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Abstract

This paper studies the effect of privatizing the pension system on workers’ earnings, employment
patterns, retirement behavior, and old-age income. We study on a pension reform in Uruguay that
transitioned from a defined benefits pay-as-you-go system to a mixed system, which allocates a fraction
of social security contributions to individual retirement accounts. Leveraging a cohort-based discon-
tinuity in the introduction of the new system, we employ a regression discontinuity design using rich
administrative and census data. We find significant labor supply responses to privatization. Workers
in the privatized system are more likely to remain employed in their fifties, driven in part by reduced
early retirement rates, particularly among low-wealth individuals and those with mild disabilities. In
addition, workers in the privatized system report higher earnings early in their careers, likely due to
reduced tax evasion. Regarding old-age income, we find little difference between the two systems in
early old age. However, two decades after privatization, the government allowed workers to revert
to the non-privatized system, which a significant share of workers opted for, especially among those
who did not choose the most profitable retirement savings option and those whose career profiles favor
defined benefits formulas. Overall, our findings indicate that pension privatization can increase labor
force participation among the elderly and improve tax compliance. However, it may negatively impact
the pension income of some workers, shedding light on the push to reverse privatizations in several
countries over the past two decades.

JEL Codes: H55, J22, J26, J32, H26

∗First version: September 2021. We are grateful to Emmanuel Saez, Edward Miguel, Alan Auerbach, and Ricardo Pérez
Truglia for their constant support throughout this project. We also thank George Bulman, Federico Echenique, Álvaro
Forteza, Marco González Navarro, Hilary Hoynes, Supreet Kaur, Patrick Kline, Ianina Rossi, Damián Vergara, Gabriel
Zucman, and seminar participants at UC Berkeley, UC Los Angeles, UC Santa Cruz, the Federal Reserve Board, Nova SBE,
Universidad de San Andrés, the IIPF Annual Congress, and the RIDGE Workshop on Public Economics for helpful comments
and suggestions. We also thank Sebastián Peaguda and the pension fund CEOs for their help providing the pension fund
data, and Andrés Canaparo for explaining the details of the pension fund records. Lauletta gratefully acknowledges funding
from the Center for Equitable Growth at UC Berkeley. Any mistake or omission is our responsibility. The analysis and
conclusions set forth here are those of the authors and do not indicate concurrence by other members of the Federal Reserve
Board research staff, the Board of Governors, or the Federal Reserve System.

†Corresponding author, e-mail: maximiliano.lauletta@frb.gov.
‡E-mail: marcelo.bergolo@fcea.edu.uy.

1

maximiliano.lauletta@frb.gov
marcelo.bergolo@fcea.edu.uy


1. Introduction

Pension systems constitute an essential component of modern social insurance schemes, prompt-
ing substantial debate regarding their design. Key points of discussion include whether the system
should be funded or unfunded, government-run or privately-run, use defined benefits or defined
contributions formulas, among others. Concerns in these debates often revolve around the financial
sustainability of the system and the effects that pension rules can have on, for example, individuals’
savings, their labor supply, and economic efficiency more broadly (Lindbeck and Persson, 2003).

A frequent policy proposal has been to privatize pension systems, switching from government-
run “pay-as-you-go” or “unfunded” systems to “capitalization” or “funded” systems with retirement
accounts.1 This recommendation typically arises with the intention of improving the financial sus-
tainability of the system, since unfunded systems have to rely on taxes on young workers to provide
benefits to an increasingly aging population, whereas the funding for a system with retirement ac-
counts comes solely from workers’ own accumulated contributions. It has also been argued that
funded systems can boost labor supply and improve economic efficiency by reducing the distortion
of social security contributions being perceived purely as a tax (e.g. Auerbach and Kotlikoff, 1985;
Kotlikoff, 1996). This follows the fact that funded systems generally rely on defined contributions
(DC) formulas that create a tighter link between contributions and subsequent pension benefits
than the defined benefits (DB) formulas often used in unfunded systems.2 In addition, proponents
have pointed out that privatization has the potential to increase aggregate savings, improve pension
benefits, and foster the development of capital markets, among other benefits. These arguments
have led many countries to privatize their social security systems. However, empirical evidence on
the effects of this type of pension system reform is scarce.

In this paper, we study the effects of the partial privatization of the pension system on workers’
reported earnings, employment and retirement behavior, and income in old age. We leverage a
reform in 1996 in Uruguay that, starting from an exclusively unfunded DB public system, introduced
an individual capitalization component with retirement accounts. Specifically, the reform introduced
a two-pillar or mixed system, in which a fraction of workers’ contributions is used to fund pensions
for retired workers in the public DB system, while the remaining fraction is allocated to individual
retirement accounts managed by pension funds.3 Retirement pensions have two components: (i)
a government-provided pension determined as a replacement rate over the average earnings of the
last 10 years of employment and (ii) an annuity based on the amount accumulated in the retirement
account and actuarial calculations of how much time the worker will live in retirement. To gradually

1 Note that the term privatization need not mean that the retirement accounts are managed by private-sector
businesses. Several countries that privatized their pension systems had one majoritarily state-owned pension fund
that workers could select to administer their pension savings.

2 Intuitively, social security contributions in funded DC systems constitute a form of forced savings, therefore
creating a direct link between current contributions and pension benefits in the future. In contrast, in unfunded DB
systems, social security contributions are used to fund pensions for current retirees, with often only a subset of years
in workers’ labor history is used to determine pension benefits through complex formulas, which can create a weaker
link between current earnings and subsequent pension benefits.

3 The share of the contributions that is allocated to the retirement fund varies depending on the level of earnings
and choices that workers can make within the system. We describe the system in more detail in section 2.
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roll the new system in, the government assigned workers younger than 40 by the time of the reform
to the new system, while those aged 40 or more remained by default in a transition system that
retained the pay-as-you-go DB nature of the original system, with pension benefits being determined
by a replacement rate over the average earnings of the last 10 years of employment.4 This cohort-
based discontinuity meant that workers born just a few days apart were exposed to drastically
different pension systems, and it provides the basis for our identification strategy.

Using rich administrative and census records, we leverage the cohort-based discontinuity in the
introduction of the mixed system with a Regression Discontinuity Design (RDD), comparing the
trajectories of individuals born within days of the cutoff over the course of 20 years. The RDD
methodology has the advantage of having a high degree of internal validity, while the availability
of administrative records over a long trajectory allows us to analyze responses at various points
over the life cycle, even far away from retirement. In addition, the availability of the universe of
workers that contribute to the social security system allows us to conduct placebo tests using the
same cutoff date of birth for years in which workers were not switched between pension systems.

In the first part of the paper, we analyze how workers respond to the privatization incentives
with their labor supply and earnings trajectories. Regarding employment rates trajectories, we find
little differences in employment rates across the two systems early on, but workers in the system with
retirement accounts are significantly more likely to be employed closer to retirement. Specifically,
we find that employment rates of workers in the new mixed system are similar to those of workers
in the unfunded DB system during the first 15 years after the reform (when workers are in their
forties and early fifties), but workers in the new mixed system are significantly more likely to be
formally employed closer to the age of retirement (when workers are in their late fifties). By the
time workers are 57, those in the new mixed system are about 5 percentage points more likely to
be formally employed than those who remained in the unfunded DB system.

Using census and income tax data, we find that this increase in the probability of being employed
is driven in large part by a lower probability of having retired early. This is consistent with the
incentives often associated with capitalization systems relative to DB systems, since the annuity
from the retirement fund increases substantially if the worker postpones retirement.5 Heterogene-
ity analysis indicates that this employment and retirement effect is driven by individuals with low
socioeconomic status and is significantly stronger for workers who report experiencing some mild
disability, both of which are significant predictors of early retirement.6 Given that the disabilities
listed in the census are unlikely to qualify for permanent retirement due to disability, this result po-
tentially reflects choices regarding early retirement under regular pension rules and special schemes

4 These short “windows” of pre-retirement earnings to calculate pension benefits are common in low- and middle-
income countries and some specific systems in high-income countries (such as some public-sector workers). In Latin
America, several countries use a 10-year window for benefits calculation (such as Argentina, Colombia, and Uruguay),
while others use shorter windows (such as Peru and Paraguay). Pension systems for civil servants in some African
countries use for reference the very last salary (Stewart and Yermo, 2009).

5 Simulation exercises indicate that these incentives are indeed strong given the pension calculation formulas for
the Uruguayan pension system, see appendix A.2 and Forteza and Rossi (2018).

6 The literature has found that health issues, including negative self-assessments of own health, are significantly
predictive of early retirement decisions (e.g. Leijten et al., 2015; Van Rijn et al., 2014).
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for early retirement.7 Thus, we interpret this finding as suggesting that the workers who respond
to a privatization by postponing their retirement are those who tend to retire earlier.

We then turn to analyzing earnings trajectories, finding that workers in the new mixed system
report significantly higher earnings in the years immediately after the reform, and this difference
fades over time as workers get closer to the age of retirement. Specifically, workers in the new system
report earnings around 20% higher than those that remained in the pay-as-you-go DB system in
the year immediately after the reform, and this difference persists for about 10 to 12 years until it
starts shrinking as workers enter their mid-to-late fifties. This is consistent with the intuition that
pension privatization can create incentives to increase labor supply due to a tighter link between
contributions and pension benefits (e.g. Auerbach and Kotlikoff, 1985; Kotlikoff, 1996), although
the magnitude of the effect implies a potentially unrealistically large elasticity of pre-tax income.

Motivated by the large effect on reported earnings and complementary survey evidence on
widespread non-compliance with labor income reporting, we then conduct several heterogeneity
analyses to understand whether the effect is a real labor supply response or a reduction of earn-
ings underreporting, finding several pieces of suggestive evidence that the effect is driven by lower
underreporting of earnings. First, we find no effect on reported days or hours worked, which we
interpret as measures of real labor supply. Second, we find no effect in reported earnings for workers
in the public sector, where income underreporting is less prevalent. Third, we find a substantially
larger effect for firm owners and self-employed workers, who are more able to underreport their
labor earnings. Fourth, we use household survey data to construct measures of informality and
underreporting at the sector level, and find that the effect is driven completely by sectors where
informal employment and income underreporting are more widespread. We interpret these findings
as indicating that the increase in reported earnings is driven to a large extent by a reduction of
underreporting of earnings rather than a real labor supply response.

We interpret our findings on workers’ responses through a simple model of retirement decisions
in which workers can conceal part of their labor earnings. Based on our model, the mixed system
creates incentives for workers to postpone retirement because remaining employed increases the
amount accumulated in the pension fund, while the loss of some periods of government DB pension
is less significant than in the exclusively unfunded DB system. Regarding earnings reporting and tax
evasion, the unfunded DB system incentivizes evasion early on since the benefit calculation formula
only uses the last 10 years of employment, which creates a large number of years in workers’ careers
during which social security contributions are purely a tax and do not have any connection to
subsequent pension benefits. The mixed system ameliorates this distortion because throughout
workers’ careers a fraction of contributions is deposited into workers’ retirement accounts, thus

7 For a worker to retire and receive a pension due to permanent disability, they must be deemed to be incapable
of performing any job, which is unlikely to be the case for the disabilities listed in the census (such as moderate
difficulties with eyesight, hearing, and movement). Retirement due to permanent disability in the mixed system is
covered in part by the government unfunded DB system and in part by insurance policies pension funds are mandated
to purchase, with workers being able to choose to completely withdraw their pension fund or to have it converted into
an annuity. In any case, this implies cutting short the pension fund accumulation, which can induce lower incentives
to retire under this modality.
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creating a stronger link between contributions and subsequent pension benefits that incentivizes a
reduction in tax evasion. As workers enter their windows for DB pension calculation, those that
remained in the unfunded DB system have incentives to reduce tax evasion, which reduces the gap
in reported earnings between the two groups.

In the second part of the paper, we analyze how the reform affected income in early old age
and workers’ preferences between the two systems. This analysis presents a series of challenges to
bear in mind. First, workers in the key privatization cohort are still relatively young and likely to
be employed. Second, the implementation of compensation policies since 2014 can confound the
effects, especially considering a reversal option sanctioned in 2017 that allowed workers in the mixed
system to switch back to the pay-as-you-go DB system. For instance, if the reform created winners
and losers, with losers being eventually compensated, the “privatization side” of the discontinuity
could show better outcomes, but this would not be the consequence of the privatization.8 Finally,
the fact that we document differences in labor supply in old age across the two systems could drive
potential differences in income.

We begin by using income tax data to analyze how total income and poverty rates vary across
systems for workers in early old age, until 60 years of age in the year 2016, prior to the reversal
option being sanctioned in 2017. We measure total income as the sum of any labor earnings and
any pension income, which means that this measure of total income captures differences in labor
supply and potential differences in pension income.9 We find that total income and poverty rates
are similar across both systems, although minor differences in labor supply persist. Although this
suggests that workers in the system with retirement accounts are more likely to be working while
receiving an income similar to workers in the unfunded DB system, we do not document stark
patterns that lead to strong conclusions regarding the effects on income in old age.

We then turn to analyzing workers’ decisions to switch to the unfunded DB system when given
the chance, to get a measure of “revealed preference” for the non-privatized system. In 2017,
the government implemented a reversal policy, in which workers born up until April 1st 1966 were
allowed to switch to the exclusively pay-as-you-go DB system, transferring their pension fund to the
social security agency and getting a pension at 90% of the benefits of the unfunded DB “transition”
system.10 We leverage this cohort based discontinuity with another regression discontinuity design,
using data from all the pension funds in the country and comparing the closing of retirement
accounts across workers born within days of the cutoff date of birth.11

We find that workers allowed to switch to the unfunded DB system are significantly less likely to
remain in the retirement accounts system. Specifically, workers allowed to reverse are 9.3 percentage

8 In addition, the 2014 policies could also induce responses by allowing a reversal in the retirement savings choice
in the mixed system or by anticipation of future compensation policies.

9 Although the ages we consider involve mostly early retirement, by the time workers are 60 we observe about 45%
of them receiving some pension income.

10 Workers who made additional voluntary contributions would get those back, in addition to any returns associated
with such contributions.

11 In practice, workers were sequentially allowed to reverse by cohorts. Those born up until April 1st 1960 were the
first to be able to reverse starting in 2018. We analyze the reversal decisions for this cohort because we do not have
the data for the following cohorts.
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points less likely to have an active retirement account after the reversal option is implemented,
which represents an 11% reduction in active account rates. This reversal decision is significantly
stronger for workers who did not choose the most profitable retirement savings option within the
mixed system, indicating that choosing favorable options in retirement accounts systems is crucial
for workers to benefit from a privatization. In addition, we find significantly higher reversal take-
up among public-sector workers, who typically have steeper earnings profiles with respect to age,
which will often imply a significant gain in pension income with a defined benefits formula relative
to a defined contributions formula from a retirement accounts system.12 Finally, we also document
significantly more reversal for workers who did not make consistent contributions during the early
years of the privatization, which is crucial not only to save early-on for retirement, but also because
the real interest rates on pension funds were at the highest. We interpret these findings as indicative
of who the potential losers from a privatization are, suggesting that this depends on career profiles
and the choices of workers within the system. Given the fact that the reversal was for 90% of the
benefits of the unfunded DB system and the existence of potential default effects (e.g. Madrian
and Shea, 2001; Carroll et al., 2009; Chetty et al., 2014), we do not interpret workers who did not
reverse as strictly winners from the reform, but rather we interpret switchers as people who are
highly likely to have experienced detrimental effects from the privatization.

Overall, our findings suggest that pension privatization, in the sense of introducing mandatory
retirement accounts, can boost labor supply in early old age and have the unexpected benefit of
increasing tax compliance with labor earnings reporting, although there are important considera-
tions regarding who these responses come from and how incomes in old age are affected. Although
workers remaining employed later in life is often seen as positive because it improves the sustain-
ability of pension systems, the fact that the retirement postponing comes mostly from workers of
low socioeconomic status and who have mild disabilities can raise concerns about regressivity. In
addition, although we observe similar incomes and poverty rates in early old age, the fact that
a significant share of workers choose to reverse to the non-privatized system indicates that some
workers are negatively affected. This depends crucially on workers’ choices within the retirement
savings system that, given the complexities behind in retirement savings options, can raise concerns
regarding detrimental effects of privatizations on the less financially literate. In addition, workers
with steep earnings profiles or those who were exposed to worse market returns also potentially
stand to lose with a privatization.

Our paper contributes to several branches of the literature. Mainly, we contribute to the liter-
ature that studies the effects of privatizing the social security system. This literature has mostly
focused on theoretical general equilibrium models to simulate the economy-wide effects of a pri-
vatization, in which labor supply and income in old age are often one component of the analysis
(e.g. Auerbach and Kotlikoff, 1985; Feldstein, 1995; Kotlikoff, 1996; Nishiyama and Smetters, 2007;
Hosseini and Shourideh, 2019). The logic embedded in these models motivated several countries to
privatize their pension systems (Orenstein, 2013), in addition to sparking serious discussion about

12 We indeed document a much steeper age-earnings profile for public-sector workers relative to private-sector
workers in the data.
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privatizing in countries where it was ultimately not enacted, such as the United States and Brazil.
However, these reforms have not yet created a compelling empirical literature exploring their effects.
This can potentially be attributed to the difficulty of finding reliable quasi-experimental variation
in existing privatizations, since these often involved country-wide reforms (e.g. Chile) or coexisting
public and partially private systems between which workers could freely choose (e.g. Colombia and
Argentina). The Uruguayan case offers a unique setting of partial privatization with a cohort-based
discontinuity that, combined with rich administrative and census records, provides an ideal exper-
iment for analyzing workers’ responses and their subsequent income in old age, in addition to a
reversal option with another cohort-based discontinuity that allows us to analyze a revealed pref-
erence measure for the non-privatized system. We contribute the first empirical evidence on how
workers respond to the privatization of social security, finding significant responses in ways consis-
tent with theoretical models (e.g. labor supply), although the evasion margin seems to be the most
relevant early on. In addition, we contribute the first empirical evidence on subsequent incomes
in old age and revealed preference measures for a non-privatized unfunded DB system, shedding
light on the distributional consequences of a privatization, which have often been relegated to a
secondary role relative to sustainability and efficiency concerns in the economics literature.

We also contribute to the growing empirical literature that studies labor supply responses to
pension incentives. This literature has seen substantial growth in recent years, with papers using
various sources of quasi-experimental variation to analyze the effects of changes in the benefit
generosity on employment participation and earnings in old age (Gelber et al., 2016; Liebman
et al., 2009; Manoli and Weber, 2016; Fetter and Lockwood, 2018; Brown, 2013).13 Our main
contribution to this literature is providing evidence on how workers respond to the privatization
of the pension system, in the sense of the introduction of mandatory retirement accounts, while
existing research has focused on changing defined benefits formulas within public pay-as-you-go
systems. More recently, French et al. (2022) study the effects of switching from an unfunded DB
system to an unfunded DC system of Notional Defined Contributions in Poland, finding significant
increases in employment rates several years before the standard age of retirement. We contribute
by studying the effects of the introduction of actual retirement accounts, while also analyzing
earnings responses and how this affects incomes in old age. We also contribute more broadly to
this literature by studying a long trajectory of responses, even when workers are decades away from
retirement, which has often been a key component of the argument by proponents of pension reform.
For instance, proponents of privatization have often argued that a privatization can incentivize
labor supply among younger workers due to a tighter link between contributions and subsequent
pension benefits (Kotlikoff, 1996). However, the existence of potential behavioral biases, such as
exponential growth bias or present focus (e.g. Goda et al., 2019), or imperfect understanding of
pension incentives (e.g. Liebman and Luttmer, 2012) could lead workers not to respond to such
incentives. Our findings provide compelling empirical evidence that a privatization can indeed affect

13 A number of initial papers studied how changes in social security benefits can affect saving decisions (Attanasio
and Rohwedder, 2003; Attanasio and Brugiavini, 2003) and, more recently, expenditure in retirement (Lachowska and
Myck, 2018).
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reporting decisions from workers even far away from retirement, in a manner consistent with the
incentives of funded DC systems.14

Our final contribution to both the theoretical literature on pension privatization and the empiri-
cal literature on labor supply and pension incentives is that, while almost all the existing discussion
is focused on high-income countries, we provide evidence on the effects in a middle-income country,
where other margins of response are more relevant, such as informal employment and tax evasion,
and pension reform has typically been a more pressing issue. Low- and middle-income countries
have featured prominently among those that have privatized at least partially their pension systems
since the 1980s (Orenstein, 2013), often as a response to the perceived unsustainability of their
exclusively pay-as-you-go DB systems.15 However, the discussion has focused mostly on theoretical
work regarding privatization in the United States (with some exceptions, e.g. McKiernan, 2021;
Moreno, 2022), and empirical evidence on labor supply and pension incentives coming mostly from
the United States and Europe (with some exceptions, e.g. Troncoso, 2022). Our paper contributes
to our understanding of the effects of privatizing social security in a middle-income country and
how this interacts with a context of widespread informal employment and tax evasion.

Given our evidence on how income underreporting plays a role in our results, our paper also
contributes to the literature studying tax evasion. This growing literature has studied the effects of
tax design on compliance at the firm-level (e.g. Pomeranz, 2015; Naritomi, 2019; Bachas and Soto,
2021) and individual-level (e.g. Londoño-Vélez and Ávila-Mahecha, 2021). More specifically, we
contribute to the study of underreporting of labor earnings, which has received much less attention
so far. Recent research has found that underreporting of labor earnings to evade taxes is widespread
and sizable (e.g. Feinmann et al., 2022; Bergolo and Cruces, 2014).16 Specifically regarding pension
systems, recent evidence has linked income underreporting to pension regulations in Uruguay (Dean
et al., 2022) and Mexico (Kumler et al., 2020). Our paper contributes to this literature by providing
compelling evidence that workers’ retirement savings incentives are closely linked to underreporting
of labor earnings, both by self-employed workers and dependent employees, even decades before
retirement. This suggests that employees’ incentives play a significant role in the underreporting of
labor earnings.

The Uruguayan case offers a unique setting to study some individual-level effects of a privatiza-

14 In this regard, our paper is tangentially related to the literature studying labor supply and taxable earnings
responses to taxation, especially considering how a weak benefit-contribution link can lead to contributions being
perceived purely as a tax (Kotlikoff, 1996). A growing literature has studied responses to income taxation, often
finding small elasticities (Saez et al., 2012), although some of these findings are disputed due to concerns regarding
identification strategies (Keane, 2011). Recent papers have exploited various sources of quasi-experimental variation
in income tax rates to analyze responses of taxable earnings and labor supply (Martinez et al., 2021; Sigurdsson, 2019;
Tortarolo et al., 2020; Kleven and Schultz, 2014; Tazhitdinova, 2020; Bergolo et al., 2022), in addition to the take-up of
secondary jobs (Tazhitdinova, 2021). Our findings contribute to this literature by studying labor supply and earnings
responses to partially privatizing social security, thus changing the use of workers’ social security contributions, finding
significant responses on the trajectories of both employment rates and reported earnings.

15 Prominent examples of privatization in Latin America include Chile, Argentina, Uruguay, Mexico, and Colombia,
while cases from other continents include Kazakhstan, Romania, Malawi, and Nigeria, among others (Orenstein, 2013).

16 Income underreporting is not constrained to low- and middle-income countries, there is some evidence of un-
derreporting in high-income countries for self-employed workers in the United States (Saez, 2010) and employees in
Norway (Bjørneby et al., 2021).
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tion with rich administrative and census records without significantly sacrificing external validity.
The partial nature of the privatization is highly comparable to other pension reforms, in which full-
on privatizations are actually the exception and most countries retained a PAYG-DB pillar (e.g.
Argenitna, Colombia, Peru, Australia, and the United Kingdom). The attempted privatization in
the United States during the George W. Bush administration also consisted on allowing workers
to invest a part of their contributions in financial assets while retaining a PAYG-DB pillar at the
core. The labor market in Uruguay shares similar features to other Latin American countries, such
as a significant share of informal employment of about 30%, a value close to Brazil’s 35% (Ulyssea,
2018) and Chile’s 20% Tornarolli et al. (2014).

The rest of the paper is structured as follows. Section 2 presents the context, discussing the
pension system in Uruguay and the reform we study. Section 3 discusses a conceptual framework
for analyzing workers’ responses. Section 4 presents the data. Section 5 presents the econometric
strategy. Section 6 presents the main results. Section 7 presents the empirical results on income in
old age. Section 8 concludes.

2. Context

Uruguay is an upper-middle-income country in South America, with a population of around
3.5 million and a GDP per capita of about $18,000 dollars in 2018 according to data from the
World Bank. As with most Latin American countries, a substantial fraction of employment is
non-registered and there is widespread non-compliance with payroll taxes, although both of these
measures of informality have been falling in recent years. The country has an established con-
tributory social security system for formal workers, including retirement benefits, unemployment
insurance, workers’ compensation, disability insurance, health insurance, and parental leave, all of
which are handled by the Social Security Agency (SSA) called Banco de Previsión Social.

Regarding the pension system specifically, the system that was in place before the reform we
study was unfunded with defined benefits (DB). Pensions for retired workers were funded exclusively
by payroll taxes on active workers, while the pension benefits were determined by a replacement
rate over the average earnings of workers’ final 5 years of contributions. The minimum retirement
age for men was 60 and for women it was 55. As with many Latin American countries, during the
late 1980s and early 1990s concerns arose regarding the financial sustainability of the government’s
DB system, which led to a partial privatization of the pension system in 1996.

The original social security system was reformed by Law 16,713, which was passed in September
1995 and entered into effect on April 1st of 1996. This law created a two-pillar or mixed system,
which is part a government unfunded DB system and part a privately-run funded DC system.17

Workers’ contributions represent 15% of the salary, a fraction of which goes to the SSA to fund the
DB part of pensions while the remaining fraction goes to individual retirement accounts managed

17 The law also introduced some changes to the DB system, such as increasing the window of earnings by which
DB pension benefits are calculated from 5 years to 10.
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by pension funds.18 Workers choose one of two options of how to distribute their contributions
between the two pillars, which depend on three earnings thresholds. These options are represented
in appendix figure A.1. The default option is to contribute exclusively to the pay-as-you-go DB
system until the first income threshold (around the 70th percentile of the salary distribution), while
workers above that threshold have their contributions on income below the threshold go to the
DB system and contributions on income above the threshold go to their retirement accounts. The
alternative option (known as Article 8) is to evenly divide contributions between the DB system and
individual accounts below the aforementioned income threshold, after which contributions go to the
DB system until a second threshold, while workers whose income surpasses the second threshold
revert to the default option. Contributions on earnings beyond the third threshold, which is around
the 98th percentile of the wage distribution, are voluntary. About 75% of workers choose the
alternative Article 8 option (CESS, 2021). In addition, workers can freely choose one of several
pension funds that manage workers’ contributions to the funded DC pillar.

Pensions in the new system have two components: (i) a government-provided DB pension and
(ii) an annuity from the funds accumulated in the retirement account. The government part of the
pension is determined as a replacement rate over a “salary for pension calculation” or “contributory
salary”, which is calculated from the average earnings of the last 10 years of employment.19 This
contributory salary comprises workers’ labor earnings up until the income threshold after which they
start contributing to the private system. If an individual in the mixed system chose the alternative
“Article 8” option, their contributory salary is computed as 75% of the contributory salary under
the default option.20 The minimum statutory replacement rate is 45%, with increases for higher
retirement ages and years of contributory history.21 There is a maximum and a minimum pension
amount for the DB part of the pension.

The capitalization part of the pension is determined by the amount accumulated in the re-
tirement account and actuarial calculations regarding how long the worker is expected to live in
retirement. Upon retirement, the pension fund chosen by the worker transfers the funds contained
in the retirement account to a government-run insurance company, which conducts the actuarial cal-
culations and provides the funds to the worker in the form of an annuity. The reform also gradually
increased the minimum retirement age for women to match that of men at 60 years old, although
there are ways for retiring early in some specific sectors (e.g. education and some risky occupations)
and due to permanent disabilitiy. In the case of retirement due to permanent disability, the replace-

18 The employer payroll taxes (7.5% of the salary) go entirely to the unfunded government pension system.
19 The average of the last 10 years is used unless this is lower than the average 20 best years of earnings, in which

case the latter is used. However, this is only done for individuals who have 20 full years of earnings history registered
with the SSA.

20 Note that this implies a bonus for the Article 8 option: under this option workers’ contributions towards the
unfunded DB system fall by 50%, but the salary for their DB part of the pension only falls by 25%.

21 Specifically, the statutory replacement rate applied to the contributory salary is 45% for an individual who has
30 years of contributory history (the minimum required) and retires at 60 (the minimum retirement age), with an
increase of 1 percentage point for each additional year of contributory history until 35 years, and an additional 0.5
percentage points for each additional year until a maximum of 40 years of contributory history. Further increases are
given for each additional year of contributory history after turning 60, with the maximum replacement rate being
82%.
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ment rate for the government DB pension is 65% over the contributory salary. In addition, pension
funds are mandated to purchase insurance policies that add a 45% replacement rate to the earnings
over which they contributed to the pension fund over the last 10 years, and workers’ pension fund is
transferred to the insurance company as part of payment with the exception of additional voluntary
contributions and the returns associated to these.22

To gradually roll the new pension system in, workers aged less than 40 at the time the law
entered into effect would be switched to the new mixed system, while those aged 40 or more would
remain in a transition system that retained the unfunded DB nature of the original system. For
workers left in the unfunded DB “transition” system, their pension is determined under the same
rules as the DB part of the workers in the new system, with the difference that they contribute
only to the public pay-as-you-go system with defined benefits based on all of their labor earnings,
and the maximum pension is capped at a higher level to compensate for the fact that they do not
receive a private DC pension. This discontinuity implied that individuals born up until April 1st
1956 remained by default in an unfunded DB system, while individuals born after were assigned the
two-pillar system with individual capitalization. This implied that people born only a few hours
away were exposed to radically different pension systems. There were some exceptions for workers
aged 40 or more that were assigned the mixed system as well: (i) if workers had never had a formal
contract registered with the SSA before the law entered into effect, and (ii) if they voluntarily chose
the new system within a 6-month window after the law entered into effect.

The mixed system remains in place to this day with some minor changes. However, starting in
2014 the government announced a series of policies that could confound effects regarding workers’
responses. For instance, they allowed for reversals in the Article 8 choice once individuals turn 40
and reversals back into the transition system for workers who voluntarily chose the mixed system
despite being born before the cutoff. Later on, the government also announced a plan to allow for
reversals for workers assigned the new mixed system, allowing them to retire under rules similar to
the transition system. This could create incentives to remain employed not due to the incentives
inherent to a privatization with retirement accounts, but due to individuals waiting to see if it is
more convenient to retire under the reversal, or switching from Article 8 into the default option
for low-income workers would essentially result in almost a “de-privatziation” for them. Thus, we
analyze workers’ responses until the year 2013 to truly capture responses to the privatization, and
we analyze the reversal policy of 2017 to understand the effects on income in old age.

The “reversal” reform of 2017 allowed for workers assigned the new mixed system to retire under
the unfunded DB rules of the transition system, as long as they were born up until April 1st 1966.
This law arose as a response to concerns that the privatization could have had a detrimental effect on
pension incomes among some workers in the cohorts around the original privatization discontinuity,
and came to be known as the “Fifty-Somethings Law” (Ley de Cincuentones). This was part of a
broader debate in Latin America about the consequences of pension privatizations that took place

22 For the case of workers who retire due to disabilities and do not have 10 years of contributory history, the available
contributory history is used.
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in the 80s and 90s.23

The procedure for “reversing” to the unfunded DB transition system consisted on an information
campaign to encourage workers to analyze their situation regarding their retirement income. Work-
ers would then have a one year period to schedule a consultation with the Social Security Agency,
which would estimate the subsequent pension income upon retirement in both systems. With this
information, workers could choose to remain in the mixed system or to switch to the transition
unfunded DB system at 90% of the benefits, a decision that is definitive. This involved transferring
their retirement fund to the government, except for any additional voluntary contributions they
may have made, and subsequent social security contributions being destined only to the unfunded
DB government system, with workers receiving an unfunded DB pension upon retirement. This
process was gradually rolled out, with people who were 56 years old or more by April 1st 2016 being
able to go first, being able to choose to reverse between March 2018 and March 2019. Then, this
was followed by aged 53 to 55, and then by those 50 to 52. People younger than 50 by April 1st
2016 were not able to reverse to the transition system rules.

3. Conceptual framework

In this section, we briefly discuss with words a simple conceptual framework for understanding
how privatization of the pension system can affect workers’ behavior and their incomes in old age.
For brevity, we present an intuitive discussion and develop and present a formal model in Appendix
D. This intuitive discussion can be summarized by figure A.3.

Regarding workers’ behavioral responses to a privatization, there are two fundamental elements
to understand. First, the PAYG-only system uses a DB formula to calculate the pension benefits,
where a replacement rate is applied to the average indexed earnings of the last 10 years of employ-
ment. This creates a large number of years during which earnings have no connection to subsequent
pension benefits and social security contributions constitue purely a tax. This creates an incentive
for individuals to report low earnings early on in their careers and to increase their earnings later
on, once they enter their 10-year window prior to retirement. In the mixed system, on the other
hand, a fraction of workers’ social security contributions is transferred into their retirement account
and invested in financial assets, with workers receiving these contributions back in the form of an
annuity. This creates an incentive for workers in the mixed system to report higher earnings early on
in their careers. Thus, the first prediction from this discussion is that we should expect to observe
workers in the mixed system to report higher earnings when young.

The second element to understand is how each system rewards postponing retirement. In the
PAYG-only system, the DB formula produces minor adjustments to the replacement rate for higher
retirement ages, which results in minor increases in pension income as workers postpone retirement.
In the mixed system, on the other hand, the annuity workers receive from their pension fund is highly
responsive to increases in the retirement age, the intuition being that workers are able to accumulate

23 This re-evaluation of privatizations included full-on de-privatizations in Latin American countries like Argentina
and Venezuela, in addition to Eastern European countries such as Romania and Hungary.

12



more in their pension fund and distribute this money over fewer years in retirement. Conversely,
early retirement can be highly penalized by a retirement savings system. These incentives can be
corroborated by the simulations in Appendix A.2. Thus, the second prediction from this discussion
is that we should expect workers in the mixed system to be less likely to retire earlier.

A similar logic can be used to understand how privatization can affect workers’ incomes in old
age. The PAYG-DB formula replaces the average earnings of the last 10 years of employment while
the mixed system relies in part on savings and the returns on investments. Thus, we should expect
the PAYG-DB system to favor steep earnings profiles that peak when workers are in their fifties and
sixties, while the mixed system will favor flatter earnings profiles. This also implies that workers
who are not able to contribute consistently during their early years are also likely to be negatively
impacted by the privatization. In addition, the PAYG-only system has no choice element, whereas
the choice of the Article 8 option in the mixed system can produce a significant increase in pension
income (see Appendix A.2). Thus, we should expect workers with flatter earnings profiles, who
contributed consistently during their early years, and who chose Article 8 to be more likely to
benefit from a privatization.

4. Data

In this section we describe the data sources that we use for our analysis. We combine five
main sources of data: (1) administrative social security records from the SSA, (2) individual-level
micro-data from the 2011 census, (3) administrative income tax records from the Internal Revenue
Service, (4) administrative records from workers’ retirement accounts, and (5) data from the main
labor-force household survey in the country.

4.1 Social security records

Our first main source of data is administrative records from the SSA (Banco de Previsión Social).
These records are matched employer-employee labor histories data constructed from the payroll tax
forms that businesses have to file monthly to submit social security contributions to the SSA. They
cover the universe of formal workers that reported some positive earnings to the SSA at least for
one month from the year 1997 until 2013.24 These records contain monthly information on workers’
gross earnings, hours worked, days worked in the month, firm identifiers, the sector of employment
of the firm, whether the workers are firm owners, among others.25 In addition, these records contain
data on workers’ date of birth at the daily level, which is our running variable that determined the
pension system workers were assigned to. In addition, we have access to another administrative
dataset that contains a random subset of 80,000 observations with information on the date of birth

24 These records do not cover some minor independent pension systems, such as the Military and the Police.
However, these independent systems are marginal, accounting for less than 7% of the workers.

25 The variable of ownership is constructed from a field that indicates whether the worker is an owner, partner,
director, or administrator of the firm. The owner indicator takes the value of one in any of these cases and zero
otherwise.
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and the pension system corresponding to each person. Although these data contain different IDs,
rendering us unable to merge this with the labor histories, we are able to use this information to
estimate a first stage.

We use these labor histories data to construct our main labor market variables. We define a
dummy variable for employment if the worker has positive earnings for a period, and zero otherwise.
Note that this indicator takes the value of zero if the worker is not formally employed for any reason
(for example, if the worker is unemployed, inactive, retired, or informally employed). We define
the total labor earnings as the sum of all income related to labor for the corresponding month,
which includes the regular salary and the 13th salary (paid half in July and half in December) and
additional payments made to the worker after the cessation of the labor relationship.26 Our final
dataset consists of a panel of workers from the year 1997 to the year 2013.

Panel A of table 1 presents summary statistics from the administrative data for workers born
between 1955 and 1957. This encompasses workers born in the year affected by the reform, as well
as those born in the year immediately before and immediately after the cohort after the reform. The
indicator for being employed is an indicator equal to 1 if the worker reported positive earnings in the
given period. The average labor earnings are measured in current Uruguayan Pesos and winsorized
at the 1% and 99% levels to reduce the influence of outliers. Hours worked are the average monthly
hours worked. Days worked in the month are the number of days worked in the month. Public
sector is a dummy variable equal to 1 if the worker is employed in the public administration. High
inf. sector is an indicator equal to 1 if the firm’s sector is categorized as a high informality sector,
which we define in section 4.5.

4.2 Census data

Our second main source of data is individual-level records from the 2011 Population and House-
hold census. The institution in charge of conducting the censuses in Uruguay is the National
Institute of Statistics (Instituto Nacional de Estadística, INE), which is the agency that produces
most statistical information in the country. The census consisted of in-person surveys for all house-
holds in Uruguay, and was conducted between September 1st and December 30th of 2011 (INE,
2012).

The questionnaire contained standard socio-demographic questions, such as age, gender, family
relationships, ethnicity, literacy, educational attainment, and whether the individual is affected
by some disabilities, among others. In addition, the census data collected some information on
labor market participation, including whether the individual is currently employed and, if not,
whether the individual is currently retired. Unfortunately, the census surveys did not collect any
information regarding earnings or whether employment is formally registered. Finally, the census

26 We average earnings, hours worked, and days worked over the last six months of the year to reduce the influence
of occasional noise in reporting and limit the influence of events close to people’s birthdays (such as birthday salary
bonuses or retirement immediately after turning a certain age). Results remain qualitatively and quantitatively very
similar when considering individual months or taking averages over other groups of months. We do not consider the
total labor earnings made in the year because that number would mix extensive margin and intensive margin labor
supply.
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data also contains information on the individual’s date of birth at the monthly level, which is our
main running variable for the analysis using this data. Our final dataset consists of a cross-section
of individuals surveyed during 2011.

Panel B of table 1 presents summary statistics from the census data for individuals born between
1955 and 1957. Again, this encompasses workers born in the year affected by the reform, as well as
those born in the year immediately before and immediately after the cohort affected by the reform.
About 67.6% of individuals report being employed while 16.2% report being retired. About 5.7%
report experiencing some disability (defined as having at least moderate difficulties with eyesight,
hearing, motor functions, or cognitive ability). We also report summary statistics for an indicator
of being married, having completed college, being female, having at least one child, and an index of
socioeconomic status (normalized to have mean zero and standard deviation of one). We construct
the index of socioeconomic status using principal component analysis on several characteristics,
such as whether the individual owns their home, has completed a college degree, and owns several
appliances (television sets, a mobile phone, a personal computer, cars, a clothes drying machine),
and has access to an internet connection (see appendix section G for details).

4.3 Income tax data

Our third main source of data is individual-level administrative records from the Internal Rev-
enue Service (Dirección General Impositiva, IRS). These records consist of income tax returns for
the entire population for the period 2009 to 2016. This dataset includes all income from the main
formal sources, including any labor earnings and pension income. However, these records do not
contain the exact dates of birth, only the year of birth. To obtain a date of birth at the daily level,
we merge this dataset with an auxiliary dataset from the SSA that merges the identifiers from the
income tax data with the ones from the SSA for a subset of the observations.27 This yields a match
for 53% of the income tax filers born in the years 1955 to 1957. Although this is not a random
sample of income tax returns, the matched observations seem to bear no relation to the reform,
since we do not observe any difference in densities around the cutoff (see figure C.13).

We construct an indicator of being employed in a given year if the worker reports any positive
labor earnings in a given year. We then create an indicator of being retired if the worker reports any
positive pension income in a given year. We winsorize all variables at the 1 and 99 percent to reduce
the influence of outliers and deflate monetary values to 2009 Uruguayan pesos using the yearly CPI.
We construct total income as the sum of labor earnings and pension income, including zeroes. In
addition, we construct an indicator of whether the person’s total income is below the national
poverty line for Montevideo, calculated as twelve times the monthly poverty line in December for
each year.

Panel C of table 1 reports summary statistics for individuals born between 1955 and 1957.

27 To appear in this auxiliary SSA dataset, an individual must have created the right to a dependent to access
some social security benefit. The most common case is the provision of health insurance from formal workers to other
members of the household, typically their children. However, other programs are also included, such as conditional
cash transfers.
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Again, this comprises workers born in the year affected by the reform, as well as those born in the
year after and the year before. In a given year, about 69% of workers were employed and about 21%
were retired. Total labor earnings are UR$302,116 on average, and the average pension income is
about 31,537. On average, total yearly income is below the poverty line for 38.7% of the individuals.

4.4 Retirement accounts data

Our fourth main source of data is individual-level administrative records from workers’ retire-
ment accounts, obtained from the four pension funds in the country. These records consist on
monthly retirement accounts reports for the period 1997 to 2022, for workers born in 1960 and 1961
(the first cohort allowed to reverse to the unfunded DB system, as well as those born on the year af-
ter). These records are maintained by the pension funds to keep track of workers’ monthly balance,
contributions made, and the opening and closing of accounts. These records are not merged to the
administrative social security or tax records, since they are proprietary data from the pension funds
and have different identification numbers.

For each worker, we observe the opening and closing date of the retirement account, which we
use to construct an indicator equal to 1 if the account was active by March of 2019 (the last month
in which the 1960 cohort was allowed to reverse back to the unfunded DB system). In addition,
we also observe some basic demographics, such as whether the worker is female and foreign born.
We also observe whether the worker opted in for the Article 8 option and, if so, in which year they
did. Panel D of table 1 presents summary statistics for the retirement accounts data. About 72.9%
of accounts were active by March of 2019, with 53.6% of the sample being female and about 5.8%
being foreign born. About 91% of workers in the sample opted for Article 8, and the average worker
who opted for Article 8 did so in the year 1998 and the median in 1996.

4.5 Labor force household survey

Our final main source of data is individual-level records from the main household survey in
Uruguay, the Continuous Household Survey (Encuesta Continua de Hogares, ECH). This survey is
also conducted by the National Institute of Statistics, and constitutes the main source of information
regarding the labor market, education, and health in the country. The ECH is a nationally repre-
sentative household survey conducted in accordance with international standards, and it consists of
repeated cross-sections at the quarterly level.

Although the ECH collects important labor market information that would be interesting to
analyze, such as whether the individual is informally employed, it does not collect information
regarding the respondent’s date of birth and the sample size would be too small to feasibly conduct
Regression Discontinuity analyses. Thus, we use the ECH to construct complementary measures of
informality at the sector level that we then relate to the administrative data. The ECH contains
a standard question used in Latin American household surveys to determine whether the worker is
informally employed, which is whether the worker is contributing to a pension system. Workers who
report they do not contribute to any pension system are considered informal. In addition, starting
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in 2006 the ECH introduced a novel follow-up question to determine whether workers underreport
their salaried earnings to the tax and social security authorities.28 This question was included
specifically to capture non-compliance with taxes and social security contributions. We categorize
workers who report they do not contribute based on their total earnings as underreporting. We use
the survey wave closest to the 1996 reform that contained these informality questions, which is the
2006 wave.

For each sector, we calculate the proportion of workers that are informal and the proportion
of formal workers that underreport earnings for social security contributions and taxes. We then
construct an index of informality by conducting a principal component analysis of both proportions.
The results from this exercise can be found in table B.3. We categorize as “high informality sectors”
as those that have an above median index of informality (agriculture, commerce, administrative sup-
port services, hotels and restaurants, construction, other services, and home services). In addition,
we use the household survey to calculate several auxiliary measures included in the appendix that
will help us understand some of the empirical analysis that uses administrative records.

5. Econometric strategy

The cohort-based nature of the reforms provide an ideal setting for a Regression Discontinuity
Design (RDD). Intuitively, this method estimates the effect of being assigned the new mixed system
by comparing people born a few days after April 1st 1956 to those born a few days before. For the
reversal policy of 2017, we compare individuals born a few days after April 1st 1960 to those born
a few days before. We present standard RDD plots estimating regressions of the form:

Yi = α + β1{DOBi > c} + f(DOBi) + εi (1)

where Yi represents any of our outcomes of interest (employment, earnings, days worked, hours
worked, etc) for individual i, DOBi is the individual’s date of birth (at the daily level), c is the
cutoff date of birth (April 1st 1956 for the original privatization and April 1st 1960 for the reversal
policy), and f(DOBi) is a polynomial of the date of birth. Given that individuals born after the
cutoff date of birth were assigned the new mixed system, the coefficient β measures the Intention-
to-Treat (ITT) effect of being switched from the unfunded DB government system to the mixed
system that includes a capitalization element. In our baseline specifications, we estimate several
RD specifications pooling years together for additional power and to make the plots more tractable,
and we present individual plots for each year as a robustness check in the appendix.29

Given that our running variable is discrete, usual extrapolation methods involving polynomials in
RDDs are problematic because the standard smoothness assumptions do not hold, creating problems
for interpreting the coefficient and conducting inference (Kolesár and Rothe, 2018). Thus, we use

28 The question can be translated into “Do you contribute to your pension based on the total amount of earnings
from this job?”.

29 The yearly individual RD plots for the main results are shown in appendix section F.
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the Local Randomization approach (as recommended by Cattaneo et al., 2019) as a baseline and use
the continuity-based approach as a robustness check. Intuitively, this method assumes that units
whose value of the running variable lies within a small window around the cutoff can be analyzed
as if they had been randomly assigned to treatment and control, instead of relying on extrapolation
techniques based on estimated polynomials. The estimated effect consists of a simple difference in
means between units above the cutoff and units below the cutoff, restricting to observations within a
window of the cutoff. We present baseline estimations with SSA data using a window from March 22
to April 12 (11-day window around the cutoff), which guarantees about 2,000 observations around
the cutoff, and show that our results are robust to several alternative windows and to standard
continuity-based approach. When using income tax data, given that we only have about 50% of the
sample, we double the baseline window to 22 days around the cutoff, and show results are robust
to other windows and a continuity-based approach. When pooling years together, we include year
fixed effects and cluster standard errors at the worker level. When using census data, since the date
of birth is at the month level, we calculate coefficients using the smallest window possible, which
is one month. Thus, coefficients calculated using census data compare individuals born on April to
individuals born on March.30

Figure 1 shows an empirical first stage of being in the new mixed system using the random
subset of data for which we have information about their pension system. There is a substantial
discontinuity at the cutoff date of birth, with an RD coefficient of 0.841, indicating perfect compli-
ance among individuals born after the cutoff date of birth.31 Among the individuals that were left
by default in the unfunded DB system, there is about a 20% of them that are in the new mixed
system. This is primarily driven by individuals who chose it voluntarily within the 6-month period
after the reform, while a lower share was assigned the new system because they had not had a
formal contract registered with the SSA prior to the reform. Since we cannot merge the subsample
of pension variables to our main sample of labor market variables, we present ITT estimates and
use this first stage as informative of the degree to which the cohort-based discontinuity actually
affected the pension system for workers.

6. Employment and earnings trajectories

In this section, we analyze workers’ responses to the pension reform using the Regression Dis-
continuity methodology described in section 5. We begin by analyzing the effect of being assigned
the new system on the probability of being employed in a given period. Then, we analyze the effect
of being assigned the new pension system on the total reported earnings for a given period.

30 Note that the cutoff date of birth for being assigned the new system was the second day of April. This implies
that comparisons of individuals born on April to those born on March imply some units that we count as being in the
mixed system actually remained by default in the unfunded DB system (those born on April 1st). Thus, although
the influence of only one day is likely to be minimal, our results using census data should be interpreted as a lower
bound of the true ITT.

31 This number is remarkably similar to the share of “passive savers” from Chetty et al. (2014), also being suggestive
of the effect of default options.
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6.1 Employment responses

In this section, we analyze employment responses by estimating equation 1 with the dependent
variable being an indicator of whether the worker is employed. To analyze the dynamics of the
effect over time, we estimate a different RD coefficient for each group of years in our sample, which
goes from 1997 to 2013.

Figure 2 shows the RD plots for the probability of being employed for a 60-day window around
the cutoff date of birth. Each panel represents a different group of years. RD coefficients and
p-values are calculated using an 11-day window around the cutoff. A summary of this exercise is
shown in a time series plot of RD coefficients and confidence intervals in panel (a) of figure 5. There
is no significant difference for observations around the cutoff for the first 15 years, while significant
differences arise as workers draw closer to retirement. Specifically, workers in the new mixed system
are almost 5 percentage points more likely to be formally employed in the 2012 and 2013 (when
they are 57 years old). Thus, it seems that the introduction of capitalization induced workers to
remain employed closer to the retirement age.

We complement these findings that use administrative data using complementary information
from the 2011 census. Importantly, the census data has the advantages of actively asking workers
whether they are retired and of covering any type of employment, including informality (although
individuals were not asked whether they were formally or informally employed). Since the date
of birth information from the census is at the monthly level, we show RD plots within a 6-month
window around the cutoff and calculate the RD coefficient as the average difference between indi-
viduals born on April and those born on March of 1956.32 Panel (a) of figure 3 shows the results
from this exercise for the probability of being employed in 2011, indicating that individuals in the
new system are 2.2 percentage points more likely to be employed.33 Panel (b) indicates that this is
in large part due to a lower probability of having retired. Specifically, workers in the new system are
2 percentage points less likely to report being retired. This is consistent with the simple conceptual
framework from section D, given that capitalization systems tend to create incentives to postpone
retirement (since this implies an increase in the accumulated funds and these are spread over less
time periods).

We then explore heterogeneity of the effect using characteristics available in census data. The
results from this exercise can be found in table 2. In columns 1 through 4 the dependent variable is
an indicator of being employed and in columns 5 through 8 the dependent variable is an indicator of
being retired. Columns 1 and 5 present the baseline RD coefficients presented in figure 3. Columns
2 and 6 interact the indicator of the mixed system with a dummy variable for having an above

32 Results using census records should be interpreted as lower bounds of the true effects of interest, since some
workers that appear in census data may belong to smaller independent pension systems that were not privatized.
For instance, the Military and the Police have their own pension systems that were not subject to the privatization.
However, these alternative systems are small relative to the main system run by the SSA (accounting for less than 5
percent of workers), and if workers in one of these alternative systems ever worked occupations covered by the SSA,
then they would be affected by the cohort-based discontinuity.

33 Note that the census data covers both formal and informal employment, thus the effects found on census data
and administrative data could be slightly different.
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median socioeconomic status index. In both cases, the effect of being assigned the mixed system is
canceled out for individuals with higher socioeconomic status, indicating that the reform induced
individuals with lower socioeconomic status to remain employed and postpone retirement.

The largest heterogeneity is of the effect is driven by whether the individual experiences some
mild disability, reported in columns 3 and 7. The census survey asks individuals if they are ex-
periencing any degree of difficulty along four categories: (i) eyesight, (ii) hearing, (iii) physical
movement, and (iv) cognitive. Respondents can answer in four degrees: no difficulties whatsoever,
minor difficulties, moderate difficulties, and complete inability. We categorize individuals as expe-
riencing some disability if they report having at least moderate difficulties in at least one category.
The effect is much larger for individuals experiencing some disability, who are an additional 10 per-
centage points more likely to be employed and almost 11 percentage points less likely to be retired.
Panels (c) and (d) of Figure 3 presents the results separating individuals with some disability (in
red) and those with no disabilities (in blue), while panels (e) and (f) do so separating individuals
by above median SES (in red) and below median SES (in blue).

It is worth noting that the disabilities listed in the census are unlikely to qualify for permanent
retirement due to disability. In order to qualify, the law in Uruguay requires individuals to be
deemed completely unable to perform any job.34 Thus, this result on early retirement potentially
reflects choices of early retirement under regular pension rules. In such cases, early retirement in
the mixed system can imply a substantial drop in pension wealth, since it implies cutting short the
accumulation in the pension fund and dividing its amount over a larger number of years. Thus,
these results are indicative of the “marginal” worker that responds to the incentives to postpone
retirement inherent to a pension system that involves capitalization. Given how low socioeconomic
status and experiencing some disability are significant predictors of early retirement, our takeaway
from the employment and retirement response is that the privatization induced a postponing of
retirement among workers who often tend to retire earlier.

A potential concern for interpreting heterogeneity in the results in the census is that some
individuals born before the cutoff are in the new mixed system (if they never had a formal contract
before or if they chose it voluntarily within 6 months of the reform). If being in the new mixed system
is correlated with socioeconomic status or having a disability, then it could bias the heterogeneity
coefficient. For example, if a large share of high SES workers born before the cutoff voluntarily
chose the new system, then the interaction coefficient between the ITT and high SES would be
lower simply because the high SES workers in the control group are actually in the new system.
However, note that this effect is bounded. Given the empirical first stage that we document in
figure 1, about 18% of workers born in the month before the cutoff are in the mixed system. Thus,
assuming the worst case scenario in which everyone who is in the new system before the cutoff is
high SES, this can only bring down the coefficient by about 36% (18 divided by 50). A similar logic

34 For the cases of retirement due to complete disability, workers in the unfunded DB system have their benefits
being funded through payroll taxes on active workers. For the case of workers in the new mixed system, the DB part
of the pension is determined as in the transition system, while the DC private part of the pension is covered in part
by mandatory insurance the pension funds have to purchase and the capitalized funds can be provided either as an
annuity or be completely withdrawn from the account upon retirement.
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applies to the coefficient on having a disability: the extent to which the effect can be amplified or
attenuated is limited.

6.2 Earnings responses

In this section we analyze earnings responses by estimating equation 1 with the dependent
variable being the log of total labor earnings reported in the period. Again, to analyze the dynamics
of the effect over time, we estimate a different RD coefficient for each group of years in our sample,
which goes from 1997 to 2013.

Figure 4 shows the RD plots for the natural logarithm of the monthly salary for a 60-day
window around the cutoff date of birth. Each panel represents a different group of years. Again,
RD coefficients and p-values are calculated using an 11-day window around the cutoff. A summary
of this exercise is shown in a time series plot of RD coefficients and confidence intervals in panel (b)
of figure 5. Notably, workers in the new mixed system report significantly higher earnings in the
first few years after the reform, and this difference shrinks over time as years go by. Specifically,
workers in the new system report salaries about 20% higher in the year immediately after the reform
entered into effect, a difference that persists with for several years until it is no longer significant
by the years 2012 and 2013. This is reflected in Panel A of table 3.

This increase in earnings is consistent with our simple conceptual framework from section D,
since capitalization creates incentives to increase labor earnings early on compared to an unfunded
DB system. For the workers in the new system a fraction of their contributions are deposited
into their retirement accounts, whereas for the workers in the unfunded DB system the pension is
determined only by their last 10 years of labor earnings. Thus, at the time of the reform, when
workers are 40 years old, contributions for workers in the unfunded DB system are potentially
perceived purely as a tax, whereas the link between contributions and eventual pension benefits is
tighter for workers in the new mixed system.

We then turn to analyze whether this increase in earnings is a real response or a reduction
of underreporting of income. Income underreporting in Uruguay is widespread: data from house-
hold surveys indicate that over 10% of formal workers admit to underreporting their income for
tax purposes (Bergolo and Cruces, 2014). Given that the new system created a stronger link be-
tween contributions and eventual pension benefits, it is plausible that it could have affected income
reporting decisions among workers. Although it is challenging to evaluate effects on income under-
reporting using administrative data (given that underreporting is, by definition, unobserved), we
explore several complementary pieces of evidence to attempt to understand the degree to which less
underreporting of income is driving the increase in earnings.

We begin by analyzing the effect of being assigned the new mixed system on the number of days
and hours worked, which we interpret as a measure of “real” effort. If workers are reporting higher
wages because they are effectively working more, we should expect them to also be working more
days and hours.35 Panel (a) of figure 6 shows the time series plot of RD coefficients for the days

35 In appendix section H we show that days and hours worked are significant predictors of earnings, exploiting
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worked per month and panel (b) does so for monthly hours worked. Notably, there is no significant
difference in days or hours worked across both workers. Thus, during the years that workers in the
new system are reporting significantly higher earnings they report similar days and hours worked.
This is consistent with lower underreporting of earnings driving the increase in earnings for workers
in the new system.

We then analyze the effect on reported earnings for workers in the public sector, where income
underreporting is virtually non-existent, compared to the effect for private-sector workers discussed
above. Panel (c) of figure 6 compares the time-series plot of RD coefficients for reported earnings
in the private sector (in black) to the coefficients for public-sector workers (in orange). Notably,
there is no significant effect in any time period for public-sector workers, who are unlikely to be
underreporting their labor earnings. This is reflected in Panel B of table 3. Thus, this is also
consistent with lower underreporting of earnings driving the increase in earnings for workers in the
new system.

We then analyze the effect on reported earnings depending on the level of informality at the
sector-level. Using the main household survey in the country, we construct two measures of infor-
mality at the sector level: (i) the proportion of workers that report not contributing to the pension
system (which is a standard indicator of unregistered employment in Latin America, see Tornarolli
et al., 2014), and (ii) the proportion of workers who admit to underreporting income in their con-
tributions (reported in columns 1 and 2 of table B.3). We conduct a Principal Component Analysis
of these two measures to construct an index of informality at the sector level, which is reported in
column 3 of table B.3. We report the time series of RD coefficients in panel (d) of figure 6, where
red coefficients correspond to high informality sectors and blue coefficients correspond to low infor-
mality sectors. Notably, the effect on reported earnings comes almost exclusively from sectors with
higher levels of informality. This is reflected in Panel C of table 3.36 This finding is also consistent
with lower underreporting of earnings driving the higher earnings for workers in the new system.

We then analyze the effect for firm owners and self-employed workers compared to employees.
The literature has established that self-employed workers are more responsive to incentives in tax
schedules, and these responses are presumed to be due to underreporting of earnings (Saez, 2010).
We exploit that the administrative records indicate whether the worker is an owner or an employee,
and we present the time-series plot of RD coefficients separately for each group in panel (e) figure 6.
Red coefficients correspond to firm owners and the self-employed while blue coefficients correspond
to employees. Even though there are power limitations in this analysis, it is notable that the increase
in reported labor earnings is substantially higher for firm-owners and self-employed workers. This
is reflected in Panel D of table 3. Given that owners and self-employed workers are typically more
able to conceal their income, this is also consistent with lower underreporting of earnings driving
the increase in earnings for workers in the new system.

Finally, we provide some exploratory discussion as to why the increase on reported earnings

variation both across and within workers.
36 Appendix figure C.7 shows the time series plot for high and low informality sectors using employees only, indi-

cating that the increase in reported earnings from employees is also driven by high informality sectors.
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seemingly fades over time. The first factor could be that, given that normal retirement ages range
between late fifties and mid sixties, as workers enter their fifties, the ones that remained in the
unfunded DB system enter their 10-year window during which their earnings history determines
their pension benefits, creating incentives to increase reported earnings. Indeed, Dean et al. (2022)
use a random subset of administrative data and find that once self-employed workers and employees
in small firms enter their fifties there is an increase in reported earnings, consistent with the fact
that workers that enter their 10-year window reduce the amount they underreport for social security
contributions. Thus, it seems plausible that one of the factors that drive the fade-out of the increase
in reported earnings.

Second, starting in 2005, the government reintroduced collective bargaining in wage-setting,
which implied less flexibility to set individual wages. Collective bargaining had been a staple of wage-
setting in Uruguay until the military dictatorship of 1973-1985 eliminated it, and the democratic
governments in the 1990s and early 2000s did not reinstate it. In 2005, the newly-elected center-
left coalition gradually reintroduced collective bargaining for workers in various sectors (Mazzuchi,
2009). This, in turn, implied less flexibility for individual workers to be able to negotiate for their
own wages, which potentially explains part of the fade-out in the increase in reported earnings.

Third, the spread of income underreporting for social security contributions measured through
household surveys has seen a steady decline across-the-board during the sample period. Figure C.11
shows a time series plot of the proportion of survey respondents that admit to underreporting their
income for the purposes of social security contributions. Notably, the proportion of workers that
admit their income is underreported falls from around 10% to about 6.9%. This aggregate trend
could be due to a variety of factors, in part related to the privatization of the pension system, but
also the introduction of the income tax and an increase in enforcement efforts (Bergolo et al., 2021),
in addition to the country having experienced a period of strong sustained growth and reduction of
overall informality.

Finally, there is non-random selection among those who remain employed or retire early. As dis-
cussed in the previous section, individuals with lower socioeconomic status and with mild disabilities
are more likely to remain employed and not retire early due to the reform. Thus, it is plausible that
some of the individuals in the mixed system who remain employed later on are actually producing
lower earnings.

6.3 Robustness checks

In this section, we present several robustness checks to validate our empirical strategy. The first
concern that typically arises with Regression Discontinuity Designs is whether individuals are able
to manipulate the running variable, since that could potentially induce sample selection bias. In
our specific setting, this manipulation would involve workers born after the cutoff date of birth (and
therefore assigned to the new mixed system) changing their date of birth to an earlier date before
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the cutoff.37 If this selection was not random, it could introduce a bias that would drive our results.
For example, if low-earnings individuals assigned the new mixed system decided to switch their date
of birth so as to remain in the unfunded-DB system, that could create patterns of earnings like the
ones we observe.

Fortunately for our empirical strategy, workers were not able to modify their dates of birth.
Dates of birth in the data are taken from social security records based on workers’ birth certificates.
Panel (a) of figure C.1 shows a frequency histogram of observations within a 60-day window of the
cutoff date of birth. There are no significant visual indications of bunching at dates of birth below
the cutoff. This is further reflected in panel (b), which shows the results of a manipulation test
based on local polynomials from Cattaneo et al. (2020). The p-value for the null hypothesis of no
manipulation is 0.55, well above conventional significance levels. Thus, it seems implausible that
sample selection via manipulation of the running variable is driving our results.

Another potential concern for our analysis is whether the date of birth chosen as cutoff by the
government was set at a specific value where individuals who differ significantly in unobservable
characteristics were left on each side, particularly considering that individuals born at different
points within the year often have different outcomes later in life (Buckles and Hungerman, 2013).
In our specific setting, this could drive our results if, for instance, the cutoff date of birth was set
at a value such that higher-earning individuals were assigned the new mixed system. However, that
was not the case: the cohort-based discontinuity for the social security system was introduced for
the first time in the 1996 reform and it was not related to any characteristics of the individuals
born around that time (Forteza and Rossi, 2018).

Unfortunately, we do not have information on labor earnings and employment rates prior to
1996 so as to be able to show pre-reform balance between the two groups. This is because the labor
histories records were constructed specifically as part of the 1995 law that privatized the system.
However, we can conduct placebo checks that individuals born at the same date but in different years
show different employment and earnings. We conduct such placebo tests for individuals born in the
year before (1955) and the year after (1957) the cohort that was affected by the reform.38 We find
no significant patterns of differential behavior for these placebo cohorts in employment rates from
administrative data labor earnings (panels (a) and (b) of figure C.8, respectively), or employment
rates and retirement rates from census data (panels (c) and (d) of figure C.8, respectively).39 In
addition, we find a perfect balance of observable characteristics using census data across several
variables, such as being married, having completed a college education, having any children, having
some disability, socioeconomic status, and being female (table B.2). We interpret this as additional
evidence that the RD coefficients estimated for the treated cohort reflect the effect of the reform
and not some underlying characteristics inherent to individuals born around the cutoff date of birth
set by the government.

37 Changing the date of birth for individuals born up until the cutoff would not be necessary, since these individuals
were free to choose the new mixed system voluntarily in the 6 months following the reform.

38 Note that individuals born in the year before the treated cohort were all left in the unfunded-DB only system by
default, while individuals born in the year after the treated cohort were all assigned the new mixed system.

39 The individual RD plots for each of the placebos can be found in appendix section E.
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We also show that our results are robust to alternative windows around the cutoff and to standard
continuity-based regression discontinuity. Intuitively, the standard way for selecting a window
when using the local randomization approach is to select it in a way such that pre-determined
observables remain balanced across both groups around the cutoff, which would suggest balance on
unobservables. However, the lack of pre-reform data precludes us from optimally determining the
window in our case. When we perform this process using the rdwinselect routine from Cattaneo
et al. (2016) using indicators for gender and foreign-born, which are likely to be unaffected by the
reform, we find balance around all windows around the cutoff. However, we choose to focus on
narrow windows out of concerns that individuals born in different times of the year tend to show
different outcomes (e.g. Buckles and Hungerman, 2013).40 Thus, we show that our results do
not change when considering slightly different windows around the cutoff. Panel (a) of figure C.9
compares the baseline estimates using alternative windows for the probability of being employed
and panel (b) does so for reported labor earnings. To keep the plots tractable, we present two
alternative windows: estimates using an 8-day window (in blue) and using a 14-day window (in
green), but results remain similar when considering several alternative windows. In both cases, the
baseline estimates are very similar to estimates using alternative specifications. We also conduct a
standard continuity-based regression discontinuity fitting a quadratic polynomial, the estimates of
which are shown in purple, and find very similar results.

Another potential concern is that contributions for the workers left in the default transition
system comprise all of their labor earnings, whereas for workers in the mixed system contributions
beyond a ceiling are voluntary. Thus, an increase in wages for workers in the mixed system could
arise simply as a response to a ceiling in the schedule of contributions. This concern is minor for
several reasons: (i) the ceiling for mandatory contributions is very high, located at about the 98th
percentile of the wage distribution; (ii) we top code earnings at the 99 percent, which reduces the
influence that some high values can have in our estimation; and (iii) some workers get deductions
on earnings beyond the third threshold, that they can then choose to either leave in their retirement
fund or get reimbursed for (for example, workers with multiple jobs and total earnings above the
ceiling). To further alleviate this concern, we estimate the main effect on earnings while dropping
all workers with earnings above the ceiling. Note that this is an overly-conservative estimate, since
workers can contribute voluntarily above the ceiling. The results from this exercise can be found in
appendix figure figure C.10, which shows similar results using the full sample or dropping workers
with earnings above the ceiling.

7. Income in old age

In this section we analyze the effect of the reform on income and poverty in early old age, in
addition to the decision to reverse to the unfunded DB system, applying the regression discontinuity

40 Indeed, figure C.12 shows that college completion rates vary significantly by month of birth, being significantly
lower for individuals born during the winter, which resonates with findings in the United States (Buckles and Hunger-
man, 2013) and can potentially explain some of the slopes we find in the RD plots.
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methodologies described in section 5. The analysis on income in old age presents a series of challenges
that are important to bear in mind. First, ideally more time would have passed since the reform.
As of 2022, workers in the key privatization cohort are 66 years old, which implies that potentially
many of them remain active in the labor market and not living off a pension. Adding to this is the
fact that additional data that could be particularly useful, such as a census, is unavailable aside
income tax returns up until 2016. Second, compensation policies started in 2014, and particularly
the reversal options sanctioned in 2017, can confound the effects. Intuitively, if the reform created
winners and losers, and the losers were compensated, this might bias the “reform” side of the
discontinuity towards better outcomes, but this would not be due to the beneficial effects of the
reform but rather due to losers being compensated. In addition, allowing reversals in the Article
8 choice that the 2014 law allowed and the communication of a future compensation policy could
also induce differential responses from workers. Third, there are differences in labor supply across
groups that we documented in the previous section and can drive differences in incomes in early old
age.

With these caveats in mind, we first study the total income in old age across the original
privatization discontinuity, that is, people born within a few days from the April 1st 1956 cutoff.
This analysis can shed light on how income in old early old age varies across the two systems
until workers are 60, prior to the reversals, accounting for potential differences in labor supply and
pension income. Then we analyze the decision to reverse to the unfunded DB system, we analyze
the closing of retirement accounts around the cutoff for the first cohort allowed to reverse, that is,
people born within a few days from the April 1st 1960 cutoff. This analysis can shed light as a
measure of “revealed preference” for the non-privatized unfunded DB system.

7.1 Income and poverty in early old age

In this section, we analyze the effect of the reform on income and poverty rates in early old age,
from the ages of 53 to 60. This encompasses the years 2009 through 2016, prior to the reversal
policy sanctioned in 2017. We begin by showing that retirement rates post-2013 converge to more
similar levels. Figure 7 shows the RD plots for the probability of being employed and figure 8 for the
probability of being retired. Panel (a) of figure 11 shows the time series plot of RD coefficients for
being employed and panel (b) for the probability of being retired, indicating that workers assigned
the mixed system are significantly less likely to be retired in the early years from 2009 to 2013,
consistent with our findings from the previous section. By the year 2014, these differences are
smaller and we cannot reject equality of retirement rates.

We then proceed to analyze how total income in old age differs across workers in the two
systems. We calculate the total income as any pension income plus any labor earnings income,
including zeroes. This measure of income represents the total income that workers have in early
old age, which can reflect differences in both labor supply behavior and potential differences in
pension income. Figure 9 shows several RD plots for the total income in early old age, none of them
showing significant discontinuities around the cutoff. Panel (b) of figure 11 shows a time series plot
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of RD coefficients with confidence intervals. Overall, we do not find significant differences in total
income in early old age: RD coefficients are small, and despite power limitations we are able to
reject changes in total yearly income of a few thousand Uruguayan pesos, relative to averages of
over two hundred thousand pesos.

We then analyze how poverty rates differ across workers in the two systems. For this exercise, we
annualize the monthly individual national poverty line for the city of Montevideo (the capital in the
country), multiplying the December value by twelve. We then create an indicator equal to 1 if the
workers total income, measured as any pension income and labor earnings, is below this annualized
poverty line. Figure 10 shows several RD plots for the probability of total income being below
the annualized poverty line, with none indicating significant discontinuities around the threshold.
Panel (d) of figure 11 shows a time series plot of RD coefficients with confidence intervals. Although
coefficients are typically negative, we do not find statistically significant differences in the likelihood
of total income in early old age being below the poverty line.

Results in this section indicate that workers across both systems have similar total incomes and
are similarly likely to be below the poverty line, although minor differences the probability of being
retired persist. This could imply that workers in the mixed system are slightly more likely to be
working for a similar income that workers in the unfunded DB system are able to get through a
pension. However, even though retirement rates are more similar towards the end of the sample
period, retirement rates are below 50% by 2016, and compositional effects regarding labor supply
could drive similarities in total income. For instance, it could be that workers who lost pension
income with the reform keep on postponing retirement while those who gained pension income are
able to retire earlier. It could also be that some workers who potentially gained pension income
with the reform could be postponing retirement due to the incentives that increasing the annuity
from the pension fund generates. Thus, we interpret findings in this section as not documenting
stark patterns that lead to strong conclusions about the incomes of workers in early old age.41

7.2 Revealed preferences from 2017 reversal policy

In this section, we analyze the reversal policy of 2017 to analyze a “revealed preference” measure
for the new mixed system using the regression discontinuity methodology described in section 5.
We leverage the fact that individuals born up until April 1st of 1960 were allowed to reverse to the
unfunded DB system during the period of March 2018 to March 2019. If they choose to do so, they
transfer their pension fund to the government and contribute only to the public unfunded system
until they retire, upon which they receive a DB pension from the government. This implies that
their retirement account has to be closed after choosing to reverse.

We begin by analyzing whether people took up this reversal option, measured by whether their
retirement account was still active by March of 2019, which is the last month this cohort had to
choose whether to reverse or not. Panel (a) of figure 12 presents the RD plot for the probability

41 For instance, if we saw workers in the new system being more likely to be under poverty, this could be indicative
of detrimental effects of the privatization, since workers would be more likely to be working and to be below the
poverty line.
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of the retirement account being active for a window of 120 days around the cutoff date of birth.42

Notably, there is a significant reduction in the probability of the account being active: workers
allowed to reverse are 9.3 percentage points less likely to have an open retirement account, and this
effect is highly statistically significant. Given that about 80% of retirement accounts in the control
group are active by March 2019, this 9.3 percentage point drop implies an 11.6% reduction in the
probability of remaining in the mixed system.

Even though the majority of workers do not reverse back to the unfunded DB system, stayers
should not be interpreted as strictly winners from the reform. For instance, the literature has
established that default effects play a significant role in individuals’ choices, in the sense that people
are likely to remain within default options assigned to them and not actively choose alternatives
(Madrian and Shea, 2001; Carroll et al., 2009). This could imply that some workers who lost pension
income from the reform do not switch, even if it could be profitable for them. In addition, reversing
to the unfunded DB system did not imply getting a pension exactly at the level of the transition
system, but rather at 90% of the benefits from it. Thus, workers with small estimated losses from
the privatization may not switch simply because these losses do not amount to a reduction of over
10% relative to the transition system. Thus, our interpretation is not of switchers as losers from the
reform and stayers as winners, but rather as switchers representing workers whose pension income
was significantly reduced by the privatization.

Although the pension fund records are not merged with the labor histories data, which precludes
from pinpointing exactly the people who lost pension income, we are able to conduct a series of
additional analyses to understand who the switchers are. The first source of heterogeneity that we
analyze is the choice of the Article 8 option, which allows workers to contribute to their retirement
account even below the initial threshold. Under this option, workers evenly divide their contributions
between their retirement fund and the public unfunded DB system on earnings below the threshold.
This reduces the subsequent government pension and increases the retirement savings component.
However, the salary for the government pension calculation drops by 25% and not by 50%, which
implies a subsidy for this option. Given the formulas and the evolution of returns over time, the
choice of Article 8 can result significantly profitable for workers with low and middle earnings, with
gains in pension income of around 10% depending on the case (Forteza and Rossi, 2018).

Panel (a) of figure 13 shows the RD plot separately by individuals who chose Article 8 (in red)
and those who did not (in blue). It is evident that the choice to reverse is significantly greater among
workers who did not choose the Article 8 option, who are 23 percentage points less likely to have an
open account if they are allowed to reverse. However, individuals who did choose Article 8 are still
significantly likely to reverse, at a reduction of about 7.5 percentage points in active account rates.
This finding suggests that individuals who do not optimally choose the most profitable retirement
savings options within a funded pension system are likely to face detrimental effects on their pension
income. This, in turn, can raise issues regarding how differences in degrees of financial literacy can
determine winners and losers from a privatization.

42 In appendix table B.4, we show that observable characteristics are balanced around the cutoff.
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We then separately analyze the effect for public sector and private sector workers, a distinction
that does appear in the retirement fund records. Panel (b) of figure 13 shows the RD plot separately
for private sector workers (in black) and public sector workers (in orange). Notably, the reduction
in the probability of having an active account among those allowed to reverse is significantly greater
for public sector workers, who are 12.7 percentage points less likely to remain in the mixed system,
while the reduction for private sector workers is of about 7.9 percentage points. Although public
and private sector workers differ in many regards (e.g. public sector wages are typically significantly
larger), this difference in reversal rates can potentially be explained by the stark differences age-
earnings profiles across the two sectors. Appendix figure C.16 shows age-earnings profiles for public
and private sector workers separately using household survey data. These estimates show that,
while private sector workers’ earnings often peak in their forties, public sector workers often face
much steeper age-earnings profiles, with significant peaks in their fifties that can persist into their
sixties. Thus, even though public sector workers have higher salaries that can allow them to achieve
significant retirement savings, the steepness of their age-earnings profile with a peak in their fifties
can imply that the DB formulas that apply a replacement rate to the last few years of earnings
history from the purely unfunded system can yield significantly higher pension incomes. Thus, we
interpret this finding as indicative that workers with steep age-earnings profiles can face detrimental
consequences in their pension income from a privatization.

We then analyze the effect depending on the profile of contributions throughout workers’ careers
in relation to the returns to the pension funds’ investments. The evolution of the interest rate on
the pension funds over time can be found in appendix figure C.18. The privatized system initially
experienced significantly high returns during its early years, with real interest rates consistently
around 10% a year. These returns spiked during the 2002 financial crisis, and eventually stabilized
at a significantly lower level during the 2004-2007 period. During the Great Recession, interest
rates briefly hit negative values, after which returns briefly recovered. This implies that workers
who managed to contribute consistently during the early years of the system were exposed to better
returns on their retirement savings, in addition to being able to save for retirement early-on. We
take this into our empirical analysis by categorizing workers according to the share of their total
periods of contributions made to the system prior to the fall of returns in 2005. We then separate
workers into terciles of the share of their contributions being made during the early high-returns
years and analyze the closing of their accounts separately. The results of this exercise can be found
in panel (c) of figure 13. Notably, the closing of accounts is not as significant among workers in the
upper-tercile of the share of contributions having been made during the early years of high interest
rates. Thus, we interpret this finding as indicative that workers who contributed less consistently
during the early years of high interest rates can face detrimental consequences in their pension
income from a privatization.
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7.3 Robustness checks

In this section, we present several robustness checks to validate our empirical strategy, starting
with the results on income and poverty rates in old age. Although we already covered in section 6
that the date of birth was not manipulable, we conduct an additional manipulation test in the income
tax data. This can alleviate concerns that the income tax returns sample, although not randomly
selected, is not selected in a way related to the social security discontinuity exploited for our analysis,
which could potentially bias our results. The density around the cutoff and manipulation test can
be found in figure C.13, showing no signs of differential density at any side of the cutoff, and the
p-value of the manipulation test exceeding any conventional significance threshold.

Similarly to the robustness exercises from section 6, we once again conduct placebo exercises
comparing workers born at the same cutoff date of birth but on the years 1955 and 1957 (the year
before and the year after the cohort affected by the reform, respectively). Figure C.14 shows the
results from these exercises. In all panels, we do not observe any of the patterns for the actually
treated cohort, with placebo coefficients being mostly small and non-statistically significant for the
probability of being employed or retired (panels a and b, respectively), and for the total income and
the probability of being below the poverty line (panels c and d, respectively).43 Thus, we interpret
this as suggesting it is unlikely that the results are driven by a date of birth effect unrelated to the
reform.

We also analyze different windows for the RD design to assess whether results are driven by the
specific window we implemented. In our baseline estimation, we use a 22-day window, doubling our
baseline window of 11 days from the previous section to compensate for the fact that we only have
50% the sample in the income tax data. We then compare our baseline estimates to alternative
estimates using 19-day and 25-day windows. The results from this exercise can be found in C.15.
In all panels, the patterns found with the baseline window are very similar to the those that use
alternative windows around the cutoff for employment rates, retirement rates, total income in early
old age, and the probability of total income being below the poverty line. We also estimate a
continuity-based regression discontinuity by fitting a quadratic polynomial, the estimates of which
are shown in purple, and find similar results.

We then move on to robustness checks for the analysis on the reversal policy. As with our
previous analyses, a prime concern could be whether workers were able to manipulate their dates of
birth in order to be allowed to reverse back to the unfunded DB system. This could induce sample
selection bias if, for example, workers who especially need to reverse changed their dates of birth
to earlier values in order to be able to reverse. This would imply that we would mechanically see
more accounts being closed on one side of the cutoff. To assess this concern, we conduct another
manipulation test around the de-affiliation cutoff, the results of which are reported in figure C.19,
with panel (a) reporting the frequency of observations and panel (b) showing the manipulation
test. We find no evidence of manipulation of the running variable, with the p-value well exceeding
conventional significance thresholds.

43 The individual placebo RD plots for each group of years can be found in appendix section E.
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Another potential concern is whether the government chose the new cutoff at a special date, for
example, at a threshold such that more people had left the mixed system on the “reversal” side of
the discontinuity. An advantage of the reversal policy is the existence of outcomes data prior to
the policy being implemented, which allows us to conduct across-time placebos to analyze whether
individuals at both sides of the discontinuity were similarly likely to be in the mixed system prior to
the reform. Panel (b) of figure 12 shows a time series plot of RD coefficients for whether the account
is active in March and October of each year. Notably, the evolution of open accounts is similar
across both groups in the pre-reversals period, and we see a stark reduction in the probability of
the account being active during the period that allowed reversals for the first cohort, which catches
up with the control group once they are allowed to reverse as well. This suggests that the threshold
was not chosen as a response to different pre-policy evolution of trends across the two groups.

Finally, we once again show that our result is robust to alternative windows around the cutoff
and continuity-based specifications. Our baseline window is 11 days, the same as for the employment
and earnings responses using SSA data. Similarly as for the analysis in section 6, we present two
alternative estimates using an 8-day window and a 14-day window. The results from this exercise
can be found in panel (b) of figure C.20. In both cases, the alternative windows yield similar results
to the baseline window, indicating that our result is not driven by the specific window choice.
We also estimate a continuity-based regression discontinuity by fitting a quadratic polynomial, the
estimate of which is shown in purple, and find similar results.

8. Conclusion and discussion

This paper studies the effects of privatizing the pension system on workers’ reported earnings,
employment and retirement behavior, and income in old age. We analyze a pension reform in
Uruguay that switched from a pay-as-you-go system with defined benefits into a mixed system that
is part unfunded with defined benefits and part a funded system with defined contributions with
individual retirement accounts. For identification, we leverage a cohort-based discontinuity in the
introduction of the new system, which allows for clean identification with a RDD approach, while
the availability of high-quality administrative data allows us to study the long-run trajectories of
workers’ responses and their well-being in old age.

In the first part of the paper, we study workers’ responses to the privatization incentives. We
find significant responses on the trajectories of employment rates and reported earnings. Regarding
employment rates, we find that workers in the new system with retirement accounts show similar
employment rates early on (when workers are in their 40s and early 50s), while they are significantly
more likely to be formally employed closer to the retirement age, particularly among those with
lower socioeconomic status and who experience some disability. Regarding earnings responses, we
find that workers in the new system with retirement accounts report significantly higher earnings
early on (when workers are in their 40s), and this difference shrinks as workers approach the age of
retirement. We find several pieces of suggestive evidence that indicate that this increase in earnings
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is not a real labor supply response, but rather a reduction in tax evasion.
In the second part of the paper, we study the effects of the reform on workers’ income in early

old age and their preferences between the two systems. We find that total income, measured as
pension plus labor earnings, and poverty rates are similar across the two systems, although minor
differences in labor supply persist. Although this suggests that workers in the mixed system are
more likely to be working for a similar level of income, we do not document stark patterns that lead
to strong conclusions regarding winners and losers from the privatization. However, we document
significant take-up of a reversal option that allowed workers to switch from the privatized system
into the unfunded DB system, which we interpret as a measure of revealed preference for the non-
privatized system. We find stronger reversals for people who did not choose the most profitable
retirement savings option, which raises issues about inequities in privatizations depending on the
degree of financial literacy. We also document stronger reversals for public-sector workers, who
generally have steeper earnings profiles that can benefit from defined benefits formulas typically
used in unfunded systems, and among those who did not consistently contribute during the early
years where market returns on the pension funds were at their highest.

Given how privatizing social security is such a frequent policy proposal that has been imple-
mented in numerous countries and is under discussion in several others, our findings bear important
policy implications. Workers significantly respond to the transition from an unfunded system with
defined benefits to a mixed system that includes individual capitalization. These responses are in
expected directions, even as workers are decades away from retirement. This is especially important
considering the existence of behavioral biases that could lead workers to underestimate the effects
that their actions could have on their retirement benefits far away in the future, such as present bias
or exponential growth bias (Goda et al., 2019), and the fact that workers often do not understand
the complexities of pension benefits formulas (Liebman and Luttmer, 2012). Introducing a retire-
ment accounts component can ameliorate distortions associated to short “windows” of years from
which pension benefits are calculated, inducing workers to conceal less income, which potentially
has important revenue implications that can help offset the large fiscal costs associated with priva-
tizing social security. Our findings suggest that these short windows for calculating pension benefits
that are customary in developing countries can contribute to widespread underreporting of labor
earnings. In addition, introducing a funded DC component can induce workers to remain formally
employed later in life, effectively postponing retirement. This is often seen as a positive aspect of
funded DC systems, since workers postponing retirement can improve the financial sustainability
of the system. However, the fact that the effect on remaining employed later in life is stronger
for individuals of low socioeconomic status and those who experience some mild disability that is
unlikely to qualify for permanent disability-related retirement can raise concerns about regressivity.

Regarding income in old age, our findings highlight some of the distributional consequences of
pension privatization, which have often occupied a secondary role relative to efficiency concerns in
the economics literature. Our measure of revealed preference indicates that a significant share of
workers faced detrimental consequences due to the privatization. For instance, the fact workers who
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did not choose the most profitable retirement savings option in the new system are significantly
more likely to reverse to the pay-as-you-go system can raise concerns that non-optimal choices
within retirement accounts systems can affect workers’ subsequent pension income. This is especially
important since retirement savings choices are often complex and require a certain degree of financial
literacy, suggesting that privatizations can be detrimental for less financially literate workers. In
addition, workers who did not manage to contribute consistently during the early high-interest rate
years of the system are also more likely to reverse back to the unfunded DB system, which illustrates
how privatizations can be detrimental to workers who are exposed to worse market-returns on their
pension funds. A similar logic applies to workers with steep age-earnings profiles who achieve peak
years towards their fifties and early sixties, who likely would benefit from a defined benefits formula
that replaces earnings close to the end of their career relative to relying on retirement savings they
accumulated early-on while their earnings were relatively low.
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A. Figures

Figure 1: First stage

RD coefficient = 0.841 (p < 0.0001)

Stay in PAYG-DB system Switch to mixed system

0

.2

.4

.6

.8

1

Sh
ar

e 
in

 m
ix

ed
 s

ys
te

m

-50 -25 0 25 50
Distance to cutoff (days)

Notes: This figure plots the share of individuals that are in the new mixed pension system by equal-sized
bins of distance to the cutoff date of birth. Individuals born before the cutoff were left by default in the
pay-as-you-go system with defined benefits and individuals born at the cutoff or after were switched to the
mixed system with retirement accounts. The dependent variable is an indicator that takes the value of 1 if
the worker’s pension system is the new mixed system (and 0 otherwise, such as being in the unfunded-DB
only transition system or having scheduled retirement under a system in place prior to the 1996 reform). RD
coefficients are estimated using a 11-day window around the cutoff date of birth and p denotes the p-value
of the null hypothesis of no difference in the outcome variable across the two groups.
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Figure 2: Effect of the reform on employment rates - SSA data
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(b) 2001-2004
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(c) 2005-2008
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(d) 2009-2011
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(e) 2012-2013
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Notes: This figure plots the share of individuals who are employed by equal-sized bins of distance to the
cutoff date of birth using social security data. Individuals born before the cutoff were left by default in the
pay-as-you-go system with defined benefits and individuals born at the cutoff or after were switched to the
mixed system with retirement accounts. Each panel corresponds to a different group of years. In all panels,
the dependent variable is an indicator of whether the worker was employed (defined as reporting positive
labor earnings). RD coefficients are estimated using a 11-day window around the cutoff date of birth and
p denotes the p-value of the null hypothesis of no difference in the outcome variable across the two groups,
calculated using worker-level cluster-robust inference. The dependent variable is residualized from year fixed
effects and evaluated at the mean. The complete set of plots for all years can be found in appendix figure
F.1.
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Figure 3: Effect of the reform on employment and retirement - census data (inc. heterogeneity)
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(b) Retirement
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(c) Employment (by disability)
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(d) Retirement (by disability)
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(e) Employment (by SES)
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(f) Retirement (by SES)
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Notes: This figure plots the share of workers that are employed by bins of distance to the cutoff date of birth
using census data. Panel (a) reports the effects for the probability of being employed. Individuals born before
the cutoff were left by default in the pay-as-you-go system with defined benefits and individuals born at the
cutoff or after were switched to the mixed system with retirement accounts. Panel (b) reports effects for the
probability of being retired. Panels (c) and (e) shows the RD-plot heterogeneity for the probability of being
employed and panels (d) and (f) for the probability of being retired. In panels (c) and (d) the color blue
corresponds to individuals with no mild disabilities and the color red corresponds to individuals with some
disability. In panels (d) and (f) blue corresponds to individuals with a below-median socioeconomic status
index and red corresponds to individuals with an above median socioeconomic status index. RD coefficients
are estimated by calculating average differences for individuals born on April and individuals born on March.
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Figure 4: Effect of the reform on labor earnings - SSA data
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(b) 2001-2004

RD coefficient = 0.235 (p = 0.016)
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(c) 2005-2008
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(d) 2009-2011
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(e) 2012-2013
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Notes: This figure shows the average log of labor earnings by equal-sized bins of distance to the cutoff date of
birth using social security data. Individuals born before the cutoff were left by default in the pay-as-you-go
system with defined benefits and individuals born at the cutoff or after were switched to the mixed system
with retirement accounts. Each panel corresponds to a different group of years. In all panels, the dependent
variable is the natural logarithm of total reported labor earnings. RD coefficients are estimated using a 11-
day window around the cutoff date of birth and p denotes the p-value of the null hypothesis of no difference
in the outcome variable across the two groups, calculated using worker-level cluster-robust inference. The
dependent variable is residualized from year fixed effects and evaluated at the mean. The complete set of
plots for all years can be found in appendix figure F.2.
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Figure 5: Time series plots of RD coefficients - Employment rates and Earnings (SSA data)
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Notes: This figure shows two time series plots of RD coefficients using social security data. Panel (a) shows
the RD coefficients for the probability of being employed and panel (b) shows the coefficients for the natural
logarithm of total labor earnings. The numbers underneath the years indicate the ages of workers in those
years. Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond to 95%
confidence intervals, both from worker-level cluster-robust inference.
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Figure 6: Time series plot RD coefficients (labor supply and earnings heterogeneity - SSA data)
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Notes: This figure shows several time series plots for the RD coefficients from equation 1 using census data.
Panel (a) shows the effect on days worked in the month. Panel (b) shows the effect on the natural logarithm
of monthly hours worked. Panels (c) through (d) show effects on earnings heterogeneity. In panel (c) black
coefficients correspond to private-sector workers and orange coefficients correspond to public-sector workers.
In panel (d) red coefficients correspond to sectors with high levels of informality and income underreporting
and blue coefficients correspond to sectors with low informality and income underreporting. In panel (e)
red coefficients correspond to firm owners and blue coefficients correspond to firm employees. The numbers
underneath the years indicate the ages of workers in those years. Thick vertical bars correspond to 90%
confidence intervals and thin vertical bars correspond to 95% confidence intervals, both from worker-level
cluster-robust inference. The individual RD plots can be found in appendix figures C.2 through C.6.
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Figure 7: Effect of the reform on employment rates (IRS data)
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(b) 2011-2012

RD coefficient = 0.023 (p = 0.218)

Stay in PAYG-DB system Switch to mixed system

.6

.65

.7

.75

.8

Em
pl

oy
ed

-100 -50 0 50 100
Distance to cutoff (days)

(c) 2013-2014
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(d) 2015-2016

RD coefficient = 0.016 (p = 0.430)
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Notes: This figure shows the share of individuals who are employed by equal-sized bins of distance to the
cutoff date of birth, using IRS data. Individuals born before the cutoff were left by default in the pay-as-
you-go system with defined benefits and individuals born at the cutoff or after were switched to the mixed
system with retirement accounts. Each panel corresponds to a different group of year. In all panels, the
dependent variable is an indicator of whether the worker was employed (defined as reporting positive labor
earnings). The dependent variable is residualized from year fixed effects and evaluated at the mean. RD
coefficients are estimated using a 22-day window around the cutoff date of birth and p denotes the p-value of
the null hypothesis of no difference in the outcome variable across the two groups, calculated using worker-
level cluster-robust inference. The complete set of plots for all years can be found in appendix figure F.3.
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Figure 8: Effect of the reform on retirement rates (IRS data)
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(b) 2011-2012
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(c) 2013-2014

RD coefficient = -0.026 (p = 0.149)
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(d) 2015-2016

RD coefficient = -0.018 (p = 0.336)
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Notes: This figure shows the share of individuals who are retired by equal-sized bins of distance to the cutoff
date of birth, using IRS data. Individuals born before the cutoff were left by default in the pay-as-you-go
system with defined benefits and individuals born at the cutoff or after were switched to the mixed system
with retirement accounts. Each panel corresponds to a different group of year. In all panels, the dependent
variable is an indicator of whether the worker was retired (defined as reporting positive pension income).
The dependent variable is residualized from year fixed effects and evaluated at the mean. RD coefficients
are estimated using a 22-day window around the cutoff date of birth and p denotes the p-value of the null
hypothesis of no difference in the outcome variable across the two groups, calculated using worker-level
cluster-robust inference. The complete set of plots for all years can be found in appendix figure F.3.
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Figure 9: Effect of the reform on total income in old age (IRS data)

(a) 2009-2010
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(b) 2011-2012

RD coefficient = -3.956 (p = 0.779)
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(c) 2013-2014

RD coefficient = 6.347 (p = 0.657)
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(d) 2015-2016

RD coefficient = 2.645 (p = 0.856)
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Notes: This figure shows the average total income of individuals by equal-sized bins of distance to the cutoff
date of birth, using IRS data. Individuals born before the cutoff were left by default in the pay-as-you-go
system with defined benefits and individuals born at the cutoff or after were switched to the mixed system
with retirement accounts. Each panel corresponds to a different group of years. In all panels, the dependent
variable is the sum of any pension income and any labor earnings, including zeroes, measured in thousand of
2009 Uruguayan pesos. The dependent variable is residualized from year fixed effects and evaluated at the
mean. RD coefficients are estimated using a 22-day window around the cutoff date of birth and p denotes
the p-value of the null hypothesis of no difference in the outcome variable across the two groups, calculated
using worker-level cluster-robust inference. The complete set of plots for all years can be found in appendix
figure F.4.
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Figure 10: Effect of the reform on total income below poverty line (IRS data)

(a) 2009-2010
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(b) 2011-2012

RD coefficient = -0.003 (p = 0.873)
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(c) 2013-2014

RD coefficient = -0.014 (p = 0.493)
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(d) 2015-2016

RD coefficient = -0.015 (p = 0.462)
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Notes: This figure shows the share of individuals whose total income is below the national poverty line
of Montevideo from equation by equal-sized bins of distance to the cutoff date of birth, using IRS data.
Individuals born before the cutoff were left by default in the pay-as-you-go system with defined benefits and
individuals born at the cutoff or after were switched to the mixed system with retirement accounts. Each
panel corresponds to a different group of years. In all panels, the dependent variable is an indicator equal to
1 if the total income is below the poverty line. The dependent variable is residualized from year fixed effects
and evaluated at the mean. RD coefficients are estimated using a 22-day window around the cutoff date of
birth and p denotes the p-value of the null hypothesis of no difference in the outcome variable across the two
groups, calculated using worker-level cluster-robust inference. The complete set of plots for all years can be
found in appendix figure F.5.
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Figure 11: Time series plot of RD coefficients (IRS data)
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Notes: This figure shows several time series plot for the RD coefficients for each group of years, using IRS
data. Panel (a) shows coefficients for the effect on the probability of being employed. Panel (b) shows
coefficients for the effect on the probability of being retired. Panel (c) shows coefficients for the effect on
total income, measured as pension income plus labor earnings. Panel (d) shows coefficients for the effect
on the probability of the total income being below the poverty line. The numbers underneath the years
indicate the ages of workers in those years. Thick vertical bars correspond to 90% confidence intervals and
thin vertical bars correspond to 95% confidence intervals, both from worker-level cluster-robust inference.
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Figure 12: RD plot and coefficient (account is active - retirement accounts data)

(a) Main RD plot (Active by Mar 2019)
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(b) Time series plot of RD coefficients
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Notes: This figure shows the RD plot and a time series plot of RD coefficients for whether the account
was active in a given period, using retirement accounts data. Panel (a) plots the share of workers whose
retirement account is active by March of 2019 by equal-sized bins of distance to the cutoff date of birth.
Individuals born before the cutoff were allowed to reverse to the pay-as-you-go system with defined benefits
and individuals born at the cutoff or after were not allowed to reverse yet. Panel (b) shows a time series plot
for the RD coefficients for an indicator equal to 1 if the retirement account was active in a given month. The
time before the first dashed line corresponds to the months prior to the reversal policy being implemented.
The area between the dashed lines corresponds to the period in which the first cohort was allowed to reverse.
The area after the second dashed line indicates the period during which the second cohort was allowed to
reverse. RD coefficients are estimated using an 11-day window around the cutoff date of birth and p denotes
the p-value of the null hypothesis of no difference in the outcome variable across the two groups, calculated
using worker-level robust inference. Thick vertical bars correspond to 90% confidence intervals and thin
vertical bars correspond to 95% confidence intervals.
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Figure 13: RD Heterogeneity plots - Active retirement account by March 2019

(a) By Article 8 choice
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(b) By public versus private sector
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(c) By degree of contributions during early high-
returns years
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1st tercile early years (Coef = -0.091, p = 0.021)
2nd tercile early years (Coef = -0.137, p = 0.002)
3rd tercile early years (Coef = -0.042, p = 0.450)

Notes: This figure shows heterogeneity plots of the share of workers whose retirement account is active by
March of 2019 by equal-sized bins of distance to the cutoff date of birth, using retirement accounts data.
Individuals born before the cutoff were allowed to reverse to the pay-as-you-go system with defined benefits
and individuals born at the cutoff or after were not allowed to reverse yet. RD coefficients are estimated
using an 11-day window around the cutoff date of birth and p denotes the p-value of the null hypothesis of no
difference in the outcome variable across the two groups, calculated using worker-level robust inference. Panel
(a) shows the heterogeneity by whether te worker chose the Article 8 option. Panel (b) shows heterogeneity
by public-sector and private-sector workers. Panel (c) shows heterogeneity by terciles of contributions made
during the early years of high interest rates (until December of 2004).
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B. Tables
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Table 1: Summary statistics

Observations Mean Standard Deviation Median
Panel A. Social Security data
Employed 1552882 0.579 0.494 1.000
Total labor earnings 929,373 14858.658 19262.985 8728.500
Monthly hours worked 902,771 163.922 54.419 171.429
Days worked in the month 929,153 24.642 8.985 30.000
Public sector 893,059 0.288 0.453 0.000
Owner 922,403 0.121 0.327 0.000
High inf. sector 840,859 0.387 0.487 0.000

Panel B. Census data
Employed 109,583 0.676 0.468 1.000
Retired 109,583 0.162 0.368 0.000
Disability 109,575 0.057 0.231 0.000
SES Index 109,354 0.007 1.001 0.108
Married 109,584 0.674 0.469 1.000
College complete 109,828 0.224 0.417 0.000
Female 109,828 0.524 0.499 1.000
Has children 109,828 0.468 0.499 0.000

Panel C. Income tax data
Employed 408,544 .691 .462 1
Retired 408,544 .211 .408 0
Total labor earnings 408,544 302116 588324 136928
Pension income 408,544 31537 99020 0
Income under poverty line 408,544 .387 .487 0

Panel D. Retirement accounts data
Active March 2019 20,013 .756 .429 1
Female 20,013 .536 .499 1
Foreign born 20,013 .0616 .24 0
Article 8 20,013 .913 .283 1
Year of adoption of Article 8 18,262 1998 4.46 1996
Public sector 19,461 .262 .44 0

Notes: This table reports summary statistics from our main datasets. Panels A, B, and C correspond to workers born
between 1955 and 1957. Panel D corresponds to workers born in 1960. Panel A shows summary statistics from Social
Security data. Employed is an indicator equal to 1 if the worker reported positive earnings in that period and zero
otherwise. Total labor earnings is the average of total monthly labor earnings. Monthly hours worked is the average
monthly hours worked. Public sector is an indicator equal to 1 if the worker is employed in the public sector and zero
otherwise. Owner is an indicator equal to 1 if the worker is listed as an owner of the firm and zero otherwise. High
inf. sector is an indicator equal to 1 if the firm’s sector is categorized as a high informality sector (see table B.3).
Panel B shows summary statistics from census data. Employed is an indicator equal to 1 if the individual reported
being employed and zero otherwise. Retired is an indicator equal to 1 if the individual reported being retired and zero
otherwise. Disability is an indicator equal to 1 if the individual reported experiencing at least some moderate difficulty
related to eyesight, hearing, mobility, or cognitive ability. SES index is the socioeconomic status index (see section G
for details). Married is an indicator of whether the individual is married. College complete is an indicator of whether
the individual has completed college education. Has children is an indicator equal to 1 if the individual reported
having at least one child. Panel C reports summary statistics from income tax data. Employed is an indicator equal
to 1 if the individual reported positive labor earnings in a given year and zero otherwise. Retired is an indicator equal
to 1 if the individual reported positive pension income in a given year and zero otherwise. Total labor earnings are the
total labor earnings reported in a given year. Pension income is the pension income reported in a given year. Income
under poverty line is a indicator equal to 1 if the total yearly income (pension plus earnings) was below the national
poverty line from Montevideo and zero otherwise. Panel D reports summary statistics from the retirement accounts.
Active Mar 2019 is an indicator of whether the account was open by March of 2019 and zero otherwise. Article 8 is
an indicator equal to 1 if the worker opted for the Article 8 option and zero otherwise. Year of adoption of Article 8
denotes the year in which the worker chose Article 8, if they did. Public sector is an indicator equal to 1 if the worker
primarily contributed as a public sector worker throughout their career. In all panels, Female is an indicator equal
to 1 if the individual is female and zero otherwise. Foreign born is an indicator equal to 1 the worker is foreign born
and zero otherwise.
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Table 2: Effect on employment and retirement heterogeneity - Census Data

=1 if employed =1 if retired

(1) (2) (3) (4) (5) (6) (7) (8)
Mixed system 0.0216∗ 0.0424∗∗ 0.0134 0.0301∗ -0.0204∗∗ -0.0351∗∗ -0.0118 -0.0235∗

(0.0124) (0.0178) (0.0127) (0.0181) (0.00970) (0.0141) (0.00972) (0.0142)
High SES 0.138∗∗∗ 0.118∗∗∗ -0.0598∗∗∗ -0.0449∗∗∗

(0.0173) (0.0172) (0.0138) (0.0137)
Mixed system × High SES -0.0448∗ -0.0326 0.0338∗ 0.0235

(0.0248) (0.0247) (0.0194) (0.0193)
Disability -0.383∗∗∗ -0.356∗∗∗ 0.282∗∗∗ 0.272∗∗∗

(0.0364) (0.0368) (0.0394) (0.0399)
Mixed system × Disability 0.100∗ 0.0860 -0.109∗ -0.103∗

(0.0565) (0.0568) (0.0566) (0.0572)
Constant 0.649∗∗∗ 0.583∗∗∗ 0.670∗∗∗ 0.611∗∗∗ 0.174∗∗∗ 0.202∗∗∗ 0.157∗∗∗ 0.180∗∗∗

(0.00872) (0.0125) (0.00887) (0.0128) (0.00692) (0.0102) (0.00687) (0.0102)
Observations 5799 5743 5749 5742 5799 5743 5749 5742

Notes: This table reports estimates of the RD coefficient of the effect on the probability of being employed
and of being retired using census data. In columns 1 through 4 the dependent variable is an indicator equal
to 1 if the individual is employed. In columns 5 through 9 the dependent variable is an indicator equal to 1
if the individual is retired. Mixed system is a dummy variable equal to 1 if the worker was born after the
cutoff (in April) and zero otherwise (in March). High SES is an indicator equal to 1 if the individual has
an above median socioeconomic status index. Disability is an indicator equal to 1 if the individual reports
having some mild disability. Robust standard errors are shown in parentheses. * Significant at the 10% level
** Significant at the 5% level *** Significant at the 1% level.
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Table 3: Effect on earnings and heterogeneity

Total labor earnings (log)

(1) (2) (3) (4) (5)
1997 to 2000 2001 to 2004 2005 to 2008 2009 to 2011 2012 and 2013

Panel A. Overall effect
Mixed system 0.175∗∗ 0.235∗∗ 0.148∗ 0.108 -0.0662

(0.0819) (0.0971) (0.0857) (0.0837) (0.0870)
Number of workers 1056 902 985 952 867
Panel B. Heterogeneity including public sector
Mixed system 0.175∗∗ 0.234∗∗ 0.149∗ 0.107 -0.0662

(0.0819) (0.0971) (0.0857) (0.0837) (0.0870)
Public sector 0.794∗∗∗ 1.035∗∗∗ 0.878∗∗∗ 0.799∗∗∗ 0.732∗∗∗

(0.0818) (0.0863) (0.0763) (0.0728) (0.0805)
Mixed system × Public sector -0.177 -0.294∗∗ -0.222∗∗ -0.178∗ 0.0132

(0.112) (0.121) (0.108) (0.108) (0.117)
Number of workers 1294 1168 1243 1258 1167
Panel C. Heterogeneity by sector-level informality
Mixed system 0.00135 0.0549 -0.0372 -0.0793 -0.316∗∗

(0.0767) (0.0993) (0.0993) (0.118) (0.124)
High inf. sector -0.740∗∗∗ -0.796∗∗∗ -0.619∗∗∗ -0.513∗∗∗ -0.516∗∗∗

(0.102) (0.119) (0.107) (0.102) (0.105)
Mixed system × High inf. sector 0.258∗ 0.247 0.280∗ 0.270∗ 0.373∗∗

(0.142) (0.168) (0.155) (0.160) (0.171)
Number of workers 988 844 931 892 816
Panel D. Heterogeneity by ownership
Mixed system 0.0724 0.155∗ 0.0558 0.0620 -0.133

(0.0679) (0.0810) (0.0707) (0.0752) (0.0816)
Owner -1.261∗∗∗ -1.285∗∗∗ -1.242∗∗∗ -1.041∗∗∗ -0.898∗∗∗

(0.258) (0.258) (0.223) (0.207) (0.228)
Mixed system × Owner 0.595∗ 0.309 0.295 0.142 0.375

(0.341) (0.375) (0.346) (0.310) (0.328)
Number of workers 1056 902 985 952 867

Notes: This table reports estimates of the RD coefficient and heterogeneity for the effect on reported labor
earnings using social security data. The RD coefficient is estimated using a window of 11 days around the
cutoff date of birth. In all columns the dependent variable is the log of the total labor earnings reported.
Column 1 corresponds to estimates calculated using the years 1997 to 2000. Column 2 corresponds to
estimates calculated using the years 2001 to 2004. Column 3 corresponds to estimates calculated using the
years 2005 to 2008. Column 4 corresponds to estimates calculated using the years 2009 to 2011. Column 5
corresponds to estimates calculated using the years 2012 and 2013. Mixed system is a dummy variable equal
to 1 if the worker was born after the cutoff date of birth. Public sector is a dummy variable equal to 1 if the
worker is employed in the public sector. High inf. sector is an indicator if the firm’s sector of employment
corresponds to a high informality sector, as defined in table B.3. Owner is a dummy variable equal to 1 if
the worker is listed as some type of owner of the firm (includes self-employed workers as firms). Panel B
includes public sector workers, all other panels include only private sector workers. All specifications include
year fixed effects. Standard errors clustered at the worker level are shown in parentheses. * Significant at
the 10% level ** Significant at the 5% level *** Significant at the 1% level.
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Table 4: Effect on employment, days worked, and hours worked

=1 if employed

(1) (2) (3) (4) (5)
1997 to 2000 2001 to 2004 2005 to 2008 2009 to 2011 2012 and 2013

Panel A. Effect on probability of being employed
Mixed system -0.00486 -0.0109 0.00179 0.00726 0.0446∗∗

(0.0203) (0.0209) (0.0207) (0.0208) (0.0215)
Number of workers 1804 1804 1804 1804 1804

Days worked

Panel B. Effect on days worked in the month
Mixed system -0.334 -0.000872 -0.283 -0.0919 -0.362

(0.432) (0.544) (0.547) (0.546) (0.580)
Number of workers 1056 902 985 952 867

Monthly hours worked (log)

Panel C. Effect on weekly hours worked
Mixed system -0.0173 -0.0100 -0.0655∗ -0.0340 -0.0412

(0.0316) (0.0401) (0.0396) (0.0443) (0.0470)
Number of workers 1048 888 977 943 854

Notes: This table reports estimates of the RD coefficient for three measures of labor supply using social
security data. The RD coefficient is estimated using a window of 11 days around the cutoff date of birth.
In Panel A the dependent variable is a dummy variable equal to 1 if the worker is employed. In Panel B
the dependent variable is the number of days worked per month. In Panel C the dependent variable is the
natural logarithm of hours worked. Column 1 corresponds to estimates calculated using the years 1997 to
2000. Column 2 corresponds to estimates calculated using the years 2001 to 2004. Column 3 corresponds to
estimates calculated using the years 2005 to 2008. Column 4 corresponds to estimates calculated using the
years 2009 to 2011. Column 5 corresponds to estimates calculated using the years 2012 and 2013. Mixed
system is a dummy variable equal to 1 if the worker was born after the cutoff date of birth. All specifications
include year fixed effects. Standard errors clustered at the worker level are shown in parentheses. * Significant
at the 10% level ** Significant at the 5% level *** Significant at the 1% level.
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Table 5: Main effects - IRS data

= 1 if employed

(1) (2) (3) (4)
2009 to 2010 2011 to 2012 2013 to 2014 2015 2016

Panel A. Effect on employment
Mixed system 0.0199 0.0226 0.0378∗∗ 0.0160

(0.0180) (0.0183) (0.0190) (0.0203)
Number of workers 2005 2005 2005 2005

= 1 if retired

Panel B. Effect on retirement
Mixed system -0.0331∗∗ -0.0267∗ -0.0264 -0.0181

(0.0156) (0.0156) (0.0183) (0.0188)
Number of workers 2005 2005 2005 2005

Total income

Panel C. Effect on total income
Mixed system -3.664 -3.956 6.347 2.645

(12.98) (14.08) (14.29) (14.54)
Number of workers 2005 2005 2005 2005

= 1 if total income is below poverty

Panel D. Effect on total income below poverty
Mixed system -0.0200 -0.00324 -0.0139 -0.0148

(0.0211) (0.0204) (0.0202) (0.0201)
Number of workers 2005 2005 2005 2005

Notes: This table reports estimates of the RD coefficient for the four main outcomes using IRS data. In
Panel A the dependent variable is a dummy variable equal to 1 if the worker is employed. In Panel B the
dependent variable is a dummy variable equal to 1 if the worker is retired. In Panel C the dependent variable
is the total yearly income (measured as any labor earnings plus any pension income) in 2009 UR$. In Panel
D the dependent variable is a dummy variable equal to 1 if the total income is below the national poverty
line from Montevideo. Column 1 corresponds to estimates calculated using the years 2009 and 2010. Column
2 corresponds to estimates calculated using the years 2011 and 2012. Column 3 corresponds to estimates
calculated using the years 2013 and 2014. Column 4 corresponds to estimates calculated using the years 2015
to 2016. All specifications include year fixed effects. Standard errors clustered at the worker level are shown
in parentheses. * Significant at the 10% level ** Significant at the 5% level *** Significant at the 1% level.
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Pension Privatization, Behavioral Responses, and Income in Old Age:
Evidence from a Cohort-Based Reform

Appendix - For Online Publication

Maximiliano Lauletta44 - Marcelo Bérgolo45

A. Additional pension system context

A.1 Figures

Figure A.1 shows the options on how to distribute contributions in the mixed system. The default
option (without Article 8) is the option that workers are assigned by default. In it, contributions on
earnings up until an earnings threshold (around the 70th percentile of the wage distribution) go entirely
to the pay-as-you-go DB government system, while contributions on earnings above that threshold go
entirely to the retirement account.

The alternative option (known as Article 8) allows workers whose earnings lie below the first threshold
to contribute to their retirement account. For workers with earnings below threshold 1, their contributions
are evenly divided between the unfunded DB system and the funded DC system. Workers whose earnings
lie between thresholds 1 and 2 evenly divide contributions between the public and the private systems until
threshold 1, while contributions on earnings above threshold 1 go entirely to the unfunded DB system.
Finally, workers whose earnings exceed threshold 2 face the same contribution schedule as in the default
option. No mandatory contributions are made on earnings above threshold 3, but workers can arrange
with their employer to make those deductions and transfer them to their pension fund. The contribution
rate is 15% of the pre-tax wage in all cases.

The Article 8 option implies a reduction in the government unfunded DB pension that workers will
receive. This is implemented by reducing the “contributory salary” to which the replacement rate is
applied by 25%. Note that this implies a subsidy for the Article 8 option: contributions to the public
unfunded DB system fall by 50% but the pension received falls by 25%. This subsidy is phased-out such
that the maximum government pension that a worker who chooses Article 8 can receive is the replacement
rate applied to threshold 1. This is implemented by threshold 2 being set up such that a worker who chose
Article 8 with earnings at threshold 2 makes the same government pension as a worker in the default
option with earnings at threshold 1 and above.

44 Federal Reserve Board. Corresponding author. E-mail: maximiliano.lauletta@gmail.edu.
45 IECON-UDELAR & IZA. E-mail: marcelo.bergolo@fcea.edu.uy.
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Figure A.1: Options in two-pillar system

Notes: This figure shows the options on how to distribute social security contributions in the two-pillar system.
Contributions on earnings indicated in blue go entirely to the unfunded DB government system. Contributions on
earnings indicated in red go entirely to the worker’s retirement account. The default option (without Article 8) is
the option that workers are assigned by default. The alternative option (with Article 8) has to be actively chosen
by the workers.
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Figure A.2: Example of account summary

Notes: This figure shows an example of the retirement account summary that workers in the mixed system receive
periodically. The document indicates the type of activity and the date in which it occurred. The types of account
activities displayed are: (i) the mandatory contributions for a given month, (ii) the commission charged by the
pension fund, (iii) a commission charged by the Central Bank (who regulates the pension funds), and (iv) a fee for
disability and death insurance pension funds have to purchase for all workers.
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Figure A.3: Stylized conceptual framework

Notes: This figure shows a stylized conceptual framework for understanding the differences in incentives between
the two pension systems. The top panel shows the incentives for the transition pay-as-you-go system with defined
benefits. The bottom panel shows the incentives for the mixed system with a retirement accounts component.

A.2 Illustrative simulations

In this section, we present some simple simulations to illustrate the effects of the pension system
on subsequent pension benefits given simple earnings trajectories. We closely follow the simulations
established by Forteza and Rossi (2018) specifically for the Uruguayan case. For simplicity, we assume
constant earnings trajectories, but the intuitions hold for more complex cases as well.

We assume workers are 40 and work continuously until the retirement age. We also assume that
workers have 15 years of contributions by age 40. For calculating the unfunded DB pensions, we use
the established formulas’ replacement rates and accounting for maximums or minimums if necessary. We
simulate the funded DC part of the pension in two steps. First, we simulate the accumulated pension fund
with an annual return rate of 7.4% (the average since the system started). We then follow Forteza and
Rossi (2018) and calculate the annuity using the minimum required payment per 1,000 pesos accumulated
in the fund set by the Central Bank (which varies by retirement age).

Table A.1 shows the results of simulation exercises for three individuals: (1) one with low earnings
of UR$20,000 per month (Panel A), (2) one with medium earnings of UR$40,000 per month (Panel B),
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and (3) one with high earnings of UR$80,000 (Panel C). Columns 1 and 2 simulate pensions for a worker
left in the PAYG-DB-only system who retires at 60 and 62, respectively. Columns 3 and 4 simulate
pensions for a worker in the mixed system who chose the alternative Article 8 option who retires at 60
and 62, respectively. Finally, columns 5 and 6 simulate pensions for a worker in the mixed system who
remained in the default option who retires at 60 and 62, respectively. The PAYG-DB pillar row indicates
the simulated pension for the government-run PAYG defined benefits part, which corresponds to the total
pension for the transition system and cases for low earners in the default option of the mixed system.
The Funded-DC pillar row indicates the simulated annuity coming from the worker’s retirement account.
Total pension is the sum of the PAYG-DB pillar and the Funded-DC pillar. Finally, the replacement rate
is calculated as the total pension income divided by the wage.

Panels A and B show that workers with lower earnings trajectories are either unaffected by the reform
(if they stay in the default option) or can gain pension income (if they choose the alternative Article
8 option, which most workers do CESS, 2021). Replacement rates are higher for workers in the mixed
system who choose Article 8 because the loss of government DB pension is more than compensated by
the annuity from the retirement fund. Panel C shows that workers with high earnings, for whom Article
8 does not apply, are likely to be negatively affected by the reform: the replacement rate with the mixed
system is significantly lower. These results are similar to simulation exercises from (Forteza and Rossi,
2018).

Comparisons between different retirement ages illustrates how much stronger the rewards to post-
poning retirement retirement are in the mixed system relative to the PAYG-DB only system. Across
simulations for different earnings levels, postponing retirement by 2 years implies an increase in the re-
placement rate of several percentage points. This reflects the fact that the adjustments to the PAYG-DB
pension with increases in the retirement age are small, whereas the annuity from the amount accumulated
in the pension fund increases significantly even with minor changes in the retirement age.
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Table A.1: Simulations

PAYG-DB only system Mixed system (Art. 8) Mixed system (default)
(1) (2) (3) (4) (5) (6)

Panel A. Low earnings (wage = $20,000)
Retirement age 60 62 60 62 60 62
Wage 20,000 20,000 20,000 20,000 20,000 20,000
PAYG-DB pillar 10,000 10,200 7,500 7,650 10,000 10,200
Funded-DC pillar - - 3,108.70 3,945.49 - -
Total pension 10,000 10,200 10,608.70 11,595.49 10,000 10,200
Replacement rate 0.5 0.51 0.53 0.58 0.5 0.51

Panel B. Medium earnings (wage = $40,000)
Retirement age 60 62 60 62 60 62
Wage 40,000 40,000 40,000 40,000 40,000 40,000
PAYG-DB pillar 20,000 20,400 15,000 15,300 20,000 20,400
Funded-DC pillar - - 6,217.39 7,890.97 - -
Total pension 20,000 20,400 21,217.39 23,190.97 15,000 15,300
Replacement rate 0.5 0.51 0.53 0.58 0.5 0.51

Panel C. High earnings (wage = $80,000)
Retirement age 60 62 60 62 60 62
Wage 80,000 80,000 80,000 80,000 80,000 80,000
PAYG-DB pillar 40,000 40,800 - - 22,000 22,400
Funded-DC pillar - - - - 11,191.30 14,203.75
Total pension 40,000 40,800 - - 33,191.30 36,643.75
Replacement rate 0.5 0.51 - - 0.415 0.458

Notes: This table shows simulations for the pension income for workers on three different earnings levels. All
simulations assume workers are 40 and work continuously until the age of retirement with the given earnings
trajectory. Columns 1 and 2 show the cases for workers in the transition pay-as-you-go system with defined
benefits. Columns 3 and 4 show the cases for workers in the mixed system who chose the Article 8 option. Columns
5 and 6 show the cases for workers in the mixed system who remained in the default option. Retirement age is the
age of retirement. Wage indicates the workers’ wage, assumed to be constant. PAYG-DB pillar is the simulated
pension income the worker receives from the unfunded DB system. Funded-DC pillar is the simulated annuity the
worker receives from their retirement fund. Total pension is the simulated pension adding the PAYG-DB pillar and
the Funded-DC pillar. The replacement rate is calculated as the ratio of the total pension income to the workers’
earnings. Panel A shows simulations for a worker with low earnings (UR$20,000), Panel B shows simulations for
a worker with medium earnings (UR$40,000), and Panel C shows simulations for a worker with high earnings
(UR$80,000). All monetary values are expressed in 2016 Uruguayan pesos.
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B. Additional tables

Table B.2: Balance - Census data

(1) (2) (3)
Variable Unfunded DB system Mixed system Difference
Married 0.692 0.706 0.014

(0.462) (0.456) (0.012)
College complete 0.238 0.238 -0.000

(0.426) (0.426) (0.011)
Has children 0.481 0.474 -0.007

(0.500) (0.499) (0.013)
Disability 0.056 0.049 -0.007

(0.230) (0.216) (0.006)
SES Index 0.012 0.025 0.012

(1.014) (1.014) (0.027)
Female 0.540 0.528 -0.012

(0.499) (0.499) (0.013)
Observations 3,004 2,810 5,814

Notes: This table shows the balance on demographic characteristics across the originally treated and control groups
using census data. Married is a dummy variable equal to 1 if the respondent is married. College complete is a dummy
variable equal to 1 if the respondent has completed some college education. Has children is a dummy variable equal
to 1 if the respondent reports having any children. Disability is an indicator equal to 1 if the individual reported
experiencing at least some moderate difficulty related to eyesight, hearing, mobility, or cognitive ability. SES index
is the socioeconomic status index (see appendix section G for details). Female is an indicator for equal to 1 if the
individual reported being female. * Significant at the 10% level ** Significant at the 5% level *** Significant at the
1% level.
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Table B.3: Informality by sector

(1) (2) (3)
Proportion informal Proportion underreports Informality index

Panel A. Low informality sectors
Education 0.0975 0.0430 -1.629
Financial services 0.0605 0.0591 -1.453
Social and Health services 0.137 0.0492 -1.369
Professional services 0.224 0.0557 -0.935
Water and sewage 0.0296 0.105 -0.678
Information and communication 0.189 0.0790 -0.613
Real Estate 0.233 0.0807 -0.426
Arts and entertainment 0.372 0.0571 -0.385
Mining 0.343 0.0672 -0.293
Electricity and gas 0.0303 0.126 -0.270

Panel B. High informality sectors
Agriculture 0.312 0.124 0.686
Commerce 0.504 0.0961 0.831
Administrative support services 0.417 0.113 0.845
Hotels and Restaurants 0.416 0.135 1.259
Construction 0.607 0.106 1.395
Other services 0.678 0.120 1.909
Home services 0.635 0.199 3.265

Notes: This table reports measures of informality for each sector constructed using household surveys. Column 1
reports the proportion of workers that report being informal. Column 2 reports the proportion of formal workers
that admit to underreporting their income for their contributions. Column 3 reports an index constructed as the
first component of a principal component analysis of the proportion of informal workers and the proportion of
workers who underreport their earnings by sector. The sample corresponds to surveys conducted in the year 2006
(the first year in which the underreporting question was included in the questionnaire).
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Table B.4: Balance - Retirement accounts data

(1) (2) (3)
Variable Not allowed to reverse Allowed to reverse Difference
Female 0.560 0.541 -0.019

(0.497) (0.499) (0.026)
Foreign born 0.048 0.055 0.007

(0.214) (0.229) (0.011)
Public sector 0.244 0.247 0.003

(0.430) (0.432) (0.022)
Article 8 0.909 0.891 -0.019

(0.287) (0.312) (0.015)
Active March 2017 0.829 0.802 -0.027

(0.377) (0.399) (0.020)
Retirement fund (Dec 2017) 776.451 817.060 40.609

(1,129.525) (1,168.207) (59.279)
Observations 729 777 1,506

Notes: This table shows the balance on pre-reform characteristics from equation across the reversal groups. Female
is an indicator for equal to 1 if the individual reported being female. Foreign born is an indicator equal to 1 if
the worker was born outside of Uruguay. Public sector is a dummy variable equal to 1 if the worker primarily
contributed as a public-sector worker. Article 8 is a dummy variable equal to 1 if the worker opted for the Article
8 option. Active March 2017 is a dummy variable equal to 1 if the retirement account was not closed by March of
2017. Retirement fund (Dec 2017) is the total retirement fund accumulated by December of 2017 in thousands of
current Uruguayan Pesos. * Significant at the 10% level ** Significant at the 5% level *** Significant at the 1%
level.
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C. Additional figures
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Figure C.1: Density around the cutoff and manipulation test (SSA data)

(a) Density around the cutoff
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Notes: This figure shows the density of observations around the cutoff and a manipulation test for the running
variable using social security data. Individuals born before the cutoff were left by default in the pay-as-you-go
system with defined benefits and individuals born at the cutoff or after were switched to the mixed system with
retirement accounts. Panel (a) shows a frequency histogram of the number of observations in 30 equally-spaced
bins. Panel (b) shows a manipulation testing plot and a p-value for manipulation of the running variable based on
local polynomials from (Cattaneo et al., 2020) using the rddensity routine from (Cattaneo et al., 2018).
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Figure C.2: Effect of the reform on days worked - SSA data
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(b) 2001-2004
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(c) 2005-2008
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(d) 2009-2011

RD coefficient = 0.268 (p = 0.642)
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(e) 2012-2013
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Notes: This figure shows RD-plots for the average days worked from equation 1. Individuals born before the cutoff
were left by default in the pay-as-you-go system with defined benefits and individuals born at the cutoff or after
were switched to the mixed system with retirement accounts. Each panel corresponds to a different group of years.
In all panels, the dependent variable is number of days worked. RD coefficients are estimated using a 11-day window
around the cutoff date of birth and p-values are calculated using clustered standard errors at the worker level. The
dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure C.3: Effect of the reform on hours worked - SSA data

(a) 1997-2000
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(b) 2001-2004
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(c) 2005-2008

RD coefficient = -0.068 (p = 0.081)
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(d) 2009-2011

RD coefficient = -0.037 (p = 0.397)
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(e) 2012-2013

RD coefficient = 0.020 (p = 0.974)
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Notes: This figure shows RD-plots for the average monthly hours worked from equation 1. Individuals born before
the cutoff were left by default in the pay-as-you-go system with defined benefits and individuals born at the cutoff
or after were switched to the mixed system with retirement accounts. Each panel corresponds to a different group of
years. In all panels, the dependent variable is natural logarithm of the total monthly hours worked. RD coefficients
are estimated using a 11-day window around the cutoff date of birth and p-values are calculated using clustered
standard errors at the worker level. The dependent variable is residualized from year fixed effects and evaluated at
the mean.
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Figure C.4: Effect of the reform on earnings (heterogeneity by sector-level informality and evasion) -
SSA data
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(c) 2005-2008
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(d) 2009-2011
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p-value = 0.081

RD Coefficient (low inf) = -0.079
p-value = 0.503

Stay in PAYG-DB system Switch to mixed system

9

9.2

9.4

9.6

9.8

10

Ea
rn

in
gs

 (l
og

)

-50 -25 0 25 50
Distance to cutoff (days)

(e) 2012-2013

RD Coefficient (high inf) = 0.056
p-value = 0.633

RD Coefficient (low inf) = -0.317
p-value = 0.011
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Notes: This figure shows RD-plots for the total labor earnings from equation 1. Individuals born before the cutoff
were left by default in the pay-as-you-go system with defined benefits and individuals born at the cutoff or after were
switched to the mixed system with retirement accounts. Each panel corresponds to a different group of years. In all
panels, the dependent variable is natural logarithm of total reported labor earnings. RD coefficients are estimated
using a 11-day window around the cutoff date of birth and p-values are calculated using clustered standard errors at
the worker level. Red indicates high informality and underreporting sectors and blue indicates low informality and
underreporting sectors. The dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure C.5: Effect of the reform on earnings (heterogeneity by public and private sector) - SSA data
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(c) 2005-2008
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(d) 2009-2011

RD Coefficient (private) = 0.108
p-value = 0.199

RD Coefficient (public) = -0.070
p-value = 0.324
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(e) 2012-2013

RD Coefficient (private) = -0.066
p-value = 0.447

RD Coefficient (public) = -0.053
p-value = 0.502
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Notes: This figure shows RD-plots for the total labor earnings from equation 1. Individuals born before the cutoff
were left by default in the pay-as-you-go system with defined benefits and individuals born at the cutoff or after were
switched to the mixed system with retirement accounts. Each panel corresponds to a different group of years. In all
panels, the dependent variable is natural logarithm of total reported labor earnings. RD coefficients are estimated
using a 11-day window around the cutoff date of birth and p-values are calculated using clustered standard errors at
the worker level. Red indicates high informality and underreporting sectors and blue indicates low informality and
underreporting sectors. The dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure C.6: Effect of the reform on earnings (heterogeneity by ownership) - SSA data
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(b) 2001-2004
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(c) 2005-2008
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p-value = 0.429

Stay in PAYG-DB system Switch to mixed system

7.5

8

8.5

9

9.5

Ea
rn

in
gs

 (l
og

)

-50 -25 0 25 50
Distance to cutoff (days)

(d) 2009-2011

RD Coefficient (owners) = 0.202
p-value = 0.507

RD Coefficient (employees) = 0.062
p-value = 0.409
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(e) 2012-2013

RD Coefficient (owners) = 0.243
p-value = 0.449
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Notes: This figure shows RD-plots for the total labor earnings from equation 1. Individuals born before the cutoff
were left by default in the pay-as-you-go system with defined benefits and individuals born at the cutoff or after were
switched to the mixed system with retirement accounts. Each panel corresponds to a different group of years. In all
panels, the dependent variable is natural logarithm of total reported labor earnings. RD coefficients are estimated
using a 11-day window around the cutoff date of birth and p-values are calculated using clustered standard errors at
the worker level. Red indicates high informality and underreporting sectors and blue indicates low informality and
underreporting sectors. The dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure C.7: Time series plot of RD coefficients - Earnings by sector level informality (SSA data -
employees only)
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Notes: This figure shows a time series plot for the RD coefficients for each group of years. The dependent variable
is the natural logarithm of labor earnings. The numbers underneath the years indicate the ages of workers in
those years. Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond to 95%
confidence intervals, both from worker-level cluster-robust inference. Blue corresponds to estimates for employees
in low informality and underreporting sectors. Red corresponds to estimates for employees in high informality and
underreporting sectors. The sample includes only employees.
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Figure C.8: RD coefficients - comparison with placebos (SSA and census data)
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(c) Employment (Census data)
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(d) Retirement (Census data)
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Notes: This figure shows a comparison of the main RD coefficients with placebos estimated using cohorts born on
the year before and the year after the cohort affected by the reform. Panel (a) shows coefficients for the effect on
the probability of being employed and panel (b) shows coefficients for the natural logarithm of labor earnings, both
using SSA data. The numbers underneath the years indicate the ages of workers in those years. Panel (c) shows
coefficients for the probability of being employed and panel (d) for the probability of being retired, both using
census data. Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond to 95%
confidence intervals, both from worker-level cluster-robust inference. Black corresponds to estimates for the cohort
affected by the reform. Green corresponds to estimates for the cohort born on the year after the cohort affected by
the reform. Blue corresponds to estimates for the cohort born on the year before the cohort affected by the reform.
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Figure C.9: Time series plot of RD coefficients - different specifications (SSA data)
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(b) Earnings
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Notes: This figure shows a time series plot for the RD coefficients for different specifications. Panel (a) shows
coefficients for the effect on the probability of being employed and panel (b) for the effect on the natural logarithm of
monthly earnings. The numbers underneath the years indicate the ages of workers in those years. Black corresponds
to estimates using our baseline window of 11 days around the cutoff. Green corresponds to estimates calculated
using an alternative window of 14 days around the cutoff. Blue corresponds to estimates calculated using an
alternative window of 8 days around the cutoff. Purple corresponds to estimates calculated fitting a quadratic
polynomial with the continuity-based approach, using a triangular kernel, and an optimal bandwidth following
Calonico et al. (2014). Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond
to 95% confidence intervals, both from worker-level cluster-robust inference.

75



Figure C.10: Time series plot of RD coefficients - Earnings dropping earnings above ceiling (SSA data)
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Notes: This figure shows a time series plot for the RD coefficients for each group of years. The dependent variable
is the natural logarithm of labor earnings. The numbers underneath the years indicate the ages of workers in
those years. Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond to 95%
confidence intervals, both from worker-level cluster-robust inference. Black corresponds to estimates for the cohort
using all workers. Blue corresponds to estimates using only workers with earnings below the ceiling.
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Figure C.11: Earnings underreporting over time (HH Surveys)
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Notes: This figure shows the proportion of formal workers that admit to underreporting their labor earnings for
their social security contributions in labor-market household surveys for each year. We define as underreporting
workers who answer “no” to the following question “do you contribute to social security based on the totality of
your labor earnings?”. Vertical bars represent 95% confidence intervals.
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Figure C.12: College completion rates by month of birth
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Notes: This figure shows the differences in college completion rates in the 2011 census according to the month
of birth, relative to the baseline of a January date of birth. Black corresponds to coefficients estimated using
all individuals between the ages of 50 and 60. Blue corresponds to estimates calculated using only workers who
are 55 years of age at the time of the census (that means that they were born in 1956, the year of the cohort-
based discontinuity). Thick vertical bars represent 90% confidence intervals and thin vertical bars represent 95%
confidence intervals.

78



Figure C.13: Density around the cutoff and manipulation test (IRS data)
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Notes: This figure shows the density of observations around the cutoff and a manipulation test for the running
variable using IRS data. Individuals born before the cutoff were left by default in the pay-as-you-go system with
defined benefits and individuals born at the cutoff or after were switched to the mixed system with retirement
accounts. Panel (a) shows a frequency histogram of the number of observations in 30 equally-spaced bins. Panel (b)
shows a manipulation testing plot and a p-value for manipulation of the running variable based on local polynomials
from (Cattaneo et al., 2020) using the rddensity routine from (Cattaneo et al., 2018).
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Figure C.14: Time series plot of RD coefficients - comparison with placebos (IRS data)
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Notes: This figure shows several time series plot for the RD coefficients for each group of years, using IRS data.
Panel (a) shows coefficients for the effect on the probability of being employed. Panel (b) shows coefficients for
the effect on the probability of being retired. Panel (c) shows coefficients for the effect on total income, measured
as pension income plus labor earnings. Panel (d) shows coefficients for the effect on the probability of the total
income being below the poverty line. The numbers underneath the years indicate the ages of workers in those years.
Thick vertical bars correspond to 90% confidence intervals and thin vertical bars correspond to 95% confidence
intervals, both from worker-level cluster-robust inference. Black corresponds to estimates for the cohort affected by
the reform. Green corresponds to estimates for the cohort born on the year after the cohort affected by the reform.
Blue corresponds to estimates for the cohort born on the year before the cohort affected by the reform.
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Figure C.15: Time series plot of RD coefficients - comparison with other specifications (IRS data)

(a) Employed

-.1

-.05

0

.05

.1

R
D

 c
oe

ffi
ci

en
t (

Em
pl

oy
ed

)

2009 - 2010
(53 - 54 y.o.)

2011 - 2012
(55 - 56 y.o.)

2013 - 2014
(57 - 58 y.o.)

2015 - 2016
(59 - 60 y.o.)

Years (ages)

Baseline (22 days) 19-day window
25-day window Polynomial RD

(b) Retired

-.1

-.05

0

.05

.1

R
D

 c
oe

ffi
ci

en
t (

R
et

ire
d)

2009 - 2010
(53 - 54 y.o.)

2011 - 2012
(55 - 56 y.o.)

2013 - 2014
(57 - 58 y.o.)

2015 - 2016
(59 - 60 y.o.)

Years (ages)

Baseline (22 days) 19-day window
25-day window Polynomial RD

(c) Total income

-80

-40

0

40

80

R
D

 c
oe

ffi
ci

en
t (

To
ta

l i
nc

om
e)

2009 - 2010
(53 - 54 y.o.)

2011 - 2012
(55 - 56 y.o.)

2013 - 2014
(57 - 58 y.o.)

2015 - 2016
(59 - 60 y.o.)

Years (ages)

Baseline (22 days) 19-day window
25-day window Polynomial RD

(d) Below poverty line

-.1

-.05

0

.05

.1

R
D

 c
oe

ffi
ci

en
t (

To
ta

l i
nc

om
e 

be
lo

w
 p

ov
er

ty
)

2009 - 2010
(53 - 54 y.o.)

2011 - 2012
(55 - 56 y.o.)

2013 - 2014
(57 - 58 y.o.)

2015 - 2016
(59 - 60 y.o.)

Years (ages)

Baseline (22 days) 19-day window
25-day window Polynomial RD

Notes: This figure shows a time series plot for the RD coefficients for each group of years using different specifications.
Panel (a) shows coefficients for the effect on the probability of being employed. Panel (b) shows coefficients for the
effect on the probability of being retired. Panel (c) shows coefficients for the effect on total income, measured as
pension income plus labor earnings. Panel (d) shows coefficients for the effect on the probability of the total income
being below the poverty line. The numbers underneath the years indicate the ages of workers in those years. Black
corresponds to estimates using the baseline window of 22 days. Blue corresponds to estimates using a window of 19
days. Green corresponds to estimates using a window of 25 days. Purple corresponds to estimates calculated fitting
a quadratic polynomial with the continuity-based approach, using a triangular kernel, and an optimal bandwidth
following Calonico et al. (2014). Thick vertical bars correspond to 90% confidence intervals and thin vertical bars
correspond to 95% confidence intervals, both from worker-level cluster-robust inference.
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Figure C.16: Age-earnings profiles by public and private sector (HH Surveys)
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Notes: This figure shows the estimated age-earnings profiles for workers in the private sector and in the public
sector for workers of at least 26 years of age. Coefficients for the private sector are shown in black and for the public
sector are shown in orange. The dependent variable is the natural logarithm of total labor earnings. Each point
represents the OLS coefficient of each age group dummy variable, relative to the omitted category of 36 to 40 years
old. Estimates are calculated using household surveys from 2006 to 2019 and include year fixed effects. Vertical
bars represent 95% confidence intervals.
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Figure C.17: Google trends - “Cincuentones” and “Milanesa”
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Notes: This figure shows Google Trends search indices for the terms “Cincuentones” (how the law came to be
known) and “Milanesa” (which is a popular traditional food in Uruguay). The dashed line indicates the moment
the reform started being debated in Congress.
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Figure C.18: Gross real annual interest rate on pension funds
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Notes: This figure shows the average gross annual rate of return on the pension funds over time. Time periods
prior to late 2004 are indicated as early years with high interest rates. Time periods after are indicated as later low
return years. The spike in the 2002-2003 period reflects the 2002 financial crisis.
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Figure C.19: Density around the cutoff and manipulation test (retirement accounts data)

(a) Density around the cutoff

0

100

200

300

400
Fr

eq
ue

nc
y

-100 -50 0 50 100
Distance to cutoff (days)

(b) Manipulation test

p = 0.247

.001

.002

.003

.004

.005

.006

D
en

si
ty

-100 -50 0 50 100
Distance to cutoff (days)

Notes: This figure shows the density of observations around the cutoff and a manipulation test for the running
variable using the retirement accounts data. Individuals born before the cutoff were allowed to reverse to the
pay-as-you-go system with defined benefits and individuals born at the cutoff or after were not allowed to reverse.
Panel (a) shows a frequency histogram of the number of observations in 40 equally-spaced bins. Panel (b) shows a
manipulation testing plot and a p-value for manipulation of the running variable based on local polynomials from
(Cattaneo et al., 2020) using the rddensity routine from (Cattaneo et al., 2018).
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Figure C.20: RD coefficients from several specifications (account is active - retirement accounts data)
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Notes: This figure shows the RD coefficient for the effect of the reversal policy on whether the account is active by
March of 2019 using different specifications. The baseline coefficient is calculated using an 11-day window around
the cutoff. Blue corresponds to an alternative estimate using an 8-day window and green corresponds to a 14-
day window. Purple corresponds to estimates calculated fitting a quadratic polynomial with the continuity-based
approach, using a triangular kernel, and an optimal bandwidth following Calonico et al. (2014). Thick vertical bars
correspond to 90% confidence intervals and thin vertical bars correspond to 95% confidence intervals.
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D. A model of retirement decisions with tax evasion

In this section, we develop a simple model to understand workers’ responses to transitioning from a
public pay-as-you-go system with defined benefits to a partially private system with retirement accounts.
We take a simple static model of retirement decisions in which workers decide their career length (as in
Seibold, 2021), and we augment it by including the possibility for workers to conceal a fraction of their
labor earnings at a cost in each period.1 Pension benefits depend on the type of system the worker is
in. In the exclusively unfunded DB system, the pension benefits are calculated by a replacement rate
over the average earnings of the last few years of employment. In the partially private system, one part
of the pension benefits consists of a replacement rate over the average earnings of the last few years of
employment, while the other part is an annuity derived from the amount accrued in the pension fund.
Using this model, we derive a series of intuitive predictions for workers’ responses to the privatization
of the social security system. Figure A.3 in the appendix presents a stylized conceptual framework that
illustrates the incentives in each system.

D.1 Set up

The basic model consists of agents that live for T periods and have to choose a career length R and
a proportion of concealed earnings θ(t) for each period t. Workers earn labor earnings w in each period.
Concealing a proportion θ(t) of income has an instantaneous convex cost σ(θ(t)) (we assume σ(0) = 0,
σ′ > 0, and σ′′ > 0), which can be rationalized with an Allingham and Sandmo (1972)-style cost of evasion.
Remaining employed for R years has a convex cost V (R) (we assume V (0) = 0, V ′ > 0, and V ′′ > 0),
which can represent not only the disutility of working in old age but also the need to remain employed
for longer (for example, if individuals have a high marginal utility of consumption). Upon retirement,
workers receive pension benefits B(S) in each time period, the formula of which depends on the pension
system S ∈ {DB, M} (DB stands for unfunded with defined benefits and M stands for mixed system).
Assuming an interest rate of 0 and no discounting, workers choose R and θ(t) to maximize their lifetime
utility, given by:

U =
∫ T

0
u(c(t))dt −

∫ R

0
σ(θ(t))dt − V (R)

Subject to the lifetime budget constraint:

∫ T

0
c(t)dt =

∫ R

0
(1 − τ)w(1 − θ(t))dt +

∫ R

0
wθ(t)dt +

∫ T

R
B(S)dt

The budget constraint reflects that lifetime consumption has to be equal to the sum of lifetime post-
tax reported earnings, untaxed concealed earnings, and pension benefits received during retirement. The
pension benefits received during retirement B(S) depend on the system the worker is in. For workers in
the unfunded DB system (S = DB), their benefits are determined by a replacement rate ρDB over the
reported labor earnings over the last L periods of employment. For workers in the mixed system (S = M),
their pension has two components: (i) a government part of the pension determined by a replacement

1 We present the model with reporting of labor earnings because the empirical evidence indicates tax evasion plays a key
role in the effect on earnings, but it can be easily modified to capture real labor supply with “production” of earnings.
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rate of ρM over the reported labor earnings over the last L periods of employment (we assume this to be
lower than that of the unfunded DB system, consistent with the real formulas), and (ii) an annuity from
the total retirement fund accumulated over the career length of R based on the share γ of contributions
τ that go to their retirement account, evenly divided throughout life in retirement (T − R periods). The
formulas are then given by:2

B(S) =

ρDB 1
L

∫ R
R−L w(1 − θ(t))dt if S = DB

ρM 1
L

∫ R
R−L w(1 − θ(t))dt + 1

T −Rτγ
∫ R

0 w(1 − θ(t)) if S = M

Assuming linear utility of consumption, some simple algebra yields the following utilities for workers
in each system (UDB and UM ):

UDB = w

[
(1 − τ)R + τ

∫ R

0
θ(t)dt

]
+ (T − R)ρDBw

L

∫ R

R−L
(1 − θ(t))dt

−
∫ R

0
σ(θ(t)) − V (R)

UM = w

[
(1 − τ)R + τ

∫ R

0
θ(t)dt

]
+ (T − R)ρM w

L

∫ R

R−L
(1 − θ(t))dt

+ γτw

∫ R

0
(1 − θ(t)) −

∫ R

0
σ(θ(t)) − V (R)

Our model set-up makes several simplifying assumptions to keep the model tractable and build intu-
ition. First, there is no dynamic uncertainty, which implies that the retirement decision can be made at
t = 0. Second, the worker fully smooths consumption, being able to freely lend and borrow at an interest
rate of zero to maximize lifetime utility, with no time discounting. Regarding the pension formulas, we
assume a constant replacement rate with respect to the retirement age and an interest rate of zero for
the accumulation of the pension fund.3 In addition, we ignore the fact that the government DB pensions
are capped and that the fraction of contributions that is allocated to the pension fund depends on the
income level and the option that workers choose.

With this basic set-up, we first solve for workers’ choices in two special cases of the model. First, a
version of the model for the decision of the retirement age with no tax evasion, which can elucidate on the
differential incentives for postponing retirement between systems. Second, a model for the decision for
the concealing of earnings over time given a fixed retirement age, which can elucidate on the differential
incentives for tax evasion under each system. We then solve for the general version of the model that
allows workers to choose both the retirement age and concealing trajectories.

2 Although we model the mixed system as partly funded DC and partly unfunded DB, the model can readily accommodate
a purely private system if we assume γ = 1 and ρM = 0.

3 The assumption of a constant replacement rate relative to the retirement age is a significant simplification, since the
real formulas do provide increases in replacement rates for later retirement ages. However, as we show in simulations in
Appendix A.2 these increases in the DB replacement rate for later retirement ages are fairly minor relative to the increases
for the mixed system, and the model can be adjusted to replacement rates that respond to the retirement age.
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D.2 The choice of retirement age with no concealing of earnings

In this subsection, we study a simplified version of the model in which there is no concealing of
earnings. This simplified model will allow us to understand the incentives for the decision of the career
length under each system. Workers have to choose a retirement age in order to balance gains in lifetime
consumption from postponing retirement with the disutility of working in old age.

If there is no concealing of earnings, then θ(t) = 0 for all t. This simplifies the utilities under each
system to be the following:

UDB = w(1 − τ)R + (T − R)ρDBw − V (R)

UM = w(1 − τ)R + (T − R)ρM w + γτwR − V (R)

The optimality conditions for the choice of the retirement age RS in each system S are straightforward:

V ′(RDB) = w(1 − τ − ρDB)

V ′(RM ) = w(1 − (1 − γ)τ − ρM )

These conditions have straightforward interpretations: workers’ retirement age decision balances out
the gains in lifetime consumption with the disutility of postponing retirement in old age.4 In the unfunded
DB system, working for an additional period implies an increase in lifetime consumption in the amount
of the net-of-tax earnings minus the loss of one year of retirement pension income. In the mixed system,
working for an additional period increases lifetime consumption in the net-of-tax earnings minus the loss
of one year of the DB part of the retirement pension income, with the addition that a fraction of the
contributions will go to the pension fund and, therefore, increase lifetime income.

From these two conditions, it is evident that the optimal retirement age will be higher in the mixed
system than in the unfunded DB system. This follows from two effects that increase lifetime consumption
in the mixed system: (i) an additional period of earnings increases the pension fund because a fraction
of the contributions is saved, and (ii) the loss of the DB part of the pension for one period is smaller
because the replacement rate for the mixed system is lower. The fact that a fraction of contributions are
accumulated in the pension fund attenuates the effect of the tax rate on the retirement decision: a higher
fraction of contributions assigned to the pension fund implies a higher retirement age, since this lowers
the opportunity cost of working. These conditions can also readily rationalize findings from recent papers
regarding benefit generosity and retirement behavior: higher replacement rates imply earlier retirement
in both systems.

D.3 The choice of concealing trajectories given a fixed retirement age

In this subsection, we present the solution for concealing trajectories in each system, given a fixed
retirement age. Workers have to decide what share of earnings to conceal in each period taking into
account how this will affect their lifetime consumption and the costs associated to a given level of evasion.

4 Without loss of generality, we assume 1 > τ + ρDB . Otherwise, workers would not want to work even one period.
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The optimality conditions for the fraction of earnings concealed in each period θS(t) in each system S are
given by:

σ′(θDB(t)) =

τw if t ≤ R − L

τw − ρDBw T −R
L if t > R − L

σ′(θM (t)) =

τw(1 − γ) if t ≤ R − L

τw(1 − γ) − ρM w T −R
L if t > R − L

These conditions indicate that there are two levels of income concealing for each system. First, a
high level of income concealing for periods outside the L-period window during which reported earnings
bear no relation with the calculation of the government DB pension. Second, a lower level of evasion for
the final L-periods of employment, in which the reported earnings are used to calculate the DB pension
benefits. Note that the right-hand side for the low level of evasion could be negative, implying that
increasing evasion has negative marginal utility. We assume that workers cannot overreport earnings (i.e.
θ(t) ∈ [0, 1]), so in such cases evasion would be zero. In fact, plugging in realistic values of the parameters
would yield that workers do not evade at all for periods within the window.5 In contrast, the high level
of evasion will always be positive (except in a fully private system with γ = 1).

Comparing the optimality conditions for the high level of evasion across systems, it is evident that
evasion outside the window for DB pension calculation will be lower in the mixed system. This follows
from the fact that, throughout workers’ active lifetime, a fraction of contributions is saved in their pension
account. By contrast, social security contributions for workers in the unfunded DB system represent purely
a tax and reported earnings bear no relationship to subsequent pension benefits outside the window for DB
pension calculation. The degree of attenuation in the mixed system depends on the share of contributions
that go to the retirement fund (γ).

When comparing the optimality conditions for the low level of evasion within the window, which
level of evasion is higher depends on parameters. Intuitively, there are opposing forces that drive evasion
upwards and downwards in the mixed system relative to the unfunded DB system. First, the fact that a
fraction of the contributions goes to the worker’s pension fund drives evasion down, but the fact that the
replacement rate for the DB part of the pension is lower drives evasion up. The final effect on differences
in evasion rates depends on which effect dominates. Note, however, that in both systems evasion rates
will shrink towards zero once workers enter the window for DB pension calculation, and that these evasion
rates within the window could be zero (as discussed above). Thus, it is likely for evasion rates to converge
once workers enter the window for DB pension calculation.

Once we move to the empirical analysis, these conditions indicate that we should observe higher
reported earnings for workers in the mixed system in the first few years after the reform, while workers
are outside the window for DB pension calculation. As workers approach the window for DB pension
calculation, we should be more likely to observe similar reported earnings, since workers left in the
unfunded DB system have incentives to increase their reported earnings.

5 For example, assuming a contribution rate τ = 0.15, a fraction γ = 0.5 going to the pension fund, a replacement rate of
ρM = 0.35, a window for DB calculation of L = 10, and that workers live T − R = 15 years in retirement yields a negative
utility of evading within the window for workers in the mixed system.
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When it comes to the rest of the parameters, given a fixed retirement age, parameters such as the
replacement rates (ρ), lifespan (T ), and length of the window of time periods to calculate DB pension
benefits (L) only matter for evasion in the L-period window before retirement. Intuitively enough, higher
replacement rates and longer lifespans imply lower rates of evasion within the L-year window. Higher
ages of retirement will also increase evasion within the window, the intuition being that the worker will
live less time in retirement, so the pension is less relevant. Longer windows for calculating DB pension
benefits have two effects: (i) increase the number of periods of low evasion (since more periods are used to
calculate DB pension benefits) and (ii) increase evasion within the window (since each individual period
within the window matters less for the calculation of the DB benefits). Thus, increasing the window of
years to calculate pension benefits in an unfunded DB system to emulate the lower evasion of funded DC
systems could induce lower evasion for more years, but increase this lower level of evasion.

D.4 The solution for the choice of earnings concealing and retirement age

In this subsection, we solve the model for the case where workers choose both the retirement age
and the earnings concealing trajectory. This version is slightly more complicated but, as we discuss
below, under realistic assumptions, the implications from this model boil down to a combination of the
implications from the two simplified versions discussed before. Workers in the mixed system will still
retire later and evade less early on, while the differences in the evasion rates within the L-year window
are still undetermined but likely to converge.

Given the solution from the previous section, workers have two different levels of earnings concealing:
a high level θS

h for periods outside the L-period window for the DB benefits calculation and a low level
θS

l within the window. Workers’ choices of the career length and both earnings concealing levels can be
solved in a two-step process, first solving for the concealing trajectories given a career length R (which
is shown in the previous section), and then using those optimality conditions for the choice of the career
length. The conditions for the optimal retirement age are:6

V ′(RDB) = w
[
1 − (1 − θDB

h )τ
]

− σ(θDB
h ) − ρDBw(1 − θDB

l )

V ′(RM ) = w
[
1 − (1 − θM

h )(1 − γ)τ
]

− σ(θM
h ) − ρM w(1 − θM

l )

Intuitively, these conditions indicate that the decision for the retirement age balances out the increase
in lifetime consumption from one additional period of high evasion and the marginal cost of postponing
retirement. The relevant margin on evasion is the one additional period of high evasion because the
worker optimally only evades less within the L-year window, so if the worker postpones retirement they
still only have low evasion for L periods.7

Given that different evasion trajectories are allowed, which retirement age is higher depends on param-
eters. Intuitively, there are two distinct forces at play that push the retirement age in different directions

6 Note that, for the existence of such an equilibrium, we are assuming that V ′′(R) > ρDBw/σ′′(θDB
l ) and V ′′(R) >

ρM w/σ′′(θM
l ). This basically means that the marginal cost of postponing retirement increases faster than the marginal

utility of postponing retirement. Without this condition workers would never want to retire.
7 Intuitively, if the worker retires at 60 and the window is 10 years, they have low evasion between 50 and 60 years of age,

while if they retire at 65, they will have low evasion between 55 and 65.
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for the mixed system relative to the DB system. First, in the mixed system, postponing retirement in-
creases the amount accumulated in the pension fund and, since the worker evades less outside the window
for DB pension calculation, there is a lower cost of working one more period. Both of these effects push
the retirement age upwards in the mixed system relative to the unfunded DB system. However, since
the worker evades less outside the window for DB pension calculation, they pay more taxes for each year
they postpone retirement, which pushes the retirement age downwards. The necessary condition for the
retirement age in the mixed system than in the unfunded DB system is:

σ(θDB
h ) − σ(θM

h ) + wγτ(1 − θM
h ) + ρDBw(1 − θDB

l ) − ρM w(1 − θM
l ) > wτ(θDB

h − θM
h )

Note that the evasion levels within the L-year window depend on the retirement age. Although
the last two terms in the left-hand side depend on the retirement age, it is realistic to assume that
ρM (1 − θM

l ) < ρDB(1 − θDB
l ), which basically means that the DB part of the pension in the mixed system

will be lower than the full pension of workers in the exclusively unfunded DB system for any retirement
age. This is realistic in the sense that the DB part of the pension in the mixed system only represents
a part of the total pension, and is therefore likely to be lower than the full pension of the exclusively
unfunded DB system. In addition, given that evasion rates within the window are likely to be similar
(and even zero), this condition is likely to hold since the replacement rate for the unfunded DB system is
higher than that of the mixed system (ρDB > ρM ).

Then, a sufficient condition for the retirement age in the mixed system to be higher than in the
unfunded DB system is σ(θDB

h ) − σ(θM
h ) + wγτ(1 − θM

h ) > wτ(θDB
h − θM

h ), which basically means that the
incentive to postpone retirement due to increases in the pension fund persists in the presence of evasion.
Intuitively, this condition means that the gain in the pension fund and cost saving due to lower evasion
early on more than compensate the higher taxes that the worker has to pay because they evade less
outside the window for DB pension calculation.

With these two conditions being satisfied, the optimal retirement age for workers in the mixed system
will be higher than that of workers in the unfunded DB system. With the optimal retirement age, we can
obtain the optimal low level of evasion within the L-period window for each system. Once again, whether
evasion within the L-year window will be higher or lower in the mixed system relative to the DB system
is undetermined and depends on parameter values, with the addition that workers in the mixed system
will retire later, which will push their low level of evasion upwards relative to the unfunded DB system.
However, bear in mind that evasion levels for both systems will shrink towards zero once workers enter
the window for DB pension calculation, and that these evasion levels could possibly be zero in a corner
solution.

The model then generates the following predictions: (i) workers in the mixed system will retire later;
(ii) workers in the mixed system will report higher earnings early on; and (iii) reported earnings once
workers enter the window for DB pension calculation are likely to be similar.
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E. Placebo RD plots
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E.1 Born on year before
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Figure E.1: Placebo RD plots for employment rates (year before) - SSA data
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(c) 2005-2008
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(d) 2009-2011
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(e) 2012-2013
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Notes: This figure shows placebo RD-plots for the probability of being employed from equation 1, using social
security data for workers born in the year before the cohort affected by the reform. Each panel corresponds to a
different group of years. In all panels, the dependent variable is an indicator of whether the worker was employed
(defined as reporting positive earnings). RD coefficients are estimated using a 11-day window around the cutoff
date of birth and p-values are calculated using clustered standard errors at the worker level. The dependent variable
is residualized from year fixed effects and evaluated at the mean.
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Figure E.2: Placebo RD plots (year before) - Census data

(a) Employment rates
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(b) Retirement rates
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Notes: This figure shows the placebo RD plots for the probability of being employed and the probability of being
retired using census data for individuals born on the year before the cohort affected by the reform. Panel (a) reports
the effect for the probability of being employed. Panel (b) for the probability of being retired.
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Figure E.3: Placebo RD plots for earnings (year before) - SSA data

(a) 1997-2000
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(b) 2001-2004
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(c) 2005-2008
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(d) 2009-2011
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(e) 2012-2013
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Notes: This figure shows placebo RD-plots for labor earnings from equation 1, using social security data for workers
born in the year before the cohort affected by the reform. Each panel corresponds to a different group of years. In
all panels, the dependent variable is the natural logarithm of total labor earnings. RD coefficients are estimated
using a 11-day window around the cutoff date of birth and p-values are calculated using clustered standard errors
at the worker level. The dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure E.4: Placebo RD plots for employment rates (year before) - IRS data

(a) 2009-2010

RD coefficient = -0.009 (p = 0.620)

Stay in PAYG-DB system Switch to mixed system

.6

.65

.7

.75

.8

Em
pl

oy
ed

-100 -50 0 50 100
Distance to cutoff (days)

(b) 2011-2012
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(c) 2013-2014

RD coefficient = -0.014 (p = 0.480)
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the probability of being employed from equation 1, using IRS data
for workers born on the year before the cohort affected by the reform. Each panel corresponds to a different group of
year. In all panels, the dependent variable is an indicator of whether the worker was employed (defined as reporting
positive labor earnings). The dependent variable is residualized from year fixed effects and evaluated at the mean.
RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated
using clustered standard errors at the worker level.
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Figure E.5: Placebo RD plots for retirement rates (year before) - IRS data

(a) 2009-2010
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(b) 2011-2012
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(c) 2013-2014
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the probability of being retired from equation 1, using IRS data for
workers born on the year before the cohort affected by the reform. Each panel corresponds to a different group of
year. In all panels, the dependent variable is an indicator of whether the worker was retired (defined as reporting
positive pension income). The dependent variable is residualized from year fixed effects and evaluated at the mean.
RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated
using clustered standard errors at the worker level.
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Figure E.6: Placebo RD plots for total income (year before) - IRS data

(a) 2009-2010
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(b) 2011-2012
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(c) 2013-2014
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the total income from equation 1, using IRS data for workers born
on the year before the cohort affected by the reform. Each panel corresponds to a different group of year. In all
panels, the dependent variable is the total income (defined as pension plus earnings) measured in 2009 Uruguayan
pesos. The dependent variable is residualized from year fixed effects and evaluated at the mean. RD coefficients
are estimated using a 22-day window around the cutoff date of birth and p-values are calculated using clustered
standard errors at the worker level.
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Figure E.7: Placebo RD plots for total income below poverty line (year before) - IRS data

(a) 2009-2010
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(b) 2011-2012
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(c) 2013-2014

RD coefficient = 0.013 (p = 0.534)
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(d) 2015-2016

RD coefficient = 0.031 (p = 0.137)
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Notes: This figure shows placebo RD-plots for the probability of total income being below the poverty line from
equation 1, using IRS data for workers born on the year before the cohort affected by the reform. Each panel
corresponds to a different group of year. In all panels, the dependent variable is an indicator of whether the total
income (defined as pension plus earnings) is below the National poverty line from Montevideo. The dependent
variable is residualized from year fixed effects and evaluated at the mean. RD coefficients are estimated using a
22-day window around the cutoff date of birth and p-values are calculated using clustered standard errors at the
worker level.
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E.2 Born on year after
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Figure E.8: Placebo RD plots for employment rates (year after) - SSA data

(a) 1997-2000
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(b) 2001-2004
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(c) 2005-2008
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(d) 2009-2011

RD coefficient = -0.000 (p = 0.991)
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(e) 2012-2013
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Notes: This figure shows placebo RD-plots for the probability of being employed from equation 1, using social
security data for workers born in the year after the cohort affected by the reform. Each panel corresponds to a
different group of years. In all panels, the dependent variable is an indicator of whether the worker was employed
(defined as reporting positive earnings). RD coefficients are estimated using a 11-day window around the cutoff
date of birth and p-values are calculated using clustered standard errors at the worker level. The dependent variable
is residualized from year fixed effects and evaluated at the mean.
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Figure E.9: Placebo RD plots (year after) - Census data

(a) Employment rates
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(b) Retirement rates
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Notes: This figure shows the placebo RD plots for the probability of being employed and the probability of being
retired using census data for individuals born on the year after the cohort affected by the reform. Panel (a) reports
the effect for the probability of being employed. Panel (b) for the probability of being retired.
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Figure E.10: Placebo RD plots for earnings (year after) - SSA data

(a) 1997-2000
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(b) 2001-2004
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(c) 2005-2008
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(d) 2009-2011
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(e) 2012-2013
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Notes: This figure shows placebo RD-plots for labor earnings from equation 1, using social security data for workers
born in the year after the cohort affected by the reform. Each panel corresponds to a different group of years. In
all panels, the dependent variable is the natural logarithm of total labor earnings. RD coefficients are estimated
using a 11-day window around the cutoff date of birth and p-values are calculated using clustered standard errors
at the worker level. The dependent variable is residualized from year fixed effects and evaluated at the mean.
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Figure E.11: Placebo RD plots for employment rates (year after) - IRS data

(a) 2009-2010

RD coefficient = 0.022 (p = 0.211)
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(b) 2011-2012
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(c) 2013-2014
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the probability of being employed from equation 1, using IRS data
for workers born on the year after the cohort affected by the reform. Each panel corresponds to a different group of
year. In all panels, the dependent variable is an indicator of whether the worker was employed (defined as reporting
positive labor earnings). The dependent variable is residualized from year fixed effects and evaluated at the mean.
RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated
using clustered standard errors at the worker level.
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Figure E.12: Placebo RD plots for retirement rates (year after) - IRS data

(a) 2009-2010
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(b) 2011-2012
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(c) 2013-2014
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the probability of being retired from equation 1, using IRS data for
workers born on the year after the cohort affected by the reform. Each panel corresponds to a different group of
year. In all panels, the dependent variable is an indicator of whether the worker was retired (defined as reporting
positive pension income). The dependent variable is residualized from year fixed effects and evaluated at the mean.
RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated
using clustered standard errors at the worker level.
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Figure E.13: Placebo RD plots for total income (year after) - IRS data
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(c) 2013-2014
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(d) 2015-2016
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Notes: This figure shows placebo RD-plots for the total income from equation 1, using IRS data for workers born
on the year after the cohort affected by the reform. Each panel corresponds to a different group of year. In all
panels, the dependent variable is the total income (defined as pension plus earnings) measured in 2009 Uruguayan
pesos. The dependent variable is residualized from year fixed effects and evaluated at the mean. RD coefficients
are estimated using a 22-day window around the cutoff date of birth and p-values are calculated using clustered
standard errors at the worker level.
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Figure E.14: Placebo RD plots for total income below poverty line (year after) - IRS data

(a) 2009-2010
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(b) 2011-2012

RD coefficient = -0.012 (p = 0.550)
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(c) 2013-2014

RD coefficient = -0.003 (p = 0.878)
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(d) 2015-2016

RD coefficient = 0.001 (p = 0.944)
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Notes: This figure shows placebo RD-plots for the probability of total income being below the poverty line from
equation 1, using IRS data for workers born on the year after the cohort affected by the reform. Each panel
corresponds to a different group of year. In all panels, the dependent variable is an indicator of whether the total
income (defined as pension plus earnings) is below the National poverty line from Montevideo. The dependent
variable is residualized from year fixed effects and evaluated at the mean. RD coefficients are estimated using a
22-day window around the cutoff date of birth and p-values are calculated using clustered standard errors at the
worker level.
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F. Individual RD plots for all years

In this section, we present individual RDD plots and coefficients for all years in the data.
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Figure F.1: Effect of the reform on employment rates - SSA data

(a) In 1997

RD coefficient = 0.002 (p = 0.960)

Stay in PAYG-DB system Switch to mixed system

.45

.55

.65

.75

Em
pl

oy
ed

-50 -25 0 25 50
Distance to cutoff (days)

(b) In 1998
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(c) In 1999

RD coefficient = -0.010 (p = 0.694)
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(d) In 2000

RD coefficient = -0.003 (p = 0.932)
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(e) In 2001

RD coefficient = -0.011 (p = 0.650)
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(f) In 2002

RD coefficient = -0.006 (p = 0.802)
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Figure F.1: Effect of the reform on employment rates - SSA data (continued)

(g) In 2003
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(h) In 2004

RD coefficient = -0.028 (p = 0.246)
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(i) In 2005

RD coefficient = 0.005 (p = 0.836)
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(j) In 2006

RD coefficient = -0.003 (p = 0.908)
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(k) In 2007

RD coefficient = -0.013 (p = 0.614)
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(l) In 2008

RD coefficient = 0.019 (p = 0.424)
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Figure F.1: Effect of the reform on employment rates - SSA data (continued)

(m) In 2009
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(n) In 2010

RD coefficient = 0.020 (p = 0.378)
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(o) In 2011

RD coefficient = 0.007 (p = 0.782)
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(p) In 2012

RD coefficient = 0.039 (p = 0.084)
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(q) In 2013

RD coefficient = 0.050 (p = 0.034)
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Notes: This figure shows RD-plots for the probability of being employed from equation 1. Each panel corresponds to
a different year. In all panels, the dependent variable is an indicator of whether the worker was employed (defined
as reporting positive earnings). RD coefficients are estimated using a 11-day window around the cutoff date of
birth and p-values are calculated using randomization inference techniques from Cattaneo et al. (2016) with 1,000
replications.
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Figure F.2: Effect of the reform on labor earnings - SSA data

(a) In 1997
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(b) In 1998

RD coefficient = 0.148 (p = 0.092)
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(c) In 1999

RD coefficient = 0.215 (p = 0.018)
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(d) In 2000

RD coefficient = 0.150 (p = 0.098)
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(e) In 2001

RD coefficient = 0.223 (p = 0.022)
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(f) In 2002

RD coefficient = 0.239 (p = 0.042)
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Figure F.2: Effect of the reform on labor earnings - SSA data (continued)

(g) In 2003

RD coefficient = 0.219 (p = 0.032)
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(h) In 2004

RD coefficient = 0.257 (p = 0.018)
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(i) In 2005

RD coefficient = 0.179 (p = 0.052)
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(j) In 2006

RD coefficient = 0.151 (p = 0.106)
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(k) In 2007

RD coefficient = 0.173 (p = 0.086)
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(l) In 2008

RD coefficient = 0.092 (p = 0.346)

Stay in PAYG-DB system Switch to mixed system

8.75

9

9.25

9.5

Ea
rn

in
gs

 (l
og

)

-50 -25 0 25 50
Distance to cutoff (days)

115



Figure F.2: Effect of the reform on labor earnings - SSA data (continued)

(m) In 2009
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(n) In 2010

RD coefficient = 0.151 (p = 0.098)
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(o) In 2011

RD coefficient = 0.061 (p = 0.484)
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(p) In 2012

RD coefficient = -0.052 (p = 0.596)
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(q) In 2013

RD coefficient = -0.081 (p = 0.360)
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Notes: This figure shows yearly RD-plots for total labor earnings from equation 1. Each panel corresponds to a
different year. In all panels, the dependent variable is an indicator of whether the worker was employed (defined
as reporting positive earning). RD coefficients are estimated using a 11-day window around the cutoff date of
birth and p-values are calculated using randomization inference techniques from Cattaneo et al. (2016) with 1,000
replications.
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Figure F.3: Effect of the reform on retirement rates - IRS data

(a) In 2009
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(b) In 2010
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(c) In 2011
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(d) In 2012
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Figure F.3: Effect of the reform on retirement rates - IRS data

(e) In 2013
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(f) In 2014

RD coefficient = -0.015 (p = 0.428)
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(g) In 2015

RD coefficient = -0.016 (p = 0.442)
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(h) In 2016

RD coefficient = -0.015 (p = 0.556)
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Notes: This figure shows yearly RD-plots for the probability of being retired from equation 1. Each panel corre-
sponds to a different year. In all panels, the dependent variable is an indicator equal to 1 if the worker is retired.
RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated
using randomization inference techniques from Cattaneo et al. (2016) with 1,000 replications.
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Figure F.4: Effect of the reform on total income in old age - IRS data

(a) In 2009

RD coefficient = -11.8 (p = 0.330)
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(b) In 2010

RD coefficient = -2.9 (p = 0.792)
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(c) In 2011

RD coefficient = -11.2 (p = 0.414)
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(d) In 2012

RD coefficient =  0.3 (p = 0.994)
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Figure F.4: Effect of the reform on total income in old age - IRS data (continued)

(e) In 2013

RD coefficient =  5.6 (p = 0.698)
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(f) In 2014

RD coefficient =  1.8 (p = 0.916)
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(g) In 2015

RD coefficient = -2.1 (p = 0.882)
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(h) In 2016

RD coefficient =  1.0 (p = 0.932)
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Notes: This figure shows yearly RD-plots for the total income in old age (pension income plus labor earnings) 1
for selected years. Each panel corresponds to a different year. In all panels, the dependent variable is the sum of
any pension income and any labor earnings, including zeroes, measured in thousand of 2009 Uruguayan pesos. RD
coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are calculated using
randomization inference techniques from Cattaneo et al. (2016) with 1,000 replications.

120



Figure F.5: Effect of the reform on total income below poverty line (IRS data)

(a) In 2009

RD coefficient = -0.018 (p = 0.430)
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(b) In 2010

RD coefficient = -0.018 (p = 0.394)
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(c) In 2011

RD coefficient = 0.001 (p = 0.982)
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(d) In 2012

RD coefficient = -0.014 (p = 0.536)
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Figure F.5: Effect of the reform on total income below poverty line (IRS data)

(e) In 2013

RD coefficient = -0.012 (p = 0.644)
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(f) In 2014

RD coefficient = -0.014 (p = 0.548)
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(g) In 2015

RD coefficient = -0.016 (p = 0.484)
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(h) In 2016

RD coefficient = -0.015 (p = 0.472)
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Notes: This figure shows yearly RD-plots for the probability of the total income (pension income plus labor earnings)
being below the national poverty line of Montevideo from equation 1 for selected years. Each panel corresponds
to a different year. In all panels, the dependent variable is an indicator equal to 1 if the total income is below the
poverty line. RD coefficients are estimated using a 22-day window around the cutoff date of birth and p-values are
calculated using randomization inference techniques from Cattaneo et al. (2016) with 1,000 replications.
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G. Construction of the SES index

In this section we describe the procedure to construct the socioeconomic status (SES) index. We
proceed in two steps, first we select several characteristics indicative of SES (such as whether the individual
owns their dwelling, has completed college, and owns several durable goods). Then we compute the index
as a weighted sum of these characteristics, the weights of which we obtain via Principal Component
Analysis (PCA).

We have information on several characteristics indicative of socioeconomic status. We use an indicator
of whether the individual has completed a college degree, an indicator of being a home owner, an indicator
for having a clothes drying machine, the number of television sets owned, an indicator for owning a mobile
phone, an indicator of owning a computer, the number of cars owned, and an indicator of having an internet
connection.1 Table G.1 presents summary statistics of the variables we use to construct the SES index.

Table G.1: Summary statistics for variables used to construct the SES index

Observations Mean Standard Deviation Median
College complete 109,828 0.224 0.417 0.000
Home owner 109,354 0.676 0.468 1.000
Has clothes dryer 109,354 0.109 0.312 0.000
Number of TVs 109,828 1.848 0.981 2.000
Has mobile phone 109,354 0.930 0.255 1.000
Has computer 109,828 0.556 0.497 1.000
Number of cars 109,828 0.542 0.677 0.000
Has internet 109,354 0.506 0.500 1.000

Notes: This table reports summary statistics for the variables used to construct the socioeconomic status index.
College complete is a dummy variable equal to 1 if the individual has completed any college degree and zero
otherwise. Home owner is a dummy variable equal to 1 if the individual owns their home and zero otherwise. Has
clothes dryer is a dummy variable equal to 1 if the household owns a clothes drying machine. Number of TVs is
the number of television sets owned in the household. Has mobile phone is a dummy variable equal to 1 if the
individual owns a mobile phone and zero otherwise. Has computer is a dummy variable equal to 1 if the household
owns at least one computer and zero otherwise. Number of cars is the total number of cars owned by the household.
Has internet is a dummy variable equal to 1 if the household has an internet connection and zero otherwise.

Table G.2 reports the results for the PCA, where we report the main 3 components. Panel A shows
the variable weights and Panel B shows the statistics associated to each component. The typical approach
in the SES literature is to retain only the first component, based on the fact that it tends to provide a
good estimation of the SES of the household (Filmer and Pritchett, 2001; McKenzie, 2005). The first
component in our case positively correlates with all the variables, and has an eigenvalue of almost 2.8
while explaining almost 35% of the variance. We normalize this first component to have mean zero and
standard deviation of one, and use it as our SES index.

1 The census data also contains other variables that are frequently used to infer socioeconomic status, such as having a
bathroom or having electricity. However, these have little variation, since most households in the sample have access to such
amenities. Thus, we exclude them for the derivation of the socioeconomic status index.
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Table G.2: Principal component analysis for SES index

Component 1 Component 2 Component 3
Panel A. Variable loadings
College complete .2957395 .0577124 -.3226414
Home owner .1573287 .6922537 .5696147
Has clothes dryer .2262674 .3437633 -.6546112
Number of TVs .3858493 .060771 .0300353
Has mobile phone .2058759 -.3836007 .3673276
Has computer .5070501 -.2670452 .0579324
Number of cars .3636602 .3293137 .0448591
Has internet .5059405 -.2620643 .0415409
Panel B. Component statistics
Eigenvalue 2.784 1.055 0.934
Proportion explained 0.348 0.132 0.117

Notes: This table reports the results from the principal component analysis. We keep the 3 main components.
Panel A reports the variable weights for each component and Panel B reports the component statistics. College
complete is a dummy variable equal to 1 if the individual has completed any college degree and zero otherwise.
Home owner is a dummy variable equal to 1 if the individual owns their home and zero otherwise. Has clothes dryer
is a dummy variable equal to 1 if the household owns a clothes drying machine. Number of TVs is the number of
television sets owned in the household. Has mobile phone is a dummy variable equal to 1 if the individual owns a
mobile phone and zero otherwise. Has computer is a dummy variable equal to 1 if the household owns at least one
computer and zero otherwise. Number of cars is the total number of cars owned by the household. Has internet
is a dummy variable equal to 1 if the household has an internet connection and zero otherwise. Eigenvalue is the
eigenvalue associated to each component. Proportion of the variance explained is the proportion of the variance
explained by each component.
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H. Correlation of earnings with days and hours worked

In this section we assess the relationship of labor earnings with real measures of labor supply. Specif-
ically, we correlate our measures of real labor supply (days and hours worked) with labor earnings. We
estimate equations of the form:

Yit = α + βLaborSupplyit + uit (H.1)

Where Yit represents the earnings of worker i at time t. LaborSupplyit is a measure of real labor supply
(days worked in the month or the natural logarithm of hours worked). In different specifications we
include time fixed effects and worker fixed effects. We use the full sample of individuals born between
1955 and 1957 and cluster standard errors at the worker level.

Table H.1 presents OLS estimates of equation H.1. Panel A includes the monthly days worked as the
measure of labor supply. Panel B includes the natural logarithm of the total monthly hours worked. Panel
C includes both days and hours worked. Column 1 includes no additional controls, column 2 includes
year fixed effects, column 3 includes worker-fixed effects, and column 4 includes worker and year fixed
effects.

Across specifications, both measures of labor supply positively correlate with labor earnings. An
additional day worked is associated to an increase in labor earnings between 3 and 4 percent. Similarly,
monthly hours worked also positively correlate with earnings: a 10 percent increase in monthly hours
worked is associated to a 2.6 percent increase in earnings. Both correlations are robust to estimating
the coefficients using within-person variation by including worker fixed effects (columns 3 and 4) or while
including both measures of labor supply (in Panel C).
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Table H.1: Regressions of earnings on hours and days worked

Total labor earnings (log)

(1) (2) (3) (4)
Panel A. Days worked
Days worked in the month 0.0366∗∗∗ 0.0392∗∗∗ 0.0228∗∗∗ 0.0258∗∗∗

(0.000406) (0.000400) (0.000287) (0.000235)
Year fixed effects ✓ ✓
Worker fixed effects ✓ ✓
Number of workers 121356 121356 108831 108831
Panel B. Hours worked
Monthly hours worked (log) 0.315∗∗∗ 0.343∗∗∗ 0.266∗∗∗ 0.272∗∗∗

(0.00626) (0.00602) (0.00446) (0.00335)
Year fixed effects ✓ ✓
Worker fixed effects ✓ ✓
Number of workers 120728 120728 107957 107957
Panel C. Days and hours worked
Days worked in the month 0.0447∗∗∗ 0.0463∗∗∗ 0.0236∗∗∗ 0.0260∗∗∗

(0.000445) (0.000434) (0.000328) (0.000271)
Monthly hours worked (log) -0.00512 0.0120∗ 0.123∗∗∗ 0.114∗∗∗

(0.00645) (0.00615) (0.00470) (0.00345)
Year fixed effects ✓ ✓
Worker fixed effects ✓ ✓
Number of workers 120728 120728 107957 107957

Notes: this table reports OLS estimates of equation H.1. In all specifications the dependent variable is the natural
logarithm of total labor earnings. Standard errors are clustered at the worker level. Days worked in the month
is the total number of days worked in the month. Monthly hours worked (log) is the natural logarithm of total
monthly hours worked. Column 2 includes year fixed effects. Column 3 includes worker fixed effects. Column 4
includes year fixed effects and worker fixed effects. * Significant at the 10% level ** Significant at the 5% level ***
Significant at the 1% level.
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