregation in the literature (Anker et al., 2003, Anker and Melkas, 1997,
Blackburn and Jarman, 2005, Mulekar et al, 2007, Silber, 1989, Karmel and
MacLachlan, 1988). It was originally proposed by Duncan and Duncan (1955) to

analyse the degree of geographical segregation of non-white communities in the United

7For an earlier discussion about gender occupational segregation in Nordic countries, see
MELKAS, H. & ANKER, R. 1997. Occupational segregation by sex in Nordic countries: An

emprical investigation. International Labour Review, 136.



23

States. The Duncan and Duncan or dissimilarity index, DI, is defined by the following

formula:

n

2

i=1

H, i=12,..n (1.1)

pr=tyh M
25/F M

where n is the number of occupations, F; and M; are the number of female and male
workers in occupation i respectively, and F and M refer to the total number of female
and male workers. This measure may be interpreted as the percentage of women
and/or men who have to move to different occupations (activities) in order to generate

a completely even distribution of jobs by gender group.

Despite its popularity, the DI has some methodological weaknesses. In particular, the
index is sensitive to the number of categories used in its computation (Blackburn et al.,
2001). For instance, the DI will increase, ceteris paribus, with the number of
employment occupations. This entails obvious difficulties in trying to compare the
degree of occupational segregation based on a crude measure of the DI across countries
with different classification systems of occupations or in the case of time series
analyses when a given classification system incorporates new occupations. One way in
which this problem is addressed in the literature consists of limiting the computation
to a small number of categories. For example, in a cross-sectional comparison of
employment segregation by gender, Tzannatos (1999) uses six economic activities for
the 61 countries included in the analysis, while Semyonov and Jones (1999) deploy
seven major occupational categories to compare 56 countries. If the data are highly
disaggregated more sophisticated procedures have been suggested by, among others,

Blackburn et al. (2001), Blackburn and Jarman (2005) and Anker (2003).

Another caveat with the DI is that it equally weights each occupation regardless of its
share in total employment (Silber, 1989: 239). Alternative measures have been

suggested to incorporate in a more adequate way the heterogeneity of the occupations’
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relative weights by the use of concepts developed from the income inequality literature
(see Silber (1989) for a detailed discussion). Specifically, these measures take
advantage of the fact that the DI was developed originally from the concept of the
segregation curve which, in the case of gender occupational segregation, is a graphical
representation of the cumulative proportions of female and male workers in each
occupation. The segregation curve is analogous to the Lorenz curve in the income
distribution literature. A number of measures have been formulated but, in the current
chapter, we use a Gini coefficient based on the distribution of jobs by gender. Formally,
the Gini coefficient of the distribution of jobs by gender is given by the following

expression:

M; M |F/M F-/M-|

] ]

'—1 J—l

where M; and F; are defined as in (1.1). It should be noted that because the weights used
in the computation of GI are implicitly the shares of each occupation in total female
employment, it represents a weighted relative mean of deviations of the male/female
ratios from an average gender distribution of jobs within occupations. It follows that
because the DI is a simple average of mean deviations from occupational gender ratios,
GI and DI should yield similar results (Deutsch et al, 1994: 134). However, GI has the
advantage of being less sensitive to changes in the weights of different occupations

over time.

An additional problem with the DI relates to the practical feasibility of its
interpretation. In the hypothetical scenario that the female (or male) labour force were
re-distributed as suggested by the index, it would mean a change in the underlying
structure of the labour force, either in terms of occupations or economic activities. In
order to address this problem, Karmel and MacLachlan (1988) have formulated an

index of the proportion of people required to change job in order to obtain the same
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distribution of jobs for men and women without altering the underlying occupational

structure. This index may be expressed as:

=3,

M, . F
a? @ a)T‘ (1.3)

where a (=F/(M+F)) represents the female participation in the labour force and T=M +
F. This index dominates the traditional DI expressed in (1) because it takes into account
that men and women have different participation rates in the labour force (Deutsch et
al, 2002: 22). Thus, the KM index is less sensitive to changes in female labour force
participation which is typically increasing over time and has the potential of biasing
downwards the conventional DI. It is possible to derive an alternative measure of KM in
which the female labour participation may be held constant over time so the changes in
horizontal gender occupational segregation between different periods may be netted
out from changes in the overall gender composition of the labour force. Assume two
periods of time t=1,2 and their corresponding shares of female employment such that
a; < az. Assume also that their corresponding indexes for the two periods are such as

KM; > KM>. Then, we have:

KMl = Zinzl

Mi_ B 5
2™ —a ai)T‘ (13)

represents the index for t=1 and

KM 2= Zin:l

M, F
%~ - az)?‘ (1.3b)

is the corresponding index for t=2. We may also estimate an alternative segregation
measure, KM* for t=2 in which the share of female employment is held constant at the

level of period 1 such as
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Thus, the total differential of employment segregation between t=1 and t=2 as

measured by KM would be
A= KM, — KM, (1.4)

and the differential net of changes in female labour force participation would be
A* = KM, — KM,. (1.5)

Therefore, controlling for changes in female labour force participation makes the KM
index amenable to inter-temporal decompositions in which changes in the level of
female labour force participation may be an important factor in the evolution of

occupational segregation. 8

One of the methodological difficulties in the measurement of gender occupational
segregation relates to the comparability of different classifications under which the
data on occupations are collected over time. Even if an occupational classification
remains unaltered over a long period of time, comparisons between different estimates
of the same segregation measure for two or more periods are uncertain without
reference to their variability. A similar concern applies when judging differences in
dissimilarity indexes for different socio-demographic groups within the same
population. Deutsch et al. (1994) suggest a bootstrap technique to compute standard
errors and confidence intervals for the segregation measures (see also Deutsch et al,,

2002). The technique consists of drawing a number of random samples (i.e., 500) with

8 For computational convenience, it should be noted that KM,= 2a(1-a;)DI, (see Karmel and
MacLachlan, 1988: 189). Then it follows that KM*;= 2a;(1-a;)DI; where a; is the female labour

force participation rate for period 1.
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replacement from the original sample for each year to compute for every sample a
corresponding segregation measure. Subsequently, the distribution of bootstrapped
segregation measures is used to compute relevant confidence intervals. In this
empirical application, we implement this technique in order to assess differences
between different groups of the labour force in terms of age, education and labour
market segment (i.e., formal and informal workers). For this purpose, we draw 500
samples of size equal to the original sample for every one of the years included in this
study to obtain standard errors and 99 per cent confidence intervals. This enables
statistical inference about differences in segregation measures both over time and

between the particular labour force groups outlined above.

1.3. Data

The data used are derived from household surveys gathered in the seven main
metropolitan areas of Colombia on a quarterly basis between 1986 and 2000 and on a
monthly basis between 2001 and 2004. These cities represent around 36 per cent of
the national population and almost one-half the country’s urban inhabitants. These
surveys provide micro-level data on more than 100,000 individuals within the labour
force (aged between 15 and 65 years) per year and include information about
occupations using a consistent classification of 82 categories over the entire period (see
Appendix 1.1). At the two-digit level, it is identical to the International Standard
Classification of Occupations ISCO-68.The Colombian classification of occupations was
created by the National Learning Service -SENA and the International Labour

Organisation in 1968 (DANE, 2000).
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1.4. Background

As explained in the introductory section of this thesis, Colombia has undertaken an
intensive process of market-oriented reforms since 1990. This process of economic
reform in Colombia has also been accompanied by some progressive developments
with an emphasis on the incorporation of gender and women'’s issues into Colombian
legislation. The introduction of market-oriented reforms in Colombia initiated in 1990
ushered in a restructuring of the state through decentralization of state functions,
privatisations and the introduction of private enterprises for the provision of social
services. We do not aim formally to provide any conjectures about the effects of those
reforms on the overall size of government employment. However, our data suggest that
the number of people working for the government in urban Colombia has decreased
either in absolute numbers or relative to total employment between 1986 and 2004.
The number of government employees contracted in most of the years after 1991 when
the reforms were initiated, while its share of total employment in urban Colombia fell
from 11.7 per cent to 6.3 per cent over this period. By gender, the reductions in
government employment affected mainly the male labour force while women increased
participation in the public sector from 41 per cent of all government jobs in 1986 to
around 50 per cent after 2000.2 To some extent, these results suggest that the
constitutional reforms implemented in Colombia after 1991 designed to enforce an
inclusive policy for women at all levels of public administration of this country have led
to a more egalitarian composition of government employment by gender. However,
they also suggest that retrenchment in the public sector has hit hardest on male
employment in urban Colombia, probably as a result of austere fiscal policies and/or

institutional reforms.

9 Ibid.
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1.5. Empirical results

1.5.1 Occupational dissimilarity indices by gender in urban Colombia, 1986-2004

Horizontal gender-based occupational segregation has exhibited a marked decline in
Colombia between 1986 and 2004. During this period, the DI for the entire labour
market decreased 8.7 per cent during this period, while the GI and KM estimates
contracted by 5.9 and 3.8 per cent, respectively. We also computed KM* (see expression
(1.3c)) in order to generate a counterfactual outcome for KM in which female labour
force participation is held constant at the level of 1986 over the whole period. The
results not only confirm a reduction in occupational segregation but also suggest that in
holding female labour force participation constant at the 1986 level for all years, the
extent of gender occupational segregation would be lower than that suggested by the
original KM index (see Figure 1.1). This finding may be regarded as counterintuitive but
it may simply reflect the fact that the increasing share of women into the labour force
requires a larger proportion of people to move from jobs in order to have the same

distribution of occupations across gender groups (see section 1.4, above).

The 99 per cent confidence intervals constructed through the bootstrap technique
indicate that all segregation measures for 2004 are statistically different from those
based on estimates for 1986 with negligible standard errors in all cases. For instance,
the estimate for the DI for 2004 for all workers (.4999) lies outside the corresponding
confidence interval for the same index in 1986 (0.5501 and 0.5506), which allows us to
infer that the index in 2004 is significantly lower than that observed in 1986. The same

consideration is valid for differences in segregation indicators estimated across
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different groups of the labour force (see Table 1.1).10 It must be noted that the degree of
association between the three dissimilarity measures is very high as is generally the

case in the literature, and reveals similar patterns of change for most of the years.11

Figure 1.1: Indices of occupational segregation by gender in urban Colombia,

total labour force, 1986-2004
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Source: own calculations based on household surveys micro-data for seven main metropolitan

areas.

In order to establish whether the pattern observed above is valid for all groups in the

labour force, dissimilarity indicators were estimated separately for the formal and

10 Estimates of bootstrapped standard errors and confidence intervals of segregation indices for
all years are available from the authors.
11 The correlation coefficients between DI and GI and KM are 0.999 and 0.953, while the

coefficient between KM and GI is .965.
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informal segments of the labour market, by educational level, selected age groups and,
government and private sector workers (see Table 1.1). In the first case, we defined the
formal segment as comprising waged workers and skilled self-employed workers and
consigned to the informal (or atypical employment) segment of the labour market all
other workers (i.e., unskilled self-employed workers, family workers without
remuneration and domestic servants). According to the KM index, horizontal
occupational segregation by gender is highest in the informal sector in all observed
years (see panel a in Figure 1.2). However, the same estimates also reveal that the
extent of horizontal gender occupational segregation has decreased in both the formal
and informal segments of the labour market in urban Colombia. According to the KM
index, the reduction of the latter is 6.8 per cent compared to a contraction of about 4.1

per cent in the former between 1986 and 2004.

We also investigate the effects of demographic structure by dividing the labour force
into three different age groups: 15 to 30 years old (the youngest group), 31 to 45 years
old (the middle-age group) and, 46 to 65 years old (the oldest group). According to the
KM index for 1986-2004, occupational segregation has decreased mainly amongst the
youngest workers (15 to 30 years old) while exhibiting a substantial increase amongst
the oldest. In the first case the reduction was about 10 per cent while in the second it
grew 6.2 per cent. Those in the mid-range of age (31 to 45 years old) recorded a slight
reduction (0.7 per cent) over this period. As in the cases documented above, the
differences between age groups are statistically significant using the bootstrapped
standard errors. Overall, trends by age groups indicate a reduction in the dispersion of
segregation levels and a clear reduction amongst the youngest workers in particular

(see Panel b in Figure 1.2).
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Figure 1.2: Karmel and MacLachlan Index of occupational segregation by gender

in urban Colombia, selected groups of the labour force, 1986-2004
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Table 1.1: Measures of dissimilarity in the distribution of occupations by gender and groups of the labour force in Urban Colombia: 1986

and 2004

Groups of the labour force Dissimilarity Index Gini Karmel and MacLachlan
Standard Standard Standard
Year| Mean Error [99% Confidence Interval] | Mean Error [99% Confidence Interval] | Mean Error [99% Confidence Interval]
All workers 1986| 0.5504 0.0001 0.5501 0.5506 0.7458 0.0001 0.7456 0.7460 0.2597 0.0001 0.2595 0.2598
2004| 0.4994 0.0001 0.4991 0.4997 0.7011 0.0001 0.7009 0.7014 0.2448 0.0001 0.2446 0.2449
Informal workers 1986| 0.6305 0.0002 0.6300 0.6310 0.8139 0.0001 0.8136 0.8143 0.3150 0.0001 0.3148 0.3152
2004| 0.5891 0.0002 0.5886 0.5896 0.7937 0.0003 0.7930 0.7943 0.2936 0.0001 0.2934 0.2939
Formal workers 1986| 0.5215 0.0001 0.5212 0.5219 0.7031 0.0001 0.7028 0.7034 0.2320 0.0001 0.2318 0.2321
2004| 0.4690 0.0002 0.4686 0.4694 0.6366 0.0001 0.6362 0.6370 0.2225 0.0001 0.2223 0.2227
Private sector 1986| 0.5466 0.0001 0.5463 0.5469 0.7456 0.0001 0.7453 0.7458 0.2563 0.0001 0.2562 0.2565
2004| 0.4973 0.0001 0.4970 0.4976 0.7011 0.0001 0.7008 0.7014 0.2428 0.0001 0.2426 0.2429
Government employees 1986| 0.5305 0.0007 0.5286 0.5324 0.7129 0.0003 0.7121 0.7136 0.2557 0.0003 0.2548 0.2566
2004| 0.4362 0.0005 0.4348 0.4376 0.6097 0.0005 0.6084 0.6109 0.2157 0.0003 0.2150 0.2164
15 to 30 years old 1986| 0.5477 0.0002 0.5473 0.5481 0.7572 0.0001 0.7568 0.7575 0.2670 0.0001 0.2669 0.2672
2004/ 0.4860 0.0002 0.4855 0.4864 0.6702 0.0002 0.6697 0.6706 0.2403 0.0001 0.2400 0.2405
31 to 45 years old 1986| 0.5446 0.0002 0.5441 0.5452 0.7384 0.0002 0.7380 0.7388 0.2559 0.0001 0.2557 0.2562
2004| 0.5169 0.0004 0.5159 0.5179 0.7187 0.0002 0.7182 0.7191 0.2540 0.0002 0.2536 0.2545
46 to 65 years old 1986| 0.5630 0.0005 0.5615 0.5644 0.7609 0.0002 0.7603 0.7615 0.2275 0.0002 0.2268 0.2281
2004| 0.5154 0.0003 0.5147 0.5161 0.7414 0.0002 0.7409 0.7419 0.2416 0.0001 0.2412 0.2419
Primary education 1986| 0.6426 0.0002 0.6422 0.6431 0.8375 0.0001 0.8372 0.8378 0.3032 0.0001 0.3030 0.3034
2004| 0.6385 0.0002 0.6379 0.6392 0.8285 0.0002 0.8281 0.8290 0.3119 0.0001 0.3115 0.3122
Secondary education 1986| 0.5274 0.0002 0.5270 0.5278 0.7194 0.0001 0.7190 0.7197 0.2489 0.0001 0.2487 0.2491
2004| 0.5474 0.0002 0.5470 0.5478 0.7314 0.0001 0.7310 0.7317 0.2677 0.0001 0.2675 0.2679
University education 1986| 0.3862 0.0004 0.3852 0.3871 0.5392 0.0003 0.5383 0.5401 0.1821 0.0002 0.1817 0.1826
2004| 0.3167 0.0003 0.3160 0.3173 0.4778 0.0003 0.4771 0.4786 0.1561 0.0001 0.1557 0.1564

Source: own calculations based on household survey data for labour force aged between 15 and 65 years in the seven main metropolitan areas. See text for

definitions of different groups of the labour force.




The composition of the labour force in urban Colombia also recorded important
transformations in terms of its educational structure. We thus calculated the same set
of horizontal segregation measures for three schooling levels: workers with five or less
years of schooling (i.e., primary education), workers with six to 11 years of schooling
(i.e., secondary education), and workers with 12 or more years of schooling (i.e.,
university education). This particular disaggregation of the labour force provides the
widest differences in the horizontal occupational segregation indices by gender and
suggests that since the mid-1980s education has been a key factor in the evolution of
gender occupational differences in the labour market of urban Colombia. On the one
hand, estimates of the KM index for all years suggest an inverse relationship between
educational levels and occupational segregation. As can be seen in Panel c of Figure 1.2,
the KM index is the lowest for workers with university education and the highest
among those with primary or less over all years (see also Table 1.1 for other indices).
On the other, the reduction of segregation indicators alluded to above for the whole
labour force is concentrated solely among those workers with university education. All
of this suggests that increasing educational levels amongst female workers and, in
particular, the rising proportion of these with university education appear as one of the
main driving forces behind the reduction in gender based occupational segregation in

urban Colombia.

As previously noted, our data suggest a re-structuring of government employment in
urban Colombia in which women, after 2000, have steadily increased their share of
public sector jobs to around 50 per cent (see Panel d on Figure 1.2). According to all the
indices computed in this study, gender occupational segregation has exhibited a more
marked decline amongst government workers compared to the rest of the labour force
between 1986 and 2004. For instance, the KM index fell by 15.6 per cent in the former
case compared to a reduction of 5.3 per cent for the latter case over this period. All

other indices suggest a similar pattern of change (see Table 1.1 above). Interestingly,
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our measures of gender occupational segregation for government employees appear to
be lower than those of the private sector after 1992, when most of the constitutional
reforms towards a more egalitarian participation of women in government positions

were put in place.

1.5.2 Decomposition of changes in segregation indices over time

As suggested above, the DI and other segregation measures may be sensitive to changes
in both, the structure of occupations and the gender composition of the labour force.
From an analytical point of view this represents a major problem since a reduction in
occupational segregation indices may be possible without any changes in the gender
(or ethnic) composition of particular occupations. In addressing this problem, Deutsch
et al. (2006) proposed a generalisation of a decomposition technique originally
introduced by Karmel and MacLachlan (1988) to identify what portion of a given
change in a segregation index may be due to changes in ‘net’ segregation, this is
changes in the gender/ethnic ratios of particular occupations, and what part of the
change may be driven by ‘gross’ segregation which is due to changes in both the
gender/ethnic composition of the overall labour force and the structure of occupations.
According to Deutsch et al (2006), a change in a segregation measure over time may be

defined as

Al =1,—1I, (1.6)

where I, and I, represent, respectively, the indices for the final and initial periods of
time. These two indices can be drawn from segregation matrices whose typical element
in its internal structure, p;, represents the ratio T;/T where T is the number of

individuals in occupation 7 from gender j and T is the total number of workers. The
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margins of this matrix are defined by pi=T;/T and p;=T;/T which denote, respectively,
the horizontal margins (or occupation shares) and the vertical margins (or gender

shares).

The total variation A may be expressed in terms of the variations in ‘net’ and ‘gross’

segregation: 12

Al = f(Am, Ais) (1.7)

where Am and Ais represent, respectively, changes in the margins and in the internal
structure of the segregation matrix. By applying the concept of the Shapley
decomposition from the income distribution literature, Deutsch et al. (2006) propose

that the change in a segregation index as in (1.6) and (1.7) may be expressed as

Al = ACp, + AC; (1.8)

where AC, represents the contribution of changes in the margins, or gross segregation,
and AC; represents the contribution changes in the internal structure, or net
segregation. Deutsch et al. (2006) demonstrate that these two components can also be

expressed as

ACy = (3) F(8m) + (5) [f (Am, Ais) — f(Ais)] (1.9)
and
ACi = (5) f(ais) + (5) [f (am, Ais) — £ (am)] (1.10)

where Am denotes the change in the margins, Ais represents the change in the internal

structure. According to Deutsch et al. (2006), the numeric solution for (1.8) to (1.10)

12 As explained by Deutsch et al (2006), this technique could be applied to more than two groups
of the labour force although our presentation here refers to the conventional gender

dichotomous approach.
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can be achieved through the derivation of a set of matrices which are obtained through
the interaction of both the margins and the internal structure of P and V. In order to
spell out this more clearly, let S be a matrix which has the internal structure of matrix P
and the margins of matrix V. This matrix can be obtained by successive iterations (see
Deming and Stephan, 1940) in which the first step is to multiply all elements p;; by the
ratios v;/p; to obtain a matrix X. Then, the elements of X are multiplied by the ratios
v,;/x; where v; and x; are the vertical margins of the matrices V and X to obtain a matrix
Y. After several iterations, the resultant matrix will converge to a matrix S with the
internal structure of P and the margins of V. Similarly, a matrix W with the internal
structure V and the margins of P may be obtained if we invert the process from V to P.

Other necessary matrices are

matrix L with the internal structure of P, the vertical margins of P and the
horizontal margins of V;
- matrix K with the internal structure of P, the vertical margins of V and the
horizontal margins of P;
- matrix C with the internal structure of V, the vertical margins of V and the
horizontal margins of P and;
- matrix F with the internal structure of V, the vertical margins of P and the
horizontal margins of V (see Deutsch et al. (2006) for details on the derivation).
Thus, the contribution of changes in internal structure, as in equation (1.8) above, can

be conveniently re-expressed as

1
ACis = (5) (hy = Ip) + Uy = 1) (1.11)
while in the case of the contribution to changes in the margins, this could be as

ACw = (3)[Us = 1) + Uy — 1)) (1.12)
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However, from a policy perspective, it is interesting to differentiate between the
specific contribution of changes in female labour force participation and those from

changes in the structure of occupations. In other words, this is

AC,, = Cp + C; (1.11)

where C, and C: represent the contributions from changes in the structure of
occupations and gender totals, respectively. This could be expressed in terms of the
index values I obtained from their corresponding matrix denoted by the subscript.

Therefore, C, and C; can be estimated as

=) )= 1)+ Us = 1] + [Uy = 1) + (I = 1,)] (1.12)
and
Ce= ()3 [ — 1) + Us = ] + [l = 1) + U = 1)] (1.13)

which together satisfy (1.11). To sum up, a change on a segregation index between two

periods of time can be decomposed as

Al = Ci.s‘ + Ch + Ct! (114)

which can be more explicitly divided into: (i) changes in the gender composition of
occupations, Cj, (ii) changes in the labour market structure of occupations, C, and (iii)

changes in female/male shares into the labour force, C-

Using the methods described above, we programmed the decomposition described in
expression (1.14) in Mata, a matrix programming language in Stata, for the three
segregation indices already used in this chapter between 1986 and 2004 but, for the

sake of brevity we focus the analysis on the KM. 13

13 Decomposition results for Gini and KM indices are reported in Appendix 1.2.
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For the labour force as a whole (see Table 1.2), we find that just 17.1 per cent of the
variation in the index for all workers originated in changes of net segregation while the
remaining 82.9 per cent comes from changes in gross segregation. The same
decomposition results indicate that increasing female labour participation explains, by
itself, 1.5 times the total variation in the KM index, a change which was just partially
offset by changes in the structure of jobs. Decomposition results for the DI and Gini also
indicate sizeable contributions of female labour participation to the total variation of
these indices (see Appendix 1.2). These findings confirm that the increasing share of
women workers in the labour force is actually driving most of the reduction in the

segregation indices reported in this study for all workers in urban Colombia.

A broadly similar result is found between formal and informal workers where the
variations in the KI are mainly driven by gross segregation. In the former, changes in
female labour force participation and occupations’ structure represent by themselves
more than twice the reduction in the KI while changes in the net segregation operate in
an opposite direction. In fact, decomposition results for the other two indices (see
Appendix 1.2) reveal an increase in net segregation for formal workers. All of this
suggests that, even though the reduction in segregation indices is the largest amongst
formal workers, this result is driven by changes in the margins which mask an increase
in net segregation for this segment of employment. On the other hand, the reduction in
segregation measures for informal workers was modest compared to that of the formal
sector. Our decomposition results indicate again that most of this reduction in the KM
index is driven by changes in the margins with more than half coming from increases in
female labour participation. To sum up, while all indices suggest a reduction in gender
based occupational segregation for both segments of the labour force, a closer
inspection of the decomposition analysis indicates that the gender composition of

particular occupations is roughly the same over this 19 years period. In order to take
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this issue further, we have to determine whether this result holds for all groups of the

labour force.

Table 1.2: Shapley decomposition of changes in Karmel and MacLachlan (1988)

index between 1986 and 2004 in urban Colombia (seven largest metropolitan

areas)
1) (2) (3) (4) 5)
Groups of the labour ~ Female/male  Occupations’ (1+2) Internal Gross change
All workers -0.023 0.010 -0.012 -0.003 -0.015
151.7% -68.8% 82.9% 17.1% 100.0%
Formal workers -0.006 -0.015 -0.020 0.011 -0.009
58.1% 153.7% 211.8% -111.8% 100.0%
Informal workers -0.012 -0.008 -0.020 -0.001 -0.021
57.1% 37.6% 94.7% 5.3% 100.0%
Primary education -0.007 -0.013 -0.020 0.028 0.009
-75.3% -149.1% -224.4% 324.4% 100.0%
Secondary education 0.006 0.002 0.009 0.010 0.019
33.7% 11.8% 45.5% 54.5% 100.0%
University education -0.007 -0.007 -0.014 -0.012 -0.026
26.6% 28.0% 54.6% 45.4% 100.0%
Government workers -0.004 -0.013 -0.017 -0.023 -0.040
10.4% 32.5% 43.0% 57.0% 100.0%
Private sector workers -0.004 -0.009 -0.013 -0.001 -0.014
27.7% 66.4% 94.1% 5.9% 100.0%
Aged 15 to 30 years old -0.015 -0.017 -0.032 0.005 -0.027
54.7% 64.8% 119.5% -19.5% 100.0%
Aged 31 to 45 years old 0.003 -0.003 0.000 -0.002 -0.002
-154.3% 158.3% 4.0% 96.0% 100.0%
Aged 46 to 65 years old 0.015 -0.001 0.015 0.000 0.014
107.1% -4.1% 103.0% -3.0% 100.0%

Source: own calculations based on household survey data for labour force aged between 15 and
65 years in the seven main metropolitan areas. *: as a percentage of the mean value of the

indices.

By educational levels, it should be noted that the KI reported a significant reduction
only amongst those workers with university education. In this group of workers, we
observe a sizeable contribution of net segregation which by itself represents almost
one half of the variation in the KM index between 1986 and 2004 (a result that is

confirmed by the other two indices - see Appendix 1.2). For those with primary and
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secondary education, the decomposition of changes in the KM index suggests that, in
both cases, the gender ratio of particular occupations became more segregated leading
to an increase in net segregation between 1986 and 2004. In other words,
decomposition results by educational levels indicate that only in the case of workers
with university education there was a substantial change towards a more egalitarian
gender composition of occupations over these years. As explained in the previous
section, this was incidentally the group of the labour force with the lowest indices of

occupational segregation by gender for all years reviewed in this study.

The division of the labour force between government and private sectors suggests that
changes in net segregation explain 57.0 per cent of the variation of the KM index in the
former compared to just 5.9 per cent in the latter. It should be remarked that the
reduction in net segregation amongst government workers is the largest one of all
subgroups of the labour force in urban Colombia between 1986 and 2004, not only for
the KM but also for the other two indices. This is in line with the interpretation
reported above regarding the effects of the gender legislation in Colombia which is,
presumably, more enforceable in government institutions. In contrast, the reduction in
the KM index amongst workers in the private sector is dominated by changes in gross
segregation, with more than one quarter of it coming from increased female labour
force participation and nearly two thirds from changes in the structure of occupations.
In other words, just 5.9 per cent of the reduction in this index amongst workers outside
government is explained by changes in the gender composition of particular

occupations or net segregation.

Finally, the division of the labour force by age groups indicates that although the largest
reduction in the KM index was reported for the youngest (15 to 30 years old), this
variation is driven entirely by changes in gross segregation. This means that while the

gender composition of occupations for this group became more segregated between
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1986 and 2004, changes in the overall structure of occupations and the increasing
labour force participation of women acted in an opposite direction to reduce the KM
index across these two years. For those aged 46 and 65 years old, the slight increase in
the KM index was driven mainly by changes in female labour participation which
suggests that a substantial proportion of women entering the labour force within this
age group did so in female dominated occupations. The only age group with a reduction
in segregation is represented by those between 31 and 45 years old, in which most of
the variation can be explained in terms of an improvement in the gender ratio of
particular occupations. It is also interesting to observe in this age group that the effect
of the increasing participation of women in the labour force contributed to raising the
index, presumably as a result of more women joining female dominated occupations, an
effect that was offset by changes in the structure of occupations in which less
segregated occupations are increasing their share into the overall employment
structure. To some extent, this finding is in line with our analysis from the alternative
KM index in section 1.5.1, according to which the level of segregation would be higher
for all years if female labour participation remained at the level of 1986. All of this
suggests again that an increasing proportion of women in the labour market imply a
proportionally larger reallocation of workers from both genders in order to keep the

level of segregation measures at the same level.

1.6. Conclusions

According to the measures used in this study, gender occupational segregation has
exhibited a statistically significant reduction in urban Colombia between 1986 and
2004. The use of datasets with a harmonised classification of occupations for the whole

period provided an opportunity to implement a set of segregation measures that, in one
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way or another, overcame some of the more conventional difficulties in the
measurement of occupational segregation by gender. In addition, the use of
bootstrapped standard errors yielded a statistical basis to verify that most of the
observed changes between 1986 and 2004, as well as the differences in point estimates
between different groups of the labour force in terms of age, education and type of

employment (formal and informal), are statistically significant.

From a methodological point of view, the implementation of different segregation
measures such as the alternative version of KM in which changes in female labour force
participation are held constant allows us to make some interesting qualifications about
the observed trends in urban Colombia between 1986 and 2004. Even though
conventional dissimilarity indices suggest a reduction in occupational segregation by
gender for all age groups, once the effects from the rising share of women in the labour
force are controlled for it becomes fairly evident that an important proportion of those
women entering the labour force are doing so into highly segregated occupations.
Results disaggregated by education also reveal that only in the case of workers with a
university education is there an unambiguous reduction in the extent of horizontal
gender based occupational segregation as measured by the indices used in this study.
But clearly, from all subdivisions of the labour force presented here, the largest

reduction in the KM and DI was found amongst government workers.

The decomposition of the changes in occupational segregation measures between 1986
and 2004 indicates that the main underlying force in the reduction of gender
occupational segregation indices for all workers during this period was the increasing
female labour participation. The same decomposition results (and the level of indices
by themselves) suggest that the majority of women in urban Colombia are still
employed in female-dominated occupations and that a substantial proportion of those

entering the labour force are doing so into these type of jobs. This explains why
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horizontal segregation measures by gender remain so persistently high in the urban
areas of Colombia. We have found convincing evidence that the lowest levels of
occupational segregation are found amongst workers with university education and
those employed by the government. The decomposition results indicate that those are
the groups in which a less segregated gender composition of individual occupations
(net segregation) played a major role in the reduction of segregation indices. In the case
of government workers, we find suggestive evidence that the introduction of gender
equality legislation at the beginning of the 1990s and its interaction with a more
regulated institutional environment to enforce these provisions in the public sector are
fundamental forces behind this result. In the case of workers with university education
the reduction in the indices is less pronounced than in the case of government workers
but they remain as the least segregated in terms of gender. The increased access of
women to university education has favoured their access to a wider variety of
occupations in which academic credentials, rather than gender roles, are more relevant.
[t is also true that more educated workers in general are more likely to be aware of, and

eventually demand, their gender rights.

All of this suggests that institutions play a differentiated role in the level of horizontal
gender segregation amongst some groups within the labour force. All horizontal
segregation indices are consistently lower amongst those with university education
and those in government jobs. Interestingly, the differences in point estimates between
government employees and the rest of the labour force are rather small before 1991
but subsequently the level of segregation in the former exhibited a substantial
reduction only equalled by workers with university education. To some extent, this
evidence is consistent with the fact that the new Colombian constitution enacted in
1991 mandated an inclusive employment policy for women in all levels of public

administration. In the same vein of analysis, it becomes clear why all measures of
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gender occupational segregation are the highest amongst informal workers, given the

unregulated nature of this segment of the labour market.

We were able to provide an optimistic story about the evolution of horizontal
occupational segregation in urban Colombia, as far as the formal and the informal or
atypical employment segments of the labour market are concerned. However, we do
not provide any conjectures about the extent of vertical segregation and the access of
women to managerial and decision-making positions within occupation. In this respect,
the story may be somehow less positive, in particular among vulnerable groups such as

unskilled older workers outside the formal sector.
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Table A1.1: Colombian Classification of Occupations

1 - Physical Scientists and Related Technicians

54 - Maids and Related Housekeeping Service

2 - Architects, Engineers and Related Technicians

55 - Building Caretakers, Charworkers, Cleaners and

3 - Engineering technicians, Surveyors,

56 - Launderers, Dry-Cleaners and Pressers

4 - Aircraft and Ships' Officers

57 - Hairdressers, Barbers, Beauticians and Related

5 - Life Scientists and Related Technicians

58 - Protective Service Workers

6 - Medical, Dental, Veterinary and Related

59 - Service Workers n.e.c.

7 - Professional nurses, optometrists,

60 - Farm Managers and Supervisors

8 - Statisticians, Mathematicians, Systems

61 - Farmers

9 - Economists

62 - Agricultural and Animal Husbandry Workers

11 - Accountants

63 - Forestry Workers

12 - Jurists, lawyers and judges

64 - Fishermen, Hunters and Related Workers

13 - Teachers

70 - Production Supervisors and General Foremen

14 - Workers in Religion

71 - Miners, Quarrymen, Well Drillers and Related

15 - Authors, Journalists and Related Writers

72 - Metal Processers

16 - Sculptors, Painters, Photographers and

73 - Wood Preparation Workers and Paper Makers

17 - Composers and Performing Artists

74 - Chemical Processers and Related Workers

18 - Athletes, Sportsmen and Related Workers

75 - Spinners, Weavers, Knitters, Dyers and Related

19 - Professional, Technical and Related Workers

76 - Tanners, Fellmongers and Pelt Dressers

20 - Legislative Officials and Government

77 - Food and Beverage Processers

21 - General managers

78 - Tobacco Preparers and Tobacco Product Makers

30 - Production managers (except farm)

79 - Tailors, Dressmakers, Sewers, Upholsterers and

31 - Government Executive Officials

80 - Shoemakers and Leather Goods Makers

32 - Stenographers, Typists and Card- and Tape-

81 - Cabinetmakers and Related Woodworkers

33 - Bookkeepers, Cashiers and Related Workers

82 - Stone Cutters and Carvers

34 - Computing Machine Operators

83 - Blacksmiths, Toolmakers and Machine-Tool

35 - Transport and Communications Supervisors

84 - Machinery Fitters, Machine Assemblers and

36 - Transport Conductors

85 - Electrical Fitters and Related Electrical and

37 - Mail Distribution Clerks

86 - Broadcasting Station and Sound Equipment

38 - Telephone and Telegraph Operators

87 - Plumbers, Welders, Sheet Metal and Structural

39 - Clerical and Related Workers n.e.c.

88 - Jewellery and Precious Metal Workers

40 - Managers (Wholesale and Retail Trade)

89 - Glass Formers, Potters and Related Workers

41 - Working Proprietors (Wholesale and Retail

90 - Rubber and Plastics Product Makers

42 - Sales Supervisors and Buyers

91 - Paper and Paperboard Products Makers

43 - Technical Salesmen, Commercial Travellers

92 - Printers and Related Workers

44 - Insurance, Real Estate, Securities and

93 - Painters (buildings, construction, etc)

45 - Salesmen, Shop Assistants and Related

94 - Production and Related Workers n.e.c.

49 - Sales Workers n.e.c.

95 - Bricklayers, Carpenters and Other Construction

50 - Managers (Catering and Lodging Services)

96 - Stationary Engine and Related Equipment

51 - Working Proprietors (Catering and Lodging

97 - Material-Handling and Related Equipment

52 - Housekeeping and Related Service

98 - Transport Equipment Operators

53 - Cooks, Waiters, Bartenders and Relaters

99 - Labourers and workers n.e.c.

Source: adapted from DANE (2000).
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Table A1.2.1: Shapley decomposition of changes in Gini segregation index

(Deutch et al,, 1994) between 1986 and 2004 in urban Colombia (seven largest

metropolitan areas)

(1) (2) (3) (4) (5)
Groups of the labour ~ Female/male  Occupations’ (1+2) Internal Gross change
All workers -0.043 -0.002 -0.045 0.001 -0.045
97.3% 4.2% 101.5% -1.5% 100.0%
Formal workers -0.038 -0.043 -0.081 0.015 -0.066
57.2% 65.1% 122.3% -22.3% 100.0%
Informal workers -0.007 -0.005 -0.013 -0.008 -0.020
35.4% 26.8% 62.2% 37.8% 100.0%
Primary education -0.032 -0.033 -0.065 0.056 -0.009
360.6% 367.5% 728.1% -628.1% 100.0%
Secondary education -0.005 -0.006 -0.011 0.023 0.012
-42.0% -51.7% -93.7% 193.7% 100.0%
University education -0.018 -0.015 -0.033 -0.028 -0.061
29.7% 24.7% 54.4% 45.6% 100.0%
Government workers -0.039 -0.048 -0.087 -0.016 -0.103
38.0% 46.5% 84.6% 15.4% 100.0%
Private sector workers -0.025 -0.025 -0.050 0.006 -0.044
55.9% 56.6% 112.5% -12.5% 100.0%
Aged 15 to 30 years old -0.040 -0.041 -0.081 -0.006 -0.087
46.4% 47.3% 93.7% 6.3% 100.0%
Aged 31 to 45 years old -0.006 -0.008 -0.013 -0.007 -0.020
27.9% 39.0% 67.0% 33.0% 100.0%
Aged 46 to 65 years old -0.012 -0.012 -0.024 0.005 -0.019
61.2% 63.3% 124.5% -24.5% 100.0%

Source: own calculations based on household survey data for labour force aged between 15 and

65 years in the seven main metropolitan areas.
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Table A1.2.2: Shapley decomposition of changes in Duncan & Duncan (1955)

segregation index between 1986 and 2004 in urban Colombia (seven largest

metropolitan areas)

(1) (2) (3) 4) (5)

Groups of the labour Female/male Occupations'’ (1+2) Internal Gross
All workers -0.047 0.001 -0.046 -0.005 -0.051
91.4% -2.0% 89.4% 10.6% 100.0%

Formal workers -0.034 -0.041 -0.075 0.022 -0.053
64.3% 78.2% 142.5% -42.5% 100.0%

Informal workers -0.024 -0.016 -0.039 -0.002 -0.041
56.8% 37.8% 94.5% 5.5% 100.0%

Primary education -0.028 -0.034 -0.062 0.058 -0.004
686.2% 818.8% 1505.1% -1405.1% 100.0%

Secondary education 0.000 -0.002 -0.001 0.021 0.020
2.0% -7.9% -6.0% 106.0% 100.0%

University education -0.025 -0.020 -0.045 -0.025 -0.069
35.3% 29.1% 64.3% 35.7% 100.0%

Government workers -0.018 -0.031 -0.049 -0.046 -0.094
18.8% 32.6% 51.4% 48.6% 100.0%

Private sector workers -0.022 -0.025 -0.047 -0.002 -0.049
44.6% 51.5% 96.1% 3.9% 100.0%

Aged 15 to 30 years old -0.035 -0.038 -0.072 0.011 -0.062
56.2% 60.8% 117.0% -17.0% 100.0%

Aged 31 to 45 years old -0.010 -0.014 -0.024 -0.004 -0.028
35.1% 50.0% 85.1% 14.9% 100.0%

Aged 46 to 65 years old -0.020 -0.027 -0.047 -0.001 -0.048
42.4% 56.0% 98.4% 1.6% 100.0%

Source: own calculations based on household survey data for labour force aged between 15 and

65 years in the seven main metropolitan areas.
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Chapter 2: Occupational segregation and gender wage

differences: evidence from Urban Colombia

2.1 Introduction

Most of the empirical literature on gender differences in the labour market has focused
either exclusively on wage discrimination or occupational segregation. Empirical
research linking both aspects was relatively scarce until recently. While much of the
economic research has been motivated by the ‘taste for discrimination’ approach
proposed by Becker (1971), the segregation dimension has merited less attention
within this framework. The relative scarcity of applied economic research on the
relationship between occupational segregation and gender/ethnic wage discrimination
may be explained by the fact that Becker’s original model of discrimination does not

explicitly incorporate the segregation dimension.

While the occupational segregation literature in general suggests that access to
occupations tends to be highly differentiated by gender (i.e.,, Anker, 1997, Borghans
and Groot, 1999, Grazier and Sloane, 2007, Hakim, 1992), a number of advances in the
literature suggest this is also a key element in understanding gender wage differences.
In this sense, Baldwin et al (2001) proposed an extension to the conventional approach
by including a hierarchical dimension in which men dislike to be supervised by women
even in the case where they do not object to working alongside women. As a result,
their model not only predicts that women’s participation is decreasing with respect to

job hierarchy but also that female wage disadvantage in managerial positions is, at
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least, partially explained by a compensation mechanism of men’s dislike for female

supervisors.4

Recognition that the gender wage gap is not homogeneous across the entire wage
distribution has lead to an investigation of the existence of ‘glass ceilings’
(Arulampalam et al., 2007)15 and ‘sticky floors’ (i.e., Booth et al., 2003) where the
former pertains to the barriers women face in access to jobs at the highest occupational
and pay levels while the latter refers to the concentration of women at the bottom of
the occupational wage structure even in cases when they get promoted. On the other
hand, it has been found that occupations with a high concentration of women tend to
offer lower wages for both genders compared to male dominated occupations (i.e.,
Bayard et al,, 2003, Jurajda, 2003, Lucifora and Reilly, 1990, MacPherson and Hirsch,
1995, Baker and Fortin, 2001). The empirical strategy in most of those studies relies on
conventional wage equations in which the share of female workers in the incumbent
worker’s occupation is included as an additional regressor. This literature suggests, in
general, that the wage penalty arising from the female occupational intensity tends to
be lower when controls for occupation characteristics, industry affiliation and firm
characteristics are introduced in the econometric specification. According to Jurada
(2005) and Jurajda and Harmgart (2007), the wage penalty on female jobs can be
explained by (i) discrimination practices which restrict the access of women to high-
wage positions, (ii) lower productivity levels of workers who typically engage in these

jobs and, (iii) nonwage characteristics (i.e., flexible work times) which are functional to

14 Although we do not attempt an empirical test of all propositions derived from Baldwin et al.’s
(2001) model, it is appropriate to highlight that the connection between gender wage
discrimination and occupational segregation is theoretically well grounded.

1515 For instance, Baron and Cobb-Clark (2008) found in Australia that the gender wage gap for
those at the top of the conditional wage distribution remains “largely unexplained” after

controlling for differences in human capital and other relevant characteristics.
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female roles in society but impose a wage penalty. Some of the studies outlined above
(i.e., Baker and Fortin, 2001) show indeed that controlling for characteristics outlined
in (ii) and (iii) reduce the coefficient effect from female occupational intensity.
Nevertheless, female dominated occupations do not always offer lower wages. For
instance, Shauman (2006) finds in the case of US college graduates that some female
dominated jobs where verbal abilities are important tend to have higher pay levels
although, this effect is counterbalanced by characteristics such as the availability to
work part-time or people-oriented skills which tend to be associated with lower wages.
Jurada and Harmgart (2007) find also that female dominated occupations in West
Germany do not tend to pay lower wages while many of them actually pay higher
wages in East Germany, which was subject to a centrally planned socialist system. The
aggregate evidence from this literature suggests that women tend to cluster in
occupations with low pay levels and/or costly characteristics and amenities that make

them less likely to be positioned at the upper end of the wage distribution.16

Since the seminal contributions of Oaxaca (1973) and Blinder (1973), a number of
decomposition techniques of the gender wage gap have been proposed to distinguish
between the effects of explained differences in human capital and other characteristics,
on the one hand, and the effects of unexplained differences in returns to those
characteristics (or discrimination), on the other. Blinder (1973), in particular,
suggested the use of dummy variables in the gender wage equations to control for the
effects of occupations. Although this dummy variable approach implies that the gender
distribution of jobs is justified or randomly distributed (or allocated), a number of
econometric methods allow us to differentiate the portion of the unequal distribution

of jobs by gender and determine if it is justified based on the set of observed

16 There is also a vast range of literature using quantile regression approaches showing

precisely this point but that discussion lies outside the focus of the current chapter.
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characteristics and what part of it may be deemed as a result of segregation.l’
Therefore, as occupational attainment is affected by segregation, gender wage
differences may be divided at least into two broad sources: first, within-occupation
wage differences which are related to the explained and unexplained components
mentioned above and, second, between-occupation wage differences due to job
discrimination or occupational segregation. As in conventional wage decompositions,
some part of the wage differential due to occupational segregation could be justified

but some part may remain unexplained.

To the best of our knowledge, Brown et al. (1980) were the first to formulate a method
to explicitly incorporate the effects of occupational segregation into the analysis of the
gender wage gap. Using a multinomial logit occupational attainment model, Brown et
al. (1980) modelled the male occupational distribution to produce a counterfactual
female distribution based on the set of female average characteristics and the
estimated coefficients from the male subsample. Thus, besides the explained and
unexplained components, the gender wage gap is further disaggregated into a portion
due to explained gender differences in the allocation of workers and a portion due to
occupational segregation (see also Meng and Miller, 1995, Miller, 1987, Reilly, 1991,
Akter, 2005). Other studies (Liu et al, 2004, Neuman and Silber, 1996) have
implemented a similar multinomial logit approach to decompose wage differences
between ethnic groups while Miller (1987) relied on an ordered probit to model the

gender distribution of occupations.

The aim of this chapter is to contribute to this literature with an empirical application

for urban Colombia, where some improvements in both gender wage gaps and gender-

17 However, it has been argued that if the gender distribution of occupations is subject to some
sort of discrimination, as implied in the occupational segregation literature, the dummy variable

approach might be inadequate (Meng and Miller, 1995, Miller, 1987, Reilly, 1991).
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based occupational segregation indices have been observed since the mid-1980s. In
particular, we investigate whether lower wages can be related to female occupational
intensity and whether the segregated nature of the distribution of jobs by gender
explains some part of the gender wage gap in this country. On the one hand, our
empirical strategy involves the estimation of a counterfactual distribution of female
employment once the decision to participate in the labour market has been taken.
Then, we use these results to identify which portion of the wage gap can be attributed
to both, the explained and unexplained components of the gender distribution of jobs
within an Oaxaca-Blinder decomposition framework. We also estimate log wage
equations in which the percentage of female workers in a given occupation is included
instead of controls for occupation effects. The rest of this chapter is organised as
follows. The second section presents some labour market background of the country.
The third explains the empirical model. The fourth describes the microdata used for
this study. The fifth presents and discusses the results and, finally, a sixth section

summarises the main findings and identifies some issues for further research.

2.2 Background of the country

As indicated at the introductory section of this thesis, Colombia experienced a dramatic
process of demographic change. This process was accompanied by a massive
absorption of women into the labour market of urban Colombia as well as increasing
educational levels for both gender groups. Women increased their share of the total
labour force from 38.1 per cent in 1986 to 46.1 per cent in 2004. At the same time, the
percentage of female workers with university education doubled from 15.7 per cent in
1986 to 32.1 per cent in 2004, while their average number of years of formal schooling

rose from 7.7 to 9.8 years over this period (see Figure 2.1). It should be noted that the
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proportion of female workers with university education in urban Colombia has been

increasing at a faster rate than that among their male counterparts over this period.

The labour market absorption of women has been in conjunction with a structural

transformation of the nature of employment in urban Colombia.

Figure 2.1: Female share in labour force and number years of formal schooling

years by gender in urban Colombia, seven metropolitan areas
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As a result of a massive migration process from rural areas during the last century,

Colombia has one of the highest rates of urbanisation in Latin America (Hanratty and

Meditz, 1988). Urban labour supply in this country has increased over the last decades

and, according to Florez (2003), Gilbert (1997) and Isaza (2002), most of it has been

absorbed by the so-called ‘informal sector’. Government estimates for the first quarter
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of 2010 indicate that the informal sector represents 51.6 per cent of the labour force in
the 13 largest cities of this country (DANE, 2010).18 All of this suggests that the
informal sector is a major feature of the urban employment structure of the country
which comprises different dimensions of inequality within the labour force. For
instance, 89.1 per cent of those in the informal sector in 2010 had no access to social

security, compared to 23.9 per cent in the formal sector (DANE, 2010).

2.3 Methodology

There are two fundamental questions we want to address in this empirical application.
On the one hand, we want to know how much of the overall gender hourly wage gap
can be attributed to a differentiated pattern in the distribution of occupations between
women and men once the effects of relevant characteristics are controlled. On the
other, we want to verify whether, ceteris paribus, the proportion of women in a given
occupation is to some extent associated with lower pay levels for both men and

women.

In the first question, our strategy draws on developments in the literature in which the
effects of occupational segregation are incorporated into the analysis of the wage gaps
by gender and ethnic groups (Akter, 2005, Brown et al., 1980, Meng and Miller, 1995,

Miller, 1987, Neuman and Silber, 1996, Reilly, 1991, Silber, 1989). In general, this

18 The definition of the informal sector according to the Colombian government follows the
guidelines from the International Labour Organisation according to which informal workers are
those who (i) work in enterprises with less than five workers, (ii) those in unpaid work and, (iii)
domestic servants. This definition does not take into consideration contractual issues and
membership to social security, which is mandatory for all workers according to the Colombian

labour legislation.
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literature suggests that some part of the differentiated distribution of jobs by gender
(or ethnic groups) is justified on the basis of differences in observable characteristics
between groups of the labour force. However, another part of the distribution of jobs
across gender (ethnic) groups remains unexplained due to the differentiated treatment
that their corresponding characteristics receive in the labour market for the purposes
of occupational allocation. The empirical challenge is, therefore, to find a counterfactual
for the distribution of jobs in the hypothetical case that female (or minority group)
characteristics were treated as the male (or majority group) characteristics. This can
be achieved by estimating a multiple choice outcome model in which the dependent
variable is categorical in nature and depicts j occupation categories based on a set of
observable characteristics for the male (or majority) subsample. Then, the coefficients
from the male (majority) subsample can be applied to the female (minority) subsample
in order to obtain a counterfactual distribution of female (minority) workers, P*, across
the j occupational categories in the hypothetical case that they were equally treated as
their male (or majority) counterparts. Thus, using the observed occupational
distributions of male, P™, and female, P/, jobs plus the counterfactual distribution
female jobs in the absence of a differentiated treatment of their observed
characteristics, P*, the Oaxaca-Blinder decomposition of the gender wage gap can be
extended to isolate the portion of the observed log hourly wage gap that can be
attributed to differences in the explained (P™ — P*) and unexplained (P* — P')
allocation of workers. In addition, we include in this empirical application an additional
term to depict differences in the returns that women and men are expected to receive
from specific occupations in the labour market once the effects of observable

characteristics included in the model are controlled for.

Thus, our empirical strategy involves the estimation of wage equations for each gender

group:
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w/ =x/pr+ Py +¢ (2.2)

where X is a set of observable characteristics, f§ is its corresponding coefficients, P is a
vector of controls of occupational categories with their y intercept terms to be
estimated for the male(= m) and female(= f) subsamples and, € is an error term. It
should be noted that because the full set of occupation dummies is included in the
equation, the constant term must be dropped. Thus, the gender wage gap for the

overall labour force may be expressed as
AW = W™ — WS = (Xmp™ - X BF) + (P™yp™ — PFph) (2.3)

After rearranging terms and having P* as the counterfactual vector of shares on female
employment in the absence of segregation, the gender wage gap may be conveniently

decomposed into five terms:

AW :Xf(ﬁm _B‘f) + (Xm _Xf)‘ém +13f(?m _)7f) + (ISm _p*)?m + (1’5* _pf))?m

(2.4)

where the first two terms on the right hand side represent the conventional
unexplained (treatments) and explained (endowments) portions of the gender wage
gap due to differences in, respectively, returns and levels of observed characteristics.
The other three terms show a breakdown of the segregation dimension in the gender
wage gap. Pf()?m —Vf) is the portion of the wage gap that can be attributed to
differentiated returns/intercepts for men and women within particular occupations,
(Pm — p*)?m represents the part of the gender wage gap that can be explained by
differences in the characteristics of the gender subsamples and render them to be
distributed differently across the distribution of jobs and, finally, (ﬁ* - ISf))?m

represents that part of the gender wage gap attributable to the unequal treatment that
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those characteristics encounter in the labour market in the distribution of jobs by
gender. The latter term could be framed as the ‘pure’ segregation effect on the gender
wage gap. In the same vein, the first three components may be interpreted as the
overall within occupational wage differential and, the remaining two denote the
between occupational wage differential. This type of decomposition uses the male
wage structure as the one prevailing in the absence of discrimination and we believe
this is a reasonable approach in the context of the urban Colombian labour market.
However, the index number approach pursued here is subject to the conventional
“index number problem” as it is also possible to use the female wage structure or even
the pooled sample wage structure (see Appleton et al., 1999 for a detailed discussion

on this).

As indicated above, the decomposition outlined in expression (2.4) requires the
estimation of P*, a counterfactual distribution of female employment in the absence of
unequal treatment. For this purpose, we estimate a multinomial logit model in which
the dependent variable features j occupational outcomes (see Table 2.1) for the male

subsample,

j _ _expZiy) 25

i 1+35 2z (25)
where outcome j is set equal to 0 as required by the Theil normalization, Z is a vector of
characteristics for the male subsample and y is the estimated coefficients.

Subsequently, we use (2.5) to estimate the predicted probabilities for the female

subsample to obtain P*.

Similar empirical applications in which the effects of occupational segregation on the
gender (ethnic) wage gap are analysed (i.e.,, Brown et al., 1980, Liu et al., 2004, Reilly,
1991) rely on a limited number of occupational categories (ranging from five to eight

broad groups). This enables the estimation of specific log wage equations for each one
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of the categories and gender groups included in the analysis. One of the advantages
from this empirical approach is that the endogenous nature of gender or ethnic
distribution of jobs can be controlled for selection bias into broad occupation
categories with econometric procedures that are analogous to the Heckman correction
method. A major drawback with this approach is that the extent of occupational
segregation is clearly underestimated, as conventional dissimilarity indices such as the
index proposed by Duncan and Duncan (1955) as well as other absolute difference
measures are sensitive to the number of occupations used in their computation

(Melkas and Anker, 1997).

In order to avoid this type of aggregation bias to the greatest extent possible we opted
to include a larger number of occupational categories in our analysis (23 in the formal
sector and 16 in the informal one - see the next section on data for details). Within this
framework, our modelling strategy requires only one log wage equation per gender
group with dummies for the full set of occupational categories and no constant term.
This allows a clear identification of the occupational wage effects. It should be noted
that the use of a multinomial logit model within the empirical approach developed here
is just a mechanical device which allows us to obtain a counterfactual distribution of
female workers in the absence of unequal treatment on observable characteristics.
There are also obvious limitations on the number of occupational outcomes being
modelled to obtain P* in terms of both, sample cell sizes and computational time. In our
case, the estimation of a model with 23 occupation categories for males in the formal
sector (and 16 categories in the informal sector) based on samples with more than
100,000 observations took around 28 hours (and 22 hours, respectively) for each of
the two datasets used along this chapter (see Appendix 2.1). All in all, we believe that
this strategy is by itself a contribution to the existing empirical literature as it provides

more precise measurements of the effects of segregation on gender wage differences
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based on a more refined classification of occupations with respect to previous studies

in this field.

There are, however, at least two obvious limitations in our empirical strategy. First, as
indicated above, the dummy variable approach to capture the wage effects of particular
occupations assumes the distribution of workers across occupations as randomly
distributed. This may not be an entirely realistic assumption given the segregated
nature of the gender distribution jobs. Second, the dummy variable approach also
assumes that the returns from observable characteristics are the same for all
occupation categories. This assumption ignores a potential source of heterogeneity in
the relationship between wage and productivity covariates for specific occupations
(i.e., education and potential labour experience) included in our specification of wage
equations. An alternative way to address these problems could be the implementation
of a system of wage equations by gender across a given number of occupation
categories in which occupational attachment to specific occupations is endogenously
determined by a set of observable characteristics. This involves the estimation of
selection equations which are either estimated simultaneously with the log wage
equations through maximum likelihood methods or obtained through two-step
procedures. All of this suggests that the wage equations described in (2.1) and (2.2)
should be corrected for selectivity bias in the first place. We implemented several
procedures to do so, including the conventional Heckman (1979) univariate probit
approach based on the full sample of participants and non-participants. We also
attempted to use a bivariate probit strategy which allows for the simultaneous
determination of both, selection into (i) labour force and (ii) sector allocation between
the formal and informal segments (see Main and Reilly, 1992 for an empirical
application to Britain). In addition, we also tried different specifications using the
multinomial logit approach proposed by Lee (1983) to control for both selection into

labour force and then, selection into specific occupations (see, for instance, Liu et al,,
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2004, Reilly, 1991). Unfortunately, estimates (not reported here) from these selection
models provide implausible results that are hard to rationalise in terms of both
economic theory and the specific characteristics of the labour market in urban

Colombia.

At the heart of this, we believe that a lack of adequate identifying instruments for the
task at hand made unfeasible the implementation of a more comprehensive model
suited to address the limitations mentioned above.l® We should also stress that our
formal/informal separation is somehow problematic as any correction for selection
bias should ideally rely on good instruments that are able to shift the probability of
engaging into the formal or informal segments but uncorrelated to both the probability
of labour participation and the wage determination process.2? In the light of these
insurmountable problems, we have opted to report uncorrected OLS estimates for (2.1)

and (2.2) with robust standard errors using White’s (1980) procedure.

19 To illustrate this point, the identification strategy involved in such selection models relied on
conventional instruments such as the existence of children and infants in the household which
are presumably highly correlated with labour participation decisions by gender. Unfortunately,
the Colombian household survey microdata only allow identifying the relationship of children
with respect to the household head but not with other members. We believe that the inaccuracy
of such an important instrument might, to some extent, explain some of the problems
encountered in our selection models. Other identifiers were based on overall households’
characteristics such as the existence of unemployed members and the income from the rest of
the household.

20 In this sense, our strategy focused on the incorporation of instruments based on
neighbourhood informality and unemployment rates, based on clusters and sectors drawn from

the sampling design of household surveys.
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2.4 Data and description of the sample

The empirical application in this chapter relies on the use of household survey
microdata from the seven largest metropolitan areas of urban Colombia which
represent around 36 per cent of the country’s population and nearly one-half of its
urban inhabitants. Household surveys in urban Colombia are conducted by the
Government on a quarterly basis since the mid-1980s. Our estimates come from two
datasets with pooled observations from all waves between 1986 and 1989 and another
for all waves between 1996 and 1999.21 On average, each year comprises 88,000
individuals in the labour force aged between 18 and 65 years. The microdata provide
information on labour earnings, number of weekly worked hours, industry, region and
demographic variables such as age, educational attainment and marital status. Given
the highly segmented nature of the labour market in urban Colombia (see below), we
opted to divide our estimates between two sectors of employment, one for waged
workers, their employers and all those in professional occupations which we label
“formal workers” and another for those in ‘atypical’ employment conditions, this is
own-account workers (except professionals) and domestic servants which we call
“informal workers”.22 Furthermore, the surveys include information about occupations

using a consistent classification of 82 categories over the entire period which, at the

21 This data is not a panel but we eliminated a small number of repeated households which may
appear in more than one wave.

22 Other divisions of the labour force from the point of view of informality are possible with the
Colombian data including the ILO definition commented above. As the full set of questions for
the informal sector, including the number of workers in the enterprise, is only gathered every
two years in urban Colombia, we have to rely on a simpler classification criterion. For a detailed
discussion on definitions and measurement of the informal sector in Colombia, see Florez

(2002) and Ribero (2003).
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two-digit level, is identical to the International Standard Classification of Occupations

ISCO-68. For the reasons explained above, we regrouped the 82 original categories into

23 occupations for computational convenience in order to guarantee a large enough

sample size for each occupation group by gender (see Table 2.1).23

Table 2.1: Broad ad-hoc occupational categories and their equivalents in the

ISCO-68 and sub-sample sizes

Occupation categories

ISCO-68 codes*

Number of observations

1986-1989 1996-1999
1. Engineers, technicians and physical scientist 1to4 5,630 4,627
2. Medical workers and life scientist 5to7 4,518 4,471
3. Social sciences and humanities 89, 14to19 7,614 7,177
4, Accountants 11 3,230 2,696
5. Jurists 12 2,968 2,538
6. Teachers 13 14,392 13,557
7. Managers and directors 20,21, 30,40, 50, 60, 70 14,920 11,840
8. Bookkeepers, cashiers and computing 33,34 13,045 11,426
9. Clerical workers 31,32, 39 25,801 18,938
10. Transport and communication workers 35 to 38 7,278 5,971
11. Wholesale and Retail Trade workers 41 18,664 15,735
12. Sales workers 42 to 44, 49 5,415 5,656
13. Shop assistants 45 48,330 37,150
14. Catering and lodging workers 51 2,646 1,957
15. Housekeeping workers 52,54 to 56 38,828 32,631
16. Other personal services workers 53,57 to 59 31,674 27,105
17. Farm and related workers 61 to 64 5,145 3,400
18. Spinners, Weavers, Knitters, Dyers 75 4,874 1,699
19. Food and Beverage Processers 77 5,086 4,246
20. Tailors, Dressmakers, Sewers 79 17,925 13,096
21. Shoemakers and Leather Goods Makers 80 8,924 4,937
22. Material-Handling Equipment Operators 97 10,186 7,733
23. Other blue collar workers 71to 74, 76, 78, 81 to 96, 98 97,164 72,494
Total 394,257 311,080

*For a description of ISCO-68 codes, see Table Al.1 in Appendix 1.1, Chapter One. See also ILO
(1969) International Standard Classification of Occupations (Revised Edition 1968). Geneva,

International Labour

Office (available

from:

http://www.ilo.org/public/libdoc/ilo/1969/69B09 35 engl.pdf -last access: 21 May 2010).

23 [t is worth to mention that this conflation of occupations was also based on similarities of jobs

in terms of formal training, areas of knowledge and, industry.


http://www.ilo.org/public/libdoc/ilo/1969/69B09_35_engl.pdf
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Besides presenting the observed sample proportions of women and men across
occupational categories, we also provide estimates of P*, the counterfactual
distribution of female workers in the absence of a differentiated treatment of their
observed characteristics as explained in the previous section. Estimates of P* were
obtained using the multinomial logit coefficients from the male subsample to obtain
predicted probabilities for the female subsample based on a set of observable
characteristics (see Appendix 2.1). The variables included in the model are potential
experience (age - years of formal schooling - 6) and its quadratic term, splines for
education (0-11 years of formal schooling and 12 or more years), household head,
number of infants (less than 2 years old) and children (2 to 5 years old) in the
household, average schooling years amongst adult members from the rest of the
household and geographical (cities) controls. It has to be said that the inclusion of all
covariates is justified not only on the basis of previous labour market research in
Colombia but also the statistical significance of the estimated coefficients which
appears well determined in most cases. Our estimates in general reveal little in terms
of surprise (see Tables 2a and 2b, above) in the sense that they predict substantially
lower (higher) female sample proportions in highly female (male) dominated
occupations. In the case of the informal sector, the predicted proportion of women as
housekeeping workers using the multinomial logit coefficients from the informal male
subsample is substantially lower than the observed one. Similarly, the predicted
proportion of women described as Clerical workers in the formal sector is significantly
lower than the actual sample proportion. In both segments of employment, the
counterfactual estimates indicate that women are clearly overrepresented in the
Tailors, dressmakers and sewers category and underrepresented in the Other blue collar

workers category.
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Table 2.2a: Employment proportions by gender across 16 ad-hoc occupational

categories, informal workers (own-account workers -except professionals- and

domestic servants), urban Colombia: 1986-1989 and 1996-1999

Occupation categories 1986-1989 1996-1999
Men Women P Men Women pr
Bookkeepers, cashiers and computing 0.003 0.001 0.002 0.005 0.007 0.005
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Clerical workers 0.005 0.003 0.005 0.006 0.004 0.006
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Transport and communication workers 0.001 0.000 0.002 0.004 0.001 0.007
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Wholesale and Retail Trade workers 0.154 0.086 0.115 0.114 0.12 0.098
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Sales workers 0.021 0.004 0.017 0.014 0.006 0.013
(0.001) (0.000) (0.000) (0.001) (0.000) (0.000)
Shop assistants 0.246 0.144 0.239 0.202 0.144 0.178
(0.002) (0.001) (0.000) (0.002) (0.002) (0.000)
Catering and lodging workers 0.011 0.011 0.007 0.007 0.011 0.007
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Housekeeping workers 0.005 0.531 0.028 0.008 0.476 0.019
(0.000) (0.002) (0.000) (0.000) (0.002) (0.000)
Other personal services workers 0.026 0.053 0.028 0.035 0.072 0.04
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Farm and related workers 0.022 0.002 0.026 0.019 0.003 0.023
(0.001) (0.000) (0.000) (0.001) (0.000) (0.000)
Spinners, Weavers, Knitters, Dyers 0.001 0.015 0.002 0.001 0.008 0.001
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Food and Beverage Processers 0.011 0.006 0.01 0.011 0.014 0.01
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Tailors, Dressmakers, Sewers 0.017 0.117 0.016 0.013 0.099 0.014
(0.001) (0.001) (0.000) (0.000) (0.001) (0.000)
Shoemakers and Leather Goods Makers 0.029 0.004 0.032 0.021 0.006 0.022
(0.001) (0.000) (0.000) (0.001) (0.000) (0.000)
Material-Handling Equipment Operators 0.022 0 0.029 0.032 0.001 0.036
(0.001) (0.000) (0.000) (0.001) (0.000) (0.000)
Other blue collar workers 0.426 0.023 0.443 0.508 0.03 0.522
(0.002) (0.001) (0.000) (0.002) (0.001) (0.000)

Standard errors in parentheses. P* is a counterfactual distribution of female workers based on

multinomial logit coefficients from male subsample (see tables A2.1.1b and A2.1.1d in Appendix

2.1).
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Table 2.2b: Employment proportions by gender across 23 ad-hoc occupational
categories, formal workers (professionals, managers, employers and waged

workers), urban Colombia: 1986-1989 and 1996-1999

Occupation categories 1986-1989 1996-1999
Men Women pP* Men Women pP*
Engineers, technicians 0.026 0.008 0.034 0.031 0.010 0.042
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Medical workers and life scientist 0.013 0.022 0.015 0.017 0.029 0.021
(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)
Social sciences and humanities 0.027 0.028 0.036 0.035 0.035 0.048
(0.000) (0.001) (0.000) (0.001) (0.001) (0.000)
Accountants 0.012 0.011 0.013 0.012 0.015 0.016
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Jurists 0.011 0.010 0.011 0.013 0.012 0.014
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Teachers 0.027 0.096 0.037 0.04 0.103 0.054
(0.000) (0.001) (0.000) (0.001) (0.001) (0.000)
Managers and directors 0.06 0.04 0.06 0.061 0.052 0.062
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Bookkeepers, cashiers and computing 0.036 0.063 0.051 0.037 0.075 0.05
(0.000) (0.001) (0.000) (0.001) (0.001) (0.000)
Clerical workers 0.039 0.185 0.05 0.04 0.16 0.049

(0.000)  (0.001) (0.000) (0.001) (0.001) (0.000)
Transport and communication workers 0.035 0.007 0.047 0.039 0.011 0.046
(0.000)  (0.000) (0.000) (0.001) (0.000) (0.000)

Wholesale and Retail Trade workers 0.021 0.011 0.013 0.02 0.013 0.013
(0.000)  (0.000)  (0.000) (0.000)  (0.000) (0.000)
Sales workers 0.016 0.012 0.018 0.02 0.025 0.024
(0.000)  (0.000)  (0.000) (0.000)  (0.001) (0.000)
Shop assistants 0.075 0.126 0.088 0.072 0.122 0.079
(0.001)  (0.001)  (0.000) (0.001) (0.001) (0.000)
Catering and lodging workers 0.005 0.005 0.003 0.005 0.005 0.003
(0.000)  (0.000)  (0.000) (0.000)  (0.000) (0.000)
Housekeeping workers 0.011 0.071 0.01 0.015 0.069 0.013
(0.000)  (0.001)  (0.000) (0.000)  (0.001) (0.000)
Other personal services workers 0.093 0.105 0.074 0.103 0.106 0.088
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Farm and related workers 0.018 0.005 0.014 0.016 0.004 0.013
(0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000)
Spinners, Weavers, Knitters, Dyers 0.014 0.015 0.012 0.007 0.005 0.006
(0.000)  (0.000)  (0.000) (0.000)  (0.000) (0.000)
Food and Beverage Processers 0.018 0.008 0.014 0.018 0.009 0.014
(0.000)  (0.000)  (0.000) (0.000)  (0.000) (0.000)
Tailors, Dressmakers, Sewers 0.011 0.086 0.011 0.011 0.072 0.01

(0.000) (0.001) (0.000) (0.000) (0.001) (0.000)
Shoemakers and Leather Goods Makers 0.027 0.022 0.026 0.018 0.016 0.016
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Material-Handling Equipment Operators ~ 0.037 0.022 0.032 0.036 0.018 0.033
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000)
Other blue collar workers 0.369 0.041 0.329 0.337 0.034 0.286
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Standard errors in parentheses. P* is a counterfactual distribution of female workers based on
multinomial logit coefficients from male subsample (see tables A2.1.1a and A2.1.1c in Appendix

2.1).
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Table 2.3: Indices of occupational segregation by gender, urban Colombia: 1986-

1989 and 1996-1999

1986-1989 1996-1999 Total change
Index
Formal Informal Formal Informal Formal Informal
Duncan & Duncan 0.6111 0.7838 0.5710 0.7465 -0.0402 -0.0373
(0.0016) (0.0016) (0.0017) (0.0017) (0.0024) (0.0023)
Gini 0.4581 0.6214 0.4165 0.6254 -0.0416 0.0041

(0.0017) (0.0021) (0.0017) (0.0021) (0.0024)  (0.0030)
Karmel & MacLachlan 02065 03048  0.1970  0.2877  -0.0095  -0.0171

(0.0008)  (0.0011) (0.0008) (0.0011) (0.0011)  (0.0015)

Estimates based on an ad hoc classification with 23 occupation outcomes in the formal segment
and 16 outcomes in the informal segment (see Table 2.1, above) for workers aged 18 and 65

years. Bootstrapped standard errors in parentheses.

The same data provides persuasive evidence to suggest that occupational segregation
by gender has exhibited a substantial reduction in urban Colombia for both formal and
informal workers between the two selected periods 1986-1989 and 1996-1999.
Besides the conventional dissimilarity index proposed by Duncan and Duncan (1955),
we also computed the Gini coefficient of the distribution of jobs by gender proposed by
Deutsch et al. (1994) and the index of segregation proposed by Karmel and MacLachlan
(1988). All three indices suggest a reduction in the degree of dissimilarity of
occupational distributions by gender amongst formal workers across the 23
occupation categories defined in this study, which are statistically different from zero
according to the standard errors obtained through 500 bootstrapped iterations. In the
case of informal workers, all indices suggest a similar reduction except in the case of
Gini whose change is not statistically different from zero (see Table 2.3). We also

observe that all segregation indices are higher for the informal sector in both periods,



68

despite the fact that the number of occupation categories in this segment is smaller, as

this excludes professional and managerial jobs in our definition.

As in Chapter 1, we implement also a decomposition of changes in the segregation
indices presented above using a methodology proposed by (Deutsch et al., 2006) in
order to understand the reasons behind the aforementioned reductions. According to
this methodology, changes in segregation indices may be the result of variations in
three components, namely, (i) occupation weights, (ii) female labour participation and,
(iii) the internal gender structure of particular occupations (see Section 1.5.2 in
Chapter 1 for details). Changes in the first two components have the potential of
biasing the overall result of segregation indices but do not imply, necessarily, that
women are less segregated within particular occupations. The results for this
decomposition confirm that changes in the internal structure represent between one
halve (in the case of the Duncan and Duncan index) and thre- quarters (in the case of
the Karmel and McLachlan index) of the reduction amongst formal workers while they
explain more than 100 per cent of the total variation amongst informal workers
according to all indices reported here (see Table 2.4). The observed changes in
segregation measures between 1986-1989 and 1996-1999 are not only statistically
significant but can also be related perhaps to the emergence of a more egalitarian
composition of occupations by gender. In other words, the decomposition results
suggests the gender composition of occupation categories became more balanced over

the years examined here.24

24 These results, however, are not strictly comparable to those presented for the Shapley
decomposition in the first chapter as the number of occupation categories in this present

chapter is substantially smaller.
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Table 2.4: Shapley decomposition of changes in segregation indices in urban

Colombia: 1986-1989 and 1996-1999

(1) (2) Female
Segregation index Occupation labour (3) Margins  (4) Internal (5) Total
weights participation =(1)+(2) structure change
Formal workers ()
Duncan & Duncan -0.0098 -0.0105 -0.0203 -0.0198 -0.0402
24.4% 26.3% 50.6% 49.4% 100.0%
Gini -0.0083 -0.0095 -0.0178 -0.0238 -0.0416
19.9% 22.9% 42.8% 57.2% 100.0%
Karmel & McLachlan 0.0002 -0.0023 -0.0021 -0.0074 -0.0095
-2.1% 24.7% 22.6% 77.4% 100.0%
Informal workers (i)
Duncan & Duncan 0.0036 0.0040 0.0077 -0.0449 -0.0373
-9.7% -10.9% -20.5% 120.5% 100.0%
Gini 0.0077 0.0083 0.0160 -0.0120 0.0041
189.3% 204.8% 394.2% -294.2% 100.0%
Karmel & McLachlan 0.0015 0.0017 0.0032 -0.0203 -0.0171
-8.8% -9.8% -18.6% 118.6% 100.0%

Source: household survey microdata for labour force aged 18 and 65 years. (i): based on an ad-
hoc classification of 23 occupational categories (see Table 2.1 for details). (ii): based on an ad-
hoc classification of 16 occupational categories which excludes professionals, managers and

directives.

Counterfactual estimates based on P* indicate that segregation measures in the formal
sector would be reduced by around 80 per cent in 1986-1989 and by 78 per cent in
1996-1999 in the hypothetical scenario that female observable characteristics were
treated as male characteristics for the purposes of job allocation in the labour market.
In the case of the informal sector, the same set of indices would be reduced by around
91 and 93 per cent, respectively, for the same periods of years. This might suggests that

occupational segregation is largely attributable to a differentiated treatment of
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observable characteristics in the labour market. But these counterfactual estimates
should be interpreted with a degree of caution as they imply a drastic modification to
the overall structure of workers across occupations in the labour market with obvious

general equilibrium implications.

As a prelude to our empirical results, we present some differences on average
characteristics between men and women in the formal and informal sectors (see Tables
2.5a and 2.5b). First and foremost, there is a sizeable reduction of the gender log wage
hourly gap between 1986-1989 and 1996-1999, particularly amongst formal workers
as it fell by almost three-quarters to just 0.02 log points over these years compared to a
reduction of one-fifth to 0.21 log points amongst informal workers. Educational levels
as measured by spline variables with two knots at 11 and 16 years of formal schooling
indicate, not surprisingly, higher schooling levels amongst formal workers compared to
their informal counterparts. The inclusion of education in the spline form aims at a
consistent characterisation of the labour market across different occupational
categories over the two periods analysed in this study. In the case of Colombia, the
completion of 11 years of education constitutes a landmark in the educational system
of this country as this enables access to professional and most vocational training
programmes. Furthermore, the duration of compulsory military service for males is
shortened for those with complete secondary education (i.e, 11 years of formal
schooling). Complete secondary education, with a certificate of previous compliance of
military service for males, are valuable credentials for job access in the formal sector.
The knot at 16 years marks the end of college education and additional years of
schooling are presumably on postgraduate education or a second college degree. As
indicated in section 2.2, above, they also show that women have higher schooling levels
than men in the formal sector while the converse is observed amongst informal
workers over all years examined here. Conversely, average potential experience (i.e.,

age - years of formal schooling - 6) is higher for all workers in the informal sector
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compared to that observed amongst formal workers. This can be explained by two
aspects, first, because the average number of years of formal schooling is higher
amongst formal workers (therefore reducing the life span for potential experience)
and, second, because informal workers tend to be older than those in the formal
sector.?5 Potential experience is also higher for men compared to women in both
formal and informal sectors over the two periods of years under study. In terms of
marital status, most men in the labour force are either married or in free union while
the proportion of women in that state is substantially lower. A possible rationale for
these differences is a gender-specific pattern of labour force participation in which
women in marital relationships are less likely than their male partners to engage in
paid work outside the household. In contrast, the proportion of divorced or widowed
female workers is substantially higher than amongst male workers in the same marital

state for both segments of employment over all the years reviewed here.

Sample proportions indicate that the composition of employment by industries is also
highly differentiated in terms of gender and segments of employment. As is the case in
other developing countries, informal employment in urban Colombia is highly
concentrated in service sector activities. In the case of women, we observe that more
than half of those included in our dataset are in the service sector; as mentioned above,
nearly 50 per cent of those women work in housekeeping occupations. An important
proportion of female employment in the informal sector, 25 per cent in 1986-1989 and
30 per cent in 1996-1999, is employed in retail trade activities including street sales,

restaurants and small shops. In the case of male informal employment, two-thirds of

25 Some research in Colombia (Florez 2002) suggest the existence of a ‘informal-formal-
informal’ pattern of labour force participation whereby young workers start their labour life in
informal occupations such as family workers without remuneration, then they move into the
formal sector as waged workers and, after accumulating some experience and capital, they

finally move back to the informal economy as owners of small firms or own-account workers.
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those surveyed are concentrated in retail trade for both periods of years. The same
figures indicate that one in five informal male workers in our sample are in the (mainly
personal) services sector while the sample proportions in the transport sector,
construction and manufacturing are considerably higher than those observed amongst
the female subsample. In contrast, the employment structure in the formal sector is
clearly less concentrated and differentiated in terms of gender. One out of three formal
sector women and one out of four sector formal men in our sample are in the services’
sector, which in this case includes government, education and health workers. And
about one-tenth of our sample of formal workers from both genders groups for 1996-

1999 is in the financial sector, while around a quarter are employed in manufacturing.
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Table 2.5a: Mean sample values, informal workers (own-account workers -

except professionals- and domestic servants), urban Colombia: 1986-1989 and

1996-1999
1986-1989 1996-1999
Variables Men Women Men Women
Log hourly wage 7.829 7.555 7.704 7.493
(0.00346) (0.00409) (0.00357) (0.00375)
Experience 26.53 23.60 26.03 24.99
(0.0564) (0.0555) (0.0583) (0.0576)
spline: 0-11 yrs formal schooling 6.012 5.178 6.771 6.250
Personal (0.0133) (0.0130) (0.0143) (0.0146)
characteristics  spline: 12-16 yrs formal schooling 0.145 0.0687 0.193 0.137
(0.00309) (0.00220) (0.00375) (0.00320)
spline: more than 16 yrs formal 0.00210 0.00115 0.00262 0.00168
schooling (0.000205) (0.000161) (0.000319) (0.000253)
Marital Married/free union 0.726 0.360 0.701 0.431
status (base (0.00185) (0.00204) (0.00200) (0.00219)
Divorced/widowed 0.0544 0.247 0.0723 0.279
category:
single) (0.000942)  (0.00183) (0.00113) (0.00198)
Agriculture 0.0154 0.00211 0.0134 0.00242
(0.000511) (0.000195) (0.000503) (0.000217)
Industries Mining and Quarrying 0.00269 7.22e-05 0.00264 9.76e-05
(base (0.000215) (3.61e-05) (0.000224)  (4.36e-05)
Manufacturing 0.108 0.165 0.105 0.146
category:
(0.00129) (0.00158) (0.00134) (0.00156)
services and  ¢onstruction 0.103 0.000325 0.150 0.00117
utilities: (0.00126) (7.65e-05) (0.00156)  (0.000151)
electricity, Wholesale and retail trade, 0.426 0.254 0.338 0.303
gas and restaurants... (0.00205) (0.00185) (0.00207) (0.00203)
Transport, Storage and 0.116 0.00258 0.170 0.00632
water) Communications (0.00133)  (0.000215)  (0.00164)  (0.000350)
Financial, insurance and real state 0.0172 0.00363 0.0232 0.00997

(0.000540)  (0.000255)

(0.000659)  (0.000439)

Observations 57,982 55,426

52,312 51,229

Sample proportion for cities ommited. For sample proportions of occupational categories see

Table 2.2a.
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Table 2.5b: Mean sample values, formal workers (professionals, managers,

employers and waged workers), urban Colombia: 1986-1989 and 1996-1999

1986-1989 1996-1999
Variables Men Women Men Women
Log hourly wage 8.151 8.079 8.161 8.142
(0.00173) (0.00213) (0.00229) (0.00255)
Experience 19.32 15.67 19.14 16.60
(0.0290) (0.0341) (0.0344) (0.0373)
Experience? 526.1 360.6 511.0 3925
Personal (1.455) (1.484) (1.687) (1.607)
. spline: 0-11 yrs formal 7.587 8.643 8.512 9.388
characteris
schooling (0.00741) (0.00934) (0.00860) (0.00895)
tics
spline: 12-16 yrs formal 0.689 0.878 0.946 1.278
schooling (0.00382) (0.00558) (0.00526) (0.00697)
spline: more than 16 yrs formal 0.0186 0.0153 0.0533 0.0556
schooling (0.000385) (0.000461)  (0.000988) (0.00116)
Marital Married/free union 0.625 0.364 0.640 0.410
status (base (0.00114) (0.00153) (0.00137) (0.00170)
Divorced/widowed 0.0321 0.179 0.0456 0.201
category:
(0.000413) (0.00122) (0.000596)  (0.00138)
single)
Agriculture 0.0209 0.00773 0.0189 0.00675
. (0.000336) (0.000279)  (0.000389) (0.00028)
Industries
Mining and Quarrying 0.00757 0.00241 0.00474 0.00135
b
(base (0.000203)  (0.000156)  (0.000196)  (0.00012)
category: Manufacturing 0.289 0.279 0.252 0.233
services (0.00106) (0.00143) (0.00124) (0.00146)
and Construction 0.0970 0.0120 0.0905 0.0126
(0.000694) (0.000346)  (0.000820) (0.00038
utilities: )

Wholesale and retail trade, 0.181 0.273 0.188 0.269
electricity, restaurants... (0.000903)  (0.00142) (0.00112)  (0.00153)
gas and Transport, Storage and 0.0890 0.0201 0.0936 0.0255
water) Communications (0.000668) (0.000447)  (0.000832)  (0.00054)

Financial, insurance and real 0.0798 0.0859 0.103 0.100
state (0.000636) (0.000891)  (0.000870)  (0.00104)
Observations 181,630 98,924 122,486 84,150

Sample proportion for cities omitted. For sample proportions of occupational categories see

Table 2.2b.
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2.5 Empirical results

2.5.1 Wage equations by gender and sector of employment

Now our attention turns to the interpretation of the wage equations estimates by
gender outlined in equations (2.1) and (2.2) in which the dependent variable is the
logarithm of hourly wages expressed in constant December 2008 prices, using the
consumer price index for each one of the seven cities included in our sample as a
deflator. Our log wage specification is austere in terms of human capital and
productivity characteristics as the Colombian data do not include explicit information
on labour market experience and characteristics related to specific types of education
and abilities possessed by the individual in all waves. Hence, we have to rely only on
those personal characteristics noted above: potential labour experience and its
quadratic, dummies for two marital status in which the ‘singles’ category is the base
group (including free union or married and widowed or divorced) and the number of
years of formal schooling in the form of a piece-wise linear spline function with one
knot at 11 years of formal schooling and another at 16 years. We include also
geographic controls for the set of Colombian cities. The specification also features
dummies for all 23 occupation categories in the case of formal workers and 16
categories in the case of informal workers (as professional are all coded as formal
workers). The models are estimated without constant terms given the full set of

occupations is used in both cases.

Estimates from log hourly wage equations for the informal and formal segments are
presented in tables 2.6a and 2.6b, respectively. The significance of both components of
labour market experience indicates that both, men and women in informal

employment tend to reach a maximum on hourly log wages at a certain age and then
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decline thereafter. In the case of informal workers, estimates for both periods of years
indicate that women tend to reach their maximum log hourly earnings after 33-34
years of finishing their schooling while men tend to do so at 39-40 years, on average
and ceteris paribus. For those in the formal sector, their maximum returns from
potential experience come some years later in all cases. In the case of men, their log
hourly wages are maximised at 43 years of potential experience in 1986-1996 and 46
years in 1996-1999 while women in formal employment do so at 42 years in the

former and 52 years in the latter case.

The results for our spline specification for years of schooling reveal that the coefficients
are well determined amongst formal workers from both gender groups in both the
1986-1989 and the 1996-1999 periods. In the case of informal workers, they are
statistically significant in all cases except for years of postgraduate or second college
degree (more than 16 years of formal schooling). A possible rationale for this result is
that our definition of informal workers excludes professional and managerial jobs
where academic credentials are relevant. Thus, within the spectrum of occupations in
the informal segment postgraduate education is probably not a pertinent determinant
of hourly wages as confirmed by our spline specification estimates. The same
coefficients also suggest three important policy implications. Firstly, that returns from
education are higher amongst men in both sectors and time periods, as suggested by
the spline coefficients which are statistically different from zero in all cases. Secondly,
that the returns from secondary, college and postgraduate education in the formal
sector have increased in urban Colombia for both genders between 1986-1989 and

1996-1999 while they seem to decrease for women and men in the informal sector.2é

26 T-tests of differences performed amongst these coefficients, either between women and men
or across time periods, reveal that they are statistically different from zero in all cases with

probability values well below one per cent in all cases. This concluding evidence drawn from
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To some extent, this might reflect the effects of higher premiums to education derived
from a skilled biased technological change which has been noted in the literature on
this country as one of the driving forces for the increase of wage differentials between
skilled and unskilled workers during 1990s (see Attanasio, et al. 2004; Cardenas and
Gutierrez, 1997; Fanjzylber and Maloney, 2005; Goldberg and Pavcnik, 2005, Isaza and

Meza, 2006).

In regard to marital status, we find in the informal sector that men in a marital
relationship (either married or in free union) earn higher wages not only with respect
to all other male workers but also compared to all women, as indicated by the dummy
coefficients from the two periods of years included here, on average and everything
else the same. The results for the informal segment indicate the highest wage
advantage for divorced/widowed women in 1986-1989 while, incidentally there seems
to be a penalty for women in a marital relationship in 1996-1999 as their hourly wages
are, on average, 3.5 per cent lower than those of single women, ceteris paribus. This
may reflect the fact that in this sector marriage is used as a negative productivity signal
for women but a positive one for men. Our results for the formal sector suggest both
men and women in marital relationship tend to earn, on average, the highest wages of
this group of workers in both time periods. They also indicate smaller gender
differences than those found amongst informal workers although men in a marital

relationship enjoy also the highest wage advantage.

these test (not reported here) is explained by the small size of the standard errors which are

originated from large datasets.
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Table 2.6a: Robust log wage equations, informal workers (own-account workers
-except professionals- and domestic servants), urban Colombia: 1986-1989 and

1996-1999
1986-1989 1996-1999
Variables Men Women Men Women
Experience 0.0222** 0.0227** 0.0200** 0.0166**
(0.00112)  (0.00135)  (0.00109)  (0.00118)
Experience? -0.00028**  -0.00034**  -0.00026**  -0.00025**
(1.84e-05)  (2.33e-05)  (1.83e-05)  (2.04e-05)
Personal .
spline: 0-11 yrs formal 0.0844** 0.0657** 0.0704** 0.0539**
characteristics schooling (0.00125) (0.00169) (0.00126) (0.00145)
spline: 12-16 yrs formal 0.112** 0.156** 0.114** 0.129**
schooling (0.00524)  (0.00845)  (0.00466)  (0.00613)
spline: more than 16 yrs -0.0549 -0.318* 0.00928 0.120
formal schooling (0.0849) (0.137) (0.0706) (0.121)
Marital status ~ Married/free union 0.143** 0.0351** 0.166** -0.0348**
(base (0.00869) (0.0116) (0.00876) (0.00927)
Divorced/widowed 0.0173 0.0457** 0.0503** -0.0153
category: (0.0160) (0.0117) (0.0147)  (0.00979)
Agriculture 0.0999 -0.246 0.0265 -0.567**
(0.0521) (0.256) (0.0520) (0.207)
Industries Mining and Quarrying -0.198** 0.548* -0.176** 0.0722
(0.0644) (0.272) (0.0668) (0.142)
b
(base Manufacturing 0.0795%  -0.00633  0.0343** -0.0388
category: (0.0117) (0.0379) (0.0130) (0.0359)
. Construction 0.0250* 0.185 0.0183 0.142
services and
(0.0106) (0.119) (0.0111) (0.0908)
utilities:  \yolesale and retail trade, 0.0514*  -0.0773**  -00326  -0.0517*
electricity, gas T— (0.0211) (0.0288) (0.0220) (0.0237)
Transport, Storage and 0.261** 0.732** 0.158** 0.739**
and water)
Communications (0.0112) (0.0744) (0.0111) (0.0618)
Financial, insurance and real 0.247** 0.305** 0.134** 0.344**
(0.0332) (0.0889) (0.0287) (0.0566)

state
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Table 2.6a: (Continuation)

1986-1989 1996-1999

Variables Men Women Men Women
Bookkeepers, cashiers and computing 6.960** 7.281** 7.026** 7.056**
(0.0643) (0.108) (0.0572)  (0.0565)

Clerical workers 6.841** 6.949** 7.135** 7.234**
(0.0476)  (0.0763)  (0.0487)  (0.0687)

Transport and communication workers 6.685** 6.693** 6.553** 6.890**
(0.116) (0.202) (0.0592) (0.161)

Wholesale and Retail Trade workers 7.020** 7.060** 7.112%* 7.146**
(0.0295)  (0.0399) (0.0315) (0.0354)

Sales workers 7.286** 7.620** 7.539** 7.533**
(0.0374) (0.0784)  (0.0435) (0.0662)

Shop assistants 6.649** 6.836** 6.917** 7.236**
(0.0285)  (0.0382)  (0.0311) (0.0354)

Catering and lodging workers 6.864** 7.124** 7.057** 7.248**
(0.0411)  (0.0499)  (0.0500)  (0.0495)

Housekeeping workers 6.963** 7.093** 7.028** 7.187**
Occupations (0.0528)  (0.0199)  (0.0404)  (0.0220)
(intercepts) Other personal services workers 6.696** 7.049** 6.871** 7.265**
(0.0272)  (0.0302) (0.0278)  (0.0293)

Farm and related workers 6.962** 7.575** 6.977** 7.408**
(0.0455) (0.244) (0.0462) (0.197)

Spinners, Weavers, Knitters, Dyers 6.635** 6.828** 6.757** 6.870**
(0.0823)  (0.0534) (0.0957)  (0.0599)

Food and Beverage Processers 6.838** 6.972** 6.947** 7.030**
(0.0367)  (0.0652)  (0.0410) (0.0552)

Tailors, Dressmakers, Sewers 6.706** 6.871** 6.902** 7.140**
(0.0297)  (0.0465) (0.0361)  (0.0449)

Shoemakers and Leather Goods Makers 6.622%* 6.813** 6.758** 7.070%*
(0.0256)  (0.0648) (0.0296)  (0.0590)

Material-Handling Equipment Operato 6.594** 6.930** 6.793** 6.694**
(0.0267) (0.182) (0.0270) (0.142)

Other blue collar workers 6.819** 6.975** 6.944** 7.087**
(0.0198)  (0.0481) (0.0224)  (0.0433)

Observations 57,982 55,426 52,312 51,229
Unadjusted R-squared 0.4661 0.3029 0.4355 0.3427

Robust standard errors in parentheses. ** p<0.01, * p<0.05. Dummy coefficients for cities

omitted (see Table A3a in Appendix 1).
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Table 2.6b: Robust log wage equations, formal workers (professionals, managers,

employers and waged workers), urban Colombia: 1986-1989 and 1996-1999

1986-1989 1996-1999
Variables Men Women Men Women
Experience 0.0290** 0.0268** 0.0230** 0.0197**
(0.000493) (0.000651) (0.000586) (0.000656)
Experience? -0.00033** -0.00032** -0.00025** -0.00019**
(9.19€-06) (1.50e-05) (1.14e-05) (1.54e-05)
Personal spline: 0-11 yrs formal 0.0628** 0.0581** 0.0595** 0.0530**
characteristics  schooling (0.000629) (0.000992) (0.000789) (0.00113)
spline: 12-16 yrs 0.124** 0.102** 0.143** 0.124**
formal schooling (0.00149) (0.00151) (0.00178) (0.00160)
spline: more than 16 0.0965** 0.0812** 0.154** 0.150**
yrs formal schooling (0.0106) (0.0141) (0.00612) (0.00657)
Marital status ~ Married /free union 0.0880** 0.0854** 0.0895** 0.0781**
(base (0.00342) (0.00408) (0.00434) (0.00449)
category: Divorced/widowed 0.00948 0.0312** 0.0210* 0.0228**
single) (0.00873) (0.00532) (0.00906) (0.00562)
Agriculture 0.0428* -0.0166 -0.0233 -0.0632*
(0.0169) (0.0276) (0.0204) (0.0296)
Mining and Quarrying 0.357