A University of Sussex PhD thesis
Available online via Sussex Research Online:
http://sro.sussex.ac.uk/
This thesis is protected by copyright which belongs to the author.
This thesis cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the Author
The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the Author
When referring to this work, full bibliographic details including the
author, title, awarding institution and date of the thesis must be given
Please visit Sussex Research Online for more information and further details

Three Essays on Education, Wages, and the Labour Market in
Mexico

Eréndira León Bravo

Thesis submitted for the degree of Doctor of Philosophy
Department of Economics
University of Sussex
3rd August 2021

Declaration

I hereby declare that this thesis has not been and will not be, submitted in whole or in part
to another University for the award of any other degree.

Signature

Eréndira León Bravo

i

UNIVERSITY OF SUSSEX
ERÉNDIRA LEÓN BRAVO
DOCTOR OF PHILOSOPHY IN ECONOMICS
THREE ESSAYS ON EDUCATION, WAGES AND THE LABOUR MARKET IN
MEXICO
Abstract
This thesis comprises three empirical chapters on the labour market outcomes of education,
minimum wages, and public sector wage policies in Mexico.
The first chapter estimates the impact of the 1993 educational reform in Mexico, which raised
compulsory schooling to the age of 15, on labour market outcomes, particularly earnings.
The reform raised average years of schooling by between 0.26 and 0.32 years. However, the
evidence suggests that this reform did not have an effect on earnings or other labour market
outcomes.
The second chapter analyses the role of the 2012 Minimum Wage (MW) intervention in
Mexico on the wage distribution. The results provide evidence that exposure to an up-rating
in the MW increased wages from the 10th to the 90th percentiles by between 3.3% to 5.5%,
respectively. Overall, the MW policy is not associated with reducing inequality. The MW
up-rating appears to be a mechanism that plays a crucial role in wage inequality for public
sector workers. This may be due to the use of the MW as a numeraire for increments in salary
payments across the public sector pay scales. However, the influence of other confounders
in the labour market may likely have coincided with the introduction of this MW policy, thus,
challenging its interpretation as a causal effect in this case.
The third chapter exploits the implementation of the 2018 Federal Law on the remuneration
of public servants in Mexico to examine the impact of a government wage policy on the
public–private sector wage gap. The results report that the wage gap was reduced, both at the
mean and across the wage distribution. The policy is found to reduce the wage gap between
these two sectors. In particular, the findings suggest that at the median the policy is
responsible for reducing the public sector pay premium by about 11%.
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CHAPTER ONE: Introduction
The Mexican government in recent decades has introduced a number of separate policy
reforms designed to encourage the accumulation of human capital, increase the earnings of
low-paid workers, and ensure more sustainable public sector pay from the perspective of the
government’s fiscal position. The three governmental interventions analysed in this thesis
explore the above themes focusing on: (i) a compulsory educational reform introduced in
1993, (ii) a minimum wage (MW) up-rating intervention implemented in 2012, (iii) and a
pay reform introduced for the public sector in 2018. The empirical analysis aims to
investigate whether these reforms in Mexico accomplished their objectives and had
meaningful implications for the labour market. The studies undertaken in this thesis fill a gap
among the studies conducted to date not only for Mexico but also to broader policy debates
in other developed and developing countries.
In analysing the impacts or implications of these types of governmental policies, an important
characteristic is successfully identifying the target population or treatment group, which is a
crucial feature in designing and assessing the impact of any policy. The first empirical chapter
estimates the impact on schooling attainment and labour market earnings of the 1993
educational reform in Mexico, which subjected the school-going population to a rise in
compulsory schooling age from 12 to 15. The motivation for the Mexican government’s
introduction of this reform was primarily related to the schooling benefits that this policy
could potentially have for the population. Specifically, growth in enrolment rates for
secondary schooling was anticipated to increase the accumulation of human capital,
strengthen the acquisitions of qualifications among the population, and consequently, raise
labour market earnings.
Despite the extensive literature on returns to education, the studies that focused on returns to
changes in compulsory education to causally identify the effect of interest are more limited.
The analysis in this thesis contributes to this scant literature with a focus on a developing
country. The impact of this policy is studied using a fuzzy Regression Discontinuity Design
(RDD) for the period 2009 to 2017. This methodology is implemented to address the
conventional problem of endogeneity that exists between schooling and labour market
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outcomes by exploiting the age cohort discontinuities created by the policy change. A key
feature of the study is its use of months of birth as a measure of age, in contrast to most of
the existing literature, which uses the year of birth.
Although the results suggest that the reform raised average schooling, and therefore
accomplished one of the policy’s key objectives, the reform did not induce the anticipated
effects on labour market outcomes. Specifically, it did not impact earnings or sectoral
employment choices. Therefore, the 1993 compulsory schooling law was insufficient as a
policy in itself to impact labour market outcomes in Mexico during the period analysed.
The second study investigates the role of the Minimum Wage (MW) up-rating intervention
introduced in 2012 in Mexico on the wage distribution and wage inequality. The analysis
focuses on the formal sector as the MW legislation is binding in this segment of the labour
market. The MW was seen by the Mexican government as a tool to increase the earnings of
low-income workers, reduce inequality, and assist in poverty alleviation. This empirical
approach explores an institutional change in the MW that exploits geographic zones, one of
which was subject to the MW up-rating.
The research uses data from 2010 to 2015 to estimate both mean and unconditional quantile
(UQ) regressions to evaluate this intervention on both the wage level and wage inequality.
The empirical evidence in developed and developing countries regarding the MW impacts
on wage inequality is limited. The existing research has generally focused on the direct
effects on employment and the level of wages. This study contributes to the growing literature
that evaluates the impacts of MW interventions on both levels and the distribution of earnings
using UQ regressions and a Gini-based Re-centred Influence Function (RIF) approach.
The results provide evidence that although the MW up-rating increased wages in the treated
geographical zone, it also raised wages across the unconditional hourly wage distribution for
this zone. In particular, the effects of the MW policy appear to persist higher up the
unconditional wage distribution than generally found in the literature. This effect in the
public sector workers is conjectured that may be attributable to the role that the MW plays
as a numeraire in the award of increments in the public sector payments. Finally, the MW
was found to exert no impact on wage inequality in the private formal sector.
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The final empirical chapter exploits the implementation of the 2018 Federal Pay Reform on
the remuneration of public sector workers in Mexico. This institutional change is used to
examine the impact of a governmental wage policy on the public sector pay premium across
the unconditional wage distribution, and consequently, on the public–private sector wage
differential. In Mexico, higher wages in the public sector have been of concern among policymakers since at least 2009, and this has exerted pressure on the Federal government to impose
limits and regulate them. The 2018 Mexican public sector policy reform used both payment
cuts and wage freezes for public sector workers in an attempt to get the objective of achieving
more sustainable pay awards in the public sector.
Using data from 2017 to 2019, mean and unconditional quantile (UQ) regression models are
estimated within a difference-in-differences (D-i-D) framework. The empirical findings
suggest that the policy was responsible for reducing the public sector pay premium and this
led to a reduction in the public–private sector wage gap. In particular, the effects were
strongly concentrated among the lower-paid workers below the median of the unconditional
pay distribution. Overall, the analysis reported here contributes to the broader literature for
both developed and developing countries in its attempt to provide a causal impact of a policy
change on the public–private sectoral wage gap. However, there is some evidence that the
introduction of the policy was anticipated by public sector employers, thus posing a challenge
for the causal identification of the key effect.
A common theme that emerges from the analysis of the three policies explored in this thesis
is that sometimes there are unintended implications. For instance, the first policy raises
schooling but has no discernible effect in the labour market; the second policy appears to
increase rather than reduce inequality for a subset of workers, and the third policy designed
to restrict excessive public sector pay had stronger adverse effects on the lower than the
higher paid public sector workers. In spite of this, the findings presented in this thesis
contribute to an understanding and appreciation of the broader implications of government
policies on the labour market in Mexico.
The structure of this thesis is as follows, it comprises three empirical analyses presented in
chapters Two, Three and Four, and these correspond to each of the three separate policies
evaluated. Chapter Five provides some concluding and summary remarks.
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CHAPTER TWO: Does Compulsory Schooling Impact Labour Market Outcomes?
Evidence from the 1993 Educational Reform in Mexico
2.1

Introduction

The accumulation of human capital through education is widely perceived to develop the
skills of individuals, provide higher qualifications for the labour market, and consequently,
increase their lifetime earnings (e.g., Card, 2001; Duflo, 2001; Oreopoulos, 2006b). Hence,
compulsory education has been introduced around the world as a government policy to
increase human capital accumulation in the long term. However, school attendance may not
necessarily impact school attainment; combinations of internal factors such as family
background and external factors on the supply side of the educational system could influence
school achievements and, therefore, the future earnings of individuals.
Empirical evidence in high-income economies suggests that compulsory schooling laws
increase schooling. However, the small size effect does not translate into a systematic
improvement in the labour market prospects of the people exposed to these reforms, where
most of the estimated returns to the additional schooling are reported to be low or even zero
(Devereux and Hart, 2010; Grenet, 2013; Pischke and Von Wachter, 2008). Among the
explanations for these low returns is that the laws do not require obtaining the certificates
that demonstrate the qualifications achieved through schooling, which play a key role in
labour market signalling (Grenet, 2013); or because students are much better prepared in
basic academic skills even before compulsory schooling is established (Pischke and Von
Wachter, 2008).
The empirical studies on compulsory schooling available for developing countries report
higher returns to compulsory education than to developed economies. The estimates range
from 6% in Taiwan to 20% in China (Fang et al., 2012; Spohr, 2003).1 It could be because
people at the bottom of the schooling distribution acquired higher education, increased their
qualifications, improved their employment status, and received higher salaries (Fang et al.,
2012). However, Aydemir and Kirdar (2017) found low returns for Turkey, similar to those
1

Taiwan was a developing country at the time of the introduction of compulsory education in 1968 and during
most of the period analysed by Spohr (2003).
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observed in developed countries. The authors argued that higher returns to education are
linked to higher schooling levels, more than the compulsory schooling levels promoted by
the Turkish reform.2
The analysis of the effects of compulsory schooling is potentially important for Mexico
which introduced an Educational Reform in 1993 that raised compulsory schooling from 12
to 15 years. This reform was introduced to increase the accumulation of human capital,
strengthen the skills and qualifications among the population, and raise earnings.
The information about school attendance gathered by different sources suggests the
implementation of compulsory schooling in 1993 had a marginal effect in increasing degree
attainment and that it was poorly enforced for the urban youth. On the one hand, the Mexican
National Urban Employment Survey (ENEU -Spanish acronym) reported in 1992 and 1993
an average of 47% of urban adolescents, ages 12-15, enrolled at secondary education, from
those aged 15 years (i.e., age at which the students should finish secondary schooling), 33%
on average completed secondary schooling. From 1994 to 1998 the rates slightly change. On
the other hand, in 1995, the World Bank (2016) reported 21% of Mexican adolescents
dropped out of secondary schooling compared to 26% in 1990.
The reform compelled the population to remain at school regardless of individual-level
decisions. Hence, the analysis of the impact of this compulsory schooling law requires
examination not only to disentangle the education attendance effects but also to explore the
impacts on labour market prospects. Therefore, this study aims to shed light on the long-run
effects of compulsory education on male labour market earnings and their selection of
employment into the informal, formal, and self-employment sectors in Mexico.3
The research uses various rounds (2009-2017) of the National Occupations and Employment
Survey. Following Aydemir and Kirdar (2017) and Grenet (2013), a Regression
Discontinuity Design (RDD) is used to interrogate the research questions. Specifically, a
fuzzy RDD is applied to address endogeneity between schooling and the set of labour market
outcomes. It exploits a measure of age in months of birth as an exogenous source for the
increase in education. Then, the cohorts exposed to compulsory schooling are compared to
2
3

Table B2.1 in Appendix B summarizes some of the literature estimates.
Information regarding labour market is less available for females.
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similar cohorts that had the opportunity to leave schooling before the age of 15. The fuzziness
in the method accounts for the imperfect compliance with the policy.
The empirical evidence reveals that the 1993 school-leaving age reform in Mexico
marginally increased the years of schooling. Still, the size effect was weak, and it was an
insufficient policy by itself to impact hourly wages or sectoral employment choices such as
self-employment, formal or informal employment. These results are quite similar to those
found for high-income economies. It could be explained by a number of reasons such as the
quality of education; the so-called degraded tertiary effect;4 skills mismatch; the role of
institutional wage setting; the large child labour force participation rates; the large fraction
of informal sector workers; or the relevance of the skills acquired at school for the labour
market.
The Mexican compulsory schooling law might effectively raise earnings if it induces a
significant fraction of the population to complete higher levels of education and if the
government implements other labour market and educational (e.g., training programmes,
wage-setting reforms).
The contribution of this research to the literature is in several ways. First, it is among few
studies for developing countries and the Latin American region that explore the returns to
compulsory schooling. Second, it uses a rigorous RDD approach to address the endogeneity
of schooling by exploiting a measure of age cohort discontinuities in months of birth, which
arguably provides more accurate estimates than the year of birth measure used in most of the
literature. Third, to the best of my knowledge, it is the first study for Mexico that uses the
1993 compulsory education reform to analyse the returns.
The present study is structured as follows. The next section presents a review of the related
literature. A subsequent section provides the institutional context for the 1993 Compulsory
Schooling Reform implemented in Mexico. It is followed by the data and the empirical

4

The degraded tertiary effect in education implies that the tertiary education institutions after the 1993
educational reform were not prepared for the spill-over effects that kept the students at higher levels of education
rather than the one mandated by the reform. Thus, schooling became of lower quality (Campos-Vázquez, 2016).
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strategy. The empirical results and robustness checks are then presented. Additional
discussions on the estimates and the conclusions are contained in the final sections.
2.2 Literature Review
The study of returns to education is one of the most important motivations for the economic
analyses of education policies. There is a long debate on whether schooling is a mechanism
to increase wages in adulthood and/or to have an impact on labour market prospects, such as
the type of employment or the labour sector where individuals work. Generally, the literature
is based on the empirical returns to schooling rather than schooling policies themselves and
is mostly focused on developed countries (e.g., Cameron and Taber, 2004; Card, 2001),
although, there are some interesting studies centred on developing economies (e.g., Duflo,
2001; Estrada and Gignoux, 2017; Patrinos and Psacharopoulos, 2004; Patrinos and
Psacharopoulos, 2010).
Most studies use the traditional Mincerian earnings equation. Nevertheless, some use
institutional features of the schooling system to tackle endogeneity issues and identify returns
to schooling through instrumental variables such as a measure of age based on the quarter of
birth (Acemoglu and Angrist, 2001); the distance to the nearest college (Card, 1995);5 or the
variation in schooling based on a school construction policy (Duflo, 2001). These instruments
are used as they are independent of ability and generate an exogenous source of variation in
education, which is important for capturing the causal effects on the returns.
Average returns to education are often higher in developing countries (low -or middleincome economies) than in industrialized countries (Card, 2001; Duflo, 2001). Duflo (2001)
found economic returns to education in a range of 6.8%–10.6% for Indonesia. The returns
per additional year of schooling are found to be, on average, higher in the Latin America and
the Caribbean region (9.3%) and for the Sub-Saharan African region (12.5%) than for highincome economies (10%) (Montenegro and Patrinos, 2014).6 Moreover, in the Latin

5

Cited in Oreopoulos, 2006b.
The returns refer to the private rate of returns, which take into account earnings after taxes, and because of the
public subsidisation of education, the main part of the cost is foregone earnings while studying.
6
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American region, the average returns of secondary schooling are around 7%, but significantly
higher at 18% for tertiary level education. The returns are lower for elementary schooling.
In Mexico, the existing literature is focused on returns to education and its effects on
inequality

(López-Acevedo,

2001);

returns

to

private education

(Patrinos

and

Psacharopoulos, 2010); returns to misallocation of labour markets (Levy and López-Calva,
2016); or returns to the elite public schooling system (Estrada and Gignoux, 2017). For
López-Acevedo (2001) inequality based on education accounted for the largest share of
earnings inequality during the first part of the 1990s. Patrinos and Psacharopoulos (2010)
reported returns to private education of 21.6% for primary schooling and 15% for secondary
schooling.7 Using metropolitan cities, Estrada and Gignoux (2017) found increased returns
from elite public schools at the high-school level by 15 percentage points relative to other
public high schools.8
Despite the extensive literature on returns to education, the studies focused on returns to
education based on changes to compulsory schooling are limited. Most of them are centred
on developed countries, where the results generally suggest that compulsory schooling laws
do not systematically improve the earnings of those who are affected by the institutional
changes since the returns of secondary education are low or even zero compared to the onthe-job training available to workers. This literature essentially analyses two types of
institutional changes: the minimum school-leaving age or the mandatory years of schooling.
On the one hand, Pischke and Von Wachter (2008) found zero returns from raising the
minimum school-leaving age in West Germany during the period from 1947 to 1969 by using
a difference in differences (D-i-D) analysis. Kamhöfer and Schmitz (2016) re-analysed the
Pischke and Von Wachter (2008) study for Germany using a Two-Stage Least Squares
(2SLS) method with additional instruments for the supply of schools and confirmed their
zero returns for higher track schools. These results support the hypothesis that wage-relevant
skills are learned at an earlier stage, through on-the-job apprenticeship or training.

7

The social returns reported by the authors are 19% and 10% in primary and secondary education, respectively.
The social rate of return is based on pre-tax earnings and considers the full cost of education.
8
The elite public schools that belong to the National Polytechnic Institute (Instituto Politécnico Nacional or
IPN) are compared to other public high schools.
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On the other hand, Oreopoulos (2006a) compared birth cohorts affected by changes in
schooling reforms with birth cohorts not affected. The compulsory schooling laws studied
are the 1947 and 1957 reforms for Britain and Northern Ireland, the 1915 and 1970 laws for
the US, and the Canadian legislations in 1925 and 1970. The overall returns for males are,
on average, 10% to 14%. Devereux and Hart (2010) analysed the 1947 British law and find
more nuanced results that suggest zero returns for women and returns for men in the range
of 4%–7%. Both analyses exploit a fuzzy Regression Discontinuity Design (RDD) to account
for imperfect compliance with the policy, using a fourth-order polynomial of the year of birth
to control for any underlying heterogeneity across the sample.
Dolton and Sandi (2017) re-assessed the robustness, the specification, and the estimation
method of previous studies focused on the UK school-leaving age reforms. The authors used
the month of birth in the RDD analysis as a more accurate instrumental variable for the
variation in education, highlighting the sensitivity of the results to different specifications.
They found robust returns of 6% for males, a significantly lower rate than Oreopoulos
(2006b) findings. Similarly, Grenet (2013) found returns to education of 6% for the UK using
the 1972 reform and close to zero returns for France with the 1967 reform. A fuzzy RDD
with months and years of birth is employed for evaluating the reforms’ impacts.
Thus, the results for the UK, among developed countries, suggests statistically significant
returns to compulsory education above 4%, Oreopoulos (2006b) obtained the highest returns.
The low or zero returns in high-income economies are, on the one hand, based on the fact
that the reforms targeted students much better prepared in the basic academic skills, which
matters in the labour market, by the time they reach compulsory schooling age (e.g., Pischke
and Von Wachter, 2008 for Germany). On the other hand, the laws did not encourage the
students to enrol in grades that lead to obtaining academic or vocational diplomas. It could
certify the knowledge and skills achieved through studying, signalling in the labour market,
rather than marginally increasing the years of education (e.g., Grenet, 2013 for France).
Among the studies for developing countries, Spohr (2003) explored the impact of the 1968
reform in Taiwan and found that earnings increased by 5.8% per additional year of schooling
for males from 1979-1996. Fang et al. (2012) studied the 1986 compulsory education law in
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China and reported overall returns of 20% for the period 1997-2006. Both analyses used
Mincerian equations with instrumental variables in a 2SLS approach.
Higher returns are generally found for developing countries where educational attendance
increases over time and translates into higher earnings. The returns in China at the bottom of
the schooling distribution are argued because the reform compelled the individuals to acquire
higher education, which increased their qualifications and allowed them to change their
employment status from unskilled to semi-skilled workers, thus receiving higher salaries
(Fang et al., 2012). In Taiwan, the individuals in the lower tail of the schooling distribution
faced the worst occupational conditions but increased schooling, and consequently, their
earnings due to the reform (Spohr, 2003).
Nevertheless, Aydemir and Kirdar (2017) found low returns to schooling for young males in
Turkey within a range of 2%–2.5% for the period 2002-2013, although not statistically
significant for most specifications. The authors used exogenous variation in schooling across
birth cohorts induced by the 1997 compulsory schooling reform within a fuzzy RDD
framework exploiting the year of birth as a measure of age. The findings in this study contrast
with the higher returns found for the other developing countries. The authors suggest that
higher returns are linked to higher schooling levels, more than the levels encouraged by the
Turkish reform, which did not have spill-over effects above the schooling level promoted by
the policy.
Aside from analysing the returns to compulsory education, some studies examined the
impacts on other labour market outcomes. Spohr (2003) found increases in workforce
participation of 1%, for the male sub-sample, of which schooling credentials (i.e., getting a
diploma) were particularly important for gaining public sector employment. Aydemir and
Kirdar (2017) found that the Turkish policy did not impact male employment status.
Oreopoulos (2006b) identified significant gains of the reform on health, employment, and
other socioeconomic outcomes, such as welfare on high-income economies, whereas,
Pischke and Von Wachter (2008) and Grenet (2013) reported no effects on employment nor
self-employed indicators.
Therefore, the empirical evidence is varied for both developed and developing countries. The
heterogeneity may potentially be driven by the different contexts and identification strategies
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used. Most studies use the RDD approach with higher-order polynomial (i.e., cubic or quartic
order) of the year of birth to address the endogeneity issue. Few studies use months of birth
with the fuzzy RDD method for more accurate and robust estimates of the returns to
education, since months of birth allows for more variation in the birth cohorts’ schooling
within a year (Dolton and Sandi, 2017; Grenet, 2013).
2.3 The 1993 Educational Reform in Mexico
The literature stated above highlights that some countries experienced growth in their
enrolment rates for secondary and post-secondary schooling, including Germany, the United
Kingdom, China, Taiwan, and Turkey. These growths were driven by the perceptions of the
economic benefits of schooling. Governments of developing countries share these
perceptions. They directly invest in schooling or enact regulations that encourage individuals
to invest in education. However, there is heterogeneity in the evidence of the effectiveness
of these policies, more so at improving labour market outcomes.
The Mexican government introduced compulsory education for long-term school benefits. In
the country, most children start school at the age of six. The Constitution specifies six years
of elementary schooling followed by three years of secondary schooling, and three years of
high-school education before entering the university level for (approximately) five years. The
students receive their certificates at each academic level after completing the last year (or
grade) at each level: sixth grade of elementary education, ninth grade of secondary schooling,
and twelfth grade of high–school level. The bachelor’s degree is received on completing
between 17 to 18 years of education.9
Before 1993, the legislation had established a minimum school-leaving age at 12 years.
Generally, at this age, the student attended all six years of elementary schooling. In July 1993,
the government approved the Educational Reform that extended compulsory schooling until
the age of 15, regardless of the level of education that children would complete up to 15
years. The reform primarily compelled the students to complete secondary schooling level.

9

Mexico employs a numerical system for grading each year of education. A mark of six is sufficient for passing
the grade.
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The reform was not implemented in conjunction with other laws that would have had a
bearing on schooling outcomes (e.g., Prospera is a social programme introduced in 1997 that
assists to provide children access to basic services such as food, health and school). The
policy was established in a stable macroeconomic context that began in the early 1990s (i.e.,
prior to the adoption of trade liberalization policies in 1994) and its timing was not influenced
by the December 1995 financial crisis.
The intervention was first implemented nationwide in September 1993, at the start of the
academic year.10 It established that all children under age 16 must be enrolled at their
respective schooling levels. At the age of six, by the 1st of September, children must be
registered into elementary schooling, and by the age of 12, most children should be enrolled
at the secondary schooling level. The high school level generally begins at the age of 15.
However, it may be the case that some students enrolled at an early age in the school system
(e.g., at the age of four or five years).11
The main goal of the government with the introduction of this reform was to increase the
accumulation of human capital in the long term, and consequently, to raise educational
qualifications. More educated people would obtain better jobs and enjoy economic
opportunities later in life, such as a positive impact on life-cycle earnings. In addition, social
and cultural returns were also anticipated. Therefore, education itself was viewed as a
powerful tool to lift children and adults out of poverty and, to achieve lasting economic
development for the country.
Aside from extending compulsory schooling, the 1993 reform changed the curricula and
updated the study programmes and textbooks for each grade of elementary and secondary
schooling levels to provide students with the skills and qualifications required by a changing
labour market context.
The statistics of school attendance around the time that the compulsory law was implemented
were not promising. The law appears to be not well enforced. The Mexican National Urban
Employment Survey (ENEU -Spanish acronym) reported by the second quarter of 1992 and
10

Nowadays the academic year starts in the middle of August.
People above 15 years of age that are enrolled at elementary or secondary schooling levels attend adult
literacy schools, in which the classes are provided at evenings or on weekends.
11
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1993, before the introduction of the reform, 47% of urban adolescents, ages 12-15, enrolled
in secondary education each year. From the adolescents aged 15 years (i.e., age at which the
students should finish secondary schooling), 32% and 33.7% completed secondary
schooling, respectively for 1992 and 1993.
After the introduction of the reform, the enrolment rate of urban adolescents slightly
decreased to 46.5% by 1994, whereas in 1995 it was the same as in previous years with 47%.
Among those students aged 15 years, 32.6% and 32.4% completed secondary schooling in
1994 and 1995, respectively. However, in 1997 and 1998, the percentage of the students
enrolled at secondary education reached respectively 49.4% and 48.8%. The proportion of
adolescents with completed secondary schooling level at the age of 15 slightly increased
relative to previous years to 35.6% and 34.8%, respectively for 1997 and 1998. On the other
hand, the World Bank (2016) reported in 1995 a reduction of five percentage points in the
rate of Mexican adolescents that dropped out of secondary schooling compared to the
percentage in 1990 (i.e., from 26% to 21%).
Thus, according to the information gathered by different organisations, there appears to have
been a marginal effect on increasing degree attendance after the implementation of
compulsory schooling in 1993, and it was poorly enforced for the urban youth. Hence, the
analysis of the impacts of this universal compulsory schooling law is of paramount
importance in Mexico, not only regarding school attendance but also for exploring the
impacts and consequences on labour market outcomes. The next section describes the data
used in the analysis.
2.4 Data
The empirical work uses the Mexican National Occupations and Employment Survey (ENOE
-Spanish acronym) available from the Statistics, Geography, and Informatics Institute
(INEGI -Spanish acronym). The survey encompasses information for gainfully occupied and
unoccupied individuals aged 12 years and over. The ENOE is a nationally representative
survey. It reports, inter alia, the age in months, birth states, the years of schooling, weekly
hours worked, monthly earnings, formal and informal job activities derived from the main
and secondary occupations, and residential areas.
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The second quarter interview period of the ENOE is used primarily to avoid any seasonality
in earnings since higher expenses are reported during the first and fourth quarters of the year
because extra bonuses are received by most people in December and January (mainly for
wage premia, dividends and shares of the company, etc.). The sample is restricted to male
observations because the information reported of earnings and other labour market variables
are complete and comprehensive than for the female sub-sample. Accurate and
comprehensive information for female participants in the labour market is not available. 12
The sample consists of a pooled cross-sectional dataset of 148,964 observations from the
period 2009 to 2017. Since this survey is a quarterly rotating panel dataset that encompasses
five continuous quarters, the fifth interview period of the survey is excluded from those
individuals whose first interview was in the second quarter period of the ENOE one year
prior. This is to avoid repetition in the same observations throughout the survey periods.
The sample is limited to full-time workers, which are the observations that reported between
30 and 90 weekly hours worked during the reference week.13 Full-time workers are included
to avoid people studying and working while being surveyed since the research focuses on the
effects of completed education on labour market outcomes.
2.4.1

Outcome variables

The main outcome variable used in this research is the natural logarithm of hourly earnings.
The definition of earnings in the survey refers to a monthly payment received from the main
job net of all labour taxes and social security contributions.14 The hours worked are reported
weekly in the survey and are multiplied by 4.3 to obtain the monthly hours worked. Hence,
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The inherent difficulty of including women in the analysis without modelling selection into the labour market
and labour supply dynamics would complicate the analysis for a pooled sample (Dolton and Sandi, 2017). The
point of concern would be how much of the estimated effect from the pooled sample is due to education per se
rather than job selection.
13
This study follows Campos-Vázquez (2016) for the full-time workers definition used for Mexico and
Aydemir and Kirdar (2017) for Turkey.
14
If the interviewees report weekly payments, the Mexican Statistics, Geography, and Informatics Institute
transforms this into monthly earnings by multiplying the former times 4.3. The information of earnings is
reported for all the employment sectors.
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the hourly wage variable is computed by dividing monthly earnings from the main occupation
by monthly hours worked.15
This hourly earnings measure is important to compare earnings across individuals. For
example, people working a greater number of hours with lower wages can be compared to
people working a smaller number of hours but receiving higher wages. The hourly earnings
measure is in real Mexican pesos as of December 2010. Then, logarithms are applied to
hourly earnings for getting the key-dependent variable conventionally used in Minceriantype equations.
This research uses the definitions established by INEGI and identified in the survey (ENOE)
for formality, informality and self-employment through the following information: the
economic sector of work (e.g., services, agriculture, manufacturing); the type of occupations
and activities undertaken (e.g., masonry, professional activities); the number of employees
in the firm; if people own their businesses (or are farmers); and the type of rights the
individuals are entitled to through their work contract.
Formal employment is mainly related to employment activities that provide access to social
security or medical health services, which coincide with work under a contract that is subject
to employment rights. On the other hand, informal employment is associated with labour
activities that do not provide access to social security, health services, or a contract that
includes employment rights.16 Self-employment is related to job activities performed by
individuals that work alone or are associated with others and may have unpaid workers in
their business.
These employment sectors are used to construct the dependent variables for the analysis.
Summary statistics of the wage variable for the pooled sample, the self-employed
observations, and the formal and informal sectors are reported in Table 2.1. Informal sector
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The main occupation is identified entirely by the interviewees as the one in which the respondent spends most
of their time during the day and which provides the highest remuneration. In the sample, the individuals with a
secondary occupation are slightly above 6%. Earnings and wages definitions are used indistinctively in this
study.
16
Working in the informal sector and having informal employment are treated as the same in this analysis.
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workers represent 44% of the sample, and their hourly wages are the lowest among all
observations. Formal sector employees are 40% of the sample and report the highest earnings.
Table 2. 1: Summary statistics of hourly wages

Source: Mexican National Occupations and Employment Survey (2009-2017).

Figure 2.1 contains the trends for the average log of hourly wages by formal, informal,
employed and self-employed workers. These graphs reveal that the average wages decreased
from 2009 to 2014 and increased thereafter. The largest decline in average earnings for the
pooled sample was in 2011 (3.08 log of hourly wages) and the peak in 2016 (3.13 log of
hourly wages). The formal sector workers reported earnings above average, whereas workers
in the informal sector reported the lowest. The earnings of the self-employed, although below
average, grew rapidly after 2014 compared to the rest of the employment sectors.
Figure 2. 1: Trends of hourly wages by employment sector

Source: Mexican National Occupations and Employment Survey (2009-2017).

2.4.2

Other variables in the analysis

Among the explanatory variables included are years of schooling, areas of residence, and the
type of economic sector. Table 2.2 displays the summary statistics for these covariates. The
variable years of schooling is related to the highest academic level accomplished. Most of
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the observations in the sample reported completed secondary schooling, the average is 10.4
years which is equivalent to the attendance of at least 1.4 years of high school level. The
majority of the observations work in the services (39%) and manufacturing (19%) sectors.
The individuals residing in urban settlement areas are 60% of the sample.
Regarding the age of the observations, the sample includes males aged between 24 to 40
years when surveyed, the average age is 31 years. The individuals were born between 1975
and 1987 and were aged in a range of 6–18 years at the time of the 1993 educational reform,
which is around the mandatory age of the intervention. The measure of age in months of birth
is used in the analysis for the ‘running variable’, which determines the treatment of the policy
according to the specific threshold.17
Table 2. 2: Summary statistics of explanatory variables

Source: Mexican National Occupations and Employment Survey
(2009-2017). Total observations 148,964.

Figure 2.2 illustrates the average log of hourly wages by the highest academic level reported
over the period analysed.18 The highest wages, above the average, reported high-school,
college (undergraduate) and postgraduate schooling levels. Conversely, the lowest earnings,
below the average, are exhibited by individuals with lower academic levels.19
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All the observations with missing values for the month of birth are excluded.
Figure C2.1 in Appendix C illustrates the average log of hourly wages by economic sector.
19
People who had an elementary schooling degree or less reported a 0.3% increase in their wages, while people
who had a secondary schooling certificate reported a 0.7% decrease in their earnings.
18

18
Figure 2. 2: Average hourly wages by academic levels

Source: Mexican National Occupations and Employment Survey (2009-2017).

2.4.3

Treatment and Control Groups

The 1993 reform generated two groups of people according to their birth cohorts, the
treatment and control groups. The treatment group comprises people aged 12 years at the
time of the reform that were born on and after September 1981 and therefore exposed to
compulsory schooling until the age of 15. The control group includes those born before
September 1981 that could leave school before the age of 15. Table 2.3 reports the selected
birth cohorts, 75 months before and after September 1981.20
The distributions of the log hourly wages and years of schooling per treatment and control
groups are illustrated in Figures 2.3 and 2.4, respectively. For the younger cohorts, born on
and after September 1981 and exposed to the reform, both distributions shift to the right
suggesting higher earnings and years of education compared to the control group. Although
the average earnings for both groups are quite similar in the period analysed, the average
years of schooling are greater for the treatment group, indicating the policy might have
increased schooling.
The peaks in Figure 2.4 report the highest academic level achieved by the sample individuals,
which coincides with the certificates obtained around the last year of schooling in each
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Tables B2.2 and B2.3 in Appendix B present statistics for the cohorts born before and after September 1981.
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academic level: 6th year in elementary schooling, 9th year in secondary schooling, 12th year
for high-school level and undergraduate between the year 17th and 18th.
Table 2. 3: Birth cohorts by control and treatment groups

Source: Mexican National Occupations and Employment Survey (2009-2017).

Figure 2. 3: Distribution of hourly wages by birth cohorts

Source: Mexican National Occupations and Employment Survey (2009-2017).
The vertical lines represent the average hourly wages.

20
Figure 2. 4: Distribution of years of schooling by birth cohorts

Source: Mexican National Occupations and Employment Survey (2009-2017).
The vertical lines represent the average years of schooling.

Table 2.4 reports the summary statistics of the sample by academic attainments. The people
who hold a secondary schooling certificate as the highest educational attainment level are the
majority with approximately 37%. The individuals holding at least a secondary schooling
diploma are 80% in the treatment group and 74% in the control group. The ‘never-takers’,
who are the people bound by the policy but illiterate, represent 1.2% of the sample, while
3.6% of the observations reported incomplete secondary schooling.21
Table 2. 4: Summary statistics by academic attainment

Source: Mexican National Occupations and Employment Survey (2009-2017).
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The the Mexican National Urban Employment Survey (ENEU) survey reported an average of 1% of illiterate
children aged between 12 and 15 years in the second quarters of the survey from 1990 to 1999.
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Figure 2.5 contains the trends of holding a specific academic certificate. The graph on the
right-hand side indicates the trends by year of birth, whereas the one on the left-hand side
uses the months of birth. In general, an upward trend is shown for the cohorts holding highschool and college academic certificates. The birth cohorts with secondary schooling degrees
are relatively constant over the period analysed, while those with elementary schooling
diplomas or less are decreasing along with the birth cohorts.
These tendencies confirm Figure 2.4, younger cohorts reported more years of schooling
compared to elder cohorts. They also emphasize the information reported in Table 2.4, the
proportion of people who only had a secondary certificate did not change drastically among
the treatment and control groups.
Figure 2. 5: Trends of academic certificates by month and year of birth

Source: Mexican National Occupations and Employment Survey (2009-2017).

2.5 Empirical Strategy
A new thrust of research has emerged, following the series of policies that encourage
investment in education, where the institutional features of the education system can be used
to establish credible instrumental variables for schooling outcomes that can cut through the
gordian knot of endogenous schooling and unobserved ability. The use of supply-side
variables to help solve the identification on the demand-side of the education market is a
natural feature of standard econometric practice given the well-known ‘paradox of
identification’. There are also, theoretical underpinnings and econometric tools that explicitly
recognize the possibility that returns to education may vary across the population, depending
on such characteristics as family background and abilities (Card, 2001).
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The 1993 educational reform in Mexico is a natural experiment, which can be used to
estimate the long-run effects of this institutional change on labour market prospects. The
main purpose of this study is to shed light on the impacts of compulsory schooling on
earnings. In addition, the analysis studies to what extent the intervention influences
employment sectoral choices, such as working in the formal sector.
The well-known problem in establishing this causal link is the endogeneity of schooling
because there are unobserved omitted variables that could affect earnings as well as
educational attainment or employment choices.22 Earnings and schooling are potentially
jointly determined by these unobserved factors, where also there is a concern about reverse
causality.
The introduction of compulsory schooling laws creates an exogenous source of variation in
educational attendance where the individuals are compelled to remain at school regardless of
individual-level decisions. This exogenous source, which increases education, addresses the
endogeneity of schooling by exploiting the age cohort discontinuities measured by the month
of birth. Incorporating the within-year variation in month of birth would more accurately
reflect the amount of extra-compulsory schooling faced by different cohorts in the sample
(Clark and Royer, 2013).23 The returns to education are then estimated with a Regression
Discontinuity Design (RDD) approach.
The 1993 reform was mandatorily applied to compel a minimum school-leaving age of 15
years regardless of the educational attainment the children could accomplish. It was expected
that the policy would extend schooling, even though the students could repeat some grades
of elementary or secondary schooling, which naturally increases the years of schooling but
not necessarily the educational attainment.
Admittedly, imperfect compliance is an issue with this reform because some factors could
affect the exposure to the policy leading to imperfect enforcement (i.e., children not treated
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The potential endogeneity problem has been stated in the literature by many authors (e.g., Acemoglu and
Angrist, 2001; Duflo, 2001; Pischke and Von Wachter, 2008). Educational attendance and attainment depend
on people’s own decisions, abilities, motivations, learning dispositions, and parental characteristics, among
other factors.
23
This is among the first studies using months of birth as a measure of age for the UK, although it focuses on
health outcomes.
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but that should be treated, in contrast to children that should not be treated but are actually
treated). For example, geographical characteristics in Mexico complicate the desire and
opportunity to go to school (e.g., people living in rural areas face different obstacles to
commute to schools, such as walking long distances, even across rivers or mountains). For
some households, children are an important source of work and therefore do not attend school
regularly (e.g., those children working in domestic activities or agriculture). These should be
children treated that possibly are not treated. 24
Furthermore, the reform could induce children to continue with their education and obtain
higher academic certificates, even for students over the age of 15 (i.e., spill-over effects on
the students not targeted by the reform).25 For example, on the one hand, children that started
school earlier than the normal age of six, by the time of the policy implementation would
have already completed secondary schooling and are bound by the reform until the age of 15.
They could continue in higher education. On the other hand, children that started school later
than the normal age of six are bounded by the policy until the age of 15, after this age they
could either drop out of school without a secondary schooling certificate or stay at school.
Unfortunately, the survey does not provide information on when the people started school,
completed an academic level or dropped out of school. These factors affect the exposure to
the policy, the possibility of increasing education, and the unobserved characteristics among
the individuals exposed and not exposed to the reform because of the imperfect enforcement
of the legislation (Aydemir and Kirdar, 2017).
Similar to other countries, Mexican compulsory education affected a large fraction of the
population. Possibly, as Aydemir and Kirdar (2017) argued, this reform made the local
average treatment effect (LATE) likely to be closer to an average treatment effect (ATE) of
the returns to compulsory education since the marginal individual affected by this policy
becomes progressively likely to the average individual in the population.26

24

Urban settlement status and birth states are used in the analysis to control for these types of socio-demographic
and economic conditions.
25
Children aged 6-12 years are mainly enrolled at elementary schooling, and aged between 12-15 are studying
secondary schooling. Students over the age of 15 attend adult literacy schools if they are enrolled at elementary
or secondary schooling levels.
26
This analysis focuses on a local average treatment effect (LATE), which is relevant to the subset that has
been subject to the policy reform.

24

Therefore, whether compulsory school attendance raised the educational attainment and
consequently had a positive economic impact in adulthood needs to be tested empirically.
Although educational attainment depends on people’s own decisions, abilities, motivations,
learning dispositions, and parental characteristics, among other factors, increasing
compulsory schooling until the age of 15 might increase attainment and therefore earnings.
It might also impact employment choices, such as working in the formal sector.
Then, using the fuzzy RDD approach, the years of schooling and labour market outcomes of
birth cohorts exposed to the reform are compared to those not exposed. This approach is
similar in spirit to the Grenet (2013) and Aydemir and Kirdar (2017) studies. It employs a
running variable, which is the age measured in months of birth from the cohort born in
September 1981. This variable determines the treatment according to the specific threshold
set. The treatment assignment is defined with a policy dummy variable (age in months of
birth), which is equal to one for the birth cohorts born on and after September 1981, and zero
for earlier birth cohorts.
The treatment variable is specified as follows:
𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 {

1,
0,

if cohort born ≥ September 1981
if cohort born < September 1981

This methodology addresses imperfect compliance by using the random assignment of the
instrumental variable, which is the policy dummy, as the determinant of the exposure to the
1993 educational reform. To estimate (a) the effects of the exposure to compulsory schooling
until the age of 15 on years of schooling; (b) the effects of exposure to the compulsory
schooling on labour market outcomes (earnings and employment sectoral choices); and (c)
the effects of years of schooling (instrumented by the policy dummy) on labour market
outcomes, this study uses the fuzzy RDD approach with the following Two-Stage Least
Squares estimation (2SLS).27
The First Stage that estimates the causal link between schooling and the policy is defined in
equation (1):

27

Card (2001) suggests that the use of alternative methods to Ordinary Least Squares (OLS), such as
instrumental-variables, for estimating returns to compulsory education may reveal higher marginal returns to
schooling since they provide a better approximation of the exposure to these mandatory laws.
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𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑆𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 = 𝛼0 + 𝛼1 (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ) + 𝛼2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 )+ 𝛼3 𝑋𝑖 + 𝜀𝑖 (1)
The specification regresses the years of schooling on the treatment variable, a functional form
of the running variable (𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ), a set of covariates (𝑋𝑖 ) and a random error term
𝜀𝑖 . The functional form is re-centred with the running variable at the cut-off point. Thus, the
estimated effect represents the effect of the treatment precisely at the threshold. The
covariates included are the urban settlement status, the economic sector, the survey year
dummies, and birth states dummies clustered by regions.28
The estimated coefficient, 𝛼
̂,
1 of the treatment variable captures the reform’s average causal
effect on years of schooling at the treatment assignment threshold. It is expected to be a
positive effect, which indicates that the males exposed to the policy increased, on average,
their years of schooling compared to the ones not exposed.
The reduced-form is implemented through equation (2):
𝐿𝑀𝑘𝑡 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠𝑖 = 𝛽0 + 𝛽1 (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ) + 𝛽2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ) + 𝛽3 𝑋𝑖 + 𝜔𝑖
where 𝐿𝑀𝑘𝑡 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠𝑖

(2)

represents the following labour market outcomes: 1)

𝐿𝑜𝑔 𝑜𝑓 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑎𝑔𝑒𝑠𝑖 ; 2) 𝐹𝑜𝑟𝑚𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑖 ; 3) 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑙 𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑖 ; and 4)
𝑆𝑒𝑙𝑓– 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑖 . The last three outcomes are implemented as dummy variables. The
̂1 of the treatment variable measures the
random error term is 𝜔𝑖 . The estimated coefficient 𝛽
reform’s average causal effect on each labour market prospect at the treatment assignment
threshold.
The second stage equation, equivalent to a 2SLS is expressed as follows:
̂
𝐿𝑀𝑘𝑡 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠𝑖 = 𝛿0 + 𝛿1 (𝑌𝑒𝑎𝑟𝑠 𝑜𝑓
𝑆𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 ) + 𝛿2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ) +
𝛿3 𝑋𝑖 + 𝜇𝑖

(3)

The specification regresses the labour market outcomes (𝐿𝑀𝑘𝑡 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠𝑖 ) on years of
̂
schooling predicted from the first stage (𝑌𝑒𝑎𝑟𝑠 𝑜𝑓
𝑆𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 ) and instrumented by the
The INEGI clusters the 32 Mexican States by seven socioeconomic regions that reflect population’s levels of
welfare, including aspects such as education, employment, housing, and health. Therefore, this analysis uses
seven birth region dummy variables and nine survey year dummies. Table B2.4 in Appendix B lists the 32
Mexican States by each region.
28
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treatment assignment (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ), the functional form of the running variable
(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ), the covariate vector 𝑋𝑖 , and the random error term µ𝑖 .
The estimated coefficient 𝛿̂1 is interpreted as a measure of the labour market outcomes
specified in equation (2) for the treatment group who were compelled to increase their years
of schooling as a result of the amendment in the Mexican legislation. For the four outcomes,
the coefficients are interpreted as follows: 1) the returns to compulsory schooling; 2) the
probability of working in the formal sector; 3) the probability of working in the informal
sector, and 4) the probability of working as self-employed.
A positive coefficient is expected for 𝛿̂1 indicating that improvement in school attendance
would translate into causal effects on hourly earnings. For the other labour market outcomes,
the anticipated sign is positive for the formal employment sector because as the intervention
increases schooling, this would increase the probability of working in this specific sector.
Whereas the signs would be negative for the informal employment sector and working as
self-employed because the reform would increase years of education, and this would decrease
the probability of working in these types of employment. More educated people would have
the opportunity to improve their welfare by preferring to work in the formal sector where
they can be provided with additional benefits such as social security and health services. The
other sectors would rarely provide the workers with such benefits.
The fixed effects of birth states clustered by region are included, as baseline covariates, to
control for socio-demographic and economic conditions in which the individuals were born
and which may have different impacts on labour market outcomes. This is particularly
important for the quality of education and school sizes as they could be different depending
on the degree of development of each Mexican state and region. Survey year dummies are
included to control for macroeconomic shocks, such as the effects that the 2008 financial
crisis could have had in the period analysed. The urban settlement status variable is used to
control for the current employment and settlement conditions.
Time trends in the labour market outcome variables are considered through the polynomial
terms of the running variable (𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ). However, following Gelman and Imbens
(2017), the analysis avoids higher-order polynomials in the running variable to circumvent
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assigning higher weights to observations far from the threshold. Therefore, all the
specifications use polynomial order two.
In addition, to conduct the estimation of equation (3), this study uses non-parametric and
parametric methods. This is mainly for comparison purposes. In the non-parametric analysis,
there is no need to make any assumptions regarding the population and the results cannot be
seriously affected by outliers. The local polynomial method follows Calonico et al. (2018)
and Calonico et al. (2014) for the selection of the optimal bandwidth, based on a local linear
regression, and for the calculation of robust bias-corrected method, which provides the biascorrected regression discontinuity (RD) estimates with robust variance estimators. The
estimation also uses the triangular kernel to weight the observations.
The parametric analysis delineates a spline interacted quadratic specification for the running
variable. To avoid constraining the effects to be identical on both sides of the threshold,29
interacted variables of the treatment dummy variable with the running variable are included,
and polynomial functions are allowed on either side of the cut-off as suggested by Gelman
and Imbens (2017). This parametrisation represents the difference in the effects between the
treated and non-treated observations.
In both analyses, the polynomial order two is used. The Eicker-Huber-White (EHW) robust
standard error correction is also used in the spirit of Kolesár and Rothe (2018). The argument
is that clustering the standard errors at the running variable level does not prevent model
misspecification and yields confidence intervals that exhibit poor empirical coverage
properties well below their nominal target values; whereas EHW correction generates wider
confidence intervals and it is more conventional for inferential purposes. Clustering at the
running variable understates the statistical uncertainty associated with the treatment estimates
to a greater degree than when using the EHW correction. This could lead to an over-rejection
of the null hypothesis of no treatment effects.30

29

Regarding the relationship of the labour market outcomes with the running variable.
Alternatively, the estimations for the equations (1), (2) and (3) using the standard errors clustered at the
running variable level as recommended by Lee and Lemieux (2010) are conducted, however, the estimates are
erratic compared to the results from the specification using EHW correction.
30
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2.5.1

RDD Internal validity

The 1993 educational reform creates a discontinuity between birth cohorts by compelling the
treatment group to raise years of schooling compared to the control group. Figures 2.6 and
2.7 provide evidence of the discontinuity around the cut-off point in years of schooling,
hourly earnings, formal and informal employment dummy variables. The plot of the selfemployment dummy variable remains with a constant downward curve, this means that there
is no visible discontinuity around the threshold (see Figure 2.8). 31
Figure 2. 6: Discontinuity plots of years of schooling and log of hourly wages

Figure 2. 7: Discontinuity plots of formal and informal employment sectors
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The plots use a polynomial order 2 for illustrating the discontinuity around the threshold. Figures C2.2, C2.3
and C2.4 in Appendix C show the graphs for the polynomial order 1.

29
Figure 2. 8: Discontinuity plots of the self-employment sector

The younger cohorts are located on the left-hand side of each of the plots presented above.
Although the downward slope for the treatment group suggests a decrease in earnings in
Figure 2.6, it reflects the earnings of the younger cohorts in the sample, thus, the farther to
the left from the discontinuity, the younger the birth cohorts (i.e., the youngest cohort in the
treatment group has 24 years whereas in the control group has 27 years). Around the
threshold, the ages are between 28 to 36.
Finally, the possibility of the respondents manipulating their reported age in the survey
(which is the basis for the construction of the running variable) is examined by conducting a
McCrary test. The results of the test using the optimal bandwidth of 42 months (used in the
parametric analysis), graphically displayed in Figure C2.5 in Appendix C, reveal that the
density of the age in months for the observations does not change significantly at the cut-off
point. The discontinuity in the frequency of the running variable at the threshold is not
statistically significant at a p-value>0.1. This suggests that the values for the age just below
and above the cut-off point are not systematically misreported in the survey.
An alternative test, following Cattaneo et al. (2018), for the density discontinuity based on
the local polynomial density estimation is used. The value of the t-statistic is -1.4 and the
associated p-value is 0.16. This means that under the continuity-based approach, the null
hypothesis of no difference in the density of treated and control observations at the cut-off
point is not rejected. The result is consistent with the McCrary test.
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2.6 Empirical Results
The results presented for the non-parametric analysis consider 75 months on either side of
the threshold (or cut-off point), which corresponds to the birth cohorts (measured in months)
of the observations included in the sample. The parametric analysis uses a 42-months
window, which is equivalent to 3.5 years before and after the reform. The primary sample
used for both analyses comprises 145,035 observations. It excludes individuals with more
than 17 years of schooling to avoid driving the estimates upwards as higher earnings are
reported at higher academic levels.32 It also trimmed the top and bottom 1% of the hourly
wage distribution within each academic level for avoiding outliers that could drive the
estimates upwards or downwards.33
The non-parametric analysis selects the optimal bandwidth based on a local linear regression
and the results report the robust bias-corrected estimates. The parametric analysis allows
polynomial functions on either side of the cut-off point as suggested by Gelman and Imbens
(2017). It also uses a spline interacted quadratic specification for the running variable. In
both analyses, the polynomial order two is used. The explanatory variables are included to
control for macroeconomic and socio-demographic shocks. The first section (2.6.1) reports
the results on the returns to compulsory education, whereas the second section (2.6.2)
presents the estimates on the employment sectoral choices.
2.6.1

Returns to Compulsory Education

The standard OLS approach, based on the traditional Mincerian equation for the returns to
education, reports increasing hourly wages, on average, between 5.8–6.3% per additional
year of schooling, ceteris paribus (see Table 2.5).34 The OLS coefficients may underestimate
the returns, for example, if there are diminishing marginal returns to education, because of
over-reported years of schooling, or due to measurement error on earnings. Hence, the naïve
estimates are not accounting for the endogeneity of schooling.

32

Individuals with more than 18 years of schooling, such as Master and Doctoral degrees, represent 1.35% of
the sample. As argued by Aydemir and Kirdar (2017), the policy would be unlikely to have had spill-over
effects far from the high-school or undergraduate academic level.
33
The literature on wage inequality generally follows this convention, see Katz and Autor (1999), and Autor et
al. (2008) cited in Campos-Vázquez et al. (2016).
34
See Appendix A2.1 for the model specification.
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Table 2. 5: OLS results of the returns to education

a) Non-Parametric analysis
The estimated effects of the returns to compulsory education for the three relevant parameters
̂
̂
discussed previously (𝛼
̂,
1 𝛽1 and 𝛿1 ) are reported in Table 2.6. The discontinuity at the mean
of the years of schooling around the threshold of the running variable outlined in section
2.5.1 is validated by this identification strategy.
The estimated parameter 𝛼
̂1 is statistically significant in four different specifications. These
estimates indicate that the exposure to compulsory schooling until the age of 15, increased
years of education, on average, within a range of 0.24–0.29 of a year. The effects become
less significant when the urban settlement status variable is added to the model (see column
d of Table 2.6).
These estimates are smaller compared to other developing economies that increased similarly
three years of compulsory schooling. For example, the average years of schooling increased
by more than half of a year in Turkey (Aydemir and Kirdar, 2017) and 0.4 of a year in Taiwan
(Spohr, 2003).35 Although the effects are similar to the ones reported for France by Grenet
(2013), which are in the range of 0.26–0.30 of a year, the reform in France increased two
additional years of compulsory schooling compared to three years in Mexico.

35

The effects are smaller also compared to China and the UK, although the reforms increased mandatory
education by one additional year in this countries, it increased average years of education by 0.8 in China (Fang
et al., 2012) and between 0.36–0.48 of a year in the UK (Devereux and Hart, 2010).
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The estimates for the reduced-form model (2), 𝛽̂
1 , do not reveal any impact on earnings.
Although Figure 2.6 illustrates a discontinuity in hourly wages for the treated group around
the cut-off point, the 2SLS of the fuzzy RDD approach displays positive estimates of the
returns to compulsory education (𝛿̂1 ) that do not exhibit a statistically significant effect on
earnings. Thus, no impacts on the individuals exposed to the 1993 educational reform
compared to those not exposed (see Table 2.6).
Aydemir and Kirdar (2017) found similar non-statistically significant returns to compulsory
schooling for Turkey. The estimates reported in this analysis (6%–8.6% see Table 2.6) are in
the range of the returns to education found by Duflo (2001) for Indonesia (6.8%–10.6%).
Table 2. 6: Non-parametric results of the returns to compulsory schooling

b) Parametric analysis
̂
̂
Table 2.7 reports the estimates of the relevant parameters (𝛼
̂,
1 𝛽1 and 𝛿1 ). The estimated
effects reported in the first stage, 𝛼
̂,
1 increases average years of schooling by 0.14 to 0.15
years. These magnitudes are almost halved compared to the non-parametric estimates. The
effects vanish when the urban residing status is included. The estimates are smaller compared
to those found for other developing countries, but similar to the ones found for the US and
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Canada, which increased average years of schooling by 0.10 and 0.13 years, respectively
(Oreopoulos, 2006a).36
The reduced-form yields statistically insignificant estimates for 𝛽̂
1 . The returns to
compulsory schooling, 𝛿̂1 , are consistent with the non-parametric results. Although, the
magnitudes here are greater. Thus, the parametric analysis confirms that the 1993 educational
reform improved school attendance marginally, but the size effect was weak enough that it
did not translate into a statistically significant improvement in hourly wages per additional
year of schooling for the people exposed to the reform.
Table 2. 7: Parametric results of the returns to compulsory schooling

2.6.2

Effects on Employment Sectoral Choices

In light of the foregoing results, this analysis seeks to explore to what extent the educational
reform that increased schooling influenced individual choices regarding employment sectors.
Dummy variables for working in the formal, informal and self-employment sectors are used.
The results reveal that the 1993 intervention in Mexico increased education, but it did not
impact the employment sector decisions.
Table 2.8 reports the results for the standard OLS specification that uses a Mincerian equation
with dummy variables for sectoral attachment as dependent variables.37 The estimates

36
37

The study analyses the raised in minimum school-leaving age by one year in the US and Canada.
See Appendix A2.2 for the model specification.
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indicate that the probability of working in the formal sector increases by 4.4 percentage points
with an additional year of schooling. Conversely, the probability of working in the informal
sector and as self-employed decreases by 4.4 and 0.4 percentage points respectively.
Nonetheless, these estimates do not address endogeneity in education.
Table 2. 8: OLS results of the employment sectoral choices

a) Non-Parametric analysis
Using non-parametric analysis, the reform increased average years of schooling by between
0.25 and 0.32 of a year among people working in the formal, informal and self-employment
sectors (see Table 2.9). The estimated effects for the reduced-form and the 2SLS do not yield
a well-determined causal impact of the increased schooling policy on the probability of
working in a specific employment sector.
The signs of the magnitudes are positive for the formal sector and negative for the informal
sector and self-employment as anticipated, although neither are statistically significant.
Similar results for the self-employed workers were found by Pischke and Von Wachter
(2008) for Germany, and by Grenet (2013) for France and the UK.
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b) Parametric analysis
Table 2.10 displays the results for the parametric analysis. In the first stage, the estimates are
the same as for the returns to compulsory education reported in Table 2.7, which reveal
positive effects of the reform on years of schooling. Although the signs of the coefficients in
the reduced-form and the 2SLS are as anticipated, they are not statistically significant. As
with the effects of the reform on earnings, the schooling size effect was weak and it did not
translate into causal effects on the selection of the employment sectors.

36
Table 2. 9: Non-parametric results of the employment sectoral choices

37
Table 2. 10: Parametric results of the employment sectoral choices

Therefore, the results do not report a causal effect of the intervention on both the returns to
compulsory education and the employment sectoral outcomes. Although the reform
increased school attendance, as shown in the first stage estimates of the fuzzy RDD, there
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are no causal impacts on earnings nor on the probability of working in the formal sector
(informal sector or as self-employed).
The estimates reported could be a consequence of the “degraded tertiary effect” in schooling,
where the students do not receive the skills and qualifications at school that are subsequently
required in the Mexican labour market (Campos-Vázquez et al., 2016). Thus, the tertiary
education institutions in Mexico after the 1993 educational reform were not prepared for the
spill-over effect that kept the students at higher schooling levels. Consequently, the education
provided did not have the same quality, on average, as for older cohorts and the skills
acquired through schooling could have been of lower quality, either because the new postsecondary schooling institutions were of lower quality (due to the size-class ratio of teachers
per students) and/or because the marginal student had lower abilities.38
This hypothesis is strengthened by Aydemir and Kirdar (2017). The authors suggest that the
low returns to compulsory education in Turkey may reflect the low quality of education that
prevailed before the reform. However, there is a debate in the literature regarding the
implications of quality in education on the returns to schooling. On the one hand, Duflo
(2001) found higher returns to education for Indonesia, where the schooling quality was
worse than in Turkey according to international maths and science tests. On the other hand,
for England and Germany, where the international tests indicate a better quality of schooling,
Devereux and Hart (2010), and Pischke and Von Wachter (2008) found quite low returns to
compulsory education.
Pischke and Von Wachter (2008) argued that rather than the quality of schooling, it may be
the labour market relevance of the skills acquired at school, encouraged for a particular
policy, which determines the returns to education. Aydemir and Kirdar (2017) pointed out
that a potential confounder in the analysis is the required labour market experience as these
types of policies focus on inducing only more years of education.
In some developing countries, employment occurs around the age of 15 (which is the age
targeted by the 1993 educational reform) and Mexico is not an exception. This work
experience could be rewarded in the labour market. For the Mexican context, this means that
38

There may also be variability in quality of school if many children are undernousished or inadequate suppliers
are provided.
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those individuals exposed to the reform and compelled to attend school perhaps increased
their schooling, but reduced their labour market experience at a given age, which could have
reduced earnings later in life.
The ENOE does not report information of the age when the people started to work or
regarding their first employment that could shed light on this potential confounder. However,
the Mexican population census (CONAPO –Spanish acronym) reported an increase in the
incidence of child labour among children aged between 12–14 years from 6.6% in 1990 to
7.9% in 2000 (i.e., it would be expected the incidence of child labour to have fallen with the
1993 policy but in fact, it increased). 39
Another possible confounder pointed out by Campos-Vázquez et al. (2016) is the large
proportion of informality in developing countries, exceptionally in Latin America and
Mexico. Thus, earnings could be misreported in the survey because informal enterprise
owners may not keep accurate earning records, or they may not report the official number of
workers and their salary payments or firms may have unpaid family members working in it.
The estimates of the returns to compulsory education presented in this study could be
capturing the effects of confounders. Further research is needed for disentangling these
effects. Nevertheless, the lack of data regarding other possible confounders in Mexico limits
these types of studies (e.g., child labour force participation, informality).
Among the non-parametric and parametric analyses, the sizable estimates are provided by
non-parametric methods. The following section seeks to corroborate the stability of previous
results.
2.7 Robustness Checks
The analysis is centred on considering variations of the sample, sub-samples, and other
specifications (i.e., trimming earnings, excluding or including years of schooling.) as
robustness checks for both, the returns to compulsory education and the employment sectoral
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In 1962 the Labour Law established a minimum legal working age of 14 years. In 2014, the Law raised the
legal working age to 15 years, the age targeted by the educational reform in 1993. The Law changed the
minimum legal age to 16 years in 2016. CONAPO reported a 2.6 percentage points increase of children aged
13-15 who had completed secondary schooling between 1990 and 2000.This low percentage reported could
also reflect children withdraw from the informal labour market to be enrolled into school.
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outcomes. In addition, the parametric analysis is conducted with alternative 39 –and 48–
months windows. A placebo test in time is also implemented.
Most robustness checks reinforce the results for the core analysis. There is a marginal
improvement in school attendance due to the educational policy that does not impact labour
market outcomes. However, using sub-samples for formal and informal sectors, the results
do not report effects on schooling, whereas the estimates reveal some effects on earnings for
the self-employed sub-sample. Regarding the employment sectoral selections, the policy did
not influence decisions concerning the sector in which the individuals work.
2.7.1

Returns to Compulsory Education

The results of the returns to compulsory education generally suggest that the impacts of the
policy on school attendance do not translate into higher earnings.
a) Non-Parametric analysis
Pooled sample
This sample includes 148,964 observations without trimming the wages and not restricting it
to the observations with less than 18 years of schooling. Table 2.11 reports average increases
in education between 0.20–0.30 years as a consequence of the 1993 reform. These
magnitudes are slightly different to those reported in Table 2.6. The policy did not raise
earnings as revealed by the 2SLS estimates. These findings are consistent with previous
results reported in Table 2.6.40
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Table B2.5 in Appendix B reports the estimates for the parametric analysis considering a sample of 88,227
observations with a 42-months window, without trimming the wages and not restricting the sample to the
observations with less than 18 years of schooling. The results are less statistically significant.
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Table 2. 11: Non-parametric results of the returns to compulsory schooling: pooled sample

Variations in years of schooling and trimming earnings
Table 2.12 reports consistent estimates with a sample that does not trim earnings and includes
only observations with less than 18 years of schooling (see columns a-c). The policy
increased the average years of schooling within a range of 0.21–0.29 years but did not have
an impact on earnings. Table 2.12 also reports no effects on the returns to compulsory
education, although schooling raised, on average, between 0.22 and 0.33 of a year (see
columns d-f). The sample only trims hourly wages and does not restrict it to specific years of
schooling. These magnitudes are slightly bigger than those reported in Table 2.6.41
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Table B2.6 in Appendix B reports the estimates for the parametric analysis considering two samples with
variations in the years of schooling and trimming or not the hourly wages. The results are mostly not significant.
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Table 2. 12: Non-parametric results of the returns to compulsory schooling: variations in schooling
and earnings

Sub-samples: self-employment, formal and informal sectors
Additional sub-samples are used for different employment sectors in conjunction with
previous specifications that trimmed the top and bottom 1% of hourly wages and include or
exclude those observations with higher education. The estimates for the formal and informal
sectors do not reveal statistically significant effects of the 1993 policy on schooling or causal
impacts on earnings (see Table B2.7 and B2.8 in Appendix B).42
The impacts of the policy on schooling are particularly surprising for the formal employment
sector that uses schooling for signalling in the labour market. Perhaps these effects are
influenced by other confounders in schooling such as quality of education, the degraded
tertiary effect in education; or other labour market factors, such as minimum wage settings.
Table 2.13 reports that the policy raised years of education, on average, by between 0.59–
0.69 years for the self-employed. These coefficients are higher than previous estimates. For
the reduced-form and the 2SLS, some estimates are statistically significant, thus indicating
that the intervention boosts wages, on average, between 13.6%–27.2% for an additional year
of schooling, ceteris paribus (see Table B2.11 in Appendix B for additional specifications).43
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Table B2.9 and B2.10 in Appendix B report the estimated effects for the parametric analysis using subsamples for the formal and informal employment sectors.
43
Technically the estimated coefficients 𝛿̂1 are 14.57% [exp (0.136)-1*100]; 31.26% [exp (0.272)-1*100].
Table B2.12 in Appendix B reports the estimates for the parametric analysis.
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These estimates that reveal effects on earnings, through increases in years of schooling, may
be due to the different impacts that attendance in education has on individuals who have their
own business since they do not need to demonstrate their school skills to employers. It is also
true that there are fewer observations in this sub-sample that could drive these results.
Table 2. 13: Non-parametric results of the returns to compulsory schooling: self-employed

a) Parametric analysis
Additional windows employed
The results for the analysis conducted with 39 –and 48–month windows are reported in Table
2.14. Most specifications reveal in the first stage increases in years of schooling, on average,
in a range of 0.13–0.17 years. Consistently, there are no effects on earnings through
schooling.44
In general, most of the findings presented in this section reinforce the fact that the policy
increased schooling. The results reveal that Mexico behaves similarly to other developed
countries, in which compulsory education policies do not impact earnings, even if they boost
school attendance, as has been pointed out in the literature.
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Table B2.13 in Appendix B reports the results for additional sub-samples.
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Table 2. 14: Parametric results of the returns to compulsory schooling: 39 –and 48–month windows

2.7.2

Effects on Employment Sectoral Choices

The results of the analysis on the sectoral employment choices for the parametric and nonparametric methodologies suggest policy impacts on schooling that do not translate into
changes in the employment sectors. The dependent variables used in this section are dummy
variables for each of the employment choices.
a) Non-Parametric analysis
Pooled sample
Table 2.15 reports that the 1993 intervention increased the average schooling by between
0.2–0.3 years. These magnitudes are slightly smaller than those reported in Table 2.9. The
policy did not influence the probability of selecting a specific employment sector as revealed
in the estimates of the 2SLS, although the signs are as anticipated, positive for the formal
sector and negative for the self-employed and informal sector.45
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Table B2.14 in Appendix B reports the results for the parametric analysis.
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Table 2. 15: Non-parametric results of the employment sectoral choices: pooled sample
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Variations in years of schooling and trimming earnings
The policy increased average schooling in a range of 0.21–0.29 of a year, in a sample that
does not trim earnings and includes only observations with less than 18 years of schooling
(see columns a–c of Table 2.16). These estimates, similar to the ones reported in Table 2.9,
did not have causal effects on the employment sectoral choices. The results considering a
sample that only trims earnings are presented in columns d–f in the same Table 2.16. The
policy increased years of schooling, on average, between 0.25–0.32 years, and consistent
with previous results did not impact employment choices. 46
a) Parametric analysis
Additional windows employed
The analysis is conducted with 39 –and 48–month windows. Nevertheless, only the estimates
with a 39–month window, reported in Table 2.17, reveal significant effects in the first stage.
School attendance increases in the range of 0.14 and 0.17 years, similar to the parameters
reported previously in Table 2.14, and it did not influence the employment sector choices.47
The general, the results presented in this section are consistent again with the estimates
reported for the core analysis in section 2.6.2. The 1993 reform did not influence the decision
of working in a specific employment sector, although it increased school attendance.

46
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Table B2.15 in Appendix B reports the estimates for the parametric analysis considering similar samples.
Table B2.16 in Appendix B reports the results for a 39-months windows with the use of other sub-samples.
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Table 2. 16: Non-parametric results of the employment sectoral choices: variations in schooling and
earnings
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Table 2. 17: Parametric results of the employment sectoral choices: 39–months window

2.7.3

Placebo Test

The placebo in time tests estimates jumps at points where there should be no discontinuities.
The analyses are conducted for non-parametric and parametric methodologies. The results
are not statistically significant as expected. Therefore, there are no other discontinuities on
the variables tested besides the ones generated by the 1993 educational reform. The selected
results are presented below.
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a) Returns to Compulsory Education
Non-parametric analysis
Table 2.18 presents the results of a placebo test that uses a false 12-months cut-off before
and after the original implementation of the 1993 reform. The birth cohorts tested were born
before and after September 1980 and 1982. The analysis uses 75-months on either side of the
threshold and reveals no statistically significant coefficients on schooling or earnings. Thus,
other birth cohorts, rather than the ones affected by the reform, are not being impacted by the
educational intervention established in 1993.48
Parametric analysis
A 24-months cut-off before and after the original introduction of the policy in 1993 is tested
with a sample of a 42-months window. The birth cohorts tested were born before and after
September 1979 and 1983. The results again, are not statistically significant as anticipated
and are reported in Table 2.19.49

48

To test if the policy could have effects far from the birth cohorts subjected to this reform, a longer cut-off of
48-months from the original implementation of the 1993 reform is tested. This analysis includes birth cohorts
that born before and after September 1977 and 1985. The results are reported in Table B2.17 in Appendix B.
49
A 48-months cut-off from the original implementation of the 1993 reform is tested with a 75-months window
for the birth cohorts born before and after September 1975 and 1987. The results are reported in Table B2.18
in Appendix B.
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Table 2. 18: Placebo test. Birth cohorts born 12 months before and after the 1993 cut-off
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Table 2. 19: Placebo test. Birth cohort born 24 months before and after the 1993 cut-off

a) Effects on Employment Sectoral Choices
Non-parametric analysis
This section focuses on the analysis for the three dependent variables based on the selected
employment sectors. The placebo test that uses a false 12-months birth cut-off before and
after the implementation of the 1993 reform with 75-months on either side of the threshold
is conducted. Tables 2.20 and 2.21 present the results, and these are not statistically
significant.50
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Tables B2.19 and B2.20 in Appendix B report the results of a 48-months cut-off before and after the
introduction of the policy in 1993. The estimates reveal that the birth cohorts, not exposed to the reform, are
not impacted by the educational intervention.
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Table 2. 20: Placebo test. Birth cohorts born 12 months before the 1993 cut-off point
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Table 2. 21: Placebo test. Birth cohorts born 12 months after the 1993 cut-off point
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Parametric analysis
A 24-months cut-off before and after the 1993 policy is tested with a sample of a 42-months
window on either side of the threshold. The estimates for the cohorts born 24-months before
the policy reported in Table 2.22 are not statistically significant.51 The results in Table 2.23
are for the cohorts born 24-months after the policy in 1993. Although the estimates of the
reduced-form in the formal and informal sectors are significant, the policy did not impact
school attendance or earnings for these birth cohorts.
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A second false cut-off of 48-months before and after the implementation of the 1993 policy with a 75-months
window is employed to confirm the not statistically significant results, which are reported in Tables B2.21 and
B2.22 in Appendix B.
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Table 2. 22: Placebo test. Birth cohort born 24 months before the 1993 cut-off

56
Table 2. 23: Placebo test. Birth cohort born 24 months after the 1993 cut-off
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2.8 Effects of Holding Schooling Certificates
In order to find an explanation for the evidence of no causal effect of the policy on returns to
compulsory schooling, this section examines the effects of holding academic certificates for
different schooling levels. An alternative explanation for the not statistically significant
returns of compulsory education exhibited in the literature by Grenet (2013) is the repetition
in grades within the academic level, which could explain why the reform failed to improve
peoples’ qualifications and therefore earnings in France.
Unfortunately, this analysis cannot use repetition in school grades data because the ENOE
does not collect this information. It only reports the highest completed grades within the
academic level. Also, the survey does not report the school-leaving age or the age at which
the people completed and secured their grades.
Furthermore, on the one hand, if the students have repetitions in school grades, the school
attendance might not translate into higher attainment, higher qualifications, higher earnings,
or any changes in employment sector prospects. On the other hand, raising the minimum
school-leaving age until the age of 15 might increase attendance but also attainment, and
therefore earnings, or it might increase the probability of working in the formal sector.
Thus, the actual years of schooling without repetitions are important in assessing the effects
of compulsory education on the selected labour market outcomes of interest. However, if this
variable is not available, a measure of holding academic certificates at different educational
levels could provide further insights on the returns to schooling. Then, the estimates would
provide the average causal effects of the qualification attainments.
Particularly, this is important if the certificate for the accomplishment of an academic level
(e.g., elementary, secondary, or high schooling) plays a significant role in the labour market
by providing signals of the skills and qualifications learned at school compared to incomplete
grades. These qualifications and the certificates could be relevant in the job-hiring process
as a way of verifying the level of competency, and therefore on earnings.
Figure 2.5 illustrates that after the implementation of the 1993 Educational Reform, the
distribution of the younger birth cohorts with high-school and college academic degrees
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exhibits an upward trend. Individuals holding secondary schooling certificates are relatively
constant across the birth cohorts. In contrast, those holding a primary schooling degree (or
less) decreased, whereas younger birth cohorts significantly reduced their proportions.
The following reduced-form is used to test if the policy increased the probability of holding
a specific degree:
𝐴𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑑𝑒𝑔𝑟𝑒𝑒𝑖 = 𝛾0 + 𝛾1 (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ) + 𝛾2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ) + 𝛾3 𝑋𝑖 + 𝜂𝑖

(4)

The dependent variables, 𝐴𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑑𝑒𝑔𝑟𝑒𝑒𝑖 , are the following dummy variables for
holding the highest academic degree: 1) 𝑁𝑜 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒𝑖 , 2) 𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 , 3)
𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 , 4) 𝐻𝑖𝑔ℎ − 𝑠𝑐ℎ𝑜𝑜𝑙 𝑙𝑒𝑣𝑒𝑙𝑖 , 5) 𝐶𝑜𝑙𝑙𝑒𝑔𝑒 − 𝑙𝑒𝑣𝑒𝑙𝑖 , and 6) 𝑃𝑜𝑠𝑡 −
𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒 𝑙𝑒𝑣𝑒𝑙𝑖 . The explanatory variables represented by 𝑋𝑖 are the same as in equation
(3). The random error term is 𝜂𝑖 . The estimated coefficient of the treatment variable, 𝛾̂1,
measures the reform’s average causal effect on holding a specific academic degree at the
treatment assignment threshold.
The results of each dependent variable, which come from separate regressions, are reported
in Tables 2.24 and 2.25 for both non-parametric and parametric analyses. The probability of
not having schooling qualifications decreased for both analyses by between 1.4 and two
percentage points, on average. For the non-parametric analysis, the policy increased the
probability of holding a college-level degree by about two percentage points (see Table 2.24).
In the parametric analysis with a window of 24 months on either side of the cut-off point, the
intervention decreased the probability of holding a secondary schooling certificate by two
percentage points, albeit marginally statistically significant. However, with a 42-months
window, the probability of holding a high-school level degree increased by 1.7 percentage
points, revealing a possible spill-over effect. The policy reduced the probability of not having
a schooling certificate by 0.8 of a percentage point with a sample of 75-months window (see
Table 2.25).
These estimates reveal a small improvement in holding academic certificates induced by the
1993 Reform. Moreover, children that left the school right after primary education around
the age of 12 or 13 years, before 1993, with the implementation of this reform they were

59

subject to it until the age of 15, but perhaps they did not obtain their secondary schooling
diploma. Perhaps, the reform focused on keeping children at school instead of compelling
them to conclude secondary schooling and obtain their certificates.
Table 2. 24: Non-parametric results. Reduced-form for holding the highest certificate

Table 2. 25: Parametric analysis: Reduced-form for holding the highest certificate

In Mexico, there are no national examinations at the end of secondary schooling. The
completion of the three schooling grades at this academic level is sufficient to obtain the
diploma. The unique measure of the qualifications is the average score held during the three
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years that this academic level endured.52 Then, signalling in the labour market depends on
schooling scores, school’s reputation, type of schools attended by the students such as public
or private, rural or urban settlement types, among other characteristics. Thus, heterogeneity
could arise through these characteristics. In addition, the quality of education also varies
across the country (e.g., low quality tends to be a feature of schools in rural areas).
An alternative reason is perhaps the achievement of a higher level of education, beyond
secondary schooling, which may be required to raise earnings. Grenet (2013) argued that
compulsory schooling laws could be effective only to the extent that they encourage the
student to become enrolled at grades that lead to academic certificates, which may act as a
signalling device for the employers. This is also tested in this section for the individuals
holding a secondary schooling diploma or high-school academic degree as the highest
academic certificate held.53
The findings reported in Table 2.26 do not reveal a causal effect for the returns to education
holding the secondary schooling degree or high-school level certificate.54 However, the
policy reduced the likelihood of holding a secondary schooling certificate, whereas it
increased the probability of holding a high-school level degree. This provides suggestive
evidence that the policy led to a small and significant spill-over effect in obtaining highschool level degrees. In addition, the estimates support the earlier results reported of the
policy impacting on the average years of schooling. 55
The policy perhaps would have impacted earnings if it had compelled students to obtain a
high-school-level certificate instead. However, the reform of compulsory schooling until the
age of 18 was implemented in 2012, since the information is more recent and the younger
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As already noted, Mexico employs the numerical system for grading each year of education. From 0 to 10 to
measure the students’ scores. Generally, 0-5 is insufficient or failed; 6 is sufficient; 7 is average; 8 is good; 9 is
very good; and 10 is excellent.
53
See Appendix A2.3 for the model specification.
54
Additional robustness checks are reported in table B2.23 in Appendix B.
55
An analysis holding at least a secondary schooling or at least high-school degree was tested using a similar
specification as the one in Appendix A2.3. The results for the first stage are consistent with previous estimates,
the probability of holding at least a high-school level certificate increased as a result of the reform for both nonparametric and parametric analyses; similarly, the estimates do not report impacts on hourly earnings.
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birth cohorts would be less than 25 years old by the time this research was undertaken, this
reform is not analysed in this study.
Table 2. 26: Parametric results for holding secondary schooling and high-school certificates

2.9 Conclusions
The major contribution of the analysis undertaken in this chapter is that it is among one of
the few studies that provide empirical evidence of the returns to compulsory schooling for a
developing country. Most of the extant literature has been carried out for high-income
economies. In addition, this study uses a rigorous approach exploiting age cohort
discontinuities measured in months of birth to provide estimates of the causal effects on
earnings and other labour market outcomes.
The empirical evidence of this natural experiment suggests that the 1993 Mexican
Educational Reform, which increased compulsory schooling from 12 to 15 years of age, was
an effective strategy in enhancing educational attendance. The policy is associated with

62

average increases in the schooling of between 0.26-0.32 of a year for males exposed to the
reform compared to those not exposed to the reform. Nevertheless, the reform by itself failed
to have a measurable impact on labour market earnings. The evidence of the impacts on other
labour market outcomes such as the likelihood of working in the formal or informal sectors,
as well as being self-employed did not yield statistically significant effects either. An array
of robustness checks support these findings.
These findings are broadly consistent with the literature for high-income economies, which
generally reports that the compulsory schooling laws raise schooling but do not improve the
labour-market prospects of the individuals exposed to these reforms. Specifically, the
findings reported for this study are similar to those of Aydemir and Kirdar (2017) for Turkey
suggesting that Mexico behaves as a developed country in terms of the impact on returns to
compulsory schooling that is attributable to an educational reform policy.
Some plausible reasons could explain these findings for Mexico. The statistics about the
school attendance reported before and after the policy implementation suggest the reform
was poorly enforced. Less than half of the individuals within the age range compelled by the
reform actually attended secondary schooling even five years after its introduction. In
contrast to developed countries where the school leave age has been raised, it may take a
longer period for greater compliance with such a reform in Mexico given weaker institutions.
Thus, the subsequent effects on labour market outcomes may also take some time to be
detected.
The educational reform may have the desired effect of increasing the labour market supplyside in raising enrollments of educated individuals. However, if the labour market demand
for skilled workers rises in the same way that the supply increases, then, there would be no
effect of the returns to human capital in the labour market. Hence, the null effect observed
on earnings in this analysis.
In addition, the move towards liberalisation and trade openness in Mexico after 1994 may
have enabled the greater exploitation of the comparative advantage of unskilled workers than
skilled workers, thus raising the wages of the lower-skilled rather than higher-skilled. Thus,
raising earnings through schooling would be possible if the demand for skilled workers
increases faster than the rise of the supply of skilled workers.
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Mexican compulsory schooling laws might be effective at raising earnings if they induce a
significant fraction of the population to complete higher levels of education, beyond
secondary schooling, and/or if they boost the qualifications acquired at school. This would
be useful for signalling in the labour market. However, in the Mexican context, it is necessary
to acknowledge the role of different potential confounding factors that could drive the
estimates reported in this chapter, such as the quality of education offered at school (which
is different across private, public, rural, and urban schools); skills mismatch; the role of wagesetting mechanisms in the labour market; the large extent of child labour force participation;
the large fraction of informal sector workers; and the nature of the skills acquired at school.
Further research on these factors would be useful to disentangle the effects of compulsory
education on the labour market outcomes. Nevertheless, there is an opportunity for policy
intervention in Mexico not just in terms of raising the age at which compulsory education is
completed but also for improving the quality of education offered at school including redesigning the curriculum to match it with labour market demand and incentivising the
acquisition of qualifications. Thus, a broader collection of educational policies with a
common objective is more likely to improve education and to have the desired impact on
earnings and other labour market outcomes.
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CHAPTER THREE: Impacts of the Minimum Wage Policy on Wage Level
and Wage Inequality in Mexico
3.1 Introduction
The Minimum Wage (MW) has been a policy in the labour market used to influence wage
levels and wage inequality in both developed and developing economies. Minimum wages
are generally motivated by the government’s objective of raising the earnings of the lowerpaid workers, improving their welfare, and alleviating poverty among low-income
households.
The final impacts of increasing MWs are difficult to predict as they depend on several factors.
These include, inter alia, how the up-ratings of the MWs are determined, which workers are
covered, how competitive the labour market is, the elasticities of demand and supply of
relevant labour inputs, and to the extent to which MWs are complied with or enforced.
The impacts are part of an ongoing debate because, on the one hand, the policy could
redistribute resources in a welfare-enhancing way, which has the potential to reduce poverty,
boost productivity, and foster economic growth. If an up-rate in the MW (or an expansion in
coverage) increases the wages of low-paid workers, it would compress wages between highpaid and low-paid workers and therefore decrease the measure of wage inequality.
On the other hand, MW interventions could misallocate labour in the formal sector and have
spill-over effects for the high-paid workers. They could also lead to depressed wages for the
low-paid employees in the informal sector, thus, wasting resources and reducing growth
rates. A fall in the real value of the MW (or a narrowing of coverage) could potentially result
in rising wage inequality (Bell, 1997).
In developed countries, MW policies have been interpreted as successful welfare-enhancing
tools. The empirical evidence reveals that it raised the pay of a sizeable group of workers,
especially at the lower tail of the wage distribution and may have assisted in reversing rising
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wage inequality, albeit modestly.56 However, the impacts are controversial and subject to an
ongoing debate.
The empirical evidence for developing countries is varied as well. MW interventions may
help compress the bottom of the wage distribution but do not reduce wage inequality or are
implicated in the growth of wage inequality. Nevertheless, the evidence depends on the
methodology used, the employment sector analysed, and the nature of the policy investigated,
among other factors.
Understanding how the MWs affect labour markets and welfare is critical for developing
effective labour market policies and poverty alleviation strategies (Ham, 2018). A common
concern in Latin American countries is whether MW could be used as a tool to increase the
earnings of (formal) low-income workers, reduce inequality, and thus assist lift households
out of poverty (Cunningham, 2007).
For Mexico, existing studies mostly focus on the effects of the MW annual up-ratings on
wages and employment with few focusing on wage inequality. The literature generally
suggests that the growth in inequality is attributable to the deterioration in the real value of
the MW over time and to the pay gap among public and private sector workers (Bell, 1997;
Fairris et al., 2008; Gasparini et al., 2015). Bosch and Manacorda (2010) report an increase
in wage inequality at the bottom of the wage distribution between 1989 and 2001 because of
annual MW up-ratings. Moreover, none of the recent papers using the institutional MW
change in 2012 has examined the effects on inequality (Campos-Vázquez et al., 2017;
Campos-Vázquez et al., 2020).
This chapter evaluates the impact of the Federal mandated MW in 2012, which up-rated the
MW for a specific geographic zone. The study tests whether the policy is associated with
variations in formal sector wages across the unconditional wage distribution in Mexico over
the period 2010-2015. Specifically, if up-ratings in the MW treated zone provide a
mechanism that ultimately reduces wage inequality in Mexico.
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For example, Autor et al. (2016), Dickens and Manning (2004), Stewart (2012), Dolton et al. (2012),
Kambayashi et al. (2013).
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The research exploits mean-based and unconditional quantile regression (UQ) methods to
determine the effects of the MW policy on the unconditional wage distribution using crosssectional data. Thus, the analysis goes beyond the mean impacts and provides an
understanding of the distributional impacts of the intervention on the formal sector
employees. The research also exploits a Recentred Influence Function (RIF) approach in
conjunction with a Gini dispersion measure to assess the overall effects of the policy on wage
inequality.
The evidence suggests the exposure to the MW up-rating in the treated MW zone increases
wages across the unconditional hourly wage distribution. The impact is statistically stronger
at the bottom end of the wage distribution, which is in comport with the findings for other
developing countries. In particular, the effects persist higher up the unconditional wage
distribution than generally found in the literature, indicating that wage inequality has not
been reduced due to the MW policy. In the public sector, the rise in wages is conjectured to
the MW’s role as a numeraire in the award of increments in the public sector payments.
This research contributes to the empirical literature on minimum wages in several ways. First,
it adds to the growing literature using unconditional quantile treatment effects (UQTE) to
evaluate the impacts of the MW interventions for developing and developed countries on the
distribution of earnings. Second, it is among the few studies assessing the effects of MW
policies on wage inequality in a developing country context. Third, it updates previous results
for wage inequality in Mexico and is the first study analysing the 2012 MW policy for this
purpose.
This chapter is structured as follows. The next section presents the literature review followed
by the institutional labour market context and the Minimum-Wage system in Mexico. A
description of the data and the outlined empirical strategy are provided in Sections 3.4 and
3.5. The empirical results and robustness checks are then presented. The concluding remarks
are contained in the final section.
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3.2 Literature Review
The study of wage inequality in developing countries has generated extensive literature that
attempts to understand what drives inequality. It has focussed on the relationship between
wage inequality and its association with education, informality, and trade.
Wage inequality is primarily linked to the rise in the supply of skilled workers, which is also
associated with the sustained effort made by developing country governments to expand
basic education.57 There is also evidence of an increased demand for labour that specializes
in the production of low-skilled intensive goods for exports in developing countries.58 Coexisting with skilled labour, a large informal sector in Latin America, where wages are lower
and unregulated, is found as one mechanism that increases wage inequality. Informality
generally attracts the least skilled, women and the youngest workers.59 In contrast, formal
sector wages are rendered more stable by employment protection legislation.
Labour market factors in the formal sector have been explored to examine their impacts on
inequality, such as MW settings, unionizations, and pay-setting in the public sector. They are
generally perceived to protect the lowest paid and narrow the bottom end of the pay
distribution. Although the MW legislation is binding for the formal sector, some studies
provide evidence of spill-over effects to the uncovered sector in developing countries (e.g.,
Campos-Vázquez and Rodas Milián, 2020 for Mexico; Leckcivilize, 2015 for Thailand).
This section reviews the evidence on the impacts of the MW policies on wages and the pay
distribution. Most of the MW literature emphasizes the effects on employment and wages,
and generally focuses on developed economies (e.g., the United States (US), the United
Kingdom (UK), Germany and Canada). The analyses of the MW effects on wage inequality
are less common and usually centred around the up-rating impacts, or the effects of
introducing new MW legislation.
On the one hand, the objective of the MW policies is to redistribute resources in a welfareenhancing way to increase productivity and foster economic growth. On the other hand, the
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Campos-Vázquez et al. (2014); Binelli (2016); Lustig et al. (2013).
Acosta et al. (2017); Binelli (2016); Esquivel et al. (2010).
59
Rosser et al. (2000); Binelli and Attanasio (2010); Binelli (2016).
58
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empirical work suggests these policies increase the costs for employers, potentially reducing
their labour force size, leading to higher unemployment rates and worsening low-income
households.
For developed countries, Autor et al. (2016) found growth inequality in the lower tail of the
wage distribution for the US to range between 30%–55% from 1979 to 1989. This finding
was argued to be attributable to a decline in the real value of the MW (i.e., inequality
measured by the differential between the 50th and 10th percentiles of the log wage). Although,
the authors found the declining MW made a meaningful contribution to female inequality but
a negligible contribution to male lower tail inequality during the entire period analysed from
1979 to 2012. In the UK, the National Minimum Wage (NMW), introduced in 1999 to reverse
the trend in wage inequality, has been limited to be below the 10th percentile without
influencing inequality in the lower half of the wage distribution (i.e., the 50th/10th wage ratio)
(Dickens and Manning, 2004; Stewart, 2012).
Notwithstanding this, Dickens and Manning (2004) argue that the NMW was effective in
raising the earnings of the lowest-paid workers between 1999 and 2001. The work of Stewart
(2012) underlines continued inequality growth in the upper half of the wage distribution
compared to the growth in the lower half between 1997 and 2008. However, Dolton et al.
(2012), using data from 1997 to 2007 across local labour markets, concluded that an increase
in the bite of the NMW is associated with falls on earnings in the lower tail of the wage
distribution. Stewart (2012) applied a D-i-D estimator with individual panel data to evaluate
the NMW, whereas Dolton et al. (2012) use pooled cross-sectional data within an incremental
D-i-D (ID-i-D) approach with yearly interactions for each MW up-rating.
The empirical research on wage inequality due to changes in labour market institutions has
been attracting growing attention in developing countries, for which there are additional
issues to consider. Minimum wages tend to be set generally at a higher rate (Maloney and
Nuñez, 2003) and are less likely to be rigorously enforced (Kanbur and Ronconi, 2016). In
addition, labour markets are often segmented into formal and informal sectors (Ham, 2018;
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Wong, 2019).60 There is a high level of wage inequality, where the MW is used as a wage
floor system to lessen inequality and reduce poverty.
Existing research highlights the shortcomings of the MW in reducing inequality. For
example, Yamada (2016) found for Indonesia that even though a rise in the MW had a
positive and significant effect on earnings for male formal workers, it had negative effects
on the number of hours worked. It did not close gender pay gaps and consequently did not
improve living standards or reduce inequality.
In Thailand, Leckcivilize (2015) argued that the MW appears to help compress the lower part
of the wage distribution for formal low-paid employees in large businesses. However, the
effect does not extend to small and medium firms. Likewise, the MW role as a benchmark
for wage adjustment does not reduce overall wage inequality in the informal sector. This may
be due to the high non-compliance rate and the weak MW law enforcement.61
Gasparini et al. (2015) evaluated wage inequality by employment sector (i.e., public and
private) for 15 Latin American countries during 1992 and 2012. The Gini coefficients
suggest, on average, a public sector with a satisfactory level of earnings equality, whereas
higher levels of inequality for the private sector.62 The study highlights the pay disparities
between these sectors in the region.
The studies for Mexico have largely focused on the MW annual up-ratings. Bell (1997)
reported for the period 1984-1990 that the federal mandated MW was too low to influence
formal manufacturing wages for skilled workers.63 Thus, the deterioration in the MW real
value could not be responsible for the subsequent increase in wage inequality or
unemployment. There is also a significant non-compliance with the MW in the formal sector
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Latin American countries have a labour force that includes a high percentage of low-earners and informal
workers.
61
The wage is concentrated more around the MW in the informal sector compared to the formal sector.
However, this is something of a paradox because the informal sector of the economy is thought to be mostly
immune to government regulations of this sort. Thus, for Leckcivilize (2015) the MW acts as a benchmark in
wage negotiations.
62
The Gini coefficient for hourly earnings in the public sector was, on average, 0.369 in 2012 compared to
0.387 for private sector workers in large firms, and 0.494 for other private sector workers.
63
Bell (1997) and Fairris et al. (2008) suggest that wage levels tend to be well above the MW, and there is no
clustering in the distribution around the level at which it is set.
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for women and unskilled workers, who are the most affected because are paid at or below
the MW.
Fairris et al. (2008) argued that changes in MWs over the period from 1984 to 1992 have
their greatest impact on the mid-to-lower tail of the wage distribution, but mostly at the lower
tail of the informal sector pay distribution. This implies that the pay of low-skilled workers
is more likely to be influenced by MW norms than the pay of high-skilled workers in Mexico.
Bosch and Manacorda (2010) use data between 1989 and 2001 to analyse the effective MW
up-rating in each Mexican state and provide evidence of an increase in wage inequality at the
bottom end of the wage distribution (i.e., the 10th–70th and 20th–70th wage percentile gap of
the logarithm of wages). In addition, a 10 percentage points increase in the effective MW
raises earnings at the bottom decile by almost seven percentage points, and median earnings
by around three percentage points relative to the 7th decile. They suggest that the direct and
indirect impact of the opening of the economy (e.g., through trade, foreign direct investment,
and other liberalization policies) contributed to the rise in the wage gap by skill group.
The Gini values for Mexico in 2012 were 0.449 and 0.451 for public and private sector
workers, respectively (Gasparini et al., 2015). It suggests significant pay disparities, and thus
inequality within these employment sectors. The foregoing evidence indicates the growth in
inequality might be due to the steep decline and deterioration in the real value of the MW,
and the stabilization programs that strengthened the link between wage levels, wage changes,
and minimum wages in Mexico over the period from 1984 to 2012.
The effects of annual MW up-ratings within regions have been analysed through fixed-effects
models with province-specific linear time trends (e.g., Leckcivilize, 2015; Yamada, 2016).
The use of instrumental variables also features in this literature to capture the potential
endogeneity between wages, MWs, and employment as they might be simultaneously
determined (e.g., Bosch and Manacorda, 2010).64
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Bosch and Manacorda (2010) use Instrumental variables with the ENEU survey and Social Security data
(IMSS -Spanish acronym) from gross formal workers to provide error free estimates of average earnings across
municipalities and time. Their procedure purges the estimates of the potential correlation between the included
regressors and the error term due to potential measurement error.
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The difference-in-differences (D-i-D) methodology has been also implemented when
comparing observations initially earning below the MW to those above the MW (e.g., Dolton
et al., 2012; and Stewart, 2012 for the UK) or for evaluating the different bites of an
intervention across regions (e.g., Autor et al., 2016 for the US). A few studies have used the
D-i-D method to analyse MW changes in developing countries (e.g., Campos-Vázquez et al.,
2017 for Mexico; Ham, 2018 for Honduras; Wong, 2019 for Ecuador).
There are studies interested in understanding the distributional average impacts of treatment
participation (e.g., in the lower, middle or upper tail of the wage distribution). However, the
literature using conditional (Callaway and Li, 2019; Callaway et al., 2018) and unconditional
(Firpo et al., 2009; Hernaes, 2018; Pérez, 2020) quantile regressions for analysing
institutional changes in the labour market, such as the MW legislation, is limited.
In summary, the effects of MWs are somewhat controversial for developed countries. There
are benefits of the earnings up-rating on low-paid workers with modest or ineffective impacts
on wage inequality. The empirical evidence for developing countries is more varied. On the
one hand, increases in MW help to compress the lower part of the wage distribution but do
not reduce wage inequality. On the other hand, the decline of the MW real value accounted
for the growing wage inequality observed in the lower tail of the distribution. Nevertheless,
the results depend on the methodology used, the type of employment sector, and the type of
policy analysed (annual up-ratings or changes in the legislation).
Hence, institutional factors in the labour market such as the minimum wages have been
assumed of some importance in the determination of wage levels and wage inequality for
developed and developing economies, although the literature on it remains limited. The next
section describes these institutional features within the Mexican labour market context.
3.3 Institutional Features of the Mexican Labour Market
The Mexican labour market and industrial relations legislation are extremely detailed and
complicated, as they are contained in several laws comprising thousands of legal articles. The
legislation is also outdated because the Constitution dates back to 1917 and the main article
related to labour (Article 123) has experienced only minor reforms since then. The Federal
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Labour Law (LFT), enacted in 1970, has been subject to minimal amendments to increase
benefits for workers and reduce the flexibility with which labour can be fired or dismissed.
As in many other Latin American countries, the Mexican legislation is characterized by
generous mandated benefits and a high level of job protection. Employers should comply
with several regulations, including minimum wages, a minimum age of employment, the
maximum length of the working day, overtime pay, social security contributions, severance
payments, seniority premia, maternity leave, on-the-job training provisions, nondiscrimination policies and a provision for which the employers share profits with their
employees. Nonetheless, there is likely to be a high degree of non-compliance with these
regulations, and therefore a large share of workers that do not receive some or any of the
required benefits (Castellanos et al., 2004).
Some features result in an explicit legal regulation of the labour market. For example, the
prohibition of lowering nominal wages (LFT, Article 51). A worker whose nominal wage or
benefits have been reduced can take legal action against the employer and request
compensation for having been dismissed without just cause. Thus, downward nominal wage
rigidities are well-known —albeit little understood— fact in the Mexican labour market
(Castellanos et al., 2004).
One important feature of Mexican minimum wages is that they serve as a norm for wage
settings at the micro-level, where many prices are fixed or tied to multiples or fractions of
the MW such as fines, bails, pensions, income brackets for income tax rates, eligibility for
certain social services (e.g., housing credits), bonuses as part of fringe benefits, and
productivity bonuses for teachers and university professors (Bosch and Manacorda, 2010;
Castellanos et al., 2004; Fairris et al., 2008).
The use of multiples of the monthly MW is consistent with the role of a numeraire that it
traditionally plays in the Mexican economy. It is a common practice among workers and
employers to report wages in multiples of MW even in the informal sector. Legislated
occupational MWs are also expressed as multiples of the general MW in each area. The MW
appears to have become, over time, an important benchmark or social custom for a “fair”
remuneration in relative pay across occupations and is acknowledged as such by workers.
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Linking wages to multiples of the MW is a mechanism for indexing wages to changes in the
cost of living, although not enforced by law (Azuela de la Cueva et al., 2014; Fairris et al.,
2008; Maloney and Nuñez, 2003). Labour unions, firms and workers explicitly or implicitly
use the MW in their bargaining and to index contracts (Castellanos et al, 2004).
According to Azuela de la Cueva et al. (2014), even governmental payments, and public
expenditures are expressed in multiples of the MW. The MW increases or up-ratings then
could have a broader impact on the scale of public finances. By January 2014, approximately
280 Federal laws were indexed to the MW. The process to deindex them started in December
2014 for 149 Federal laws and 870 Constitutional articles. It was effectively de-linked from
penalty payments by end of 2015.65
The effect of the numeraire in the region is far stronger than that found by Neumark and
Wascher (2007) in the US suggesting that the MW induces far-reaching rigidities in the
labour market. Possible trade-offs between poverty effects and reducing flexibility are likely
to be more severe in Latin America. There is evidence for Brazil, Mexico, Argentina, and
Uruguay that it serves as a reference throughout the economy, including sectors not legally
bound by it, and influencing wage-setting in the informal sector (Maloney and Nuñez, 2003).
Nonetheless, Woodruff (1999) considered weak the effects of the MW as a reference price
for labour in Mexico since its multiples are arguably more acceptable and meaningful for
low-skill than high-skill workers. Bell (1997) and Fairris et al. (2008) also suggest the MW
stopped exerting power in the Mexican economy because it has been at the bottom end of the
wage distribution since the second half of the 1980s. Conversely, Bosch and Manacorda
(2010) argued its use in urban municipalities as numeraire explains the cluster at monthly
wages and the spill-over effects at higher percentiles of the pay distribution (up to the 60th70th percentile).
At a macro level, the MW has played a role in stabilization policies throughout the decades
of the 1980s and 1990s as a response to the high degree of volatility in inflation and GDP
growth rates in Mexico. Its feature as a nominal anchor for the labour market and the overall
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https://www.gob.mx/conasami/es/articulos/desindexacion-del-salario-minimo-68707?idiom=es
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economy is also common in other Latin American countries (Bosch and Manacorda, 2010;
Fairris et al., 2008).
3.3.1 The Minimum-Wage System in Mexico
The MW in Mexico is a constitutional right for all workers (in the formal sector). Article 123
specifies it needs to be sufficient to satisfy the elementary necessities covered by a head of
household, such as the ability to purchase the basic alimentary basket of goods and to provide
for the compulsory education of their children.
Since 1962, the daily MW setting has been assigned to a tripartite National Commission for
Minimum Wages (CONASAMI) that comprised representatives from businesses, labour
unions, and the government.66 There are two different daily minimum wages, the “general”
and the “occupational” wage. The latter is specified for low-wage occupations with a
monetary value slightly higher than the general MW set for other professions. 67
Minimum wages vary by MW geographic zones depending on their level of economic
development. The zones are consolidated by groups of municipalities regardless of the state
they belong to. Some Mexican states can set up different MW within the state because their
municipalities could be assigned to different MW zones. The inclusion or exclusion of the
municipalities in the MW zones have been changing over time.
In 1986, there were three MW zones represented by A, B, and C. The assignment intended
to deliver approximately the same real value of the daily MW in each zone. However, zone
A set the highest nominal and real MW, and zone C the lowest. Area A encompasses the
capital city, cities close to the US border, some tourist resorts, and industrial hubs. The second
and third most populated cities in Mexico (Guadalajara and Monterrey) belong to area B
along with some other developed cities. The smaller and rural municipalities of the country
in conjunction with a few developed cities and other important touristic resorts (e.g., Cancun)
are consigned to area C.
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http://www.conasami.gob.mx/m/quienes_somos.html
These include construction workers, cashiers, truck drivers, operators of machinery, attendants at retailers,
stonemasons, carpenters, and nurses, among others. In 2010, there were 73 occupations listed whereas in 2015
there were only 59.
67
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According to CONASAMI, in 2010 there were 2,462 municipalities in Mexico; 65 belonged
to zone A, 55 to zone B, and 2,342 to zone C. Area C accounted for 63% of the workforce,
while areas A and B accounted for 11% and 26%, respectively.
In November 2012, the legislation streamlined the geographic variation in the MW areas
from three to two zones. Therefore, the new zone A included the municipalities of the
previous areas A and B, whereas the new zone B was thereafter the municipalities that
originally were in zone C. Thus, zone C never mixed its municipalities with any other zone.
By October 2015, the legislation established a unique MW zone and by January 2019 there
were two zones once again with one specifically for the municipalities at the US border. The
intervention analysed in this study, which provides the basis for the empirical strategy, is the
one introduced in 2012.
Fairris et al. (2008) and Moreno-Brid et al. (2014) argue that there have been annual upratings in the nominal MW in each zone based on the anticipated and not the current inflation
rate since 1984. This was the unique criteria for the up-ratings which have had more of an
inflation stabilization function (based on aggregate economic conditions) rather than one
designed to preserve the minimum purchasing power of workers. Moreno-Brid et al. (2014)
argued that the 2012 MW up-rating was less than the inflationary impact and therefore
occurred only to maintain the purchasing power of 2005, suggesting that the MW up-rating
was not sufficient for its main function of purchasing a basic alimentary basket of goods.
Table 3.1 reports the MW around the time of the 2012 intervention, the MW values have the
same pattern established back in 1986, zone A held the highest MW and zone C the lowest.
Table 3. 1: Daily General Minimum wages in Mexico

Source: CONASAMI, 2012-2013. Nominal Mexican pesos. 4.35 US
dollars in zone C in January 2012 and 4.82 US dollars in January 2013 in
zone B.
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The institutional change in the MW setting creates two groups. The treatment group consists
of those individuals in the municipalities that used to be in zone C in 2012, which became
zone B by November 2012, for which the policy increased their daily general MW in nominal
values. The municipalities in this zone were not combined with any other MW zone. It is a
clearly defined treatment group (72.8% of the sample). The control group comprises the
individuals in the original zone A, prior to and after the policy in 2012, where the intervention
is not directly binding. The MW did not change nor the geographic zone (14.5% of the
sample).68 The next section describes the data used in this analysis.
3.4 Data
The study exploits cross-sectional data obtained from various rounds (2010–2015) of the
Mexican National Occupations and Employment Survey (ENOE -Spanish acronym)
available from the Statistics, Geography, and Informatics Institute (INEGI-Spanish
acronym), which contains information for gainfully occupied and unoccupied individuals
aged 12 years and over. The ENOE is a nationally representative survey of individuals in
Mexico. The survey reports, inter alia, weekly hours worked, monthly earnings, formal and
informal job activities derived from the main and secondary occupations, and the type of
employment (public or private). The second quarter interview period of the survey is
primarily used to avoid any seasonality in earnings since higher expenses are reported during
the first and fourth quarters of the year because of extra bonuses received for the employees
in those quarters.
The sample is restricted to male workers because the information reported in terms of
earnings and other labour market variables are more complete and comprehensive for this
gender group. The questions related to the labour market apply only to the employed and
gainfully occupied individuals during the week of reference. The main occupation is
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The municipalities that belonged to Zone B before the intervention in 2012 are considered as the
miscellaneous group as they are combined with the original zone A after the policy and, thus, are potentially
contaminated by the treatment effect. This comprises 12.7% of the sample (22,100 observations). By January 2013
the usual annual up-rating was applied to the two MW zones.
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identified by the interviewees as the one in which they spend most of their time during the
day and which provides the highest remuneration.69
The questionnaire of the ENOE captures aspects of formal and informal employment. Among
the information collected are the following: the economic sector where the individual works
(e.g., services, agriculture, manufacturing); the type of occupation and activities undertaken
(e.g., masonry, agricultural activities); the number of employees in the firm they are working
in; if people own their businesses (or are farmers); and the type of rights the individuals are
entitled to through their work contract.
This study uses the variable established by INEGI to define formal employment, which as
mentioned above is mainly related to employment activities that provide access to social
security or medical health services, which mostly coincide with work under a contract subject
to employment rights. To ensure an accurate measure of the wage, all those individuals who
are informal workers, self-employed or unpaid workers are excluded from the sample
because the MW laws are not binding for this group of workers.70
The data for the daily general MW, as well as the municipalities that integrate each MW
geographic zone, are obtained from the CONASAMI. This information allows the
association of every observation to the corresponding MW zone depending on the
municipality in which the individual resides.
The sample is a pooled cross-sectional database of 173,669 individuals from the period 2010
to 2015 with an average of 28,900 observations per year. It comprises 780 municipalities
from the 32 Mexican States for the whole period with 500 municipalities per year on average.
The minimum number of observations per cell is five (observations per municipality per
year), the maximum is 982 and 382 on average. Approximately, 73% of the sample belong
to the MW zone C, 14% to zone A, and 13% to zone B.
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It depends entirely on the individuals what is the occupation that they perceived as the main or principal job.
People with a secondary job are 6.2% of the sample used in this analysis.
70
Approximately 0.25% of the observations reported zero wages, which are excluded from the analysis.
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3.4.1 Outcome variable: log of hourly wage
The outcome variable of interest is the natural logarithm of the hourly wage. The earnings,
in the survey, refer to a monthly payment received from the main job net of all labour taxes
and social security contributions.71 The hours worked reported weekly in the survey are
multiplied by 4.3 to obtain the monthly values.72 The hourly wages are computed from the
reported monthly earnings divided by the computed monthly hours worked; the measure is
in real Mexican pesos as of December 2010. This hourly wage variable is important to
compare earnings among individuals. The analysis includes full-time and part-time workers.
Summary statistics of the wage variable within MW zones presented in Table 3.2 suggest
wage gaps between the geographic MW zones, where zone C reported the lowest hourly
wages. The Gini index, commonly used as an indicator for inequality and aggregate wage
dispersion, yields values below 0.4 suggesting a not very unequal level of earnings (see Table
3.2). Similar values are reported for the Latin American region by Gasparini et al. (2015).
Zone A has the highest Gini value, 0.379, and the highest mandated daily nominal MW.
Table 3. 2: Summary statistics of average wages

Source: Mexican National Occupations and Employment Survey (2010-2015).

Figure 3.1 illustrates the kernel density distribution of log hourly wages by MW zones for
the full period analysed. The wage distributions of zone B and C are farther left from the
distribution of zone A, although workers in zone C retain the lowest average wages than the
employees in the other zones (represented by the vertical lines). The average of the
mandatory hourly MW over the entire period is at the bottom end of the distribution and
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If the interviewees report weekly payments, the Mexican Statistics, Geography, and Informatics Institute
transforms this into monthly earnings by multiplying the former times 4.3.
72
The individuals work 48.7 hours per week, on average, and about 1% work between six and 18 hours per
week in the sample.
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below the average wages of the three zones (1.95 log points).73 There are no clusters around
the MW in the wage distribution, similar to what Bell (1997) and Fairris et al. (2008)
observed for Mexico in the 1980s; and Bosch and Manacorda (2010) reported for 2001.74
Figure 3. 1: Distribution of log hourly wage by MW zones

Source: Mexican National Occupations and Employment Survey (2010-2015).
Notes: Real values at 2010 Mexican pesos. The vertical lines represent the
average log hourly MW in the three zones over the entire period (1.95 log
points) and the average wages for each zone.

Figure 3.2 exhibits the daily general MW for each geographic zone. The values are deflated
by the national consumer price index (INPC) and converted to December 2010 prices. The
highest MW was assigned to zone A and the lowest to zone C. The vertical dashed line
indicates the time when the amalgamation of zones A and B was undertaken. In the case of
zone C, it became zone B after this merger.75 This graph reveals common trends for the MW
in each zone across the period analysed for both real and nominal values.
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The log of hourly MW is computed as the logarithm of the daily MW divided by eight as it is the stipulated
length of the workday in hours in Mexican legislation. See Table 3.3.
74
Esquivel (2015) argued that in 2015 the MW was below the market levels, even for unskilled workers, and
below the accepted poverty threshold.
75
For the growth rate of the daily MW, see Figure C3.1 in Appendix C.
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Figure 3. 2: Nominal and Real values of Daily Minimum Wage

Source: CONASAMI 2010-2015, January of each year. Real values in 2010
Mexican pesos. Daily general MW refers to eight daily hours worked.

Although there have been up-ratings in the daily MW by zones, the plot above reveals
relatively stable real values between 2010-2014 that slightly increased in 2015. This trend in
the real values has been noted extensively in the literature (Bosch and Manacorda, 2010;
Campos-Vázquez et al., 2014; Moreno-Brid et al., 2014).
Table 3.3 reports the summary statistics for the daily general MW. The streamlined into two
zones was occurred in November 2012 (A and B). The hourly MW is computed as the
logarithm of the mandated daily MW divided by eight, the number of hours stipulated in the
Mexican legislation for a workday, the average is 1.95 log points.
The last columns of Table 3.3 report the real log of hourly wages for the 10th, 50th and 90th
percentiles from the sample for each MW zone, which generally decreased after 2012. By
2013, zone B decreased by 0.14 and 0.10 log points at the 10th and 50th percentiles compared
to unchanged log points in zone A for the same percentiles. In the 90th percentile, there was
a decrease of 0.02 and 0.06 log points in zone B and A, respectively.
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Table 3. 3: Real Minimum wage and wages in Mexico

Source: Mexican National Occupations and Employment Survey (2nd quarter 2010-2015).
National Commission for Minimum Wages (2010-2015). January of each year (April in 2015). Real values in
December 2010 Mexican pesos.

The distribution of log hourly wages before and after the MW up-rate in November 2012 is
illustrated in Figure 3.3. The distribution and its average wage value shift slightly to the left
after the MW up-rating, suggesting that the policy did not increase wages or offset the erosion
of the real wages due to inflation over the period analysed.

Figure 3. 3: Distribution of log hourly wage pre-and post- the MW up-rate

Source: Mexican National Occupations and Employment Survey
(2010-2015). Real values at 2010 Mexican pesos.

The wage policy in Mexico has been conceived as a mechanism to contain inflation. During
the 1980s and 1990s the general rise in prices was counteracted, in part, by a strategy that
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limited wage increases below the price increases, this scheme was not designed to preserve
the minimum purchasing power of workers. Since the 2000s, the real MW has been remained
constant and its purchasing power has drastically decreased (Esquivel, 2015; Fairris et al.,
2008; Moreno-Brid et al., 2014).76
Esquivel (2015) argued that although there is no evidence that the wage increases would have
inflationary effects in the 2010s, as in previous decades, the wage policy has not changed in
favour of increasing real wages. In addition, even though the annual inflation rate of 2.1% in
2015 was the lowest rate, between 1974 and 2020, the average during the period analysed
(2010-2015) was 3.7%, similar to 3.6% in 2012 when the MW policy was implemented,
suggesting that the wage polices have not been containing inflation.77
Figures 3.4 to 3.6 present the wage distribution before and after the MW change by MW
geographic zones. All zones present similar distributions for both periods with slight shifts
to the left for the post-treatment period, suggesting that the policy did not increase wages.

Figure 3. 4: Distribution of log hourly wage pre-and post- MW up-rate, Zone A.

Source: Mexican National Occupations and Employment Survey
(2010-2015). Real values at 2010 Mexican pesos.
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By 2014, the MW was a quarter of its purchasing power in 1976 and only a third of its value in 1969.
The annual inflation rate in 2010 was 4.4%.
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Figure 3. 5: Distribution of log hourly wage pre-and post- MW up-rate, Zone B.

Source: Mexican National Occupations and Employment Survey
(2010-2015). Real values at 2010 Mexican pesos.

Figure 3. 6: Distribution of log hourly wage pre-and post- MW up-rate, Zone C.

Source: Mexican National Occupations and Employment Survey
(2010-2015). Real values at 2010 Mexican pesos.

3.4.2 Treatment and control groups
The institutional change in the MW setting creates two groups, the treatment group subject
to a change in the MW and the control group for which the intervention in 2012 did not
change the MW rate or the geographic zone. Tables 3.4, 3.5 and 3.6 report statistics for hourly
wages of treatment and control groups before and after the intervention. Higher average
wages are reported for the control group and before the intervention for both groups.
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Table 3. 4: Mean values of hourly wages by treatment and control groups

Source: Mexican National Occupations and Employment Survey (2010-2015).

Table 3. 5: Summary statistics for treatment group before and after the intervention

Source: Mexican National Occupations and Employment Survey (2010-2015).

Table 3. 6: Summary statistics for control group before and after the intervention

Source: Mexican National Occupations and Employment Survey (2010-2015).

Figures 3.7 and 3.8 illustrate the distribution of log hourly wages by the treatment and control
groups for selected years (2010–2015). The mandatory MW at the bottom end of the
distribution in both graphs has not substantially changed over this period. The wage
distribution in the treatment group in 2015 is farther left compared to 2010, indicating
decreasing real hourly wages throughout the period analysed, even though the other
distributions were similar (see Figure 3.7).
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For the control group, the wage distribution in 2015 shifted slightly to the right compared to
the distributions for the other years, indicating a marginal increase in the hourly wages of the
control group compared to the fall reported for the treatment group (see Figure 3.8).78
Figure 3. 7: Distribution of log hourly wage by the treatment group

Source: Mexican National Occupations and Employment Survey (2010-2015). Real
values at 2010 Mexican pesos. The vertical lines represent the log hourly MW.

Figure 3. 8: Distribution of log hourly wage by the control group

Source: Mexican National Occupations and Employment Survey (2010-2015). Real
values at 2010 Mexican pesos. The vertical lines represent the log hourly MW.

Figure 3.9 contains the annual average log hourly wages for the 10th and 50th percentiles by
treatment and control groups. The wage gap between these groups for the 10th percentile does
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See Figure C3.2 in Appendix C for the kernel density of the miscellaneous group. There are no apparent
changes in the wage distributions of the selected years.
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not show any significant change before and after the intervention (represented by the vertical
line). However, for the 50th percentile, the wage gap decreased from 2011, and after the
reform, it narrowed sharply.79 The average values of the treatment group are similar to the
pooled sample as this group represents 72.3% of the sample.
Figure 3. 9: Trends of the log hourly wages for the 10th and 50th percentiles by group

Source: Mexican National Occupations and Employment Survey (2010-2015). The vertical line represents the
time of the intervention.

Table 3.7 provides the standard difference in means of the log hourly wages between
individuals treated and those not exposed to the MW up-rating, both before and after the
intervention. 80 The effects reveal how the wages in these two groups changed before and
after the policy implementation. The individuals in the treatment group have, on average,
statistically significant lower real hourly wages compared to the control group for both pretreatment and post-treatment periods, indicating that even before the implementation of the
policy, the wages of the treated group were lower than that in the control group.
However, the difference-in-differences (D-i-D) is positive and statistically significant
indicating that the intervention may have positive effects in raising wages of the treated
group. In the absence of covariates, there is a 2.5% rise in hourly wages, on average, as a
consequence of this policy. This is subsequently analysed in more detail using a variety of
econometric methods in the next sections.
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For the 90th percentile the annual average wage gaps narrow from 2011 (see Figure C3.3 in Appendix C).
The standard difference in means reported here does not include fixed effects or robust standard errors.
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Table 3. 7: Difference-in-Differences estimation of wages for treated and control groups

3.4.3 Explanatory variables
The explanatory variables included in the specifications are age and its quadratic, years of
education, urban or rural settlement area, marital status, the economic sector, and the
employment sector. Table 3.8 presents the summary statistics for the covariates used.
The sample includes individuals aged between 15 to 65 years, capturing the minimum legal
working age and excluding retirees or individuals of pensionable age. The average age in the
sample is 36 years. The married status encompasses married people and individuals living
together; single status includes widows, and divorced status incorporates separated people.
The public sector workers include individuals at a parastatal company; social services run by
the government; as well as workers at federal, state, and municipal levels. The private sector
comprises workers in organizations run for private profits and not controlled by the federal
government or its agencies.
Most of the respondents reside in urban areas (69%), are married (72%), employed in the
services sector (46%), and working in the public sector (22%). These individuals enjoy higher
average wages. The average years of schooling in the sample is 11, less than the 12 years
necessary to complete high school.
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Table 3. 8: Summary statistics of the explanatory variables

Source: Mexican National Occupations and Employment Survey
(2010-2015). The total observations are 173,669.

Table 3.9 reports the statistics disaggregated by treatment and control groups. The
magnitudes of these statistics are similar to those reported in Table 3.8.81 Table 3.10 provides
the t-test difference in means of the explanatory variables between individuals treated and
not treated before the intervention.

Table 3. 9: Summary statistics of the explanatory variables by treatment and control groups

Source: Mexican National Occupations and Employment Survey (2010-2015). The observations in
the treatment group are 126,475 while there are 25,094 in the control group.
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Tables B3.1 and B3.2 in appendix B report the statistics for each group pre-treatment and post-treatment.
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Table 3. 10: Two-sample t-tests of means of the explanatory variables pre-treatment

3.5 Empirical Strategy
This study exploits the geographic variation of the 2012 MW policy setting in the formal
Mexican labour market to analyse its impacts across the wage distribution and identify its
implications for wage inequality. To determine the impacts, the analysis uses the
unconditional quantile (UQ) regression approach based on the Re-centred Influence Function
(RIF) originally popularized by Firpo et al. (2009).
The implementation of the wage policy creates an exogenous source of variation in the wages
of the municipalities exposed to the policy compared to those not exposed. Thus, a
conventional methodology for comparing observations pre-treatment and post-treatment is a
difference-in-differences (D-i-D) approach, which is used in this study.
A regression model using a D-i-D framework would be valid if, for example, the path of
earnings in the absence of the treatment does not evolve differently across the treated and
untreated groups prior to the intervention. In this context, it is also more relevant to look at
the effects of the MW policy on the lower quantiles relative to the top quantiles of the
unconditional distribution. The unconditional quantile approach provides a simple and direct
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way to estimate the treatment effects at all points of the unconditional wage distribution, and
potentially inform on the presence of inequality effects (Firpo et al., 2009).82
This paper focuses on identifying and estimating the specific distributional treatment effect
parameter in the spirit of Hernaes (2018) in applying the RIF procedure based on the Firpo
et al. (2009) methodology for unconditional outcomes, which assumes linearity with respect
to the covariates. Hernaes (2018) uses UQ regression with a linear D-i-D model following
the Firpo et al. (2009) methodology to estimate the average distributional effects of
conditional outcomes based on a welfare policy change in Norway on the treated group
compared to the control group. The OLS estimation of the UQ regressions allows it to be
situated within a D-i-D framework.
The point of departure for understanding the RIF-based approach is the Influence Function
(IF), extensively used in applied statistics, which represents the influence of an individual
observation on the distributional statistic of interest v(FY).83 If the IF is centred around zero
and the distributional statistic of interest is then added back to the IF and thus centred around
the statistic of interest (e.g., the population mean “μ” E(Y)) and not zero (i.e., re-weighting
the observations), then the RIF is generated (see Firpo et al., 2009).84
The expected UQ regression for quantiles is expressed in equation (1):
𝐸[𝑅𝐼𝐹(𝑌; 𝑞𝜏 ; 𝐹𝑌 )|𝑋] = 𝑚𝜏 (𝑋)

(1)

which is the conditional expectation of the 𝑅𝐼𝐹(𝑌; 𝑞𝜏 ; 𝐹𝑌 ) modelled as a linear function of
the explanatory variables where 𝑞𝜏 is the population of the τth quantile of the unconditional
distribution of the outcome variable (Y), and where 𝑚𝜏 represents the effect of the X
covariates on the unconditional τth quantile of the outcome variable (Y).
As this study uses the quantiles of the log hourly wages (w) as an outcome variable, therefore:
𝐸[𝑅𝐼𝐹(𝑤; 𝑞𝜏 ; 𝐹𝑤 )|𝑋] = 𝛾𝜏 (𝑋)
82

(2)

The quantile regression method relaxes the assumption of homogeneity in the effects of covariates across the
unconditional distribution of the dependent variable.
83
Corresponding to the observable log of hourly wages.
84
In the case of the mean, since the RIF is simply the outcome variable Y, a regression of RIF (Y; µ) on X is the
same as an OLS regression of Y on X (Firpo et al., 2009).
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where γ represents the effect of the X covariates on the unconditional τth quantile of the log
hourly wages (w).
The corresponding RIF quantile for the log wage dependent variable can be expressed as:
𝑅𝐼𝐹(𝑤; 𝑞𝜏 ) = 𝑞𝜏 + [𝜏 − 𝐼(𝑤 ≤ 𝑞𝜏 )]/𝑓𝑤 (𝑞𝜏 )

(3)

where 𝑞𝜏 is the population quantile of the τth quantile of interest, and 𝑓𝑤 (𝑞𝜏 ) is the density of
the marginal distribution of the log hourly wages evaluated at qτ (using kernel density
estimation techniques). I(.) is an indicator function, which takes the value of 1 if the
expression in parentheses is satisfied and zero otherwise. Thus, the RIF takes the value of
𝜏/𝑓𝑤 (𝑞𝜏 ) if the log hourly wage (w) is above the quantile value and a value of
[𝜏 − 1]/𝑓𝑤 (𝑞𝜏 ) if the log hourly wage (w) is below or equal to the quantile value.
A key feature of this approach is that the mean of the RIF provides the quantile statistic of
interest (e.g., 5th, 10th, 50th or 90th percentiles, or other selected quantiles) and can be
approximated by a linear function. The OLS-RIF estimates first are derived from a linear
probability model and are transformed into quantile effects using the reciprocal of the kernel
density estimates at the relevant quantile.85 This means transforming probabilities into
unconditional quantiles using the inverse of the probability density function of the log hourly
wage distribution at each quantile. The RIF quantiles of the wage distribution are the
dependent variables for each τth quantiles from the 5th to the 95th percentiles in this study.
The approach involves regressing the empirical RIF quantiles, constructed using expression
(3), on a set of covariates using a standard OLS procedure within a D-i-D framework. Two
different groups are used to assess the impact of the policy intervention: the “treatment
group” likely affected by the policy, and a suitably chosen “control group”. The latter is
unaffected by the intervention, but otherwise similar to the treatment group (e.g., other
jurisdictions or states where the policy did not change, high and low wage regions and/or
demographic groups).86

85

In this analysis, the probability that the log hourly wage is below some pre-stated quantile value.
The parallel trends assumption cannot be tested in this specific case because in the absence of the intervention,
the outcomes in the treatment and control groups would have not necessarily evolve in a parallel fashion
86
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The extent of variability in minimum wages across geographic zones is important for the
empirical identification of wage inequality (treatment and control groups). The use of
differences in the average wages across zones and municipalities with different MW
incidence provided by the policy, which are assumed to be exogenous MW shocks, induces
useful variation in the real bite of the MW net of the other confounding forces (see Ham,
2018 for Honduras).
This study seeks to determine the impacts of exposure to the MW intervention. The RIF
unconditional quantiles treatment effects, of the observed log of hourly wages given the
explanatory variables, compared to the impacts on the control group.
The RIF quantile regressions within a D-i-D approach using cross-sectional data are
implemented using equation (4):
̂ (𝑤𝑖 , 𝑞̂𝜏 )𝑖 = 𝛽0𝜏 + 𝛽1𝜏 (𝑃𝑂𝑆𝑇12𝑖 ) + 𝛽2𝜏 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 )
𝑅𝐼𝐹
+ 𝛽3𝜏 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑀𝑖𝑠𝑐𝑖 ) + 𝛽4𝜏 𝑋𝑖 + 𝛿𝑘𝜏 + 𝑒𝑖𝜏

(4)

In this regression, the RIF provides the quantiles for each percentile of 𝑤𝑖 , which is based on
the log hourly wage of individual i at the quantile 𝜏. 𝑃𝑂𝑆𝑇12𝑖 is a dummy variable assuming
the value of one for all the observations on and after November 2012. 𝑇𝑅𝐸𝐴𝑇𝑖 is a dummy
variable indicating whether the individual i belongs to the municipalities treated after
November 2012. 𝑀𝑖𝑠𝑐𝑖 takes the value of one if individual i belongs to the municipalities in
the miscellaneous composite group after the policy in 2012.
As already noted, 𝑋𝑖 comprises a set of covariates consisting of years of education, age and
its square, urban settlement status, marital status, the economic sector, and the employment
sector. 𝛿𝑘 are municipality fixed effects to control for macroeconomic shocks at the
municipal level, and 𝑒𝑖 is a random idiosyncratic error term.
The terms (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) and (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑀𝑖𝑠𝑐𝑖 ) are the interactions terms between
the dummy variables for the MW intervention and each of the treatment and miscellaneous

(Neumark et al., 2014 and Allegretto et al., 2017 cited in Dube (2019)). However, Figure 3.2 illustrates the
assumption of parallel trends graphically.
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groups respectively. The parameter of the former, 𝛽̂
2𝜏 , represents the treatment effect due to
the MW policy at each τth quantile and is the key parameter of interest in this specification
and for the empirical analysis undertaken here. It measures the effect of increasing the MW
incidence on the unconditional wage distribution using the RIF transformation.
The RIF-based regressions can also be extended to a variety of inequality measures. The RIF
Gini approach provides a linear approximation of highly non-linear functionals such as the
Gini coefficient. It offers insights on wage dispersion and is also estimated in this analysis.
Only a few papers have used the RIF-Gini regressions to date to investigate changes in
income (or wage) inequality (Firpo et al., 2018).87
The Gini coefficient is defined in equation (5):
𝑣 𝐺 (𝐹𝑊 ) = 1 − 2𝜇 −1 𝑅(𝐹𝑊 )

(5)

1

where 𝑅(𝐹𝑊 ) = ∫0 𝐺𝐿 (𝑝; 𝐹𝑊 )𝑑𝑝 with 𝑝(𝑊) = 𝐹𝑊 (𝑊)

and where 𝐺𝐿 (𝑝; 𝐹𝑊 ) is the
𝐹−1 (𝑝)

generalized Lorenz ordinate of 𝐹𝑊 given 𝐺𝐿 (𝑝; 𝐹𝑊 ) = ∫−∞

𝑧𝑑𝐹𝑊 (𝑧). The generalized

Lorenz curve tracks the cumulative total of y (i.e., the outcome variable) divided by total
population size against the cumulative distribution function (CDF). This can be interpreted
as the proportion of hourly earnings going to a specific per cent of the lowest wage earners.
The RIF of the Gini coefficient following Firpo et al. (2018) can be written as:
𝑦

𝑅𝐼𝐹(𝑊; 𝑣 𝐺 , 𝐹𝑊 ) = 2 𝜇 [𝐹𝑊 (𝑊) −
where

(1+ 𝑣 𝐺 )
2

and

(1− 𝑣 𝐺 )
2

(1+ 𝑣 𝐺 )
2

]+ 2[

(1− 𝑣𝐺 )
2

− 𝐺𝐿 (𝑝; 𝐹𝑊 )] + 𝑣 𝐺

(6)

correspond to the areas above and below the Lorenz curve,

respectively. The first term is unbounded because it increases by the factor W/µ, while the
second is bounded between νG − 1 and 1 + νG. Thus, the 𝑅𝐼𝐹(𝑊; 𝑣 𝐺 , 𝐹𝑊 ) is continuous and
convex in W, the hourly wages. The function is theoretically unbounded from above, but in
practice, it reaches its maximum at the upper bound of the empirical support of the

87

Such as Gradín (2016), and Choe and Van Kerm (2014) cited in Firpo et al. (2018).
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distribution. This implies that the Gini coefficient is not robust to measurement error at higher
earnings.
The RIF-Gini within a D-i-D approach is implemented using the specification reported in
equation (7) below:
̂ (𝑣 𝐺𝑖 , 𝐹𝑊 ) = 𝜃0 + 𝜃1 (𝑃𝑂𝑆𝑇12𝑖 ) + 𝜃2 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) + 𝜃3 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑀𝑖𝑠𝑐𝑖 )
𝑅𝐼𝐹
𝑖
+ 𝜃4 𝑋𝑖 + 𝛿𝑘 + 𝜂𝑖

(7)

where the dummy variables 𝑃𝑂𝑆𝑇12𝑖 , 𝑇𝑅𝐸𝐴𝑇𝑖 and 𝑀𝑖𝑠𝑐𝑖 are analogous to those used in
equation (4). Likewise, 𝑋𝑖 comprises the set of covariates, similar to the ones used in equation
(4). 𝛿𝑘 are the municipality’s fixed effects and 𝜂𝑖 is a random idiosyncratic error term.
̂2 of the interaction between the dummy variables for the MW
The estimated coefficient 𝜃
intervention and the treatment group (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) represents the treatment effects
due to the policy on the RIF-Gini coefficient, which is of primary interest in this specification.
It is worth noting that the Gini index cannot distinguish between the decline in wage
inequality in the lower or the upper part of the wage distribution. This limitation emphasizes
why the analysis reported here primarily focuses on quantiles. Nonetheless, the RIF-Gini
complements the results derived from the UQ regressions, which provides an insight into the
impacts of the MW policy on overall wage inequality.
3.6 Empirical Results
The empirical results shed light on the wage inequality patterns observed in Mexico from
2010 to 2015 regarding the role of the 2012 MW up-rating implemented. The estimated
effects of key interest for the RIF-quantiles and the RIF-Gini specifications are captured by
̂
𝛽̂
2𝜏 and 𝜃2 .
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3.6.1 Unconditional Quantile Treatment Effects
The standard OLS estimate for the logarithm of hourly wages reports, on average, an increase
of 5.6% in wages as a consequence of the MW up-rating (see Table 3.11).88 It is
acknowledged that this average MW effect appears somewhat on the high side given the
average increase of 2.5% reported earlier in Table 3.7. The estimated UQ effects of 𝛽̂
2𝜏 from
equation (4) for the 5th to the 95th percentiles of the log hourly wage distribution provide
evidence that the exposure to an up-rating for formal employees in the treated MW zone
increases wages across the entire unconditional wage distribution (see Figures 3.10 and 3.11).
The treatment effects in the lower tail of the wage distribution range from 3.2% at the 5th
percentile to 5.7% at the 30th percentile. These effects subsequently oscillate around the mean
value of 5.6% up to 6% at the 50th percentile (see Figure 3.10). Then they increase from 5.2%
at the 51st percentile up to 7.9% at the 82nd percentile, after which they range from 4.2% to
8.9% at the 95th percentile, the peak (see Figure 3.11).89
Estimated treatment effects are most precise below the 85th percentile. As the effects fluctuate
more in the upper part of the unconditional wage distribution. Thus, the increase in wages
associated with the policy was not only for the lower-paid workers but also experienced up
to the higher-paid workers, with sharper impacts for the latter. The UQ estimates suggest the
impacts of the policy vary at different parts of the unconditional wage distribution, something
that has been found in the literature to date.90 Almost all the confidence intervals for the
quantile estimates contain the OLS estimate, suggesting there is very little heterogeneity in
the MW effect across the unconditional wage distribution (see Figures 3.10 and 3.11).

88

See Appendix A3.1 for details of this model specification. Table B3.3 in Appendix B reports all the coefficient
results of the standard OLS regression with log of hourly wages as dependent variable.
89
See Table B3.4 in Appendix B for all the coefficient results of selected percentiles.
90
The estimated effects for years of schooling shows that for the first lower half of the distribution all the values
are below the standard OLS estimation of log hourly wages (7.2%), they remain positive and statistically
significant all the way up to the top of the distribution, suggesting that there is a fanning out effect of education
on the wage distribution. The effects are considerably lower (higher) at the 10th (90th) percentile of the
unconditional hourly wage distribution, 3% and 13%, respectively. This reinforces previous findings in the
literature on the role of education in widening wage inequality.
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Figure 3. 10: Effects of the MW up-rating on the lower half of the wage distribution

Figure 3. 11: Effects of the MW up-rating on the upper half of the wage distribution

Table 3.11 reports the estimates of the standard OLS regression for the log of hourly wages,
the RIF-Gini, and selected RIF-quantiles estimates. The treatment effects reflect the results
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contained in the previous graphs. The estimates rise steadily up from the 10th (3.3%) to the
75th percentile (6.3%) of the distribution and then decline at the 90th percentile (5.5%). The
mean effect (5.6%) is somewhat homogeneous across the wage distribution, and thus, the
MW up-rating is increasing wages similarly across the entire unconditional distribution.
Therefore, the MW policy does not have any particular effect on wage inequality, as
confirmed by the statistically insignificant coefficient of the RIF-Gini (see column 2 of Table
3.11).

Table 3. 11: MW Treatment effects for selected percentiles

The policy does benefit the individuals in the treated group by increasing their wages. The
treatment effects observed are consistent with the positive impacts of the MWs on the midto-lower tail of the wage distribution found in the literature (e.g., Bosch and Manacorda,
2010; Campos-Vázquez et al., 2017; Fairris et al., 2008). Although, the average effects
reported here are larger than the average increase of 2.5% reported in Table 3.7.91 It is in
comport with the MW intervention’s goal of raising the earnings of the individuals receiving
the lowest wages. However, the MW’s role as a benchmark for wage adjustment does not
appear to reduce overall wage inequality in Mexico.
The mid-to-lower tail effect of the wage distribution could be a consequence of the low MW
value, located at the bottom end of the distribution. Therefore, it could influence the pay of
workers positioned below the median of the wage distribution. It highlights a similar

91

Although, the values are sizable in this analysis compared to the magnitude of previous effects found for
Mexico, which were of the order of 1.6%-2.6%.
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argument offered by Bell (1997) and Fairris et al. (2008) that the deterioration in the real
value of the MW could reduce the potential ability to compress the earnings distribution.
The positive effect at the mean-based may reflect that the MW up-rating is successful to some
extent in offsetting the eroding effects of inflation on real wages in the treated zone. Although
Figure 3.6 suggests, the MW level is likely to be too low to influence wages for the mid-toupper tail of the pay distribution. The impacts at the top of the wage distribution have not
been alluded to extensively in the literature. 92 Some of these effects are perhaps due to the
strong role that the numeraire plays in the Mexican economy, and the use of the MW as a
benchmark for bargaining over workers' payment even in the uncovered informal sector
(Azuela de la Cueva et al., 2014; Fairris et al., 2008; Maloney and Nuñez, 2003; MorenoBrid et al., 2014).
The sizable impacts beyond the median of the wage distribution in light of the 2012 MW uprating are questionable as these are higher compared to those found in the literature to date.
Bosch and Manacorda (2010) argued the spill-over effects to higher percentiles of the
earnings distribution up to the 60th percentile, in their analysis, is due to the role of the
numeraire in the Mexican economy. Their effects were found stronger at the bottom rather
than at the top end of the wage distribution.
Hence, this analysis acknowledges that there must be other institutional factors and events
that were concurred in the Mexican labour market with the MW up-ratings during 20102015, and that exerted an influence on the entire unconditional wage distribution, especially
at the top end. Thus, the interpretation of the estimates is questionable, and the role of such
confounders challenge the causal identification of the key effect of interest.
3.6.2 RIF-Gini coefficients
The RIF-Gini approach assesses the overall effects of the MW policy on the average wage
̂2 ), for specification (7) complement the UQ estimates
inequality. The estimated effects, (𝜃
presented above. The analysis uses the pooled sample and two additional sub-samples that
92

Autor et al. (2016) found for the US over the period 1979-2012 effects on the entire wage distribution that
were explained mainly by the presence of measurement error in earnings when reporting the information in the
survey.
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comprise the public and private sectors. These subsamples are used as the literature
emphasizes that the employment differences could lead to widening inequality in Mexico.93
The results in Table 3.12 suggest that exposure to a certain MW up-rating does not reduce
wage inequality. This corroborates the RIF quantile results of not decreasing inequality. On
the contrary, the positive coefficients suggest that the MW policy could increase inequality,
although only statistically significant in the public sector. The MW up-rating appears to be a
mechanism that plays a crucial role in widening wage inequality for public sector workers
(i.e., about 4.4 percentage points).94
Table 3. 12: RIF-Gini coefficients of unconditional estimates

The estimates in the RIF-quantiles are mirrored in the RIF-Gini coefficients for the subsample of public sector workers with a strong effect on inequality. Potentially, some quantile
effects observed between 2010 to 2015 reflect the changes in the wage dispersion within the
public sector. However, the public sector is 22% of the total labour market, thus the overall
effect on inequality is attenuated by this percentage. In addition, the effects may also be
driven coincidently by other factors that occurred in the labour market over the same period.
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Gasparini et al. (2015); Mora-Salas and de Oliveira (2009); Pagán et al. (2002); Panizza et al. (2001).
Figure C3.4 in Appendix C illustrates the trends of log hourly wages by employment sector.
94
Table B3.5 in Appendix B reports all the coefficients of the RIF-Gini specification.

100

For instance, it is arguable that the RIF-Gini impacts possibly coincide with the spending
boom introduced by the Federal government in its efforts to mitigate the impacts of the
financial crises in 2008, part of which found its way into public sector pay awards. The next
section investigates further the effects of the MW up-rating on private and public sector
workers as a robustness check.
3.7 Robustness checks
The 2012 MW intervention may have had an impact on the structure of the labour market in
Mexico in terms of the changes in relative employment and earnings separately for the public
sector and private sector workers. The effects of this policy are now analysed for these sector
workers.95
3.7.1 Private sector
The sub-sample for the private sector workers comprises 135,379 observations (78% of the
total sample). The treatment effects are reported in Figures 3.12 and 3.13. Compared to the
mean-based impacts of 5% (see Table 3.13),96 in the lower tail of the wage distribution, the
MW policy raises wages by between 4%–6.7% from the 5th to the 43rd percentiles. The latter
is the peak across the entire unconditional wage distribution, while the lowest effect of 3%
is at the 16th percentile. The impacts subsequently fluctuate more in the second half of the
distribution, between 6.5% at the 61st percentile and 3.3% at the 68th percentile.
Table 3.13 reports the OLS, the RIF-Gini and unconditional estimated effects for selected
percentiles. Changes in the MW have strong and positive effects on private-sector wages,
although the magnitude decreases by the 75th percentile and the statistical significance
weaken afterwards. It suggests the policy increases wages similarly across the unconditional
wage distribution and thus, not widening inequality among private-sector employees.
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A placebo in time test is implemented for the pre-treatment period with a false year for the introduction of
the Federal Law in 2011 and 85,938 observations. The results are not statistically significant as expected.
96
The estimated effect comes from the OLS regression of the log hourly wages.
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Figure 3. 12: Treatment effects on the lower half of the wage distribution in the private sector

Figure 3. 13: Treatment effects on the upper half of the wage distribution in the private sector
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Table 3. 13: Unconditional estimates in the private sector for selected percentiles

In both the pooled and the private sector sub-sample, the estimates are stronger at the bottom
end than at the top end of the unconditional pay distribution. However, the mean estimate
falls within the confidence intervals of most of the quantile regression estimates suggesting
the mean effect exhibits some degree of homogeneity across the distribution. It is worth
noting that some of the impacts at the top of the wage distribution in the private sector could
be related to the role that the numeraire plays in the Mexican labour market as a benchmark
for wage adjustments, but most probably other different economic factors were coincidental
with the MW up-rating in the private sector between 2010 and 2015. They could also increase
wages across the pay distribution.
3.7.2 Public sector
The quantile estimates for a sub-sample of 38,290 public sector workers (22% of the sample)
are contained in Figures 3.14 and 3.15. The up-ratings in the MW have positive and
statistically significant effects on wages mostly after the 17th percentile and further up the
distribution until the 78th percentile. The stronger effects are centred around the median. In
the lower part of the pay distribution, all the estimated effects are below the mean-based
coefficient of 6.5% (see Table 3.14). The 69th percentile goes beyond this value for increasing
wages by 8.2% and 9.2% at the 72nd percentile. The highest estimate is at the 94th percentile
with 19.7%.
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Figure 3. 14: Treatment effects on the lower half of the wage distribution in the public sector

Figure 3. 15: Treatment effects on the upper half of the wage distribution in the public sector
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These impacts are also reported in Table 3.14 for selected percentiles. At the median, the
treatment effect raises earnings by 5.8%. The RIF-Gini estimates reported that the MW may
be implicated in driving wage inequality in the public sector (4.4 percentage points).
Table 3. 14: Unconditional estimates in the public sector for selected percentiles

Overall, the MW policy is not associated with reducing inequality. It raises wages, though
this effect is found to be stronger in the public sector. The impacts beyond the median of the
wage distribution are higher compared to those generally found in the literature to date (e.g.,
Autor et al., 2016; Bosch and Manacorda, 2010). This is not entirely implausible, especially
for the public sector, which uses the MW as a numeraire for increments in salary payments,
although higher spending for skilled public sector labour after the 2008 financial crisis may
have coincided with these effects.
3.8 Conclusions
This chapter examines the role of an institutional feature of the Mexican labour market that
potentially impacts the wage distribution in the country’s formal sector. The 2012 Minimum
Wage (MW) policy was introduced as a wage floor system to protect the low-paid, narrow
the pay distribution at the bottom end, lessen inequality, and reduce poverty.
The study provides evidence that the MW up-rating in 2012 increased both the average wage
and wages across the unconditional hourly wage distribution by comparable amounts over
the period from 2010 to 2015. The average effect was over 5%. Although the results of a
positive effect on wages are consistent with earlier findings for Mexico, the magnitudes of
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these effects are found to be larger than in the literature to date and this raises questions
regarding the identification strategy used here.
In addition, there is little evidence that the MW affected wage inequality overall. However,
there is some evidence that it widened inequality in the public sector according to the RIFGini estimates. These findings may reflect the role of the MW as numeraire (i.e., the MW is
used as a norm for indexing prices to multiples or fractions of the MW such as fines, pensions,
extra bonuses, etc.). It is a strong institutional feature in Mexico and it may explain the uprating effects that resonate across the unconditional distribution. However, a very high degree
of re-benchmarking wages, beyond the median of the wage distribution, would not fully
explain the effects detected at the top end of the unconditional wage distribution observed.
The findings higher up the distribution are somewhat questionable as, for instance, the spillover effects found by Bosch and Manacorda (2010) between 1989 to 2001 persisted only up
to the 60th percentile.
There are likely to be confounders in the labour market that coincided with the introduction
of this MW intervention around the time it was implemented. It could explain the magnitude
of the estimates obtained and their persistence across the distribution. This was a period of
macroeconomic turbulence and real wage decline, and this context may be of some relevance
here. In addition, the size of the treated group is large relative to the control group and this
may render the treatment group more heterogeneous and prone to the influence of other
confounding labour market factors.
Overall, the empirical findings are suggesting that the internal validity of the estimate is likely
compromised and that the effects reported are not interpretable as representing the causal
effects of the 2012 MW up-rating. An investigation to identify and isolate the putative
confounders is confined to an agenda for future research for trying to explain and understand
the MW effects detected at the top end of the pay distribution in this study. Nevertheless, it
has demonstrated how RIF-based methods that exploit quantile and Gini-based regressions
can potentially enhance the distributional analysis of MW effects in both developing and
developed countries’ labour markets.
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Finally, a key sub-theme of this research has been that the public sector pay-setting
mechanism appears to play some role in raising inequality. The debate about the nature and
design of the public sector pay-setting mechanism has been a persistent feature of debate in
Mexico since the turn of the 20th century. The issue of higher public sector wages is the
subject of greater discussion and more detailed analysis in the next empirical chapter.
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CHAPTER FOUR: The Impact of a Government Pay Reform in Mexico
on the Public Sector Wage Gap
4.1 Introduction
The size of the public–private sector pay gap has been the subject of extensive research over
the past decades across both developed and developing countries. The existing studies have
found a generally significant public sector premium in developing countries than in
developed countries. This premium typically drives widening effects on pay dispersion
between public and private sector workers (Finan et al., 2015; Gasparini et al., 2015; Gindling
et al., 2019; Lausev, 2014).
In Latin America, Mizala et al. (2011) have provided empirical evidence of positive sectoral
wage gaps due to higher premia for public sector workers. There is evidence of widening
wage gaps in developed economies (e.g., Cai and Liu, 2011 for Australia; Hospido and
Moral-Benito, 2016 for Spain), and also sectoral pay gap reductions (Bargain et al., 2018 for
France; Christofides and Michael, 2020 for European countries).
Notwithstanding the extensive literature on public–private wage differentials, studies
analysing the impacts of wage policies in the public sector, which are designed to narrow the
gap between the two sectors, are limited. This scarcity may be because the implementation
of these policies has been undetermined by a failure to implement the recommended changes
effectively, or it may be due to the difficulties in providing evidence with a precise scientific
measure of their success (Ampofo and Doko Tchatoka, 2019). Among the available studies
exploring public sector pay policies on the public–private sector pay gap are Ampofo and
Doko Tchatoka (2019) for Ghana; Telegdy (2018) for Hungary; and Vladisavljević (2020)
for Serbia.
In Latin America, reforms of the state apparatus for renewing and modernizing the civil
service administration generally began in the 1990s. The policies could partly reflect the
government’s concerns regarding the presence of inefficiencies in the public sector. They
constituted an effort to attract and retain highly skilled personnel to enhance efficiency and
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transparency in the government, which indirectly impacted the public and private sector
wages (Lah and Perry, 2008).
In Mexico, higher wages in the public sector have been of concern among policy-makers
since 2009, which exerted pressure on the Federal government to impose limits and regulate
them. In late 2017, higher public sector wages assumed primary importance during the
Mexican presidential election campaign and served as a political strategy. It would advocate
that government finances are brought under control by getting more wage parity for public
sector work. It would ultimately provide an effective and efficient public administration and
it might also secure votes and political support.
Despite the political discourse, after the elections in July 2018, the Federal Pay Reform on
the Remuneration of Public Servants was enacted in November 2018 by the new government
to gain credibility and increase its popularity among certain voters. This policy set a salary
cut for senior management positions and froze wage payments for lower and middle
management jobs. This reform was designed to contract the pay gap with respect to the
private sector, particularly at the top end of the wage distribution.
The current work aims to assess the impact of this legislative change and shed light on the
magnitude of the wage gap between public and private sector workers in Mexico. There are
two motivations for the empirical analysis undertaken in this chapter. One is to contribute to
the empirical evidence of the public sector pay gap, which suggests relatively higher wage
levels, ultimately leading to wage differentials between the public and private sectors. The
second comes from assessing the recent introduction of the Federal Law in Mexico, which
regulates the remuneration of public sector employees.
Therefore, this study investigates the impact of the 2018 Pay Reform across the pay
distribution using cross-sectional data (2017-2019) from the National Occupations and
Employment Survey (ENOE). It uses both mean and unconditional quantile (UQ) regression
approaches and exploits an exogenous source of variation in wages provided by the policy.
The use of UQ regressions within a Difference-in-Differences (D-i-D) framework potentially
provides an understanding of the effects of the reform on the wage gap between public and
private sector workers, before and after the policy intervention.

109

The study acknowledges that an important consideration for the analysis is the role of
unobservables in the employment selection choice. However, since the D-i-D approach takes
into account different unobservable effects in the public and the private employment sector
selection choice pre-treatment and post-treatment, such unobservables are differenced out,
and the concerns about a potential selection bias are mitigated.
The empirical results provide evidence that the exposure to a regulation on the salary
introduced in the public sector is implicated in reducing the public–private sector wage gap
across the unconditional wage distribution, with the effects generally stronger below the
median than above it. The estimates suggest reductions of the public sector pay premium by
about 24% and 11% at the bottom end and the median of the pay distribution, respectively.
Thus, more potent effects for lower-paid public sector workers than higher-paid employees.
The analysis undertakes robustness checks to assess the stability of the results. In particular,
a placebo test in time is also conducted using an earlier time for the introduction of the reform.
The test reveals the presence of anticipation effects by public sector employees which
undermines the internal validity of the exercise, though plausible in the current context.
The contribution of this study is across several dimensions. First, to the limited literature
analysing wage policies for the public–private wage gaps in developing countries. Second, it
is among the few studies using unconditional quantiles regressions for evaluating the public
sector pay premium and the wage differential between public and private sector workers.
Third, it is the first study that uses the 2018 Federal Pay Reform on the remuneration of
public servants in an attempt to identify the causal effect of this public sector wage policy.
The present study is structured as follows. The next section presents the literature review. It
is followed by the institutional context for the public sector wage-setting in Mexico. Then, a
description of the data and the empirical strategy. The empirical results and robustness checks
are then presented. The last sections discuss the policy implications and the concluding
remarks.
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4.2 Literature Review
The public–private sector wage gap has been explored extensively in developed and
developing countries. This type of analysis is significant for the public sector in the labour
market as both an employer and a source of government spending. Commonly, the public
sector offers a non-competitive work environment, a secure job, and considerable fringe
benefits that generally cannot be matched in the private sector in many countries.97
Public sector employment represents an indicator of state participation in the economy that
provides essential services such as education, health, security, and justice. This involvement
makes it a central actor within labour markets and hence the broader economy. It impacts the
aggregate outcomes of employment, wages, and other welfare variables (Azuela de la Cueva
et al., 2014; Gindling et al., 2019). There is also a perception that scarcity of skilled public
servants may have detrimental effects on the ability of a country to cope with the increasing
demand of its citizens (Christofides and Michael, 2020).
Hospido and Moral-Benito (2016) argue that public and private employees are paid
differently –and at a higher level in the public sector– for many reasons: (i) the monopolistic
power of governments in the provision of public services which enables setting noncompetitive wages; (ii) the public sector objectives could sometimes be motivated by vote
maximization rather than traditional profit maximization as in the private sector; (iii) union
density is often higher in the public sector with contracts that provide valuable insurance
against uncertain economic events; (iv) higher levels of productivity-enhancing employee
characteristics such as education and/or labour force experience.
It is also argued that wage differentials can be driven by the competition in attracting and
retaining high-qualified workers, especially in the case of skill shortages (Lausev, 2014;
Mizala et al., 2011; Van Dooren et al., 2009). The empirical evidence suggests a positive and
more significant public sector wage premium in developing and low-income economies. It
may drive positive sectoral wage differentials between these sectors, compared to positive
but small or modest – or, in some cases, zero or negative – wage premia in developed
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Although the public sector is more likely to provide fringe benefits to its workers in developing economies
than developed ones, somewhat paradoxically, the quality of government services is generally viewed as lower
in developing rather than in developed countries (Finan et al., 2015).
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countries. The highest public sector premia are generally reported in South Asia, SubSaharan Africa, and Latin America and the Caribbean countries. The lowest compensations
are reported in Eastern and Western Europe, Central Asia, the US, and Canada (Finan et al.,
2015).
The literature for both developed and developing countries provides evidence of positive
public–private wage differentials and proof of negative pay gaps in some rarer cases (Bargain
et al., 2018; Cai and Liu, 2011; Christofides and Michael, 2013; Finan et al., 2015; Hospido
and Moral-Benito, 2016; Lausev, 2014; Mizala et al., 2011). Although the literature that
exploits public or private sector wage policies -or reforms in the pay-setting mechanism- in
analysing their ultimate impacts on the public–private wage gap is limited (e.g., Ampofo and
Doko Tchatoka, 2019; Telegdy, 2018; Vladisavljević, 2020).
The public–private pay gap has been commonly analysed using a Mincerian wage equation
with a dummy variable indicating whether the workers are employed in the public sector to
account for differences in job characteristics between the two sectors. The estimate for such
a dummy variable within this framework generally provides the public–private wage
differential (Lausev, 2014).
The analysis around the mean of the wage distribution can not capture the part of the
distribution that exhibits the most significant wage gap, which has important policy
implications in the labour market. The differentials could be attributable, inter alia, to
individual heterogeneity. Productivity gaps may differ by demographic characteristics,
occupation, level of education, or union bargaining power.98 Hence, quantile regressions
based on the work of Firpo et al. (2009) are used to compute the effects across either the
conditional or unconditional wage distributions.
Some studies exploit panel datasets including individual-specific effects when estimating the
public–private wage differentials at different points of the wage distribution to net out
individual time-invariant unobservable characteristics that could generate employment
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Union status represents a strong bargaining power in the public sector for developing countries; changes in
unionism relative to that obtaining in the private sector may alter the estimated public–private sector wage
differentials. However, many countries do not provide information on unions (Lausev, 2014).
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selection bias. Others analyses use decomposition techniques to divide the sectoral wage gap
according to the differences in observed and in unobserved characteristics in conjunction
with quantiles or individual fixed effects regressions.99
For a group of European countries, Christofides and Michael (2020) used Oaxaca-Ransom
decomposition techniques along with unconditional quantiles in exploiting the impact of the
international and sovereign crises (2007) on wage gaps between 2006-2013. Their average
estimates suggest a reduction in the public–private sector gap, particularly evident at the 50th
(-2%) and the 90th (-2.5%) percentiles, whereas the 90th–10th percentile effects were -6%,
arguably reflecting attempts by many countries to protect low-paid workers. Bargain et al.
(2018) used a panel dataset (1988-2013) with individual fixed effects for France, where the
public sector wages have been nominally frozen since 2010 and reported a decline in the
wage gaps from -3% at the 10th percentile to -7% at the 90th percentile of the wage
distribution.100
Cai and Liu (2011) using the Oaxaca-Blinder (O-B) decomposition, reported for Australian
men between 2001 and 2006 a wage gap of 5.3% at the 10th percentile, which became a
negative gap at the median of 0.5% and to -13.2% gap at the 90th percentile. Likewise,
Hospido and Moral-Benito (2016) used the O-B decomposition with individual-specific
effects for Spain and data from 2005 to 2012 to report a wage gap of 18% for high-skilled
men in the public sector compared to the private sector workers at the 10th percentile, and a
gap of -21% at the 90th percentile. Thus, a widening wage gap is generally found higher at
the lower end of the wage distribution that decreases across the distribution.
For developing countries, Keskin et al. (2020) use panel data and fixed effects to find
persistent negative wage gaps for Egypt in 1998–2018, from 6% at the 10th percentile to
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Workers do not randomly select into either the public or private sectors; this self-selection can result from an
individual’s utility maximization based on observable and time-invariant unobservable characteristics such as
ability, motivation, risk aversion and family socioeconomic status (Keskin et al., 2020).
100
Over the long-run, the French public sector pays less –with the penalty increasing with the wage level– but
succeeds in attracting workers with ‘good’ unobserved characteristics across the whole distribution. This result
may be related to elements of intrinsic motivation (a sense of the public service mission) or reflects the relative
efficiency of the national examination process in selecting the most talented workers from the pool of applicants
(The École Nationale d’Administration (ENA)).

113

10.7% at the 90th percentile (10% at the mean and the 50th percentile).101 Whereas Emilio et
al. (2012) use a rotating household panel to analyse the transition of individuals between jobs
in both sectors in Brazil between 2002 and 2004. The authors reported a 3.9% wage
differential at the mean.
Mizala et al. (2011) investigated the public–private wage gap evolution for urban workers on
the conditional wage distribution during the period 1992-2007 for eleven Latin American
countries. The authors report positive wage gaps for all the economies up to the 50th
percentile, after which some shifted into negative gaps for some countries. At the highest
percentiles (the 90th and 95th), reductions in wage differentials were primarily reported. The
most qualified public sector workers faced wage penalties, which explains their findings.
A limited number of studies analyse the public–private wage differentials in Mexico, some
studies explore each gender separately (e.g., Panizza and Qiang, 2005; Rodríguez-Pérez,
2019). Pagán et al. (2002) exploit a decomposition method in 16 metropolitan areas.102 The
study accounts for relative changes in individual endowments and their prices to suggest that
wage differentials increased on average by 44% from 1987 to 1997, widening the sectoral
gap.103 These results can be explained by increases in the price of skills and changes in sorting
across sectors.104 Besides, this period had a historically high level of government spending
due to the decentralization and privatization measures implemented in Mexico.
The analysis of Panizza and Qiang (2005) found a 0.7% public–private wage gap at the mean
for male public sector workers in 1994, albeit not statistically significant,105 and a 9% raw
wage differential applying the O-B decomposition. Using decomposition methods and Firpo
et al. (2009) methodology, Rodríguez-Pérez (2019) found in 2017 a decreasing wage gap
across the unconditional wage distribution between these sector workers, from -0.2 log points
of hourly wages at the 10th percentile to approximately -0.5 log points at the 90th percentile.
The wage gap was attributed mainly to the differential in the endowments of productive
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The researchers prove that the public sector fails to attract better quality men across the conditional wage
distribution. The results raised concerns about whether the provision of public services is indeed efficient.
102
The authors used the Juhn, Murphy and Pierce decomposition method (JMP, 1991).
103
The sample includes male and female observations.
104
Mexico introduced compulsory secondary education in 1993.
105
The estimated public sector effect was negative in 1994 but not statistically significant.
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characteristics (personal and labour attributes). The public sector workers enjoyed a
relatively higher appreciation of their productive qualifications, resulting in salary
advantages over comparable private-sector workers, especially in the lower half of the wage
distribution.
Therefore, using an array of approaches, the evidence suggests that some developed and
developing countries experience wider sectoral pay gaps (e.g., Cai and Liu, 2011 for
Australia; Hospido and Moral-Benito, 2016 for Spain; Mizala et al, 2011 for Latin American
countries). There is also evidence of wage gap reductions (e.g., Bargain et al., 2018 for
France; Christofides and Michael, 2020 for Norway; Keskin et al., 2020 for Egypt;
Rodríguez-Pérez, 2019 for Mexico).
Some studies have provided evidence on the effects of public sector austerity due to the
global economic crisis using a variety of methodologies. However, they either use separate
regressions for before and after the financial crisis or analyse the entire period using a dummy
variable for the pre-crisis and post-crisis periods (e.g., Bargain et al., 2018; Christofides and
Michael, 2020; Hospido and Moral-Benito, 2016).
4.2.1 Public Sector Wage Policy Reforms

Notwithstanding the literature presented above, studies analysing the impacts of government
wage policies aiming to reduce the pay gap among public and private sectors are limited.
This type of analysis is more in line with the study presented in this chapter. Governmental
reforms in the public sector administration are generally driven by the need for good
governance indicators such as efficiency, the inclusion of high-skilled workers, and to
provide fair remuneration to the public servants that deliver public services in both developed
and developing countries (Lah and Perry, 2008; Mizala et al., 2011).
In 2008, around 80% of the economies that belong to the Organisation for Economic Cooperation and Development (OECD) had implemented a public sector pay system linking
payments to the individual’s performance based on merit. It was motivated to address wage
differentials between public and private sector workers and provide performance-related
rewards that could change the servants’ behaviour and increase their productivity and
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efficiency in the public sector (Bajorek and Bevan, 2015).106 In 1978, the US implemented
these pay settings in the Civil Service Reform Act (CSRA). Among the components, it had
merit payment, performance appraisal and separating regulatory personnel functions for
senior management (Lah and Perry, 2008).
This type of analysis is important, primarily in developing countries where a hefty premium
in public sector wages is found, leading to the perception of inefficiencies in providing public
services and yielding only economic benefits for public sector employees. However, there is
little evidence of the effectiveness of such wage policies for reducing the magnitude of the
public–private pay differentials. In general, they rely on weak research designs without
counterfactuals for inferences, which cannot assess the potential programme effects,107 or
they do not explore how these policies reduce the wage disparities.108 Some focus only on the
health care and education sectors.109
Among the studies that attempt to identify a causal effect of public sector wage policies on
the wage gaps in developing countries are Ampofo and Doko Tchatoka (2019) that analyse
the intervention introduced in 2010 for Ghana, and Telegdy (2018) that explores the effects
of the 2002 wage policy in Hungary. In addition, the study of Vladisavljević (2020) examines
the policy implemented in Serbia in 2014.
The Single Spine Pay Policy (SSPP) introduced in 2010 in Ghana to reduce strikes in the
public sector, retain skilled workers, and raise their wages, was exploited by Ampofo and
Doko Tchatoka (2019). The study examines the policy effectiveness in addressing the public–
private sector wage gap using a pseudo panel dataset and cohort fixed effects for males and
females. It employs conditional quantile regressions based on a difference-in-differences (Di-D) estimation.110 The results report a negative and insignificant effect at the mean-based
estimate, but a reduction of the public–private wage gap up to the 50th percentile of the hourly
earnings distribution from 33% to 3%. The gap then widens beyond the median by between
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Payments in the form of permanent supplements or lump-sum bonuses.
For example, Marsden (2009) cited in Hasnain et. al. (2012).
108
Such as Bryson et al. (2012) and Lucifora and Origo (2015) cited in Ampofo and Doko Tchatoka (2019).
109
Hasnain et. al. (2012) analyse 127 studies done for OECD countries and 26 studies for developing economies.
110
Since 1992 the wages in Ghana of the private sector had been higher than the public sector employees.
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0.8% to 2%. Thus, the public sector wages increased at the lower tail of the wage distribution
up to the median, whilst reducing earnings at the 75th and 90th quantiles.111
In Hungary, the wages of public sector employees lagged behind private-sector earnings
between 1998 and 2001. They increased only to keep the public–private pay gap stable. In
2002, the public sector base wage increased by 50%. Telegdy (2018) analysed this
intervention with fixed effects and proxy variables for the exposure to the policy based on
the variation of the share in public sector employment. The results reported a change in the
public wage premium from −17% to +7.5% from one month to the next. The wage differential
increased by 9.6% between two workers exposed to the measure situated at the 25th and the
75th percentiles of the wage distribution. The spill-over effects to the private sector affected
primarily young, more mobile, and highly educated workers.
Vladisavljević (2020) investigates the impact of wage austerity measures introduced in
Serbia at the end of 2014 on the differences in the wage premium and compliance between
two public subsector workers (i.e., the state sector and state-owned enterprises). Before the
intervention, the wages of state-owned enterprises workers were higher, on average, than in
the state sector and especially from the median to the top of the wage distribution. The
findings reveal that after the policy was introduced, the wage differences between the
subsectors intensified due to lower compliance of state-owned enterprises with the wage cut.
Many Latin American countries introduced reforms since the 1990s to implement responsible
governments and modernize the civil service administration with efficient and effective
public sector workers; the reforms regulated their wages (e.g., Chile in 1990, Brazil in 1995,
and Uruguay in 1997). Although, research is not exploiting these institutional changes to
investigate their success or failure in reducing the public sector pay differentials.
Mexico also has been implementing and amending Constitutional reforms in the public sector
since the 1990s. In 2018 a Federal Law that regulates the remuneration of public sector
workers was introduced. Nonetheless, there is no empirical evidence regarding the
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Moreover, the SSPP has decreased workers’ productivity across the distribution of earnings, mainly due to
a decrease in the effort of male workers in the administration sector.
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effectiveness of this particular intervention to date and this motivates the research undertaken
in this chapter. The next section describes the public sector wage setting in Mexico.
4.3 Public Sector Pay Setting in Mexico
Mexico partially implemented reforms back in 1994 following the civil servant meritpayment component of the CSRA. However, the public sector wages grew faster relative to
those in the private sector by 1997, motivated in part by a conscious government effort to
attract higher-skilled workers through the payment of higher wages (Pagán et al., 2002).
Consequently, in 2003, it consolidated the Professional Career Service Law in the Federal
Public Administration (Ley de Servicio Profesional de Carrera -SPC- in Spanish).112 This
Law provides a mechanism to guarantee equal access to work in the public sector for middle
management or trusted workers and ensure transparent recruitment processes. It had the
objective to attract, maintain, and train public employees for their careers as public servants.
The Law also ensures that the public administration operates independently of political
change, where the public servants are not appointed politically but rather by demonstrating
relative administrative skills, experience, and qualifications. However, it did not establish
any regulations regarding the public sector wages.
Public sector employees in Mexico perform activities at the federal, state, or municipal
government level that directly undertake the production of goods, merchandise,
commercialization, or the provision of services using the exclusive assets of the public sector.
It includes activities in the offices and dependencies of the three government levels dedicated
to the administration of the resources and patrimony of the nation, both directly and through
the regulation and legislation of economic, social, and political practices. The chambers of
legislators, the armed forces, and state‐owned enterprises such as para‐statal firms, in which
the government exercises control, are also included.113 The private sector is that part of the
economy which is both run for private profits and is not controlled by the Federal government
or other state agencies.
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http://www.diputados.gob.mx/LeyesBiblio/pdf/260.pdf
Definition in the glossary of the Mexican Statistics, Geography and Informatic Institute (INEGI-Spanish
acronym).
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After the 2008 financial crisis, the Mexican government engineered a public spending boom
through different social programmes to support the population to overcome the crisis. These
included a temporary employment programme; reduction in utilities’ prices (electricity and
LP Gas) through subsidies; providing employees earlier access to long-term savings accounts
if they lost formal jobs; and the universalization of social protection programmes. 114
In light of this boom in government expenditure, the demand for transparency and
accountability in regard to the government’s budget, income, and expenses increased. It
exerted pressure on the government to impose regulations on the determination of public
sector wages. Hence, in 2009 it implemented reforms to Constitutional articles mainly to
transparent the remuneration of the civil servants (federal, state, and municipal levels).115
By 2010, Mexico faced a large contraction in its real GDP (-5.3%), tax revenues (including
from oil) were less than 18% of its GDP, many formal jobs were lost, and economic activity
declined (Moreno-Brid, 2010). The economic environment was unstable, and the public
sector pay-setting did not adjust to the changing conditions. In 2012, monthly public sector
wages were on average 43.3% higher than in the private sector and almost triple that in the
informal sector. Public sector employees earned 29% more per hour than formal privatesector workers with similar characteristics. Consequently, with higher salaries, the
unobserved skills of workers in the public sector were improved and less-skilled workers
were forced out (Gasparini et al., 2015).
The higher salaries in the public sector and higher public spending may have been actions
consciously introduced by the government to accomplish its political objectives –vote
maximization from public sector workers and more generally society– particularly in 2012
with the presidential election, and in 2015 with statal elections (Gutiérrez-Rodríguez, 2015).
In 2015, the fiscal deficit of 3.5% of the GDP was the highest in three decades. The
international collapse of oil in 2014-2015 precipitated a fall in oil revenues by over a third
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The Temporary Employment Program (PET) provides financial support and contributes to the population’s
well-being who faced a reduction in their income because of national emergencies. The programme offers
temporary financial support for their participation in family or community projects.
115
These reforms applied to the articles 75, 115, 116, 122, 123 and 127. Essentially, the reforms stated that the
public sector salaries would be of the public domain, and proportional to the positions’ responsibilities.
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during this period. Thus, the excessive historical dependence on oil export revenues for its
public spending was seen as unsustainable (Gutiérrez-Rodríguez, 2015). The much-needed
austere fiscal policy was implemented in 2016. It was mainly designed to reduce the
expenditure on social programmes.
During the presidential election campaign in 2017, the higher level of public wages compared
to the private sector became a political issue, for which one of the main proposals of the
current government campaign focused on addressing these historically higher remunerations.
To achieve this goal, the political party included strategies that would force public servants
to comply with the existing remuneration reforms, such as removing discretionary or
arbitrary use of public expenditure and cutting the wages of public sector workers.
In addition, it intended that the public resources freed from reducing public sector wages
would be re-directed towards public spending to reactivate the economy, target poverty
reduction, and fund the country’s development.116 The proposal of getting the government’s
finances under control through greater sustainable wage parity for the public sector workers
ultimately leading to an effective public administration served as an attractive political
strategy for the election campaign.
Thus, after the elections in July 2018, the Federal Pay Reform on the Remuneration of Public
Servants was enacted in November 2018 by the new government to gain credibility and
further increase its popularity. The Federal Law contains 17 articles designed to regulate the
remuneration of public sector workers of the three government levels. 117 The policy was
designed to be implemented through reductions in the salary of senior management positions
up to 40%; freezes on wage increases for other public sector workers; in some cases
permitting increases in the wages of the servants who earned the least.118 This labour market
116

https://transparencia.info.jalisco.gob.mx/sites/default/files/Plan-de-Nacion-de-Morena.pdf
http://www.diputados.gob.mx/LeyesBiblio/ref/lfremsp/LFRemSP_orig_05nov18.pdf
The Law stipulates a set of guidelines for providing an adequate remuneration for public sector workers
reflecting their performance with the minimum and maximum limit earnings. The Law also establishes the
Federal Penal Code for the sanctions applied to the public servants that try to evade compliance.
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According to the 2019 report of the Ministry of Finance, the spending on salaries was 2.0% lower than the
approved budget and fell by 2.6% in real terms compared to 2018.
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reform is empirically assessed in this chapter to provide evidence regarding its effectiveness.
The following section describes the data used in the analysis.

4.4 Data
The empirical work uses repeated cross-sectional data obtained from various rounds (20172019) of the Mexican National Occupations and Employment Survey (ENOE -Spanish
acronym) available from the Statistics, Geography, and Informatics Institute (INEGI-Spanish
acronym), containing information for gainfully occupied and unoccupied individuals aged
12 years and over. The ENOE is a nationally representative survey.
The survey reports, inter alia, weekly hours worked, monthly earnings, formal and informal
job activities derived from the main and secondary occupations, and the type of employment
(public or private). The second quarter interview period of the ENOE is used primarily to
avoid any seasonality in earnings since higher expenses are reported during the first and
fourth quarters of the year because of extra bonuses provided in those quarters. The sample
is restricted to male observations because the information reported of earnings and other
labour market variables are more complete and comprehensive for this gender group.
The questions related to the labour market apply only to the employed and gainfully occupied
individuals during the reference week. Formal employment is captured through different
information: the economic sector where the individual works (e.g., services, agriculture,
manufacturing); the employment sector (e.g., public or private); the type of occupation and
activities undertaken (e.g., masonry, agricultural activities, professional activities.); the
number of employees in the firm they are working in; if people own their businesses (or are
farmers); and the type of rights the individuals are entitled to through their work contract.
This study uses the variable established by INEGI for formal employment, which mainly
provides access to social security, medical health services, and a contract subject to
employment rights. In a similar spirit, the ENOE employs different questions to differentiate
among the individuals that work in the public and private sectors. For this research, the
definition of public sector workers includes people working at the judicial authority, in
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parastatal companies; schools, hospitals, healthcare centres run by the government, and
workers at federal, state, and municipal levels. The private sector workers are not controlled
by the Federal government or other state agencies and run for private profits.
The analysis uses information on the main occupation, which the interviewees identify as the
one where they spend most of their time during the day and which provides the highest
remuneration.119 To ensure an accurate measure of the wage, all those individuals who are
informal workers, self-employed or unpaid workers are excluded from the sample because
labour laws regarding public sector workers are not binding for this group of workers.
The sample comprises a pooled cross-sectional database of 85,867 formal male sector
employees from 2017 to 2019 with an average of 28,600 observations per year. It comprises
645 municipalities across the 32 Mexican States for the whole period, with 480 municipalities
per year on average. The minimum number of observations per cell is five (observations per
municipality per year), the maximum is 1,023 and 376 on average. Approximately 17% of
the observations are public sector workers, and 83% are private-sector employees.
4.4.1 The Outcome Variable: log of hourly wage
The outcome variable used in the analysis is the natural logarithm of the hourly wage. The
definition of earnings in the survey refers to a monthly payment received from the main job
net of all labour taxes and social security contributions.120 Thus, no fringe benefits, tips,
bonuses, or commissions are included in the wage measure.
The sample includes both full-time and part-time workers. The individuals work 48.7 hours
per week on average, and slightly above 1% are working between 6 and 20 hours per week
in the sample. The hours worked are reported weekly in the survey, and this study multiplies
these values by 4.3 to obtain the monthly hours worked. The hourly wages are thus computed

119

In the survey, it depends entirely on the individuals’ responses the occupation they perceived as the main or
principal job.
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If the interviewees report weekly payments, the Mexican Statistics, Geography, and Informatics Institute
transforms this into monthly earnings by multiplying the former times 4.3.
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from the reported monthly earnings divided by the calculated monthly hours worked. The
measure is expressed in real Mexican pesos as of June 2018.121
Table 4.1 reports the summary statistics of the wage variable for the employment sector (i.e.,
public or private sector) and selected quantiles. Public sector earnings are higher than the
private sector wages at all reported percentiles. The raw gap is 0.52 log points. The statistics
reveal pronounced wage differentials between both employment sectors and potentially
indicate disparities in pay determination arrangements.
Table 4. 1: Summary statistics of wages

Source: Mexican National Occupations and Employment Survey
(2017-2019). Note: Mean values of the wage variables.

Figure 4.1 illustrates the kernel density distributions of log hourly wages by public and
private sectors. The average wages are higher for the public sector workers, and its wage
distribution is above the private sector at the bottom and top of the distribution.
The compression of wages at the bottom end of the wage distribution in the public sector has
been found in many studies for developed and developing countries such as Cai and Liu
(2011), Hospido and Moral-Benito (2016), Keskin et al. (2020), and Bargain et at. (2018).
For Latin America, workers at the lower part of the wage distribution have a positive
differential with respect to the private sector, whilst workers at the higher part of the wage
distribution face a penalty (Mizala et al., 2011). However, Figure 4.1 does not seem to exhibit
a penalty at the top end of the distribution for public sector employees in Mexico.
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A small 0.25% of the observations reported zero wages. Thus, these observations are eliminated from the
analysis.
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Figure 4. 1: Distribution of log hourly wage by employment sector

Source: Mexican National Occupations and Employment Survey
(2017-2019). Real values 2018 Mexican pesos.

The distribution of log hourly wages, in both employment sectors, before and after the 2018
Federal Pay Reform is illustrated in Figure 4.2. These figures reveal distributions quite
similar to Figure 4.1. They indicate that the objective of reducing wages in the public sector
due to the policy is not strongly reflected in the wage distribution post-intervention. The
foregoing corroborates Gasparini et al. (2015) findings for Mexico of higher average hourly
wages for the public sector workers compared to the private sector workers. A similar pay
premium is found for Latin American countries as well (Finan et al., 2015; Gindling et al.,
2019).
Figure 4.3 presents the wage distribution by each employment sector for the pre -and postintervention period. Private sector post-intervention distributions are shifted slightly to the
right compared to the public sector. Thus, public sector wage growth was more constrained
in the post-intervention period than the private sector wages, in which wage growth occurred.
Hence, this implies the reform had a potential role in reducing the public sector pay gap,
which needs to be analysed further using econometric methods.
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Figure 4. 2: Distribution of wages pre -and post-the Federal Pay Reform in 2018

Source: Mexican National Occupations and Employment Survey
(2017-2019). Real values 2018 Mexican pesos.

Figure 4. 3: Distribution of wages by employment sector and pre -and post-the Federal Pay Reform
in 2018

Source: Mexican National Occupations and Employment Survey (2017-2019). Real
values 2018 Mexican pesos
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4.4.2 Treatment and control groups
The 2018 reform for the remuneration of public servants represents an institutional change
that allows the creation of two separate groups. One is subject to a wage regulation due to
the Pay Reform and another that is not directly impacted by the intervention. Hence, the
treatment group consists of those individuals working in the public sector for which the
policy mandates a regulatory change to their wages (14,717 observations, 17% of the
sample). The control group comprises the employees in the private sector, their wages are
not regulated (71,150 observations, 83% of the sample).
Table 4.2 reports the treatment and control groups’ hourly wages pre-treatment and postintervention. The treated group reports similar average salaries post-intervention at the 10th
and 25th percentiles, while slightly higher salaries for the 75th percentile. In contrast, it reports
lower wages at the median and the 90th percentile. These statistics indicate partial
accomplishment with the intervention wage cuts at the top percentiles and frozen wage
payments at the bottom percentiles. In contrast, the control group exhibited greater average
wages at the post-treatment period across the whole distribution, reflecting that the private
sector is not subject to the public sector wage-setting mechanism.
Table 4. 2: Mean values of hourly wages by treatment and control groups

Source: Mexican National Occupations and Employment Survey (2017-2019).

Figures 4.4 and 4.5 illustrate the treatment and control groups’ distribution of log hourly
wages for the three survey years (2017-2019). For the treatment group (Figure 4.4), the wage
distributions shifted to the right after 2017, showing higher hourly wages. The distribution
in 2019 reflects a wage growth constrained with respect to 2018. For the control group, Figure
4.5, reveals a wage growth in 2019 compared to 2018, not restricted to this group.
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Figure 4. 4: Distribution of log hourly wage by the treatment group, 2017-2019

Source: Mexican National Occupations and Employment Survey (2017-2019). Real
values 2018 Mexican pesos

Figure 4. 5: Distribution of log hourly wage by the control group, 2017-2019

Source: Mexican National Occupations and Employment Survey (2017-2019). Real
values 2018 Mexican pesos

Table 4.3 provides the standard difference in means of the log hourly wages between people
treated and not treated by the Pay Reform, before and after the policy.122 The estimated effects
reveal how the wages in these two groups changed with the reform. The treatment group has,
on average, statistically significantly higher hourly wages than the control group for both
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The difference in means reported does not include fixed effects or use robust standard errors.
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pre-treatment and post-treatment periods. Thus, even before the policy was enacted, the
public sector workers’ wages were better off than private-sector workers’ wages.
The D-i-D estimate is negative and statistically significant, indicating that the intervention
may decrease wages of the treated group. In the absence of covariates, there is, on average,
a 3.7% public sector pay gap reduction due to this reform. This wage gap decrease is further
analysed with econometric methods.
Table 4. 3: Difference-in-Differences estimation of log hourly wages between treated and control
groups, pre -and post-treatment

4.4.3 Explanatory variables
The explanatory variables used are age and its quadratic, years of education, whether residing
in an urban or rural settlement area, marital status, head of the household status, and the type
of economic sector. The sample includes individuals aged between 15 and 65 years when
surveyed; aged 15 years because it is the minimum legal working age. It excludes people
over 65 years to avoid retirees or pensionable. The average age in the sample is 37 years.
The married status encompasses married people and individuals living together; single status
includes widows, and divorced status incorporates separated individuals. Table 4.4 displays
the statistics for the covariates. The average years of schooling are 11 years, which in Mexico
is equivalent to incomplete high school (i.e., completed high school is 12 years of education).
Most of the respondents reside in urban areas (71%), are married (71%), and are the head of
the household (65%). The service sector employs 43% of the respondents. Likewise, the more
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educated people, married, residing in urban areas, head of the household, and working in the
public sphere enjoy the higher average wages.123
Table 4. 4: Summary statistics of the explanatory variables

Source: Mexican National Occupations and Employment Survey (2017-2019). Total observations 85,867.

Table 4.5 reports the statistics disaggregated by treatment and control groups, with present
similar magnitudes as Table 4.4. Tables 4.6 and 4.7 provide the t-test difference in means of
the covariates between individuals treated and not treated pre -and post-intervention. 124
Table 4. 5: Summary statistics of the explanatory variables by treatment and control groups

Source: Mexican National Occupations and Employment Survey (2017-2019). The total observations
in the treatment group are 14,717, while there are 71,150 in the control group.
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Those employed in the judicial authority received the highest average pay among public sector workers,
while individuals working in municipal governments obtained the lowest. In the private sector, workers
employed in the mining and energy sector are the highest paid.
124
Tables B4.1 and B4.2 in appendix B report the statistics for each group pre -and post- treatment.
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Table 4. 6: Two-sample t-test of the explanatory variables pre-treatment

Table 4. 7: Two-sample t-test of the explanatory variables post-treatment

4.5 Empirical strategy
To determine how the 2018 Federal Law on the Remuneration of the Public Servants
impacted not just wages at the mean but across the unconditional wage distribution among
public and private sector workers in Mexico and to shed light on whether or not this policy
ultimately has implications for the public–private wage gap across the wage distribution, this
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study uses an unconditional quantile regression (UQR) approach based on the Re-centred
Influence Function (RIF) and initially popularized by Firpo et al. (2009).
The implementation of this wage policy creates an exogenous source of variation in wages
of the public sector compared to the private sector. A conventional methodology for
comparing observations pre-treatment and post-treatment is a Difference-in-Differences (Di-D) approach used in this study. The analysis identifies the effects of the intervention
regulating wages in the public sector on the pay differentials among public and private sector
employees.
It is anticipated that the wage policy decreases the public sector wage premium across the
pay distribution, especially of higher-paid servants, as a consequence of the salary cuts
applied to these job positions, given that the intervention unconstrained private-sector wages.
This mechanism, a combination of salary cuts at the top end and frozen wage payments at
the lower end in the public sector, subsequently leads to a contraction in the pay gap with
respect to the private sector counterparts. More substantial negative effects are anticipated at
the top end of the unconditional wage distribution due to wage payment cuts.
There are two main issues highlighted in the literature when estimating wage gaps. First, the
mean estimation of the wage gap represents a drawback due to the potential heterogeneity in
the effects of covariates on wages across the wage distribution. A way to address this issue
is to analyse the wage gap at different points of the unconditional wage distribution. The UQ
regression approach allows for the control of heterogeneity that can emerge at different
percentiles providing a straightforward way to estimate the treatment effects of this policy at
all points of the unconditional wage distribution. 125
A second issue is the endogeneity of employment selection because there are important
determinants of workers' sectoral choices such as skills, motivations and productivity not
observed in the data. However, the D-i-D approach in this analysis takes into account the
difference in the public sector and the private sector effects pre-treatment and post-treatment.
Assuming constant unobservables across time that determine public or private selection
125

The quantile regression method relaxes the assumption of homogeneity in the effects of covariates across
the unconditional distribution of the dependent variable.
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employment, time-invariant unobservable effects are eliminated with the D-i-D method.
Then, the concerns about potential selection bias are mitigated. Therefore, the empirical
analysis uses UQ regression models within a D-i-D framework to provide an understanding
of the effects of the reform on the public–private sector wage gap in Mexico.
In the literature, there are a small number of studies that combine quantile regressions with a
D-i-D specification. Among these analyses, Hernaes (2018) and Pérez (2020) use UQ
regressions within a linear D-i-D framework exploiting the Firpo et al. (2009) methodology
to estimate the average distributional effects of unconditional outcomes based on a welfare
policy change in Norway and a minimum wage up-rating in Colombia, respectively, on the
treated group compared to the control group.
Few studies among developed and developing countries use conditional quantile regressions
within a D-i-D approach exploiting a wage policy in the public sector to investigate the
public–private pay gaps (e.g., the Ampofo and Doko Tchatoka (2019) study for Ghana).
Nevertheless, studies using unconditional quantile regressions within a D-i-D framework for
examining the public–private sector pay differentials are limited.
This paper focuses on identifying and estimating a distributional treatment effect parameter
called the unconditional quantile (UQ) regression in the spirit of Hernaes (2018) in applying
the RIF procedure based on Firpo et al. (2009) methodology for unconditional outcomes with
linearity in covariates. This mean-based estimation of the UQ regressions allows for the use
of a D-i-D framework.
The RIF procedure allows the average effects to be interpreted at different quantiles of the
marginal or unconditional log of the hourly wage distribution. According to the literature,
the effects are different across the unconditional wage distribution. The average impact of
the RIF provides the quantile value of interest (e.g., the 5th, 95th percentiles or other
intermediate quantiles).
Further, following Firpo et al. (2009) this study estimates a linear regression based on the
RIF of the UQ of the log hourly wage. The methodology is laid out in Chapter Three for the
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equations (1), (2) and (3) as the analysis in this chapter uses the same UQ technique within a
D-i-D framework as in Chapter Three.126
The approach involves regressing the empirical RIF quantiles, constructed using expression
(3), on a set of covariates using standard OLS procedure within a D-i-D specification. Two
different groups are used to assess the impact of the policy intervention: the treatment group
likely affected by the wage policy, and the control group which is unaffected by the
intervention, but otherwise comparable to the treatment group (e.g., demographic groups,
high or low wage regions, other jurisdictions where the policy did not change).127
Moreover, with the use of the D-i-D approach, the estimates eliminate the differences in the
time-invariant unobservables in the wages that potentially determine employment selection
pre-and post-treatment assuming they are constant across time. Therefore, this study seeks to
determine the impacts of the public sector workers' exposure to the wage policy in 2018 on
the RIF unconditional quantile log hourly wages given the explanatory variables and
compared to the impacts with the non-treated private sector employees. These estimates that
provide the treatment effects indicate the public–private wage gaps attributable to the policy
reform.
The RIF quantile regressions with the wage policy intervention in a D-i-D approach using
cross-sectional data are implemented through equation (4):
̂ (𝑤𝑖 , 𝑞̂𝜏 )𝑖 = 𝛽0𝜏 + 𝛽1𝜏 (𝑃𝑂𝑆𝑇18𝑖 ) + 𝛽2𝜏 (𝑃𝑂𝑆𝑇18𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) + 𝛽3𝜏 𝑇𝑅𝐸𝐴𝑇𝑖
𝑅𝐼𝐹
+ 𝛽4𝜏 𝑋𝑖 + 𝛿𝑘𝜏 + 𝑒𝑖𝜏

(4)

In this regression, the RIF provides the quantiles for each percentile of 𝑤𝑖 , which is the log
hourly wage of individual i at the quantile 𝜏. 𝑃𝑂𝑆𝑇18𝑖 is the policy implementation dummy
variable assuming the value of one for the observations on and after November 2018. 𝑇𝑅𝐸𝐴𝑇𝑖
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The methodology is not repeated here to conserve space.
The parallel trends assumption cannot be tested in this type of labour market scenario because, in the absence
of the intervention, the outcomes associated with the treatment and control groups would have not necessarily
evolved in a parallel fashion (Neumark et al., 2014 and Allegretto et al., 2017 cited in Dube (2019)).
127
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is a dummy variable indicating whether the individual i works in the public sector,
representing the treated group.
The control covariates are contained in 𝑋𝑖 and consist of years of education, age and its
square, urban reside status, marital status, head of household status and the economic sector
in which the individual works. 𝛿𝑘 are municipality fixed effects to control for macroeconomic
shocks at the municipal level, which induces useful variation in the real effect of the
intervention that allows the empirical identification nets out of other confounding forces. The
idiosyncratic error term is 𝑒𝑖 .
The parameter 𝛽2𝜏 of the interaction term between the dummy variables for the policy and
the treatment group, (𝑃𝑂𝑆𝑇18𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ), represents the treatment effect due to the
intervention at each τth quantile and captures the public–private wage differential estimate,
which is of primary interest in this specification. The next section presents the results for the
specifications outlined above.
4.6 Empirical Results
The estimated treatment effects, 𝛽̂
2𝜏 , for the RIF-quantile regressions are presented in this
section. The mean-based estimate reports, on average, a decrease of 2.9 percentage points
reduction in the wage gap (see Table 4.8), which represents a 5.6% reduction in the average
public sector pay premium overall (i.e., 0.029/-0.52) given the raw gap reported of about 0.52
in Table 4.1.128 Although the policy had an effect reducing the public sector pay gap overall
at the mean by about 6%, the reduction was achieved through cutting public sector pay of the
lower-paid workers than through payment cuts of the higher-paid workers as originally
anticipated in the policy.
Figure 4.6 illustrates the pay gaps at the bottom end of the wage distribution (i.e., from the
5th to the 50th percentiles). It provides evidence of statistically significant negative impacts
on the unconditional wage distribution. The reduction in the wage varies in absolute values
from 3.4 percentage points at the 6th percentile to 6.2 percentage points at the 22nd
128

See Appendix A4.1 for details of this OLS model specification. Table B4.3 in Appendix B reports all the
coefficient results of the OLS regression with log of hourly wages as dependent variable. The mean-based
estimate of 2.9 percentage points is smaller compared to the 3.7 percentage points reported in Table 4.3,
indicating the covariates as individual factors play a role in determining earnings.
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percentile.129 The latter represents the most significant decrease in the wage gap within the
first half of the unconditional wage distribution.
The coefficients are generally below the mean-based values (-2.9 percentage points) and
negative statistically significant up to the 50th percentile. Those estimates close to zero are
not statistically significant from zero (see Figure 4.6).
Figure 4. 6: Public sector pay gap in the lower half of the wage distribution

Figure 4.7 contains the unconditional effects across the top half of the wage distribution (i.e.,
from the 51st to the 95th percentiles). The estimated effects increase in absolute magnitude
across the upper half of the unconditional wage distribution from 3.9 at the 51st percentile to
13 percentage points at the 93rd percentile, only a few percentiles yield statistically significant
estimates. Most of the wage reductions are below the mean-based values of -2.9 percentage
points. Those estimates above zero are not statistically significant. It is worth noting that the
policy was primarily designed to reduce the wages of the top wage earners. However, the
results presented here do not reveal evidence of these wage cuts in Mexico.

129

The estimated effect at the 5th percentile is not statistically significant (0.9 percentage points).
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Therefore, most of the public sector pay reductions associated with this policy were obtained
through cuts in payments of the lower-paid workers and not by cutting wages of the higherpaid earners. Hence, the effects of the policy were more nuanced than its design expected
and were more heavily concentrated among the lower-paid public sector workers.
Figure 4. 7: Public sector pay gap in the upper half of the wage distribution

The estimated unconditional quantile effects, 𝛽̂
2𝜏 , for selected percentiles are reported in
Table 4.8. The negative statistically significant effects at the bottom end of the pay
distribution reduce wages by 4.3 percentage points at the 10th percentile, and by 5 percentage
points at the 50th percentile.130 As mentioned in Figures 4.6 and 4.7, the estimates generally
suggest stronger effects in reducing the wage gap below the median of the unconditional
wage distribution than above it.
Hence, the policy is responsible for reducing the public sector pay premium by about 24% at
the bottom end of the pay distribution (i.e., -0.043/0.18). Given the estimates at the 10th
percentile which suggests a contraction in the wage gap of 0.043 (in Table 4.8) and the raw
130

Table B4.4 in Appendix B reports all the coefficient results for selected percentiles. The estimates for
𝑇𝑅𝐸𝐴𝑇𝑖 also report a statistically significant wage premia across the wage distribution for working in the public
sector compared to their private sector counterpart wages by between 24% to 55%.
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gap reported for the 10th percentile of 0.18 (in Table 4.1). At the median (i.e., the 50th
percentile) the public sector pay premium contraction is 10.6% (i.e., -0.05/0.47). It suggests
that the policy adversely affected more the wages of the lowest-paid, and below the median,
compared to the highest-paid public sector workers (i.e., the effects above the median are
mostly not statistically significant).

Table 4. 8: Unconditional estimates of the public sector pay gap for selected percentiles

The pay differentials reported are similar to those found in the studies for France (Bargain et
al., 2018) and Egypt (Keskin et al., 2020)131 regarding the broad gap reductions at the bottom
end of the wage distribution.132 As the literature on the impacts of a policy change on the
public–private wage differentials is limited, this analysis provides new evidence for both
developed and developing countries focusing on the effects across the unconditional wage
distribution. A set of robustness checks are explored in the next section.

4.7 Robustness checks
In order to test the robustness of the foregoing results, the analysis in this section includes
the use of a pseudo panel dataset with cohort fixed effects and subsequently a placebo in time

131

Even though, the literature does not refer to the wage gap effects as a result of institutional changes such as
a wage reform in the public sector like in the present study.
132
The values at the 10th percentile in this analysis range from -3% found for France and -6% for Egypt.
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test. The cohort fixed effects analysis supports the key findings of the study, which are that
the policy did reduce the pay differentials between public and private sector workers and
exerted a sharper effect at the bottom end of the wage distribution rather than at the top end
during the period analysed. The results are not sensitive to the inclusion of cohort fixed
effects.
The placebo in time test estimates whether there are effects of the pay reform where there
should not be effects with a specification that uses a ‘false’ year for the introduction of the
Federal Law. However, the results suggest anticipated effects that seem to be a consequence
of the policy change adopted by the government in advance of its implementation. This result
weakens the interpretation of the core estimates as representing causal effects. 133
4.7.1 Cohort Fixed Effects
This approach uses a pseudo panel for examining the impact of cohort-specific time-invariant
unobservables that may potentially bias the intervention effects on the public–private sector
pay-differentials. By constructing a pseudo panel dataset this study also addresses the lack
of longitudinal panel data for Mexico. The sample uses the ENOE information from 2017 to
2019 following the approach of Ampofo and Doko Tchatoka (2019).
This pseudo panel dataset groups the respondents into cohorts with the same time-invariant
characteristics that identify them, in this case, only the year of birth. The literature also uses
gender and ethnicity for the cohorts. Still, this analysis is restricted to males and the survey
does not report ethnicity. The cohort fixed effects identify the unobserved heterogeneity over
time to infer individual behaviour from a group with similar characteristics.
The sample uses 82,835 individuals, 18% of them working in the public sector and 82% in
the private industry. 134 There are 46 birth cohorts per survey year that correspond to the years
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A two-step model within a Heckman framework for dealing with employment sectoral attachment that may
potentially bias the intervention effects on the public–private sector wage differentials has little validity in this
case. The Hansen J-statistic suggests the instruments used are not orthogonal to the wage outcome despite their
relevance (i.e., head of household status, the number of children, elderly people in the household, and other
household members working in the public sector). An IV-based model confirms this result. Besides, a two-step
selection model is more applicable for mean-based analyis than at the quantile levels where such correction
procedures remain an unsettled issue when using either conditional or unconditional pay distributions.
134
The wage distributions for both sectors are illustrated in Figure C4.1 in Appendix C.
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of birth from 1954 to 1999. The cohort sizes, apart from two exceptions with less than 100
observations, 135 have at least 107 observations per cohort per survey year and, on average,
686 with a maximum of 947 observations. In addition, this analysis computes averages of
continuous time-varying variables for each cohort across each survey year and uses these as
variables (i.e., age, its quadratic, and years of schooling). Discrete time-varying variables
such as marital status, urban residential area, and economic sector are used as reported.
The effects of the 2018 Federal Pay Reform are estimated with cohort effects in equation (4)
for the mean and unconditional quantiles along with a D-i-D estimation. The RIF quantile
regressions using the pseudo panel dataset are implemented through the equation (5):
̂ (𝑤𝑖 , 𝑞̂𝜏 )𝑖 = 𝜑0𝜏 + 𝜑1𝜏 (𝑃𝑂𝑆𝑇18𝑖 )(𝑈𝑐𝑡 ) + 𝜑2𝜏 (𝑃𝑂𝑆𝑇18𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 )(𝑈𝑐𝑡 )
𝑅𝐼𝐹
+ 𝜑3𝜏 𝑇𝑅𝐸𝐴𝑇𝑖 (𝑈𝑐𝑡 ) + 𝜑4𝜏 𝑋𝑖 (𝑈𝑐𝑡 ) + 𝑠𝑘𝜏 (𝑈𝑐𝑡 )+ 𝛿𝑘𝜏 (𝑈𝑐𝑡 ) + 𝜀𝑖 𝜏 (𝑈𝑐𝑡 ) (5)
where the RIF provides the quantiles for each percentile of the individual log hourly wage,
𝑤𝑖 , at the quantile 𝜏. 𝑃𝑂𝑆𝑇18𝑖 and 𝑇𝑅𝐸𝐴𝑇𝑖 are similar dummy variables to equation (4). 𝑋𝑖
represents the covariates. Likewise, the parameter 𝜑2𝜏 corresponding to the interaction term
between the dummy variables for the policy and the treatment group, (𝑃𝑂𝑆𝑇18𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ),
is of interest in this specification because it denotes the public–private sector wage
differentials due to the intervention at each τth quantile.
The function Uct denotes time-invariant and time-varying characteristics, modelled as a
function of the cohort fixed effects and the idiosyncratic shocks. It is often called the rank
variable and indicates the variation in the coefficients 𝜑2𝜏 and 𝜑4𝜏 at the RIF-quantiles. The
assumption on the rank structure is useful to define the distribution of the potential outcomes.
Thus, workers at higher wage quantiles have higher values of Uct. The estimated effect is the
treatment effect at the quantile of the potential outcome distributions (Ampofo and Doko
Tchatoka, 2019).
The survey year fixed effects are symbolized by 𝑠𝑘𝜏 and the regional fixed effects are
represented by 𝛿𝑘𝜏 . These fixed effects are incorporated into the model to address any
potential endogeneity in the variable of interest. Survey year effects capture the economic
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85 and 91 observations for the individuals born in 1954 and surveyed in 2018 and 2019, respectively.
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and political events that have evolved and could influence wages, affecting the policy’s
identification. Regional effects account for the economic activities that developed before and
after the policy in similar economic areas.136 The inclusion of the cohort fixed effects plays a
fundamental role in not attributing the effect of time-invariant traits to the policy and
overcoming any potential employment sector selection bias.
The RIF-quantile treatment effects from 5th to 95th percentiles are contained in Figures 4.8
and 4.9. The magnitudes and statistical significance are not different from those initially
reported for the core analysis. Most of the estimates are statistically significant below the
median, whereas the effects are mostly not statistically significant above the median. Thus,
the policy constrains the public sector pay growth and exert more effect on the lower-paid
public sector workers than the higher-paid ones.
For selected RIF-quantiles, the estimates are reported in Table 4.9, the results confirm the
magnitude of the impacts reported previously in Table 4.8. The mean-based fixed effects
estimate remains negative, suggesting a similar wage gap reduction between the public and
private sectors of 2.9 percentage points and a 5.7% public sector pay premium (i.e., the raw
gap is 0.51). The wage at the bottom end and the median of the unconditional wage
distribution is contracted approximately by 4 percentage points.
The pay differentials are not sensitive to the inclusion of cohort fixed effects. It is a salutary
finding. However, it may be that the cohorts are not playing a crucial role in determining the
wage gap between these two sectors due to the introduction of this pay reform. Perhaps, it
might be that the year of birth cohorts are capturing labour market effects that change slowly
across cohorts while not capturing other unobservables that may potentially be important for
the formal labour market.137

INEGI clusters the 32 Mexican States by seven economic regions that reflect population’s levels of welfare,
including aspects such as education, employment, housing, and health. Therefore, this analysis uses seven
dummy variables.
137
In addition, using individual-level fixed effects (FE) model with a five-quarter panel dataset of the ENOE
to explore the public–private wage differentials limits the empirical identification of the public sector effect. In
this case, only 1.1% of the observations switch jobs between sectors. Thus, the estimated effect may reflect the
behaviour of a minimal unrepresentative number of workers. The wage distributions and the results are reported
in Table B4.5 in Appendix B and in Figures C4.2 to C4.4 in Appendix C.
136
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Figure 4. 8: Public sector pay gap with cohorts fixed effects in the lower half of the wage
distribution

Figure 4. 9: Public sector pay gap with cohorts fixed effects in the upper half of the distribution
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Table 4. 9: Unconditional estimates of the public sector pay gap with cohort fixed effects

4.7.2 Placebo in time test
An important threat to identifying the effects of the Pay Reform is that the policy might not
be exogenous. Thus, this placebo in time test examines the robustness of the identification
used in equation (4) with a false dummy variable specifying the policy being implemented
in November 2017 instead of in 2018 (as was the actual case). The coefficient of the
interaction term between the intervention and the treatment group, which is of interest, is
expected not to be statistically significant.
The sample uses 55,982 observations for the original pre-treatment period (2017-2018).
Table 4.10 reports the results for selected percentiles revealing significant estimates for the
placebo test at the 10th, 25th, and 75th percentiles and non-significant estimates on the public
wage for the remainder percentiles.
The use of this placebo in time suggests there are significant effects where they should not
be. These results may reveal anticipated effects that are a consequence of the policy change
adopted by the government in advance of the introduction of the Federal Law in the Mexican
Constitution in 2018.
It might be feasible because this reform proposal was in the public domain during the
presidential election campaign in 2017, which coincides with the period used for the placebo
test. It may be the case that the government in charge, following the strategy outlined in the
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campaign by the opposite political party, began to implement some actions ahead of the
presidential election to reduce the discretionary diversion of public resources. Perhaps,
enforce public servants to comply with the existing remuneration reforms, and induce wage
parity for public sector work.
If these are anticipated effects, they suggest strong contractions of the wage at the bottom
end of the wage distribution by 3.4 percentage points, on average (10th and 25th percentiles)
(see Table 4.10).138 The anticipated effects disproportionately affected the lower-paid public
sector workers, which represent the higher proportion of workers within the sector and not
the higher-paid.

Table 4. 10: Unconditional estimates of the public sector pay gap with placebo in time test

The placebo test weakens any interpretation of the estimates from equation (4) as
representing causal effects. However, even if the policy was introduced ahead of time and
the governing authorities had the power to do so, the impact still reduced the public sector
wage growth. Therefore, the implementation of the policy before its formal adoption through
a Constitutional reform had efficacious effects from the government’s perspective.

138

The graphs showing these estimates from 5th to 95th percentiles are in Appendix C (Figures C4.5 and C4.6).
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4.8 Policy implications
The results presented in this study have important policy implications since they suggest the
2018 policy intervention in Mexico (but possibly implemented earlier by the relevant
authorities) constrained public sector wage growth, and disproportionately reduced the
earnings of the lower-paid public sector workers compared to the higher-paid workers.
Nevertheless, although the policy reduced the public sector pay gap, the effects were more
strongly felt among the lower-paid workers below the median. It could be argued that unduly
low wages in the public sector could affect the competitiveness, performance, and
recruitment of public sector employers. It in turn may be detrimental for the achievement of
governmental objectives, such as the high-quality provision of essential public services. This
is particularly important for Mexico where there is a higher proportion of public sector
workers located at the lower half of the wage distribution. Therefore, the efficient provision
and delivery of public goods are heavily reliant on these workers, a reduction in pay may
reduce the incentives for these public servants to work more productively.
4.9 Conclusions
The literature commonly refers to the fact that public sector employment is associated with
very large benefits, making the sector very attractive to employees. In the case of Mexico,
many studies have implied that the public sector pay arrangements are set well above the
minimum wage and pay more than the private sector to recruit and retain high-skilled
workers. These pay settings arrangements may potentially widen the public–private wage
gap (Finan et. al., 2015; Gasparini et al., 2015; Guindling et al., 2019).
In November 2018, the Federal Pay Reform on the Remuneration of Public Servants was
enacted by the Government of Mexico to address historically high public sector pay
remuneration levels. The proposed mechanism was intended to reduce the salary of senior
management positions by up to 40% and freeze wages at lower points of the pay distribution.
The research in this chapter investigates the impact of the introduction of this policy on the
magnitude of the public–private wage differentials both at the mean and across the
unconditional wage distribution. The evidence suggests that the regulation of the public
sector wages in Mexico constrained its wage growth and subsequently led to a contraction in
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the wage gap between the employment sectors at the mean and with heterogeneous effects
across the unconditional pay distribution.
The empirical findings suggest that the reform reduced the public sector pay gap by cutting
the public sector pay of the lower-paid workers than through pay cuts in the payment of the
higher-paid workers, as originally was proposed. The higher-paid public sector earners do
not appear to have incurred any pay penalties due to the introduction of this policy. Thus,
most of the public sector pay reductions are restricted to the bottom end of the pay distribution
and with little evidence of the effects of this policy at the top end of it.
It appears the policy was implemented in advance of its adoption within the Mexican
Constitution. The presence of anticipated effects undermine its interpretation as a causal
effect, however, the proposal and discussion around this reform were probably within the
public domain during the presidential election campaign of 2017 and was motivated by a
political debate that prioritised the need for such reform. If its introduction was indeed by
stealth, the evidence reveals that the policy reform served as a mechanism that constrained
public sector wage growth over the period analysed. Specifically, it was responsible for
reducing the public sector pay premium by 24% at the bottom end of the pay distribution and
about 11% at the median.
Nevertheless, it more adversely and disproportionately affected the wages of those low-paid
workers below the median. Given the size of the public sector workforce, the constraint on
pay at the bottom end of the distribution may well have reduced overall public pay
expenditure more than selective reductions in pay at the very top end of it. It raises an
important issue around the design of policies and the need to consider the broader (sometimes
unintended) consequences that the introduction of such policies may induce.
As an agenda for future research, it would be worth exploring why and how the policy was
implemented ahead of time in the first place. In addition, it would also be informative to
examine in more granular detail the pay adjustment decisions made, and determine why
better paid public sector workers avoided the cuts in pay initially intended as part of the
proposed reform.
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CHAPTER FIVE: Concluding remarks

This thesis provides an empirical analysis of the effects of three separate government policy
reforms, which were implemented in Mexico over the last 20 years or so. The three reforms
focused on (i) raising the compulsory schooling leaving age to 15 years, (ii) up-rating the
federal minimum wage, (iii) reforming the remuneration structure for public sector workers.
In the first policy, the Government of Mexico introduced an educational reform in 1993 with
the aim of extending nationwide compulsory schooling from 12 to 15 years of age in order
to compel the population to complete a secondary schooling level equivalent to nine years of
education. The main goal of the government’s education policy was to raise educational
qualifications and increase human capital accumulation in the long run. The policy also
anticipated that a more educated population would access better jobs and avail of enhanced
economic opportunities later in life, thus exerting a positive impact on their earnings.
Therefore, the schooling reform was viewed as a powerful tool for achieving lasting and
sustainable economic development for the country going forward.
The econometric results suggest that the intervention represented an efficient strategy to
enhance the level of educational attendance during the period analysed. It was associated
with small average increases in the years of schooling for those exposed to the reform
compared to those that were not. However, the introduction of the 1993 compulsory
schooling law appears to have had no effect on the labour market outcomes of those subject
to the treatment. It is conjectured that the failure to detect any meaningful labour market
effects in terms either of earnings or the employment sector may be linked to a number of
factors.
First, in the Mexican system, completing nine years of compulsory schooling does not imply
the acquisition of a formal educational qualification that could either represent a signal to
employers in the labour market or enhance productivity. Second, in contrast to developed
economies, there may not have been complete compliance with the legislation from the start
and its effect may have taken a protracted period of time to bed in beyond the period of
analysis here. Third, although the relative supply of educated works may have increased as
a consequence of this policy reform, the relative demand for such educated workers may not
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have increased by more to generate higher returns to education in the form of earnings. All
these considerations merit attention as part of an agenda for future research. Specifically,
further research could explore other possible channels linking compulsory schooling with
wages in the labour market, by using additional measures related to educational attainments
such as quality in education, levels of competencies in qualifications, and the role of the
curriculum.
For the second policy reform, the Mexican legislation introduced in November 2012
streamlined the minimum wage (MW) areas from three to two geographic zones and
implemented an up-rating in the zone that exhibited the lowest wages. This was also the zone
with the largest workforce. The objective of this policy was to raise wages for the lowestpaid workers. This institutional factor in the labour market was seen as a mechanism through
which wage levels of the lower-paid workers could be raised to improve their welfare and
alleviate poverty among low-income households. The objective of the research was to
determine if the up-rating raised the level of wages across the unconditional distribution and
affected the overall distribution of wages.
The evidence suggests that this policy increased wages at the average by over 5% and across
the unconditional hourly wage distribution. These results were found to be larger in
magnitude compared to previous studies for Mexico and were also found to echo higher up
the pay distribution than that suggested in other studies for Mexico. Overall, the up-rating
was not found to reduce earnings inequality as the increase in wages appeared to be fairly
homogeneous across the distribution.
The interpretation of the role of the MW as a numeraire for wage payments at a very high
degree of re-benchmarking wages does not fully explain these large effects, and that they
persisted well up the distribution. Hence, there may be other confounders in the labour market
concurrent with the implementation of the MW intervention that exerted effects on the entire
unconditional wage distribution. Further research on the possible confounders may be useful
in explaining and understanding the MW effects detected at the end of the pay distribution in
this study. Nevertheless, the research undertaken here suggested a useful methodological
approach based on Recentred Influence Functions (RIFs) that could be used to evaluate the
distributional effects of MW up-ratings in other contexts.
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In November 2018, the Federal Pay Reform on the Remuneration of Public Servants was
enacted by the Government of Mexico to address historically high levels of public sector pay
remuneration. The proposed mechanism through which the policy was intended to be
implemented was by a way of reductions in the salary of senior management positions of up
to 40% and a freeze on wage increases at lower points of the pay distribution.
The econometric evidence suggests that the regulation of the wages constrained public sector
wage growth and was responsible for reducing the public sector pay premium for workers
paid below the median. However, the findings suggest the policy affected more the earnings
of the lower-paid public sector workers compared to the higher-paid workers, whose earnings
appeared to be largely unaffected by the reform in spite of the stated objectives regarding the
higher paid. Although the use of a placebo in time revealed the presence of anticipated effects
undermining its interpretation as a causal effect, it is clear that the public sector wage growth
was constrained over the period analysed. It is conjectured that the early introduction of the
reforms prior to the constitutional amendment was motivated by political debate within the
context of the 2017 election that prioritized the need for such reform.
The findings for the three empirical chapters confirm that the policies established by the
Mexican government accomplished their objectives: to increase years of schooling, to
increase the wages of the lower-paid workers in a specific MW zone, and to constrain wage
growth in the public sector.
These effects, however, especially for the two first policies did not have additional
implications for the labour market outcomes as intended. The compulsory schooling policy
did not raise earnings, and the MW up-rating intervention did not reduce wage inequality. In
the case of the public pay reform, it reduced the public sector pay premium and also
contracted the public–private sector wage gap, but it more adversely affected the wages of
the low-paid workers compared to the higher-paid workers. This raises an important issue
around the design of policies and the need to consider the broader (sometimes unintended)
consequences that the introduction of such policies may induce.
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Appendix A. Supplementary Material
A2.1 Standard OLS Mincerian model for returns to education
𝐿𝑜𝑔 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑎𝑔𝑒𝑠𝑖
= 𝜎0 + 𝜎1 (𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 ) + 𝜎2 (𝐴𝑔𝑒𝑖 ) + 𝜎3 (𝐴𝑔𝑒 𝑠𝑞𝑢𝑎𝑟𝑒𝑖 ) + 𝜑𝑖
where the coefficient ̂
𝜎1 is the estimate of interest for the returns to education and it is
compared to the 2SLS estimate of the Fuzzy RDD.

A2.2 Standard OLS Mincerian model for the employment sectoral choices
𝐿𝑎𝑏𝑜𝑢𝑟 𝑚𝑎𝑟𝑘𝑒𝑡 𝑠𝑒𝑐𝑡𝑜𝑟𝑖
= 𝜎0 + 𝜎1 (𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 ) + 𝜎2 (𝐴𝑔𝑒𝑖 ) + 𝜎3 (𝐴𝑔𝑒 𝑠𝑞𝑢𝑎𝑟𝑒𝑖 ) + 𝜑𝑖
where the coefficient ̂
𝜎1 is the estimate of interest for the influence of the Reform on the
probability of working in a specific 𝐿𝑎𝑏𝑜𝑢𝑟 𝑚𝑎𝑟𝑘𝑒𝑡 𝑠𝑒𝑐𝑡𝑜𝑟: formal, informal, and selfemployment. The coefficients are compared to the 2SLS of the Fuzzy RDD model.

A2.3 Model specification for holding a secondary schooling or high-school degree
First stage
𝐴𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒𝑖
= 𝛼0 + 𝛼1 (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ) + 𝛼2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 )+ 𝛼3 𝑋𝑖 + 𝜀𝑖
where 𝐴𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒𝑖 stands for: 1) 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 , and 2) 𝐻𝑖𝑔ℎ −
𝑠𝑐ℎ𝑜𝑜𝑙𝑖 as the highest academic degree that the individuals hold.
Reduced-form
𝐿𝑜𝑔 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑎𝑔𝑒𝑠𝑖 = 𝛽0 + 𝛽1 (𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 ) + 𝛽2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ) + 𝛽3 𝑋𝑖 + 𝜔𝑖
2SLS
𝐿𝑜𝑔 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑎𝑔𝑒𝑠𝑖 = 𝛿0 + 𝛿1 (𝐴𝑐𝑎𝑑𝑒𝑚𝑖𝑐̂
𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒𝑖 ) + 𝛿2 𝐹(𝐴𝑔𝑒 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ𝑠𝑖 ) +
𝛿3 𝑋𝑖 + 𝜇𝑖
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A3.1 Standard OLS model for the logarithm of hourly wages
𝐿𝑜𝑔 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑖 = 𝛾0 + 𝛾1 (𝑃𝑂𝑆𝑇12𝑖 ) + 𝛾2 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) +
𝛾3 (𝑃𝑂𝑆𝑇12𝑖 ∗ 𝑀𝑖𝑠𝑐𝑖 ) + 𝛾4 𝑃𝑢𝑏𝑙𝑖𝑐𝑖 + 𝛾5 𝑋𝑖 + 𝛿𝑘 + 𝜔𝑖
where the coefficients, 𝛾̂2 and 𝛾̂4, represent the treatment effects due to the MW policy and
the participation in the public sector. These estimates are of interest for comparing them with
the UQ regressions’ results. Same covariates, 𝑋𝑖 , described in equation (4).
A4.1 Standard OLS model for the logarithm of hourly wages
𝐿𝑜𝑔 ℎ𝑜𝑢𝑟𝑙𝑦 𝑤𝑖 = 𝛾0 + 𝛾1 (𝑃𝑂𝑆𝑇18𝑖 ) + 𝛾2 (𝑃𝑂𝑆𝑇18𝑖 ∗ 𝑇𝑅𝐸𝐴𝑇𝑖 ) + 𝛾3 𝑇𝑅𝐸𝐴𝑇𝑖 +
𝛾5 𝑋𝑖 + 𝛿𝑘 + 𝜔𝑖
where the coefficient, 𝛾̂2, represents the treatment effects due to the policy in the public
sector. These robust estimates are of interest for comparing them with the UQ regressions’
results. Same covariates, 𝑋𝑖 , described in equation (4) were used in this specification.
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Appendix B. Tables
Table B2. 1: Summary of some available estimates for the returns to compulsory schooling

Table B2. 2: Summary statistics for the cohort born before September 1981

Source: Mexican National Occupations and Employment Survey (2009-2017). Total observations 74,618.
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Table B2. 3: Summary statistics for the cohort born on and after September 1981

Source: Mexican National Occupations and Employment Survey (2009-2017). Total observations 74,346.

Table B2. 4: Mexican Socioeconomic regions

Notes: Mexican Statistics, Geography, and Informatics. Institute Socioeconomic
regions of Mexico. The first region represents the stratus associated with the lowest
level of welfare and the seventh with the highest level.
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Table B2. 5: Parametric results of the returns to compulsory schooling: pooled sample

Table B2. 6: Parametric results of the returns to compulsory schooling: variations in years of
schooling and earnings
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Table B2. 7: Non-parametric results of the returns to compulsory schooling: formal sector

Table B2. 8: Non-parametric results of the returns to compulsory schooling: informal sector
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Table B2. 9: Parametric results of the returns to compulsory schooling: formal sector

Table B2. 10: Parametric results of the returns to compulsory schooling: informal sector
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Table B2. 11: Non-parametric results of the returns to compulsory schooling: self-employment

Table B2. 12: Parametric results of the returns to compulsory schooling: self-employment
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Table B2. 13: Parametric results of the returns to compulsory schooling: 39 -and 48-months
window

166
Table B2. 14: Parametric results of the employment sectoral choices: pooled sample
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Table B2. 15: Parametric results of the employment sectoral choices: variations in schooling and
earnings
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Table B2. 16: Parametric results of the employment sectoral choices: 39-months window
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Table B2. 17: Placebo test. Birth cohort born 48 months before and after the 1993 cut-off, nonparametric results of the returns to compulsory schooling
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Table B2. 18: Placebo test. Birth cohort born 48 months before and after the 1993 cut-off,
parametric results of the returns to compulsory schooling
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Table B2. 19: Placebo test. Birth cohort born 48 months before the 1993 cut-off, non-parametric
analysis of the employment sectoral choices
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Table B2. 20: Placebo test. Birth cohort born 48 months after the 1993 cut-off, non-parametric
results of the employment for sectoral choices
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Table B2. 21: Placebo test. Birth cohort born 48 months before the 1993 cut-off, parametric results
of the employment sectoral choices
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Table B2. 22: Placebo test. Birth cohort born 48 months after the 1993 cut-off, parametric results of
the employment sectoral choices
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Table B2. 23: Parametric results of holding secondary schooling and high-school certificates

Table B3. 1: Summary statistics of the covariates by treatment group

Source: Mexican National Occupations and Employment Survey (2010-2015). Total observations 126,475
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Table B3. 2: Summary statistics of covariates by the control group

Source: Mexican National Occupations and Employment Survey (2010-2015). Total observations 25,094

Table B3. 3: OLS estimates of the log of hourly wages
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Table B3. 4: Unconditional quantile estimates for selected percentiles
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Table B3. 5: RIF-Gini estimates for unconditional quantiles
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Table B4. 1: Summary statistics of the covariates by treatment group pre -and post-treatment

Source: Mexican National Occupations and Employment Survey (2017-2019). Total observations 14, 717.

Table B4. 2: Summary statistics of the covariates by control group pre -and post-treatment

Source: Mexican National Occupations and Employment Survey (2017-2019). Total observations 71, 150.
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Table B4. 3: OLS estimates of the log of hourly wages
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Table B4. 4: Unconditional quantile estimates for selected percentiles
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Table B4. 5: Individual fixed effects estimates for the public sector pay gap

183

Appendix C. Figures
Figure C2. 1: Average hourly wages by economic sector

Source: Mexican National Occupations and Employment Survey (2009-2017).

Figure C2. 2: Discontinuity plots of schooling and hourly wages, polynomial order 1

Figure C2. 3: Discontinuity plots of informal and formal employment, polynomial order 1
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Figure C2. 4: Discontinuity plots of self-employed, polynomial order 1

Figure C2. 5: McCrary test of the running variable

Figure C3. 1: The growth rate of daily Minimum Wages 2005-2018

Source: Mexican National Occupations and Employment Survey
(2005-2018). Real values 2010 Mexican pesos
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Figure C3. 2: Distribution of log hourly wage for the Miscellaneous group

Source: Mexican National Occupations and Employment Survey (2010-2015).

Figure C3. 3: Trends of the log hourly wages for the 90th percentile by group

Source: Mexican National Occupations and Employment Survey (2010-2015).
The vertical line represents the time of the intervention.

Figure C3. 4: Average of hourly wages by sector

Source: Mexican National Occupations and Employment Survey (2010-2015).
Real values in 2010 Mexican pesos.
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Figure C4. 1: Cohorts wage distributions

Source: Mexican National Occupations and Employment Survey (2017-2019). Real values in 2010 Mexican
pesos.

Figure C4. 2: Panel data wage distributions

Source: Mexican National Occupations and Employment Survey (2017-2019). Real values in 2010 Mexican
pesos.
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Figure C4. 3: Public sector pay gap with individual fixed effects in the lower half of the wage
distribution

Figure C4. 4: Public sector pay gap with individual fixed effects in the upper half of the wage
distribution
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Figure C4. 5: Public sector pay gap with a placebo test in the lower half of the wage distribution

Figure C4. 6: Public sector pay gap with a placebo test in the upper half of the wage distribution

