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Abstract

We study changes in employment across occupations characterized by dif-
ferent degrees of exposure to routinization in the six largest Latin American
economies over the past two decades. We combine our own indicators of rou-
tine task content (RTC), based on information from the Programme for the
International Assessment of Adult Competencies (PIAAC), with labor market
microdata from harmonized national household surveys. We find that growth
in employment was inversely related to the automatability of tasks typi-
cally performed in each occupation, and positively correlated with the initial
wage. Consequently, the share of high RTC occupations in total employment
decreased in all countries and periods. This decline is linked to shifts in the
economic structure towards sectors more intensive in low RTC occupations, as
well as changes in the intensity of use of different occupations within sectors.

Keywords: Jobs, technology, automation, Latin America.

JEL Classification: J21, 123, J24, 033.

1 All authors are researchers at Centro de Estudios Distributivos, Laborales y Sociales (CEDLAS-IIE-FCE-
Universidad Nacional de La Plata). Brambilla, Gasparini, Falcone and Lombardo are also with CONICET.
La Plata, Argentina. Corresponding author, email: leonardo.gasparini@econo.unlp.edu.ar

This paper was received on May 19, 2022, revised on October 10, 2022, and finally accepted on Sep-
tember 6, 2023.

00
@Jnm


10.13043/DYS
mailto:leonardo.gasparini@econo.unlp.edu.ar

132\

9 5 Revista

Tercer cuatrimestre 2023 Desarrollo y Sociedad
PP. 131-176, ISSN 0120-3584
E-ISSN 1900-7760

Rutinizacion y empleo: evidencia
para América Latina

Irene Brambilla, Andrés César, Guillermo Falcone,
Leonardo Gasparini y Carlo Lombardo?

DOI: 10.13043/DYS.95.4

Resumen

En este articulo estudiamos los cambios en el empleo entre ocupaciones
caracterizadas por diferentes grados de exposicion a la rutinizacion en las seis
economias mas grandes de América Latina durante las ultimas dos décadas.
Combinamos nuestros propios indicadores de contenido de tareas rutinarias
(RTC) basados en informacion del Programa para la Evaluacion Internacional
de Competencias de Adultos (PIACC) con microdatos armonizados de encuestas
nacionales de hogares. Encontramos que el aumento del empleo fue decre-
ciente en el potencial de automatizacion de las tareas tipicamente realizadas
en cada ocupacion, y creciente en el salario inicial. Como consecuencia, la pro-
porcion de ocupaciones con alto RTC en el empleo total disminuyo en todos
los paises y periodos. Esta disminucion esta relacionada con cambios en la
estructura economica hacia sectores mas intensivos en ocupaciones con bajo
RTC, asi como cambios en la intensidad de uso de diferentes ocupaciones den-
tro de los sectores.

Palabras clave: trabajos, tecnologia, automatizacion, América Latina.

Clasificacion JEL: J21, J23, J24, 033.

2 Todos los autores son investigadores del Centro de Estudios Distributivos, Laborales y Sociales
(CEDLAS-IIE-FCE-Universidad Nacional de La Plata). Brambilla, Gasparini, Falcone y Lombardo
también estan en el CONICET. La Plata, Argentina. Autor de correspondencia, correo electrénico:
leonardo.gasparini@econo.unlp.edu.ar

Este articulo fue recibido el 19 de mayo del 2022, revisado 10 de octubre del 2022 vy, finalmente,
aceptado el 6 de septiembre de 2023.

@@@@


10.13043/DYS
mailto:leonardo.gasparini@econo.unlp.edu.ar

Irene Brambilla, Andrés César, Guillermo Falcone,
Leonardo Gasparini y Carlo Lombardo

Introduction

Technological change is one of the main engines of economic growth and
social progress. However, technical advances typically alter the production
process and hence modify the productivity and ultimately the demand for dif-
ferent factors. Substantial technological changes are profoundly disruptive,
at least in the short run. Over the last decades, a new concern has emerged:
recent advances in digital technology and robotics are replacing routine labor
tasks that that can be easily automated based on rule-based algorithms. This
concern has been examined by the task-based approach of Autor et al. (2003)
and Acemoglu and Autor (2011) who argue that the complementarity or sub-
stitutability between technology and labor does not occur at worker level
but rather that it depends on how susceptible different tasks are to automa-
tion. Most papers for developed countries have found evidence in favor of the
hypothesis of job polarization: labor routine tasks are heavily concentrated in
the middle of the skills distribution, and hence employment has been increas-
ingly concentrated on high-wage occupations and low-wage occupations, at
the expense of traditionally middle-skill jobs. Evidence for developing coun-
tries, and for Latin America in particular, is still scarce and so far, inconsistent
with the polarization hypothesis.

In this paper, we explore these issues by documenting the patterns of changes
in employment by occupations characterized by different degrees of expo-
sure to routinization in the six largest Latin American economies (Argentina,
Brazil, Chile, Colombia, Mexico, and Peru, that represent 79% of total popu-
lation and 86% of total GDP) over the last two decades. We combine (i) our
own indicators of the degree of routinization based on information on task
content by occupation from the Programme for the International Assessment
of Adult Competencies survey (PIAAC) with (i) labor market microdata from
harmonized national household surveys. In sum, we exploit a novel and rich
dataset to construct measures of routine task content of the actual jobs held
by workers in Latin America and combine them with microdata from about 5
million workers in the region's six largest economies over two decades. This
effort aims to identify a set of stylized facts regarding employment and rou-
tinization in Latin America. The data unveils several interesting results.

Exposure to routinization is heterogeneous across demographic and socioeco-
nomic groups and across countries. The most salient asymmetry is among skill
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groups, with a higher degree of routinization observed in occupations charac-
terized by low skill levels and low wages. On average for the six largest Latin
American economies, our index of routine task content (RTC) is 0.603 for the
unskilled, somewhat smaller for the semi-skilled (0.527), and much lower for
skilled workers (0.341).

Employment growth was decreasing in the degree of routine task content of
the occupations. Although there is considerable heterogeneity across coun-
tries, the general result holds: across all six countries employment growth was
lower, or even negative, in occupations with a high degree of routine task con-
tent. These asymmetric shifts in employment have led to a modest decrease
in the overall level of routinization within Latin American economies over the
past two decades.

The intensity of these patterns has varied over the business cycle. The correla-
tion between employment fluctuations and routinization was more pronounced
during the booming 2000s than in the more sluggish 2010s.

A within-between decomposition analysis reveals that the decline in the pro-
portion of high RTC occupations within total employment has been linked to
both shifts in the structure of the economy towards sectors more intensive in
low RTC occupations, and changes in the intensity of use of different occu-
pations within sectors.

Our results are consistent with the existing literature that shows that workers
that perform routine tasks are more likely to have been affected by auto-
mation. However, in contrast to most findings for developed economies, our
results are in line with much of the previous literature in LDCs, as we find no
evidence for labor market polarization. Instead, employment was increasing
in the initial wage.

In this paper, we contribute to the literature that characterizes patterns in
the employment structure associated with technological changes. We are
aware that our results are merely descriptive and cannot be taken as causal
evidence of the effects of technology on the labor market. Yet, we believe
the evidence we show in this paper is useful, as it contributes to a better char-
acterization of the dynamics of the labor markets in Latin America against
the backdrop of technological changes that replace labor routine tasks. This
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initial, mostly descriptive, step is crucial in the complex process of under-
standing the mechanisms by which technology affects employment and other
labor outcomes.

The rest of this paper is organized as follows. In Section | we review the lit-
erature on employment and routinization. In Section Il we provide details on
the methodology applied and the data used. The main results are presented in
Section IIl. In Section IV we include some robustness checks. Section V bring
the paper to a close with a discussion of the main results.

I. Literature review

The early literature on skill-biased technological change dates back to the works
of Katz and Murphy (1992), Bound and Johnson (1992), and Card and Lemieux
(2001). Following Tinbergen's idea of the race between technology and educa-
tion this literature assumes that technology is complementary to skilled labor,
therefore positively affecting the relative demand and wage of skilled workers.
Technological change is thus associated with an unambiguous unequalizing
effect on income distribution.?

More recently, with the proliferation of automation processes in the form
of digital technology and robotics, the literature on technology and labor
markets has shifted to the task-based approach of Autor et al. (2003), and
Acemoglu and Autor (2011). The task approach argues that the complemen-
tarity or substitutability between technology and labor does not occur at
worker level but rather depends on how susceptible different tasks are to
automation.* In particular, routine tasks that follow well-defined rules can
be more easily automated based on rule-based algorithms, using increas-
ingly powerful computers. A growing body of literature focused on developed
countries documents that recent technological advancements are displacing
labor-intensive routine tasks that are predominantly concentrated within the
middle segment of the skills distribution. This hypothesis is known as job pola-

3 The theoretical discussion on whether technical change benefits particular factors of production and
the forces that shape these biases was developed by Acemoglu (2002).

4 Autor et al. (2003); Spitz-Oener (2006); Goos and Manning (2007); Goos et al. (2014); and Michaels
etal. (2014).
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rization (Autor et al., 2006, 2008; Autor and Dorn, 2013; Goos and Manning,
2007; Goos et al., 2014; Michaels et al., 2014) and refers to the change in the
structure of work in industrialized countries, with employment increasingly
concentrated in high-education high-wage occupations, and low-education
low-wage occupations, at the expense of traditionally middle-skill jobs.®

Within the task-based approach, Acemoglu and Restrepo (2018) propose a
framework with two possible equilibria. In a static model with fixed capital and
exogenous technology, automation reduces employment and the labor share,
and may even reduce wages. Conversely, the creation of new tasks increases
wages, employment, and the labor share. Furthermore, in a dynamic economy
that endogenizes capital accumulation and the direction of research towards
both automation and the creation of new tasks, they find two possible results.
In the long-run, if capital is relatively inexpensive compared to labor, there is
a tendency to automate all tasks. However, in other scenarios, both types of
innovations can coexist. Automation can lower labor-related production costs,
thereby diminishing the motivation for further automation. Simultaneously,
this can stimulate the emergence of new more complex tasks where labor has
a comparative advantage. Some equilibria of the models reflect one of the
greatest fears regarding the adoption of new technologies: the potential dis-
placement of workers and destruction of jobs (Zuleta, 2008; Peretto and Seater,
2013; Boldrin and Levine, 2002). The question is empirically tackled, among
others, by Autor and Salomons (2018) with a cross-country panel of indus-
try-level data. As a direct effect, automation leads to job displacement and
decreases the proportion of value added generated by labor in the industries
where it is implemented. Concerning employment, positive effects in related
customer industries and triggered increases in aggregate demand outweigh
losses in these industries. However, the reduction in the labor share within the
industry where automation is applied is not compensated for in other sectors.

5 Autor and Dorn (2013) study the impact of computerization on the demand for low-skilled labor,
Michaels et al. (2014) study whether ICT has contributed to the rise in polarization, and Akerman et
al. (2015) study skill complementarity of broadband internet in Norway. More recently, Hunt and
Nunn (2019) assign US workers to real hourly wage bins with time-invariant thresholds and find a
decline in the share of workers earning middle wages. However, they also show that the share of
employment in low-wage occupations increased only for a short period (2002-2012).
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The literature on employment and automation in the developing world is
still incipient but growing.® Das and Hilgenstock (2018) propose a metric for
assessing the risk of labor displacement caused by information technology
based on Autor and Dorn (2013), and implement it for 85 countries. They find
little evidence of polarization in developing countries. In part, this result is
driven by the fact that developing economies are significantly less exposed to
routinization than their developed counterparts. Maloney and Molina (2016)
apply the Autor and Dorn (2013) approach to census data in 21 developing
countries in Africa, Latin America, and Asia, finding no strong evidence for
polarization in these LDCs. Changes in the occupational structure appear to
be more in line with traditional skill-biased technological change mechanism.
Messina et al. (2016) and Messina and Silva (2017) exploit the Skills Toward
Employment and Productivity (STEP) Surveys conducted in Bolivia, Colombia,
and El Salvador as a proxy for the routine/abstract/manual content of jobs in
Latin America. They also find few signs of job polarization.

We contribute to this literature with a study that combines a rich dataset (PIAAC)
that allows us to construct novel measures of routine task content of the actual
jobs held by workers in Latin America, and a large, harmonized dataset of labor
market variables from workers in the region's six largest economies over two
decades. This combination allows us to more precisely identify some stylized
facts regarding the connection between employment growth and routiniza-
tion in Latin America.

Il. Data and methodology

To explore the correlations between employment changes and routinization,
we use data from two primary sources: the PIAAC survey to construct rou-
tinization measures and a set of national household surveys to study labor
market changes.

6 Aregional study lead by the World Bank examines several case studies of digital technology adoption
in Latin America (Dutz et al., 2018).
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A. Routinization measures

In this paper, we use our own routine task content (RTC) indexes constructed
using microdata from the Programme for the International Assessment of Adult
Competencies (PIAAC) surveys conducted by the OECD. In particular, we take
the mean results for the Latin American countries covered in the study: Chile,
Ecuador, Mexico, and Peru.” Each Latin American PIAAC survey has between
2,000 and 4,000 observations on employed individuals. Our empirical analysis
involves workers in Argentina, Brazil, Chile, Colombia, Mexico, and Peru. Three
out of these six countries have their own PIAAC survey, which we could in
principle use separately. However, individuals are unevenly distributed across
occupations, which results in some occupation-level RTC indexes being con-
structed with too few observations. To deal with this issue, we pool together
the four Latin American PIAAC surveys and construct the RTC indexes based
on the pooled surveys from all countries.®

We focus on four specific job-related questions: Do you manage or supervise
other people? Do you plan activities of other workers? Are you confronted with
problems? Do you write articles or reports? The four questions reflect tasks that
require creative thinking, flexibility, and problem-solving abilities that cannot be
easily codified and replaced by technology. These tasks can be performed both
in manual and cognitive occupations. Importantly, they have high variability in
responses across individuals.

For each individual in the PIAAC survey we also know their occupation accord-
ing to the ISCO 08 classification. We then use this information to define a
routinization task content index RTC1 at the occupational level as the per-
centage of workers in the occupation who report not performing any of the
four activities above often. The index captures the percentage of individuals

7 The results are highly correlated across countries.

8  This procedure relies on the assumption that the composition of tasks within occupations is the same
across countries. We test this assumption empirically, by comparing indexes for occupations that have
a sufficiently large number of observations for each country. We construct indexes computed from
the pool of the four Latin American countries, and for each of the four Latin American countries taken
separately, and calculate the correlation across indexes computed from different samples. Table A1 of
Appendix A shows that the correlation is indeed very high, always above 80 percent for occupations,
and in several cases, above 90 percent.
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within an occupation that mostly perform routine tasks. The higher the RTC
of an occupation, the greater the potential for automation.

For robustness, we define three additional measures of RTC at the occupational
level. RTC2 expands upon RTC1 by incorporating two additional questions: Do
you calculate budgets or costs? and Do you give presentations? RTC2 is then
the percentage of workers in the occupation who report not performing any
of the six activities often. For RTC3 (RTC4), we first compute, for each worker,
the percentage of the four (six) flexible tasks that s(he) does not perform often,
and then take the mean of these values within each occupation.

Table 1 shows the values of the different RTC indexes for the occupations at
the ISCO 08 2-digit level. The correlations across indexes are high: all above
0.89. In what follows, we focus on the RTC1 measure, but the main results are
robust to the use of alternative indexes (see Section IV). There are large heter-
ogeneities in the routine task content across occupations. The index is lowest
for managers and professionals and highest for some unskilled occupations,
such as cleaners, agricultural laborers, and refuse workers. The range of var-
iation is large. From 0.091 for production and specialized services managers
to 0.780 for cleaners and helpers. The average is 0.422 and the median 0.397.

Table 1. Routinization indices by occupation

Occupation RTC1 RTC2 RTC3 RTC4
Chief Executives, Senior Officials and Legislators 0.189 0.101 0.589 0.517
Production and Specialized Services Managers 0.091 0.037 0450 0.418
Hospitality, Retail and Other Services Managers 0.157  0.025 0563  0.457
Science and Engineering Professionals 0.207 0.111 0.617 0.585
Health Professionals 0.244  0.084 0.657  0.602
Teaching Professionals 0.286  0.104 0.689  0.643
Business and Administration Professionals 0.200 0.073  0.625  0.539
Information and Communications Technology Professionals 0.184 0.108 0.614  0.603
Legal, Social and Cultural Professionals 0.254 0.090 0.677 0.634
Science and Engineering Associate Professionals 0.211 0.131 0.591 0.580
Health Associate Professionals 0383 0.176 0729  0.681

(Continta)
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Occupation RTC1 RTC2 RTC3 RTC4
Business and Administration Associate Professionals 0.260 0.085 0.668  0.572
Legal, Social, Cultural and Related Associate Professionals 0.282 0.111 0.690 0.616
Information and Communications Technicians 0.290 0.141 0.654  0.617
General and Keyboard Clerks 0.475 0262 0799 0.732
Customer Services Clerks 0.400 0.129 0.764 0.654
Numerical and Material Recording Clerks 0377 0178 0722  0.656
Other Clerical Support Workers 0397 0.182 0.699  0.640
Personal Services Workers 0.582 0.258 0.840 0.739
Sales Workers 0513 0.1 0.816  0.663
Personal Care Workers 0.379 0237 0.760 0.734
Protective Services Workers 0359 0.277 0723 0.731
Market-oriented Skilled Agricultural Workers 0.659 0.468 0.886  0.845

Market-oriented Skilled Forestry, Fishery and Hunting Workers ~ 0.542  0.293  0.856  0.811

Building and Related Trades Workers (excluding Electricians) 0.494 0.302 0.793 0.737

Metal, Machinery and Related Trades Workers 0.416 0245 0771 0.717
Handicraft and Printing Workers 0.466 0277 0779  0.726
Electrical and Electronic Trades Workers 0.363 0.234 0730 0.701

Food Processing, Woodworking, Garment and Other Craft and

Related Trades Workers 0.579 0348 0852 0790

Stationary Plant and Machine Operators 0.520 0.387 0.825 0.813
Drivers and Mobile Plant Operators 0.583 0338 0.863  0.809
Cleaners and Helpers 0.780 0.655 0.925  0.909
Agricultural, Forestry and Fishery Labourers 0.772 0618 0932  0.907

Labourers in Mining, Construction, Manufacturing and 0.667 0.495 0877 0.845

Transport

Food Preparation Assistants 0696 0339 0.899 0.809
Street and Related Sales and Services Workers 0702  0.231 0915  0.775
Refuse Workers and Other Elementary Workers 0.668 0.480  0.893 0.856

Source: Authors based on PIAAC.
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A similar approach to the one described above is implemented in Autor et al.
(2003) and Autor et al. (2006, 2008). For our specific objectives, our measure
possesses a notable advantage: it is constructed using information on actual
tasks performed by Latin American workers. In the robustness section, we com-
pare our indicators with other measures that are based on information from the
US and other developed countries. Some of these measures (e.g., Arntz et al.,
2016; Frey and Osborne, 2017) primarily assess the potential for future auto-
mation rather than the present level of routinization, which is more aligned
with our research goals. In any case, it is important to highlight that there is
a substantial correlation between these measures of current routinization and
the potential for future automatability (see Section IV).

B. Labor market variables

In order to explore the labor market implications of automation, we rely
on microdata from the official national household surveys of the six Latin
American countries included in the study: Encuesta Permanente de Hogares
(EPH) in Argentina, Pesquisa Nacional por Amostra de Domicilios (PNAD) in
Brazil, Encuesta de Caracterizacion Socioecondmica Nacional (CASEN) in Chile,
Gran Encuesta Integrada de Hogares (GEIH) in Colombia, Encuesta Nacional de
Ingresos y Gastos de los Hogares (ENIGH) in Mexico, and Encuesta Nacional
de Hogares (ENAHO) in Peru. Surveys were processed following the protocol of
the Socioeconomic Database for Latin America and the Caribbean (SEDLAC),
a joint project between CEDLAS at Universidad Nacional de La Plata and the
World Bank. Household surveys are not uniform across Latin American coun-
tries and, in most cases, not even within a country over time. The issue of
comparability is of utmost importance. Given this concern, we make all pos-
sible efforts to make statistics comparable across countries and over time by
using similar definitions of variables for each country/year, and by applying
consistent methods of processing the data (SEDLAC, 2020).

We focus on the 2004-2019 period and consider three time windows: the mid-
2000s, the early 2010s, and the late 2010s. To enhance statistical power, we
combine data for different years in each window. The first window encom-
passes data from around 2005, the second from around 2011, and the third
from around 2017. To simplify, we often refer to these windows as simply 2005,
2011 and 2017. For example, in Argentina, the mid-2000s window includes
surveys for 2004, 2005 and 2006; the early 2010s window comprises data from
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2010, 2011, and 2012; and the late 2010s window encompasses information
from 2016, 2017 and 2018. Table 2 provides details on the information used
in each country. Nominal variables (hourly wages and monthly labor incomes)
are deflated by the national Consumer Price Index (CPI) of each country and
expressed in 2011 PPP values in order to make them comparable over time.?
Unfortunately, Latin American countries do not use a common system of occu-
pation codes. Countries use different versions of the ISCO classification or even
their own codes. To ensure a consistent and unified classification, we standard-
ized the occupation codes for each country by mapping them to the two-digit
ISCO 08 classification using official crosswalks.™

Table 2. Information from national household surveys
Country Survey Acronym Mid 2000s  Early 2010s  Late 2010s
Argentina EZZ‘;?: Permanente de EPH 2004-2006  2010-2012  2016-2018

Pesquisa Nacional por

L PNAD 2004-2006 2011-2013 2017-2019
Amostra de Domicilios

Brazil

Chile Encuesta de Caracterizacion gy 2003 2011 2017
Socioeconomica Nacional

Gran Encuesta Integrada de

GEIH 2003-2005  2010-2012  2016-2018
Hogares

Colombia

Encuesta Nacional de Ingre-

ENIGH 2004 & 2006 2010 & 2012 2016 & 2018
sos y Gastos de los Hogares

Mexico

Peru Encuesta Nacional de ENAHO  2004-2006  2010-2012  2016-2018
Hogares

Source: Authors based on national household surveys.

In sum, our dataset has information on the RTC index for each occupation, and
data on labor market variables at the country-period-occupation level, drawn from
harmonized national household surveys.' These variables include employment,
full-time workers employment, hours worked, hourly wage, socio-demographic

9 In Argentina, during the period 2007-2015 the national statistical office was intervened and the CPI
lost credibility. For this period, we use private estimates for inflation (see Gasparini et al., 2019).

10 Information regarding this harmonization process is provided in the online Appendix. Further details
are available from the authors upon request.

11 Labor market variables are calculated by taking weighted averages within each category, using the
survey's weights.
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variables (such as average age, average number of skilled workers'?, average
number of males, share of informal workers, etc.) and the distance of aver-
age earnings to the minimum wage.

C. Linking employment and routinization

The methodology we follow in the paper is straightforward. We look at medi-
um-run changes in employment by occupations characterized by different
degree of routinization. Specifically, we regress non-parametrically (lowess
regressions'®) and parametrically (OLS and FE) the change in employment on
(i) the routinization index of the occupation and (ii) the initial average wage
of the occupation. The objective of the first set of regressions (the ones that
use the routinization index) is to assess the hypothesis that routine tasks have
been more affected in terms of employment. The objective of the second set
of regressions (the ones that use the initial average wage) is to explore the
job polarization hypothesis.

For our OLS-FE regressions, we use the following equation:
Ay, =a+BRICI + =X + A\ +w +¢e, (1)

where y._is the number of jobs (in logs) or the number of (log) hours worked
in occupation jand country c during period t. When analyzing changes in
employment and routinization, our measure of routine task content of occu-
pation /, RTC, is our main variable of interest. Instead, when assessing the
polarization hypothesis, our main variables of interest are the initial wage
w,'=°and its square (they replace RTC in equation (1)). ¢'=°x 1, controls for
time-varying characteristics specific to each occupation to partial out corre-
lations that may arise from factors unrelated to routinization. Specifically, we
include as controls baseline values interacted with time dummies of the fol-
lowing occupational-level sociodemografic and labor market characteristics:
mean age, share of male workers, share of skilled workers, share of informal
workers, share of self-employed workers, and the proximity of average earn-
ings to the minimum wage. X controls for time-specific factors that might

12 We defined skilled workers as those with a complete high school education or more.

13 Locally Weighted Scatterplot Smoothing creates a smooth line through a scatter plot to help us see
the relationship between variables and foresee trends.
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affect employment or hours worked growth during the period under study and
are constant across occupations and countries. w_are country fixed effects that
control for differential trends that may affect each country distinctly. Finally,
€,,1 the error term. We cluster the standard errors at the country level to
account for any potential correlation of the outcome variables for occupa-
tions of the same country over time. It is worth noting that given that the LHS
variable in equation (1) is the first difference of the log of the outcome variable,
we eliminate any fixed characteristic at the occupation level that might be
correlated with our outcome variable.

I1l. Results

We start with a simple characterization of the working population in Latin
America, focusing on the extent of routinization within their respective occu-
pations. The mean value for the RTC1 index constructed from PIAAC in the
six largest Latin American economies for the late 2010s was 0.505. There
is a great deal of heterogeneity in the degree of routinization across coun-
tries: from 0.471 in Argentina to 0.554 in Peru (See Table 3). It is important
to emphasize that since RTC at the task level is fixed (due to data limitations),
differences in the RTC levels across countries capture different national occu-
pational structures. In that sense, Argentina, Chile, and Brazil have occupational
structures that imply RTC values below the regional mean, whereas Colombia,
Mexico and Peru have employment structures more biased towards occupa-
tions with higher routinization. The results are robust to the use of alternative
RTC indexes.

Table 3. RCT by country, late 2010s

RTC1 RTC2 RTC3 RTC4
Argentina 0.471 0.260 0.778 0.714
Brazil 0.489 0.276 0.790 0.725
Chile 0.473 0.272 0.781 0.718
Colombia 0.518 0.278 0.807 0.737
Mexico 0.527 0.310 0.809 0.747
Peru 0.554 0.331 0.826 0.762
All 0.505 0.288 0.799 0.734

Source: authors based on national household surveys and PIAAC.
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The heterogeneity in the degree of routinization across occupations trans-
lates into significant differences in RTC across economic sectors, given that
industries differ in their occupational structures. Table 4 shows the mean
values (across the six Latin American economies) of the four routine-task
content indexes defined based on PIAAC for the 17 sectors at the 1-digit ISIC.
Construction, Transportation, Restaurants & Hotels, Domestic Services and
Agriculture are the sectors with the highest degrees of routinization. In the
other extreme, Finance, Teaching and Health & Social Services are sectors
where automation is less feasible. The range of variation in RTC across sec-
tors is very large (from 0.315 to 0.683 when using RTC1), which suggests that
the sectoral structure of the economy is a key factor to understanding the
degree of routinization in a country and its changes over time.

Table 4. Routinization indices by industry-Latin America

Industry RTC1 RTC2 RTC3 RTC4

Extra-territorial

ern 0315 0.145 0.687 0.624

organizations

Finance 0.334 0.139 0.697 0616

Teaching 0.339 0.159 0.709 0.661

Health & social 0.366 0.178 0722 0.666

Services

Public adminis- 0389 0222 0732 0.682

tration

Business services 0.396 0.228 0.732 0.678

Utilities 0.414 0.251 0.740 0.694

Mining & qua- 0.461 0.298 0.769 0.730

rrying

Manufacturing 0.487 0.296 0.791 0.738

Other services 0.490 0.261 0.789 0.718

Commerce 0.500 0.180 0.801 0.686

Construction 0.503 0.326 0.793 0.745

Transportation & 0.519 0.296 0815 0.758

communications

Restaurants & 0.542 0.256 0.817 0.725

hotels

Fishing 0573 0359 0.853 0.806
(Continta)
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Industry RTC1 RTC2 RTC3 RTC4
Domestic servant 0.646 0.470 0.871 0.837

Agriculture &

0.683 0.508 0.890 0.854
forestry

Note. Mean value across Argentina, Brazil, Chile, Colombia, Mexico, and Peru.

Source: Authors based on national household surveys and PIAAC.

The degree of routinization also differs by the workers' socioeconomic and
demographic characteristics (Table 5). The RTC indexes are substantially lower
among skilled workers. For instance, on average for the six economies the RTC1
is 0.603 for the unskilled, somewhat smaller for the semi-skilled (0.527), and
much lower for the skilled workers (0.341)." Figure 1 shows the pattern for
the complete range of years of education. The index of routine task content
decreases very slowly up to around 10 years of education (corresponding to
the completion of the first level of secondary school). Beyond this point, the
decline becomes more pronounced.

Table 5. Routinization indices by skill, gender and age-Latin America

Indexes of Routinization

RTC1 RTC2 RTC3 RTC4
Skill
Unskilled 0.603 0.386 0.852 0.795
Semi-skilled 0.527 0.294 0.813 0.744
Skilled 0.341 0.153 0.702 0.638
Gender
Women 0.507 0.274 0.799 0.727
Men 0.504 0.299 0.798 0.739
Age
[15,24] 0.541 0.308 0.820 0.752
[25,40] 0.484 0.269 0.787 0.722
[41,64] 0.505 0.292 0.798 0.735
[65+] 0.530 0.307 0.811 0.744

Note. Mean value across Argentina, Brazil, Chile, Colombia, Mexico, and Peru. Semi-skilled are those with
9 to 13 years of education. The other two groups are defined accordingly.

Source: Authors based on national household surveys and PIAAC.

14 Semi-skilled are those with 9 to 13 years of education. The other two groups are defined accordingly.
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Figure 1. Routinization indices by years of education-Latin America
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Note. Each gray line shows a different country.

Source: Authors based on PIAAC and national household surveys of late 2010s.

There are no significant gender gaps in the values of RTC; the differences
are very minor and not statistically significant.15 Differences in the degree
of routinization by age are not as pronounced as those observed based on
skill (Figure 2). In any case, routinization seems to be high among very young
workers. The RTC index decreases with age up to around age 28 and then
slowly increases. Mean RTC goes from 0.580 for workers aged 18 to 0.479 for
those aged 28, and then rises to 0.533 for workers in their mid-70s. There is
however some heterogeneity in this pattern: RTC is actually mostly decreas-
ing in age in Argentina.

Finally, there are some significant differences across the regions in which
the territories of Latin American countries are usually divided (Figure 3).
In all countries the degree of routinization is somewhat higher in the poor-
est regions: NOA and NEA in Argentina; Norte and Nordeste in Brazil; Maule,
Araucania and Coquimbo in Chile; Pacifica and Atlantica in Colombia; Sur in
Mexico and the rural areas and Selva in Peru.

15 The online Appendix also presents the routinization indices for different groups resulting from the
interaction between gender and education (see Table 03).
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Figure 2. Routinization indices by age-Latin America
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Source: Authors based on PIAAC and national household surveys of late 2010s.

Figure 3. Routinization indices by region-Latin America

Source: Authors based on PIAAC and national household surveys of late 2010s.
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A. Changes in employment

The Latin American economies experienced significant changes over the two
decades under analysis. In particular, in South America economic growth was
robust in the 2000s and weaker or inexistent in the 2010s. In Colombia, per
capita GDP grew at an annual rate of 3.6% during the second half of the 2000s
but decelerated to 2.1% in the 2010s. Similarly, in Chile GDP per capita decel-
erated from 3.6% to 1.6% , while in Peru, it slowed down from 5.6% to 2.9%.
The contrast was starker for Argentina and Brazil, which both suffered reces-
sions in the 2010s (the growth rates in both decades were 3.9% and -0.7%
in Argentina, and 3% and -1% in Brazil). Mexico is the only country in our
sample with a different pattern. The country's per capita GDP grew at a rate
of 0.4% in the mid-2000s and subsequently experienced a slight acceleration
to 1.4% in the 2010s.

Changes in employment are partly linked to GDP trends but they also have their
own determinants and dynamics. In most countries, the contrast between the
two decades is noticeable in the employment rate (Table 6). In Argentina and
Peru, the employment rate increased in the first period (2005-2011) and fell
thereafter (2011-2017), while Colombia experienced a deceleration, and Brazil
a more intense fall in employment in the 2010s. Chile and Mexico stand
out as the two countries with better employment performance in the 2010s.
Against this backdrop, in what follows, we analyze changes in the employ-
ment structure with a focus on the degree of routinization.

Table 6. Quinquennial changes in employment rate

2000s 2010s
Argentina 0.19 -0.32
Brazil -0.18 -1.02
Chile 0.01 0.52
Colombia 0.47 0.19
Mexico -0.05 0.56
Peru 0.63 -0.27

Source: Authors based on national household surveys.
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B. Changes in employment and routinization

In this section, we explore whether changes in employment in Latin America
have been related to the degree of routinization of the different occupations.
We start by exploring this relationship by means of simple non-parametric
estimations (lowess regressions) at the occupation level. We consider three
measures of employment: number of workers, number of full-time workers,
and total hours of work. In all cases, we assign workers to their main jobs, in
case they have more than one.

Figure 4 illustrates the relationship between the annual rate of change in the
total number of workers and the degree of routinization by occupation. The figure
includes observations from all six countries in our sample for the whole period,
and then divided by decade. Changes in employment have been decreasing in
the degree of routine task content of the occupations. In the 2000s, employ-
ment increased in most occupations, especially those with a lower degree of
routinization. In fact, on average, the increase in jobs was negligible for occu-
pations with high RTC. The pattern was similar although somewhat less marked
during the more sluggish 2010s.'® Although there is considerable heterogeneity
across countries, the general result holds: in all six countries employment has
increased less, or even decreased, in occupations with high routine task con-
tent." The results are similar when considering full-time workers (Figure 5) and
total hours of work (Figure 6).

In Figure 7 occupations are sorted in the horizontal axis by quintiles of the
degree of routinization estimated by RTC1. In both periods, the change in
employment decreased in the RTC quintiles. In the 2000s, a growth of jobs
was generalized but less significant among those occupations with high
RTC. Whereas the number of workers in occupations with the lowest risk of
automation (bottom quintile of RTC) grew 24% in the 2000s, the increase
was much more modest (4%) in high routine task occupations. In the 2010s,
this asymmetric pattern was similar, albeit with smaller changes in employ-
ment. In fact, the number of workers in occupations in the top RTC quintile
went down by -49%.

16 The pattern is not monotonically decreasing. There seems to be a very short range in which the em-
ployment growth rate was increasing in RTC in the 2010s.

17 These results are available in the Online Appendix.
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Figure 4. Lowess regression of growth rate in number of workers and routinization
by occupation
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compute it between around 2011 and around 2017. Finally, in the 2000s-2010s we consider the extreme
periods of our sample (i.e., the outcome variable is the change in employment from around 2005 to around
2017). The bandwidth we used is 0.8

Source: Authors based on PIAAC and national household surveys.
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Figure 5. Lowess regression of growth rate in full-time workers and routinization by
occupation
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Lowess regression of growth rate in hours of work and routinization by
occupation
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Figure 7. Growth rate in number of workers by quintiles of RTC
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Note. Occupations sorted by quintiles of RTC1 in the horizontal axis.

Source: Authors based on PIAAC and national household surveys.

Next, we study the correlations between our routine index and changes in
employment by running regressions as in equation (1). The results in Table 7
reveal that in the 2000s, a 1 p.p. increase in the RTC index is correlated
with a reduction of 26.2% of the employment growth rate (Column (3), our
preferred specification described by equation (1)). We also find negative cor-
relations in the 2010s, but the effects are weaker and noisier.
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We have documented a negative correlation between changes in employment in
occupations and the level of routinization. This correlation remains significant
even after accounting for various variables and fixed effects. Strictly speaking,
our results are just a characterization of the patterns of employment changes
in Latin America: occupations with higher automation potential experienced
lower employment growth. We can speculate further on the mechanisms driv-
ing these results. In particular, we argue that our results are consistent with a
plausible narrative driven by the interplay of two factors: the increasing pro-
cess of automation and the business cycle. For reasons probably related to
improved external conditions, the 2000s were an exceptional decade of eco-
nomic expansion in Latin America. A dramatic increase in demand coupled
with technological changes favoring automation led to a widespread increase
in employment, that was less intense in those occupations more susceptible
to automation. Despite heightened competition of new machines, employ-
ment in high RTC occupations in general did not fall, favored by the economic
expansion. The incorporation of automation technologies displacing workers
from routine tasks is easier for firms during periods of economic upturn, when
displaced workers can often find alternative jobs within the same firm, or in
other companies or sectors. This situation changed notably in the 2010s, a dec-
ade characterized by less favorable external conditions resulting in economic
deceleration or stagnation across Latin America. In such a scenario, incorpo-
rating new technologies that displace workers is more problematic, and hence
difficult to implement. During that decade, we still observe that employment
growth is decreasing in the automatability of the jobs, but the relationship
appears to be somewhat weaker, probably due to increased costs associated
with workforce layoffs during economic downturns. While our proposed mech-
anism appears plausible, it is important to emphasize that our findings align
with this narrative but do not definitively prove it. Further extensive research
is needed to shed additional light on this topic.

As a result of the asymmetric changes in employment, the overall degree of
routinization has decreased in the Latin American economies over the last two
decades (Table 8). This decline was more pronounced in the 2000s compared
to the 2010s. Specifically, RTC1 fell from 0.518 in 2005 to 0.510 in 2011,
and then to 0.505 in 2017. The other RTC indexes reveal a similar pattern
of gradual reduction in the degree of routinization over the last two dec-
ades. It is important to note that since we have only one observation of RTC
in the period, the decline in the overall national RTC index is primarily driven
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by shifts in the employment structure toward occupations characterized by
a lower degree of routinization. Mexico is the only country that displayed a
different pattern, with an increase in routinization, only noticeable in the
2000s. This increase could have been mainly the consequence of outsourc-
ing by US firms of more routine tasks.

Table 8. Indicators of routine task content-Latin America
RCT1 RCT2 RCT3 RCT4
Mid-2000s 0.518 0.301 0.804 0.741
Early 2010s 0.510 0.292 0.801 0.737
Late 2010s 0.505 0.288 0.799 0.734

Notes. Mean values across Argentina, Brazil, Chile, Colombia, Mexico, and Peru.

Source: Authors based on national household surveys and PIAAC.

C. Changes within and between sectors

We have documented stronger employment growth in low RTC occupations,
implying an increase in the share of those occupations in total employment.
Was that increase mainly associated with changes in the structure of the
economy towards sectors more intensive in the use of low RTC occupations, or
rather associated with changes in the intensity of use of different occupations
within sectors? In order to explore this issue, we follow Goos et al. (2014) and
implement a between-within sector decomposition of the changes in employ-
ment shares by types of occupations in terms of the degree of routinization.
To do so, we first divide occupations in terciles according to the value of RTC:
low, mid and high RTC1. At any point in time workers are characterized by the
RTC group and by the sector or industry (1-digit ISIC) of their main jobs. We
decompose the overall change in employment shares for each RTC group into
a within-industry and between-industry component. Formally,

N. N. N N_. N.
el e

s st S t S

where N_labels employment in group of RTC i, sector or industry s, and time
period t. The change in the share of group iin total employment can be written
as the sum of two terms: the between-sector component and the within-sector
component. The first records the change in i's employment share associated
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with changes in the sectoral structure of the economy while the second
records the direct impact of changes in the intensity of use of different
occupations within sectors. Table 9 shows the results for each country of
the decompositions measuring employment with the number of workers. The
results are similar when considering hours of work.

Table 9. Between and within decomposition of changes in employment shares.
Number of workers

2005-2011 2011-2017
Overall Between Within Overall Between Within

Argentina

Low RTC 1.5 0.1 1.4 -1.5 0.3 -1.8

Mid RTC 0.7 -0.4 1.1 2.1 0.2 1.9

High RTC -2.2 0.3 -2.5 -0.6 -0.6 0.0
Brazil

Low RTC 2.3 1.2 1.1 3.6 33 0.3

Mid RTC 5.4 3.7 1.7 43 1.0 3.3

High RTC -7.7 -4.9 -2.8 -7.9 -4.3 -3.6
Chile

Low RTC -0.5 1.5 -2.0 1.4 1.1 0.3

Mid RTC 1.0 0.8 0.3 0.4 -0.7 1.2

High RTC -0.6 -2.3 1.7 -1.8 -0.4 -1.4
Colombia

Low RTC -0.6 0.2 -0.8 1.1 0.8 0.3

Mid RTC 3.8 0.6 33 -1.0 0.1 -1.1

High RTC -3.2 -0.8 -2.4 -0.1 -0.9 0.8
Mexico

Low RTC -2.0 0.8 -2.8 0.2 -0.1 0.2

Mid RTC 25 0.9 1.6 -1.3 -0.4 -0.9

High RTC -0.5 -1.7 1.1 1.1 0.4 0.7
Peru

Low RTC 3.2 2.3 0.9 0.7 0.1 0.6

Mid RTC 2.8 25 0.3 0.0 0.0 0.0

High RTC -6.0 -4.8 -1.2 -0.8 -0.1 -0.6

Source: Authors based on national household surveys and PIAAC.
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Results are substantially heterogeneous across countries and over time.
However, there are some common patterns, in particular a generalized fall in
the participation of the high RTC group in all countries and periods (except
for Mexico). Consistent with the results in Goos et al. (2014), we find that
within-industry and between-industry components are both quantitatively
too large to be ignored in the analysis. The results of the decompositions sug-
gest that both changes in the sectoral structure of the economy and changes
in production within sectors are highly relevant in understanding the pattern
against employment in high routine occupations in Latin America.

D. Routinization and initial wages

In the past decades, there has been a very active line of research that explores
changes in the structure of jobs by skills. The typical analysis involves the
assessment of changes in employment by occupations classified by initial
wages, as rough measures of skills. In this section, we explore that relation-
ship with our data for Latin America. In Figure 8, we plot our preferred RTC
measure of routinization by occupation on the mean log hourly wage in the
initial period (around 2005). The relationship is clearly decreasing in all coun-
tries: high-wage jobs are those with lower routine task content. The mean
correlation coefficient for our sample of six countries is -0.831. The correla-
tion coefficients are also very high when computed with the median instead
of the mean, and restricting the sample to full-time workers (Table 10).

Considering the strong inverse correlation between routinization and initial
wage, the results in Figure 9 are not surprising. Growth in employment in
Latin America was increasing in the initial wage during the last two decades,
on average and in all countries. In Figure 10 occupations are sorted by quin-
tiles of the initial wage. In both periods employment growth increases in
the initial wage. Whereas the number of workers in occupations with high
wages (top quintile) grew 28% in the 2000s, employment was virtually constant
in low wage occupations. In the 2010s, this asymmetric pattern was similar,
albeit less marked.
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Figure 8. Lowess regression between RTC and initial wages by occupation
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Notes. Each graph is a Locally Weighted Scatterplot Smoothing of the changes in employment over the
mean log hourly wage in the initial period (around 2005). The titles above each graph indicate the country
in which we run the regression. Wages are at constant 2011 PPP prices.

The bandwidth we used is 0.8

Source: Authors based on national household surveys and PIAAC.
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Table 10.
0]
Argentina -0.853
Brazil -0.817
Chile -0.818
Colombia -0.826
Mexico -0.846
Peru -0.827
Mean -0.831

(i)
-0.840
-0.839
-0.821
-0.829
-0.864
-0.829
-0.837

Linear correlation between RTC and initial wage

(iii) (iv)
-0.850 -0.832
-0.814 -0.829
-0.811 -0.813
-0.800 -0.798
-0.841 -0.854
-0.832 -0.833
-0.825 -0.827

Note. Correlations of RTC1 with (i) mean log wage, (ii) mean log wage full-time workers, (iii) median log

wage, (iv) median log wage full-time workers.

Source: Authors based on national household surveys and PIAAC.

Figure 9. Lowess regression between growth rate in number of workers and initial
wage by occupation
All countries
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Notes. Each graph is a Locally Weighted Scatterplot Smoothing of the changes in employment over the
mean log hourly wage in the initial period (around 2005). The titles above each graph indicate the period
in which we built the growth rate of employment to run the regressions: the 2000s comprise our first two
periods (around 2005 and around 2011) and the 2010s are our last two periods (around 2011 and around
2017). Wages are at constant 2011 PPP prices. The bandwidth we used is 0.8

Source: Authors based on national household surveys and PIAAC.
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Figure 10. Growth rate in number of workers by quintile of initial wage
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Note. Occupations sorted by quintiles of initial wage in the horizontal axis.

Source: Authors based on national household surveys and PIAAC.

To shed further light on this relationship, we run a regression as in (1) but
including the initial wage and its square as variables of interest. Table 11
presents the results of the association between employment growth and ini-
tial wages both at the extensive margin (Panel A) and the intensive margin
(Panel B). An increase of 10 log points in the initial wage was correlated with
an increase of 3.9 log points in the rate of change of employment consider-
ing all the periods of our sample (the marginal effect of Panel A in the third
column of the table). The results in Table 11 suggest that the relationship
between employment growth and initial wage is concave. More importantly,
it is always increasing for the range of initial wages observed in our Latin
American sample.

Table 11. Regressions of employment growth on initial wage
(M (2) ()
2000 2010 whole

Panel A. Employment growth

Mg. Effect 0.597** 0.190 0.393"*
(0.051) (0.204) (0.083)
w, 0.834* 0.216 0.525"*
(0.037) (0.149) (0.076)
WO2 -0.081"* -0.009 -0.045*
(0.017) (0.048) (0.019)

(Continta)
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(1) (2) (3)
2000 2010 whole
Panel B. Hours worked growth
Mg. Effect 0.591™* 0.151 0.371™
(0.063) (0.205) (0.077)
w, 0.888*** 0.175 0.532***
(0.038) (0.155) (0.075)
w,? -0.101** -0.008 -0.054™
(0.020) (0.051) (0.017)
Observations 191 191 382
Country FE YES YES YES
Time FE YES YES YES
Sociodemographic YES YES YES
controls
Minimum Wage YES YES YES

Notes. Panel A dependent variable: first log difference of occupational employment. Dependent variable
of Panel B: first difference of the log of hours worked by occupation. The marginal effect was calculated
taking the average of the initial wage. To compute the results in the first column we restricted the sample
to the first two periods. For column (2) we restricted the sample to the last two periods. Finally, in the
last column we use the full sample with all the periods. Initial wage at constant PPP-2011 prices. Robust
standard errors clustered at the country level in parentheses. ***p <0.01, ** p <0.05, *p <0.1.

Source: Authors based on national household surveys and PIAAC.

These patterns provide no support for the polarization hypothesis that has
been discussed for industrialized countries, according to which employment
is increasingly concentrated in high-wage occupations and low-wage occupa-
tions, at the expense of traditionally middle-wage jobs. The evidence aligns with
other studies that find little evidence of polarization in developing countries
(Das and Hilgenstock, 2018; Maloney and Molina, 2016; Messina and Silva,
2017). The causes of this contrast remain relatively unexplored. Possible fac-
tors include differences in the skill composition of similar occupations between
industrialized and developing economies, the impact of off-shore employment,
the role of new technologies in fostering sectors in developing countries that
employ medium-skill jobs, and differences in the intensity of the automation
process. More research is needed to understand these factors.
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IV. Robustness

Our results are robust to the use of alternative RTC indexes constructed based
on PIAAC. Figure 11 shows the relationship between employment changes
(for the whole period; from around 2005 to around 2017) and routinization
for indexes RTC2, RTC3 and RTC4. In all cases, the main results hold: employ-
ment changes were decreasing in the routine task content over the period
under analysis.

One of the most widely recognized measures of occupation routinization is the
Routine Task Intensity (RTI) index used by Autor and Dorn (2013) and Autor et
al. (2013), based on the US Dictionary of Occupational Titles. The RTI index is
calculated by taking the difference between the log of Routine tasks and the
sum of the log of Abstract tasks and the log of Manual tasks. The correlations
between the measure used by Autor and Dorn and our RTC indexes based on
PIAAC data are highly significant, with a linear correlation coefficient of 0.84.
As a result, our findings remain largely consistent when using the Autor and
Dorn measure of RTI (Figure 12)."

Our indexes, derived from PIAAC data use information of the actual tasks
currently performed by Latin American workers. A recent strand takes a more
prospective view, motivated by the acceleration in the implementation of new
technologies. How many tasks or occupations might be automatable in the near
future? There have been a number of initiatives aimed at assessing the potential
for automating or substituting occupations with machines in the near future.
So far, the most popular approach follows the study of Frey and Osborne (2017)
(FO). The FO approach assumes that occupations are homogeneous in terms of
tasks. However, this is a strong assumption, as workers in the same occupation
usually conduct different tasks, resulting in varying degrees of exposure to auto-
mation depending on their specific job responsibilities (Autor and Handel, 2013).
To address this concern, Arntz et al. (2016, 2017) adopt a task-based approach
rather than an occupation-based one, by focusing on what people actually do

18 In the Online Appendix, Figures 04 and O5 display the relationship between employment changes and
alternative routinization indexes for the 2000s and the 2010s. Our main results hold.

19 In Figure 12, we present the results for the extreme periods of our sample, that is, around 2005 and
around 2017. In Figure 06 of the the Online Appendix, we present the results of the correlation between
the Autor and Dorn (2013) index with the change in employment for the 2000s and for the 2010s. Our
main results hold.
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Figure 11. Lowess regression between growth rate in number of workers and routi-
nization. Alternative RTC indexes from PIAAC
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Notes. Each graph is a Locally Weighted Scatterplot Smoothing of the changes in employment over our
routine index. The titles above each graph indicate which alternative routine index we use. All regressions
were performed considering the extreme periods of our sample (i.e., the outcome variable is the change in
employment from around 2005 to around 2017). The bandwidth we used is 0.8.

Source: Authors based on data from PIAAC and national household surveys.
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in their jobs rather than relying on occupational descriptions of jobs. Based
on US observations in the PIAAC, Arntz et al. (2017) estimate a model of the
automatability indicator of FO on workers' actual tasks, and use the predic-
tions of this model as an indicator of true automatability.

Figure 12. Lowess regression between growth rate in number of workers and routine
task intensity index of Autor and Dorn (2013)
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Notes. The graph is a Locally Weighted Scatterplot Smoothing of the changes in employment over Autor
and Dorn (2013) routine index. The regressions was performed considering the extreme periods of our
sample (i.e., the outcome variable is the change in employment from around 2005 to around 2017). The
bandwidth we used is 0.8.

Source: Authors based on national household surveys and PIAAC.

The FO index and the variation proposed by Arntz et al. (2017) are conceptu-
ally different from our indexes for routine task content. Those are indexes of
future automatability that measure the risk for routinization in some devel-
oped economies in the near future, while ours are indexes of the current degree
of routinization faced by Latin American workers. However, the correlations
among all these measures are high. For instance, the linear correlation coef-
ficient between our RTC1 and the FO (Arntz) index is 0.78 (0.72). Predictably,
the main results of our paper do not substantially change if we consider these
two indexes of risk of automation (Figure 13).2° As expected, this relationship
is somewhat looser than when considering the degree of current routinization
among Latin American workers (our RTC).

20 In Figure 07 of the Online Appendix, we present the results of the correlation of these indexes with
employment growth at periods 2000s and 2010s.
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Figure 13. Lowess regression between growth rate in number of workers and autom-
atability by occupation. Alternative indexes
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Notes. Each graph is a Locally Weighted Scatterplot Smoothing of the changes in employment over two
prospective automatability indexes. The titles above each graph indicate the index used to perform the
regressions. All regressions were performed considering the extreme periods of our sample (i.e., the outcome
variable is the change in employment from around 2005 to around 2017). The bandwidth we used is .8.

Source: Authors based on data from PIAAC and national household surveys.
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Finally, as detailed in Tables A2 and A3 of Appendix A, we run our regressions
with a sample consisting of only one year per period for each Latin American
country. This approach enhances the comparability of the results across coun-
tries but comes at the expense of reduced statistical power. Specifically, we
used years 2004, 2011 and 2017 for Argentina, Brazil, Colombia, and Peru.
For the initial period in Chile, we used data from 2003, and for the subsequent
periods, we use 2011 and 2017, aligning with the approach employed in
other countries. Finally, for Mexico, we used data from 2004, 2010, and
2018 that are within +1 years from the other countries. The results for the
effect on the change in the average number of workers are analogous, with
the same sign (negative) and stronger for the 2000s. However, with fewer
observations, the results are noisier (the same applies to the relationship
between RTC and initial wages).

V. Concluding remarks

In this paper, we study changes in employment by occupations character-
ized by different degrees of exposure to routinization in the six largest Latin
American economies over the last two decades. To do so, we use our own
measures of the degree of routinization by occupation constructed from the
responses of Latin American workers to the Programme for the International
Assessment of Adult Competencies survey. In this concluding section, we
stress five points.

® Exposure to routinization is heterogeneous across demographic and so-
cioeconomic groups and across countries. The most salient asymmetry is
among skill groups: our index of routine task content decreases very slowly
up to around 10 years of education and falls abruptly thereafter. This pat-
tern is key to understanding some of our findings.

e Qur results are consistent with the existing literature, which suggests that
workers engaged in routine tasks are more susceptible to the impact of au-
tomation. Over the period under study, the increase in jobs was significantly
decreasing in the degree of routinization. At least since the mid-2000s the
labor structure in Latin America has gradually shifted toward occupations
with a lower degree of exposure to routinization.
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The magnitudes of these changes have not been uniform over time. During
the booming 2000s employment increased for most groups, especially in
those occupations less affected by the ongoing process of increasing au-
tomation. The pattern was similar, although less marked, during the more
sluggish 2010s.

Our research reveals that the decline in the proportion of high RTC occu-
pations within the overall employment has been influenced by two primary
factors: shifts in the economic structure towards sectors more intensive
in low RTC occupations, and changes in the intensity of use of different
occupations within sectors.

Given the decreasing pattern of RTC in education, and in line with most
prior literature on LDCs, our analysis does not reveal evidence of labor
market polarization. Maloney and Molina (2016) suggest several potential
explanations for the absence of polarization in developing countries’ data,
which contrasts with observations in advanced economies. Different initial
occupational distributions, the influence of the offshoring of jobs, or the
effect of new technologies in fostering sectors that employ middle-skill
jobs could offer plausible explanations for this divergence. More research is
needed to understand these factors.
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Appendix A
Table A1. Correlation of RTC indexes computed from different samples

All Latin American Surveys

M (2) (3) (4)

RTC1 RTC2 RTC3 RTC4
Chile 0.95 0.90 0.98 0.97
Ecuador 0.85 0.91 0.82 0.85
Mexico 0.98 1.00 0.95 0.98
Peru 0.90 0.97 0.89 0.92

Notes. RTC indexes are computed from different samples at the occupation level. Column 1 displays the
correlation of RTC7computed from surveys of the four Latin American countries pooled together, with the
RTC index computed separately from the survey of each of the four Latin American countries. Columns 2,
3 and 4 compute analogous correlations for RTC2, RTC3 and RTC4. To compute the correlations, we keep
occupations and industries with at least 25 observations for each of the four Latin American countries.

Source: Authors based on national household surveys and PIAAC.
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Table A3. Robustness analysis for routinization and initial wages-Regressions con-

sidering only one year per country

Panel A. Extensive Margin

Mg. Effect

Panel B. Intensive margin

Observations
Country FE

Period FE

Sociodemographic
Controls

Minimum Wage

M
2000

0.506™*
(0.109)

0.631™
(0.163)

-0.040
(0.023)

0.519"
(0.097)

0.665™
(0.165)

-0.046
(0.026)

152
YES
YES

YES

YES

(2)
2010

0.363
(0.253)

0.638™
(0.163)

-0.087
(0.044)

0.309
(0.241)

0.578*
(0.169)

-0.086
(0.046)

152
YES
YES

YES

YES

2

whole

0.435™*
(0.134)

0.634™
(0.101)

-0.064
(0.012)

0.414™
(0.118)

0.622***
(0.088)

-0.066
(0.014)

304
YES
YES

YES

YES

Notes. We use years 2004, 2011 and 2017 for Argentina, Brazil, Colombia, and Peru. For the first period
in Chile, we use 2003; for the other periods we use 2011 and 2017 as in the other countries. Finally, for
Mexico we use years 2004, 2010 and 2018 that are within 1 year from the other countries. Dependent
variables are the first difference of log of the average number of workers per country-period-occupation.
Wages are at constant PPP 2011 prices. Everything else is analogous to equation (1). Robust standard errors

clustered at the country level in parentheses. *** p<0.01, ™ p<0.05, * p<0.1.

Source: Authors based on national household surveys and PIAAC.
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